
 

 

REPORT DOCUMENTATION PAGE 
Form Approved 

OMB No. 0704-0188 
Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the 
data needed, and completing and reviewing this collection of information.  Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing 
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA  22202-
4302.  Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently 
valid OMB control number.  PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS. 
1. REPORT DATE (DD-MM-YYYY) 
 

2. REPORT TYPE 
 

3. DATES COVERED (From - To) 
  

4. TITLE AND SUBTITLE 
 

5a. CONTRACT NUMBER 
 

 
 

5b. GRANT NUMBER 
 

 
 

5c. PROGRAM ELEMENT NUMBER 
 

6. AUTHOR(S) 
 

5d. PROJECT NUMBER 
 

 
 

5e. TASK NUMBER 
 

 
 

5f. WORK UNIT NUMBER
 

7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 
 

8. PERFORMING ORGANIZATION REPORT   
    NUMBER 

 
 
 
 
 

 
 
 
 
 

 
 
 

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S) 
   
   
  11. SPONSOR/MONITOR’S REPORT  
        NUMBER(S) 
   
12. DISTRIBUTION / AVAILABILITY STATEMENT 
 
 
 
 

13. SUPPLEMENTARY NOTES 
 

14. ABSTRACT 
 

15. SUBJECT TERMS 
 

16. SECURITY CLASSIFICATION OF: 
 

17. LIMITATION  
OF ABSTRACT 

18. NUMBER 
OF PAGES 

19a. NAME OF RESPONSIBLE PERSON 
 

a. REPORT 
 

b. ABSTRACT 
 

c. THIS PAGE 
 

  
 

19b. TELEPHONE NUMBER (include area 
code) 
 

 Standard Form 298 (Re . 8-98) v
Prescribed by ANSI Std. Z39.18 

Oct 2009

Human Performance Enhancement for NATO Military Operations 
(Science, Technology and Ethics) (Amélioration des performances humaines dans les 
opérations militaires de l’OTAN (Science, Technologie et Éthique))

Research and Technology Organisation (NATO)  
BP 25, F-92201 Neuilly-sur-Seine Cedex, France 

RTO-MP-HFM-181  

 
DISTRIBUTION STATEMENT A. Approved for public release; distribution is unlimited.

Supporting documents are attached to the report as separate files (MS Word, HTM).

HFM-181 Symposium on Human Performance Enhancement for NATO Military Operations (Science, Technology and Ethics) 
was held in Sofia, Bulgaria from 5 through 7 October. The Chairs of the meeting were Col. Karl Friedl (USA) and Dr. Pang Shek 
(CAN). Participants represented a broad range of allied, partnered and affiliated countries presenting on a range of topics in the 
area of human performance optimization and enhancement. Theoretical possibilities and associated bioethical issues in 
inducing supra-normal abilities in human performance in NATO military settings were explored. However, all active research 
programs presented were concerned with optimizing health and performance, weighing operational reality with the need to 
protect long-term physical and mental well-being. Bioethical boundaries for enhancement technologies were suggested. 
However, given the judicial complexity of the ethical debate a more pragmatic option of “due diligence” was recommended. 
That is, to mitigate circumstances that lead to ethical dilemma, a goal of military operational performance research should be to 
provide commanders with options for “due diligence” in deciding to authorize performance-sustaining or enhancing technologies 
that risks long-term health and fitness of service members. 

U U U

 
SAR

 
7



 

 

NORTH ATLANTIC TREATY 
ORGANISATION 

 RESEARCH AND TECHNOLOGY
ORGANISATION

 

 

 

AC/323(HFM-181)TP/330 www.rto.nato.int

 

RTO MEETING PROCEEDINGS MP-HFM-181 

Human Performance Enhancement for 
NATO Military Operations  

(Science, Technology and Ethics) 
(Amélioration des performances humaines dans les 

opérations militaires de l’OTAN  
(Science, Technologie et Éthique)) 

Papers presented at the RTO Human Factors and Medicine Panel (HFM) 

Symposium held in Sofia, Bulgaria, on 5-7 October 2009. 

   

Published October 2009 

 

  Distribution and Availability on Back Cover   



  

The Research and Technology  
Organisation (RTO) of NATO 

RTO is the single focus in NATO for Defence Research and Technology activities. Its mission is to conduct and promote 
co-operative research and information exchange. The objective is to support the development and effective use of 
national defence research and technology and to meet the military needs of the Alliance, to maintain a technological 
lead, and to provide advice to NATO and national decision makers. The RTO performs its mission with the support of an 
extensive network of national experts. It also ensures effective co-ordination with other NATO bodies involved in R&T 
activities. 

RTO reports both to the Military Committee of NATO and to the Conference of National Armament Directors.  
It comprises a Research and Technology Board (RTB) as the highest level of national representation and the Research 
and Technology Agency (RTA), a dedicated staff with its headquarters in Neuilly, near Paris, France. In order to 
facilitate contacts with the military users and other NATO activities, a small part of the RTA staff is located in NATO 
Headquarters in Brussels. The Brussels staff also co-ordinates RTO’s co-operation with nations in Middle and Eastern 
Europe, to which RTO attaches particular importance especially as working together in the field of research is one of the 
more promising areas of co-operation. 

The total spectrum of R&T activities is covered by the following 7 bodies: 
• AVT Applied Vehicle Technology Panel  
• HFM Human Factors and Medicine Panel  
• IST Information Systems Technology Panel  
• NMSG NATO Modelling and Simulation Group  
• SAS System Analysis and Studies Panel  
• SCI Systems Concepts and Integration Panel  

• SET Sensors and Electronics Technology Panel  

These bodies are made up of national representatives as well as generally recognised ‘world class’ scientists. They also 
provide a communication link to military users and other NATO bodies. RTO’s scientific and technological work is 
carried out by Technical Teams, created for specific activities and with a specific duration. Such Technical Teams can 
organise workshops, symposia, field trials, lecture series and training courses. An important function of these Technical 
Teams is to ensure the continuity of the expert networks.  

RTO builds upon earlier co-operation in defence research and technology as set-up under the Advisory Group for 
Aerospace Research and Development (AGARD) and the Defence Research Group (DRG). AGARD and the DRG share 
common roots in that they were both established at the initiative of Dr Theodore von Kármán, a leading aerospace 
scientist, who early on recognised the importance of scientific support for the Allied Armed Forces. RTO is capitalising 
on these common roots in order to provide the Alliance and the NATO nations with a strong scientific and technological 
basis that will guarantee a solid base for the future. 

The content of this publication has been reproduced  
directly from material supplied by RTO or the authors. 

Published October 2009 

Copyright © RTO/NATO 2009 
All Rights Reserved 

 
ISBN 978-92-837-0117-0 

Single copies of this publication or of a part of it may be made for individual use only. The approval of the RTA 
Information Management Systems Branch is required for more than one copy to be made or an extract included in 
another publication. Requests to do so should be sent to the address on the back cover. 

ii RTO-MP-HFM-181 



RTO-MP-HFM-181 ES - 1 

 

 

Human Performance Enhancement for NATO Military 
Operations (Science, Technology and Ethics) 

(RTO-MP-HFM-181) 

Executive Summary 
The symposium objective was to explore the theoretical possibilities and bioethical issues associated with human 
performance enhancement and optimization in NATO operations. 

The symposium findings were: 
• Performance enhancement technology is generally not mature enough for human operational test and 

experimentation. Performance optimization technology is available and the efficacy and health 
consequences of such manipulations must continually be evaluated. 

• Bioethical deliberations concerning Human Performance Enhancement in military settings are reactive to 
experimentation. Proactive policies for research and application of enhancement technologies are 
required. 

• Valid potential operational scenarios were not well articulated. Absent these scenarios, conversations 
about performance enhancement defaulted to science fiction-like scenarios. 

• Cooperative research in military medical operational performance is insufficient. Synergies across NATO 
partners are not exploited. As such, interoperability resulting from collaboration and “buy-in” of best 
practices in sustaining an international force is not leveraged. 

• Researchers appear to have limited understanding of performance requirements of deployed service 
members and the operational realities of commanders. Research questions were generally not proactive or 
directly relevant to current or future operations. 

• There is limited integration and management of knowledge related to health and performance research. 
This may be hampering development of NATO-relevant programmatic research. 

The symposium recommendations were: 
• NATO nations should decide, at a minimum, on bioethical boundaries before medical and materiel 

performance enhancement technology significantly outpaces policy. 
• Health and fitness standards should be separate from performance standards, since health and fitness are 

foundational to but not predictive of performance. 
• A goal of military operational performance research should be to provide commanders with options for 

“due diligence” in deciding to authorize the use of performance-sustaining or enhancing modalities which 
risks long-term health and fitness of service members. 

• The NATO military medical operational performance research community needs to establish cooperative 
research programs (e.g., data exchange agreements, joint research) following the model set by those in 
the engineering and materiel development research communities. 

• National and NATO leader development programs for research program directors should be implemented 
to educate them on current and future operational and strategic threats, environments and associated 
service member and unit performance expectations. 

• NATO should establish a knowledge management program to mine patterns in force health and 
performance in current and past conflicts and exercises to drive research programs. 

• Meeting findings and recommendations are discussed in detail in the full report under corresponding 
headings detailing recommendations and rationale. 
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Amélioration des performances humaines dans les opérations 
militaires de l’OTAN (Science, Technologie et Éthique) 

(RTO-MP-HFM-181) 

Synthèse 
L’objectif du colloque était d’explorer les possibilités théoriques d’amélioration et d’optimisation de la performance 
humaine, et les problèmes bioéthiques associés, dans les opérations de l’OTAN. 

Les résultats du colloque étaient: 
• La technologie d’amélioration de la performance n’est généralement pas suffisamment mûre pour des essais 

opérationnels et une expérimentation sur l’homme. La technologie d’optimisation des performances est 
disponible et l’efficacité ainsi que les conséquences sur la santé de telles manipulations doivent être 
continuellement évaluées. 

• Les délibérations de bioéthique concernant l’amélioration des performances humaines dans le domaine 
militaire ont réagi au sujet de l’expérimentation. Des politiques proactives de recherche et d’application des 
technologies d’amélioration sont nécessaires. 

• Les scénarios opérationnels potentiels valides n’étaient pas bien articulés. Absentes de ces scénarios,  
les conversations concernant l’amélioration de la performance ont fait défaut à des scénarios relevant de la 
science-fiction. 

• La recherche en coopération concernant la performance opérationnelle militaire du point de vue médical est 
insuffisante. Les synergies entre tous les partenaires de l’OTAN ne sont pas exploitées. En tant que telle, 
l’interopérabilité résultant de la collaboration et de « l’achat » des meilleures pratiques pour le soutien d’une 
force internationale, n’est pas appuyée. 

• Les chercheurs semblent avoir une compréhension limitée des exigences de performance du personnel déployé 
et des réalités opérationnelles des commandants. Les questions de recherche n’étaient généralement pas 
proactives et ne correspondaient pas directement aux opérations actuelles ou futures. 

• Les connaissances relatives à la recherche en matière de santé et de performance sont peu intégrées et mal 
gérées. Ceci peut entraver le développement de la recherche programmée concernant l’OTAN. 

Les recommandations du colloque étaient: 
• Les nations de l’OTAN devraient établir, au minimum, des frontières bioéthiques avant que la technologie 

d’amélioration de la performance matérielle et médicale ne dépasse la politique. 
• Les normes de santé et de forme physique devraient être séparées des normes de performance, puisque la santé 

et la forme physique sont fondamentales mais ne sont pas prédictives de la performance. 
• Un objectif de la recherche de performance opérationnelle militaire devrait être de fournir aux commandants 

des options pour décider « en toute connaissance » d’autoriser l’emploi de modalités de soutien ou 
d’amélioration de la performance qui comportent des risques sur le long terme pour la santé et la forme 
physique du personnel. 

• La communauté médicale militaire de recherches sur les performances opérationnelles de l’OTAN doit établir 
des programmes de recherche coopératifs (par exemple, accord d’échange de données, recherche commune)  
en suivant un modèle similaire à ceux des communautés de recherche technologique et de développement des 
matériels. 

• Des programmes phares de développement, nationaux et OTAN, destinés aux directeurs de programme de 
recherche, devraient être mis en œuvre pour les informer des menaces opérationnelles et stratégiques actuelles 
et futures, de l’environnement et des attentes du personnel et des unités, en matière de performances. 

• L’OTAN devrait établir un programme de gestion des connaissances exploitant les schémas en vigueur 
concernant la santé et la performance dans les conflits actuels et passés et dans les exercices afin d’orienter les 
programmes de recherche. 

• Le compte rendu complet présente par rubriques et en détail les conclusions du colloque, ses recommandations 
et les raisons qui les motivent. 
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1.0
TECHNICAL EVALUATION


HFM-181 Symposium on Human Performance Enhancement for NATO Military Operations (Science, Technology and Ethics) was held in Sofia, Bulgaria from 5 through 7 October.  The meeting was chaired by COL Karl Friedl (USA) and Dr. Pang Shek (CAN).  The symposium’s theme was the facilitation of a broader understanding of the promise and pitfalls of Human Performance Enhancement (HPE) technologies in NATO military settings.   Specific aims were to identify areas in which coordinated research efforts are required to expand understanding of the existence, effectiveness, potential health risks and options for applications of human performance enhancement technologies to current and future NATO operations.  Participants represented a broad range of allied, partner and affiliated countries presenting 30 papers, 2 keynotes and 15 posters on a range of topics pertinent to the theme and specific aims of the symposium.

The symposium began with a presentation from the symposium Chairs defining the issues and scope of discussion.  This was helpful in framing the issues and priming discussions that followed and is a practice that other symposium chairs should consider.  This technical evaluation follows from the introductory remarks of the symposium Chairs to identify stated and implied symposium findings and recommendations.  Where the report identifies an insufficiency, a concomitant recommendation is offered as a way forward.

1.1
Keynote Speakers


The meeting included two noteworthy keynote presentations.  Both keynote speakers spoke about the folly of presuming that technological superiority alone can win both the war and the ensuing peace.  The first keynote was presented by Prof. Dr. Ira Jacobs (CAN) on exploiting human science advances for military operations.  He defined human sciences as an interdisciplinary field that involves the application of biological, behavioral & socio-cultural knowledge for the purposes of understanding those capabilities and limitations of relevance to the missions of our nations’ military and national security organizations.  He cautioned researchers in the field that whereas nonmilitary research focuses on identifying and treating abnormal function in a normal environment, the objective of military human sciences research should be to sustain at least normal function in the very abnormal environments which characterize most military operations.

The second keynote was presented by Prof. Dr-Eng Axel Schulte (GER) on enhancing human-machine system performance by introducing artificial cognition in vehicle guidance and targeting systems.  Dr. Schulte presented research on introducing automated systems for the control of multiple remote-controlled aerial vehicles that reduce operator workload and minimize system complexity, which is a primary contributor to human error.  He emphasized that expert systems (cognitive units) can be designed for skill and rule-based behaviors.   However, knowledge-based intentional systems that define work objectives are too complex to emulate in automated cognitive units and ultimately result in rule-based modal action patterns rather than true knowledge-based intentional behavior.  Dr. Schulte’s experimental results show promise in dividing labor between human and machine such that multiple UAV’s can be controlled by a single operator to successfully engage targets and creatively respond to the inevitable uncertainties in tactical aerial engagements.

1.2
Presentations and Posters


The scientific meeting framed two categories of human performance research conducted for one of three purposes in operational environments.  The two categories are research involving human/machine integration and research which focuses on the biology and behavior of the human.  The three purposes defined were Human Performance Enhancement (HPE), Human Performance Optimization (HPO), and Human Performance Maintenance (HPM).  HPE was defined as the induction of supra-normal phenotypes.  HPO was defined as facilitating the expression of desired naturally expressed phenotypes.  HPM was defined as maintaining or sustaining the expression of desired naturally expressed phenotypes.

All experimental research presented was on technologies designed to maintain or facilitate natural abilities of the typical NATO service member to protect the health and safety of the service member, while maintaining or facilitating desired performance as defined by operational challenges.  The broad scope of topics covered in a limiting schedule afforded insights into the art of the possible in enhancement technologies, but left little room for coordinated debate and deliberation over critical issues.  For example, although alluded to, the ethical debate was never fully engaged concerning HPE.  The only clear policy statement concerning ethical practice was made by the Canadians, who said their policy is that they only engage in HPM/HPO research and not HPE research.   However, HPM and HPO manipulations are not immune to bioethical dilemmas.

With the burgeoning use of nutraceuticals,
 control of soldiers’ diet is virtually impossible and adverse interactions between nutraceutical use and prescribed HPO/HPM measures was a concern raised among the symposium attendees.  Also expressed by symposium members was a serious concern over the general public’s increasing “off-label” use of prescription drugs.
  The symposium members were unclear as to the extent of the problem in the military and are concerned about the informal distribution and unmonitored use of these medications to sustain performance.  Recognizing that acquiring reliable prevalence data will be difficult, the development of health risk communication programs are recommended (1) to reinforce service member compliance in maintaining health and fitness habits and (2) to ensure the efficacy of prescribed mission essential application of HPO/HPE pharmacologies.

Most of the scientific presentations were without hypotheses that would suggest experiments to elucidate mechanisms which might threaten health in an attempt to provide enhanced or sustained performance.  This issue appears to stem from three fronts.  The policy concerning experimentation in HPE/HPO is unclear.  The lack of leadership in this area provides insufficient guidance for identifying under which conditions and to what extent performance enhancement technologies are to take precedence over the potential associated health risks.   The problem also appears to stem from the NATO community’s limited research into pragmatic solutions to problems facing service members in the field and from a lack of theoretical underpinning to frame hypotheses to elucidate mechanisms regulating health and performance.

In terms of the policy leadership issue, the HFM Panel Chair, Dr. Bernd DeGraaf (NLD) is acting on the symposium recommendation and will be convening an exploratory team to discuss performance-related bioethical issues.  The team will be charged with presenting recommended HPE/HPO policy to the NATO members.  This team should also issue recommended guidance to NATO member researchers concerning performance expectations of service members in current and future NATO operations.  The framing of context is important to modeling, developing research programs and generalizing experimental results to current NATO operations and to inform future operational planning.

In terms of pragmatic solutions to relevant problems, research can be driven by operational problems or by theory.  With few exceptions, the research presented at the symposium was driven by theory.  The notable exception was work on the development of micro-climate cooling systems presented by Dr. Cheuvront (USA).   The problem was how to reduce power requirements of the cooling system while maintaining thermoregulatory efficiency.   Dr. Cheuvront used current scientific knowledge of thermoregulation to target cooling to critical areas based on skin temperature feedback.  Targeted cooling improved work sustainment and significantly reduced system power and weight requirements.   This advance has accelerated equipping service members with a device that will sustain performance in environments that currently prohibit sustained exertion due to risk of heat-related injury.

In terms of theoretical underpinning, problem oriented research can solve immediate real-world issues but one must recognize presuppositions of one’s approach and understand the implications for reasoning about a problem.  Without such a recognition, alternate approaches to the problem are not easily recognized and mechanisms not well understood, leaving potential solutions undiscoverable.  To reinvigorate an apparent impoverished hypothesis generation process, some alternate perspectives are offered as examples to facilitate abduction
 and the exploitation of serendipitous findings.


Physiologic status monitoring, utilizing biomarkers of fatigue, stress, anxiety and nutritional state offers the potential for real-time assessment of threats to service member heath and performance.  Once data are collected there remains the problem of fusing and interpreting the data set.  Here the researcher typically assigns meaning to the results through mapping the collection of observations to a model or theory.   The utility of the theory or model is determined by how well it informs us of likely future outcomes.  Since theories cannot be both consistent (predictive) and complete (explain all possible instances) the choice of the theory will set the presuppositions for interpreting results.
   For example, in monitoring indices of the cardiovascular system in response to cold exposure to the face of an unacclimated individual, the response includes tachycardia and increased blood pressure.
  This condition puts some at risk for acute myocardial infarction with increases in this event associated with seasonal changes in temperature.
  With repeated exposure, the system adapts and responses to cold exposure include bradycardia, little change in blood pressure and increased skin temperature.8  The issue for systems like physiologic status monitors is under what circumstances do physiologic changes suggest a threat of exhaustion
 or a pending adaptation
.  The issue is important to HPE/HPO because a misinterpretation of physiologic regulatory status could lead to the misapplication of HPE/HPO technologies.

Social and emotional regulation are also important to heath and performance and thus a shift in the level of analysis from the individual to the team is required.  The shift does not exclude physiologic metrics, since social and emotional exchange have definite regulatory effects on individuals.
,
,
  This shift in focus would add a much needed social level to the current dominant individual level of analysis of health and performance.  This shift would further acknowledge the “psychological fog” of war
 and the impact of morale and cohesion on health and performance, opening new possibilities for enhancement and optimization technologies.

1.3
Recommendations 1 & 3: HPE Ethical Boundaries and Due Diligence


NATO nations should decide, at a minimum, on bioethical boundary conditions before medical and materiel performance enhancement technology significantly outpaces policy.  The ethical and social consequences of implementing invasive procedures (e.g., transcranial magnetic stimulation) should be evaluated not only with regard to mission requirements but also with regard to undesired consequences that may emerge during the expected life span of the Soldier (70 years).  The Canadian statement notwithstanding, a clear consensus statement by the panel of the rejection or acceptance of ethical boundary conditions for HPE research was not made.  In fairness, this was an aggressive symposium schedule and only one panel session was devoted to ethics.   The time allocated only allowed for a framing of the debate.

The context was set by the keynote speakers who spoke to the folly of presuming technological superiority alone can win both the war and the ensuing peace.  LTC Dr. Trousselard (FRA) presented the first paper in which the argument was put forth that since the members of the services volunteer to be in harm’s way and because these service members are healthy and in life-threatening situations, HPE technology may appropriately be applied for the purposes of the mission.  Considering this position, the question was raised and left for the panel: Given this special case, under what circumstances would the application of HPE be ethical and under what circumstance would it be unethical?  CDR Dr. Meijer (NLD) said that given this special case, soldiers’ free will, for example, to take a drug, is taken away and thus accountability for the soldier’s actions may not rest with the soldier but with those who gave the order or who administered the drug.  COL Dr. Brown (USA) argued for the need for a common doctrine that balanced the strategic need for superior weapon systems with that of ethical considerations and cautioned against an arms race mentality in crafting doctrine.  COL Dr. Walker (CAN) noted that performance enhancement is not considered ethical practice in Canada.  Further, in terms of the free will issue, Canadian service members can refuse performance sustainers but the choice does not remove the responsibility of the service member from sustaining performance.  Further, the Canadian’s practice a “due diligence” policy.  They are required to consider 4 questions before dispensing a performance maintaining agent:

· Is the use truly informed and voluntary?

· Is the agent safe for individual and operational environment?

· Is the use consistent with dose and pharmacology?

· Has due diligence been applied in that all other alternatives have been exhausted?

The final panel member presentation was by COL Dr. Bigard (FRA).  He noted that for “due diligence” to be most effective, it is the responsibility of the military medical performance research communities to find solutions that mitigate circumstances that lead to situations of moral/ethical dilemma.  COL Dr. Bigard presented a heuristic suggesting boundary conditions for selection, training, equipment, pharmacology, surgery and genetics.  These boundary conditions were referenced to acceptable selection, equipping, training, and nutritional practices for elite athletes.  COL Dr. Bigard’s heuristic is recommended as a starting point for further bioethical debate of HPE.

During discussions, a recurring theme was that scientists were continually faced with finding means to sustain human performance to ameliorate the effects of critical personnel shortages (e.g., use of SSRI’s to retain pilots on flight status, COL Mckeon (USA)).  Pushing the limits of sustaining human performance was acknowledged as pushing the limits of health and safety.   However, how far one can push those limits and under what conditions was considered a matter of doctrine and policy debate, which requires engagement of a broad representation of the military community.  As mentioned earlier, Dr. DeGraaf (NLD) is convening an exploratory panel to engage these open questions as recommended by the Panel.

In sum, the presentations of the panel and points raised by the symposium attendees suggested the following boundary conditions:


The human should not to be considered a weapon system developed through

· replacing normal functioning tissue and organs with prostheses,

· implanting machine systems in normal functioning tissues and organs, or

· creating biologically hopeful monsters
 by means of genetic, proteomic, physiologic or teratogenic agent manipulation.

1.4
Recommendation 2: Health and Fitness versus Performance Standards


The distinction between health and fitness and that of performance was a recurring theme, with a number of participants recommending the dissociation of health standards from those of performance standards.  This was argued for two reasons: 1) metrics of health are poor predictors of performance; 2) there is an associated attrition of health and fitness with deployment.  Ms. Marilyn Sharp (USA) reported that post-deployment health and fitness measures showed decreased aerobic fitness, increased body fat, and increased incidents of injury compared with predeployment data.  This relationship requires further study to determine the rate at which health and fitness degrades and to determine the specific associations with the tasks service members perform.  This information would be useful for optimizing work rest cycles and for rotating team assignments to missions (e.g., guard, patrol, convoy, etc.).

The distinction was also related to Initial Entry Training where gender differences in health and fitness put women at unnecessary risk for stress fractures.  A main purpose of Initial Entry Training is to train service members to a baseline health and fitness level in preparation for advanced training in their particular military occupation.  Two concerns were raised.  One concern raised by Mr Scott (GBR) was that unfit men and women respond to and recover from load bearing exercise in different manners.   These differences in physiology put unfit women in a higher risk category for stress fractures than men.  The argument was not for changing the rigor of health and fitness training and standards, but for modifying the tempo of heavy work versus recovery in training service members to baseline fitness levels.  The second concern was that recruits are presenting with higher body fat to lean muscle mass ratios and that the implications for Initial Entry Training and nutrition are yet unknown.  The Germans have presented epidemiological data on this issue in other forums and in the open literature.  The other NATO allies, partners and affiliates report similar trends in the decreasing general activity, increasing body fat to lean muscle ratios and increasing incidence of Type II diabetes in the recruitment pool.

Given such concerns, the use of physiological status monitoring is encouraged in the training environment to assist the Initial Entry Training cadre and medical monitors in tailoring programs to individuals and in assessing health and fitness outcomes.  The reports, in particular by the Netherlands, show that important advances in physiologic status monitoring makes the system an invaluable monitor of individual health as recruits train up to fitness baselines.


1.5
Recommendation 4: Develop cooperative data exchange and project agreements


The NATO military medical operational performance research communities need to establish cooperative research programs under program and data exchange agreements along the model set by those in the engineering and materiel development research communities.  Further, NATO countries are encouraged to engage in the exchange of scientists and engineers in a coordinated manner and at the level set by those in the engineering and materiel development research communities.

There were a total of 45 scientific presentations and only one presented work performed under a multinational data exchange agreement.   That paper was from the materiel development community and the agreement was established by that community (Dr. Dudfield (GBR)).  The medical community was queried about cooperative agreements and one individual believed there existed a US Navy agreement but was unsure with whom or if it was active.  No medical researcher at the symposium was participating in an international protocol.

As commented earlier, there are personnel shortages in conflict areas where NATO troops are currently deployed.  This strain results in a high operations tempo for deployable service members and requires solutions to sustaining performance to meet the high operations tempo. Under these circumstances, commanders are owed options for due diligence.  Working cooperatively leverages expertise and technology and establishes common best practices and interoperability in sustaining international forces.  Such efforts would, at a minimum, identify divergent points of view in HPO/HPE, thus facilitating discussion and consensus.  Optimally, working cooperatively could result in policies and practices that mitigate circumstances which lead to situations of moral and ethical dilemma in the research and application of HPO/HPE technologies.

1.6
Recommendations 5 & 6: One must enhance performance within a context

There was only one team-oriented paper presented.  That paper was on communication trust in robustly networked operations, presented by the materiel developers (Dr. Dudfield (GBR)).  A team perspective is important because it approaches HPO from a selection perspective in putting those individuals with desired traits in the right jobs (e.g, Dr. Carney (USA)).  The majority of the papers were on individual physiology or physiologic mechanisms with application to NATO operations limited.  This is in part because most research in the field of physiology depends on specialized equipment and measurement techniques that restrict the ability to study physiologic mechanisms in applied or natural settings.   Advances in the development of physiologic status monitoring, in particular reported by the Netherlands, has the potential to ameliorate this issue.  Notwithstanding, the lack of application seemed to also stem from a lack of specific experience and knowledge of operational and tactical realities.  Better communication between the research community and the military operational community is needed.  This would improve the direction and emphasis of military medical operational performance research.  Perhaps some sort of program director qualification experience is needed.  This program could entail two phases.  In one phase, research program directors would spend time observing and working with units in the field to gain a first hand understanding of current operational health and performance concerns.  In a second phase, research program directors would spend some time observing those involved with strategic planning to gain insight into health concerns and performance expectations in potential future conflict.


[image: image1]

Another means to help shape relevant research is to improve knowledge management, a point raised by LTC Kostadinov (BGR).  A means to better visualize and understand tactical and operational medical issues to ask more informed questions is to employ data visualization techniques on existing data sources.  These techniques allow for the systematic aggregation of data from disparate sources to render visually based information in both the spatial and temporal domains.  Figures 1 and 2 present visual representations of data from existing disparate sources.  Figure 1 shows data from existing evacuation data sources associated in link arrays (left) and concept clusters (right).  Figure 2 shows a human terrain map rendered from existing Gallup survey data concerning the attitudes of Iraqis in Bagdad to initial coalition operations.  The referenced data were published in an unclassified report on protecting service members from improvised explosive devices.
  Materiel, medical and training solutions were implemented based on the information from the report.  Such information would give the researcher the required situational awareness to develop relevant programs and timely solutions.   NATO should consider an accessible knowledge management program to improve the mechanisms for learning from past and current experiences and to guide military medical operational performance research.
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1.7
Conclusions and Recommendations


In conclusion, the following specific recommendations are offered:


· NATO nations should decide, at a minimum, on bioethical boundaries before medical and materiel performance enhancement technology significantly outpaces policy.

· Health and fitness standards should be separate from performance standards, since health and fitness are foundational to but not predictive of performance.

· A goal of military operational performance research should be to provide commanders with options for “due diligence” in deciding to authorize the use of performance-sustaining or enhancing modalities which risks long-term health and fitness of service members.


· The NATO military medical operational performance research communities need to establish cooperative research programs (e.g., data exchange agreements, joint research) following the model set by those in the engineering and materiel development research communities.

· National and NATO leader development programs for research program directors should be implemented to educate them on current and future operational and strategic threats, environments and associated service member and unit performance expectations.


· NATO should establish a knowledge management program to mine patterns in force health and performance in current and past conflicts and exercises to drive research programs.
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Figure 1.  Data patterned with a force directed model.  The graphic shows resulting link arrays linked to time (left panel) and concept clusters (right panel and top insert box).











Figure 2.  Data patterned with false color rendering of percentages of responses within neighborhoods to the question: “Thinking about any hardships you might have suffered since the U.S.-Britain invasion, do you personally think that ousting Saddam Hussein was worth it?”
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ABSTRACT

Human Performance Optimization (HPO) involves strategies to sustain performance in the face of operational stressors that degrade function (e.g., through selection, training, feeding, rest, equipping, and leadership).  This differs from Human Performance Enhancement (HPE) strategies to create superhuman capabilities beyond the normal biological range through modification of human structure and function (e.g., surgery, genetic modification, pharmacology, neural stimulation, prosthetic implants).  The majority of HPE opportunities arise from advances in medical research technologies to treat injury and disease where there are justifiable risk-benefit tradeoffs.  The concessions in trying to improve normal human biology are different, and are typically accompanied by adverse health and performance consequences.  Potential medical and HPE advances can also come from understanding biological mechanisms supporting specialized performance in other species (“bioinspired” technologies).  Repurposing of medical technologies for HPE is inevitable because some athletes and others aim to be the first to employ any potential competitive advantage.  The military can lead the way for ethical and thoughtful research in this area and foster a thorough understanding of both the risks and the possibilities for tactical advantages.

1.0
the performance spectrum:  olympian or superman?

1.1  Structure of the Symposium Programme


The planning committee has organized the symposium into an introduction to the optimization of human performance, followed by an exploration of human-machine interface, and then a consideration of supraphysiological enhancement of the human.  The programme also includes a poster session on two specialized aspects of human performance optimization – health protection and individual health behaviors; as well as a special panel presentation and discussion on ethical considerations.  Two keynote lectures feature experts on human physiological limits (Dr. Ira Jacobs) and man-machine interface (Dr. Axel Schulte).  The symposium’s planners are eager to promote new discussions on if and how the military should attempt to improve biological systems, and generate thoughtful assessment of the potential risks and benefits in the repurposing of new medical technologies.

1.2  Human Performance Optimization (HPO)


Human Performance Optimization (HPO) involves strategies to sustain performance in the face of operational stressors that degrade it (e.g., through selection, training, feeding, rest, equipping, and leadership).  This human systems focus is often referred to as “skin-in” research in order to distinguish it from non-medical “skin-out” materiel systems.  This artificial distinction has proved useful in classifying research according to the type of discipline, laboratory capabilities, and regulatory policies and procedures (1).  In some armies these research responsibilities for the human and the materiel systems are separated between commands to ensure that primary responsibility for health and performance of the human is not inadvertently compromised in the mission to develop equipment and systems to augment capability.

1.3  Human-Systems Integration (HSI)


The boundary between “skin in” and “skin out” research becomes fuzzy in the world of Human-Systems Integration (HSI) with the advent of equipment that involves direct human operator links to engineered systems (2).   Although the focus of HSI research has been on equipment and systems not on the human, but this is fast becoming an artificial distinction as we learn more about how systems may modify brain function, and evolve direct human-machine connections including implantable systems.  This cultural divide between engineering and biomedical sciences includes a significant technological barrier, whereby the development of human-centric materiel must rely on inadequate research on the limits of human tolerances and underdeveloped models of health and performance data for biomedical standards.  This responsibility of the medical research community continues to rank low in research priorities whenever the balance shifts to near term delivery of soldier end products, even though valid physiological models could provide leap ahead materiel solutions and save costs at every stage of development.  These models and standards are needed to support materiel developers in the design of safer and more effective equipment, including personal protective equipment (e.g., ballistic protective vests, helmets, eye protection, flame retardant suits, etc.) and equipment to augment capabilities (higher powered weapons systems, nonlethal weapons systems, higher performance manned aircraft and vehicles, etc.).  This becomes even more important as modern vehicles and weapons systems continue to outstrip human capabilities for maintenance-free continuous performance, tolerance of biodynamic forces (e.g., noise, acceleration, jolt), and endurance in environmental extremes (e.g., pollution, hypoxia, toxic chemicals, thermal, radiation).  

1.4  Human Performance Enhancement (HPE)

Human Performance Enhancement (HPE) strategies create superhuman capabilities that go beyond the normal biological range through modification of human form and function (e.g., surgery, genetic modification, pharmacology, neural stimulation)(3).  Medical research aimed at providing better treatments for injury and disease coincidentally provides these new opportunities to “improve” human biology.  Safety studies required for therapeutic applications provide information on risks and side effects that might be encountered in intended medical use, but do not necessarily provide information on the adverse consequences of uses in healthy humans.  As a result, HPE studies present special ethical problems because adverse effects may only emerge from long term study of normal individuals with no disease risk to weigh against the possible discovery of a tactical advantage.  

1.5  What Type of Performance is Critical to Military Mission Success?


1.5.1  Minimum standards are easier to define than predictors of success  


A crucial question in the discussion of HPE technologies is what capability beyond normal human capacity is useful and worth the relative risk for a gain in tactical advantage.  Military performance remains poorly defined and, subsequently, needs may be changing rapidly as new technologies alter the nature of warfare.  It is clear that a diversity of skills provide a team with the agility to respond to unexpected threats.  After several decades of attempting to define physical characteristics essential to success in specific military occupational specialties, it has become apparent that no single attribute or measurable parameter provides a useful discriminator of who is best for a particular job (4-6).  There are only minimum standards such as those used during medical inprocessing that may define some individuals who are not suited to the military (e.g., extreme underweight or overweight, preexisting medical conditions such as severe asthma, etc.). 

1.5.2.  Fitness and health habits will always be relevant to performance outcomes

Even minimum standards are susceptible to challenge as the military moves into a new era of information warfare.  Perhaps the overweight, chain-smoking, insomniac computer hacker living in his mother’s basement represents a skill set of the Army of the future!  Even if the most valued skills are cognitive abilities, the connection between mind and body cannot be ignored.  With the confluence of data establishing the importance of physical fitness on neurogenesis, memory capacity, and other aspects of mental resilience, the ideal soldier for today’s army is still a well balanced mesomorph who strives to optimize his or her health and performance and engages in personal habits that optimize psychological, immunological, and physical resilience.  This includes lifestyle such as regular exercise, no smoking or drug abuse, sleep hygiene, good nutrition, etc.  These are critical aspects of human performance, and thus also one of the major themes of this symposium.    

1.5.3  HPE for athletes is not necessarily useful to soldiers

The mere existence of a new approach that permits some extraordinary capability is not sufficient for adoption in the military.  For example, high dose creatine supplementation provides a well established advantage to muscle strength performance (7,8); however, in military studies it provides no clear advantage (9) because muscle endurance, not a short burst of strength, is the primary performance limiter.  For militarily relevant performance, other sources of fuel such as carbohydrate energy (10-12) are more important, and stimulants (e.g., caffeine, amphetamine) may also be beneficial to sustain physical and mental metabolic endurance when rest is not practical (13,14).  Similarly, the list of performance-enhancing drugs banned by the International Olympic Committee is not necessarily the menu for military performance enhancement.  The difference between an Olympic gold medal and no medal may be fractions of a second in speed or small differences in strength, but provide no net advantage to soldiers.

1.5.4  Extraordinary performance may exact a cost to other types of performance   


Separate from health risks associated with HPE, there may also be risk to intended performance outcomes.  For example, creating a massively muscled and strong supersoldier is likely to result in an individual who is less effective for other physical tasks that require endurance or flexibility, requires higher and more frequent energy intake, is more susceptible to heat strain, and so on.  Another example of the risk in overemphasizing a specific trait is extreme memory performance.  In the case of great capacity to remember facts, as seen in savantism, the cost may be the inability to mentalize (or because of this deficit, the compensatory mechanism of repetition provides an approach to supermemory ability)(15,16).  In short, optimized humans have an expected and predictable balance of capabilities, whereas “enhanced” humans may gain extraordinary capabilities but surrender other normal capabilities.  

1.5.5  Change the soldier or change the equipment?


HPE technologies must be weighed against much simpler approaches such as equipment (“skin out”) solutions.  Every soldier can have the capacity of the savant if provided with an iPhone or soldier computer, and this would be far easier, less risky or compromising to other performance, and immediately available.  Table 1 compares potential solutions to a few examples of military performance capabilities.


Table 1.  Some Examples of Operational Capabilities Classified by Category of Interventions  


		Performance Capability

		Human Optimization (HPO)

		Materiel Solution    (HSI)

		Human Enhancement (HPE)



		Visual acuity

		Squint training to temporarily modify eyeball shape 

		Optical devices to keep image focused on fovea

		Laser corneal refractive surgery (e.g., LASIK, PRK)



		Locomotion and load carriage

		Science-based physical training and supplements for fuel and stamina (e.g.,  caffeine, carbohydrate)

		Exoskeleton (e.g., Locomat)

		Myostatin gene inhibition for greater mass of working muscle 



		Heat tolerance

		Heat acclimatization training

		Wearable microclimate cooling systems

		Heat shock protein variant (e.g,. genetic engineering)



		Protection and performance in the cold

		Elevate core temperature with thermogenic supplements (e.g., ephedrine-caffeine)

		Extended cold weather clothing system (ECWCS)

		Enhanced brown fat storage and metabolism  



		Protection and work in arid environments

		Trained water intake discipline; glycerol hyperhydration

		Dune (“still”) suit that reclaims, filters and recycles body water losses

		Enhanced renal and bladder water resorption



		Altitude and underwater performance

		Intermittent hypoxia training

		Oxygen-generation and breathing systems

		Surgically provided gills based on extracorporeal oxygen diffusion systems



		Increase cognitive speed and memory

		Brain training exercises (“mental gym”); olfactory linked memory activation

		Soldier computer or iPhone resources

		Intracortical memory chip; nanoparticle controlled release of nootropic drugs



		Stress resilience

		Mindfulness training; psychological coping skills

		Augmented cognition system that shifts workload away from stressed team members 

		Genetic engineering and/or drug to moderate performance interference from limbic responses





2.0  the Medical technology inventory


2.1  Emerging science and engineering technology for medical treatment applications

Various science and engineering technologies that are currently being explored for medical uses are summarized in Table 2.  Many of these investigations are currently in progress through the Telemedicine and Advanced Technology Research Center (TATRC) program in the U.S. Army (17).  Clearly, each of these technologies can also be theoretically applied to some type of performance enhancement.  Some proposed or actual HPE uses are listed.

2.2  Surgical modification

Cosmetic surgery to replace eyeglasses is becoming commonplace and the techniques are being rapidly refined with use.  With wavefront-guided refractive surgery, the cornea can be sculpted to correct irregularities and to improve visual acuity better than 20/20 for young soldiers (18-20).  Since the technique is still relatively new, it remains to be seen how often this surgery can be performed on the same eye before the integrity of eyeball is compromised.  This is an important question for the military if young soldiers are surgically treated to eliminate the need for corrective lenses, given that accommodation and other ocular attributes are expected to change with age.  

More dramatic surgical alterations can also be conceived for performance enhancement.  For example, it appears that continuous alertness is possible in brains where the brainstem connection has been severed (21).  Such a procedure has been performed to control epileptic seizures.  This surgical procedure might provide healthy humans with an ability to rest with the unihemispheric sleep pattern of dolphins (22) that has been studied as part of the DARPA-funded program on Continuous Assisted Performance. 

2.3  Pharmacological strategies

2.3.1  Drugs that enhance athletic performance


Drugs that are banned by athletic organizations because of potential unnatural performance advantages have been examined for use by the military.  Anabolic drugs developed for wasting diseases (e.g., anabolic steroids) increase lean mass in normal men and have been associated with some strength gains in soldiers (23).  These drugs have allowed body builders to achieve previously unparalleled increases in muscle mass, but the specific value to the military remains questionable, especially in light of unpredictable behavioural effects (24,25).  Derivatives of erythropoietin are very useful in the treatment of anemias, and in healthy individuals can further increase red cell production and significantly boost aerobic performance in endurance events (26); however, there is concern that polycythemia, especially combined with dehydration during endurance performance, may produce thromboembolytic events that may have been responsible for sudden deaths in numerous European cyclists when the product first came available (27).  Blood doping using autologous blood infusions was previously investigated by the US Army, but the greatest benefit was to aerobic performance of low fitness individuals and therefore of questionable value to general military performance (in lieu of better training)(28).  Stimulants are among the best understood and useful drugs for military use especially in emergency conditions when sleep is not be possible (29).  High dose caffeine, modafinil, and amphetamines have all been shown to be highly effective in temporarily reversing mental performance degradation in sleep deprived soldiers (13, 30-32).  Amphetamine was widely used in the US military and by other armies during World War II to prevent “battle fatigue” (33).  Sleep enhancers have been used by military and are highly effective in improving sleep quality and duration when soldiers have an opportunity to rest.  Temazepam was used by British forces during the Falklands war (34); zolpidem is an example of sedatives currently used by US forces (35), and more precisely targeted sedatives with fewer side effects are in continuous development (36).  

2.3.2   Drugs that affect mental status (“nootropics”)


Stimulants and other drugs acting on the nervous system may provide important performance improvements in patients with neurodegenerative diseases such as Parkinson’s Disease and Alzheimer’s. These drugs act to improve attention and improve memory; whereas, other drugs in this broad group reduce depression and psychological stress or act as antioxidants and vasodilators in the brain.  The advanced development of an array of potentially useful performance enhancers was the subject of a conference between the U.S. DoD, Department of Veterans Affairs, and numerous industry partners in San Francisco last Fall (36).  The Army investment in Parkinson’s Disease and related basic neuroscience challenges has led to many recent important breakthroughs including the discovery of the importance of p11 protein in serious depression (37) and the relationship of such comorbid conditions to alterations in neural networks from diseases, chemical warfare insults (38), and other challenges (39). Ampakines have been investigated for memory and alertness improvement as part of a military-funded initiative on continuous assisted performance (40)(c.f., the conditions under which this class of drugs may be most useful is still being defined (41,42)).  Hypocretin (orexin) is yet another promising performance sustaining intervention, having a fundamental role in sleep deprived brains, and recently also the subject of French military investigations of trypanosomiasis, a model of sleep disruption (43).  Intranasal delivery of orexin has been explored as a convenient delivery system with rapid effects on brain activity (44).          

2.3.2  Drug formulations and nanotechnology

Although all of these drugs have potential side effects, they are generally considered safe when used in the therapeutic range for which they were developed.  Based on the experiences of the last century, we should also have discovered a new humility in appreciating how much we do not know; what appears safe and useful today is likely to be revealed as dangerous and unethical in the future.  One example of increased awareness of blind spots in current pharmaceutical technology is the emerging data on epigenetic effects, where many drugs produce lasting changes on genetic expression that may even be conveyed to future generations.  

While the risks associated with some performance enhancing drugs are generally well understood, their nonmedical use may present significant health risks, especially in previously untested doses and combinations.  The gains provided by FDA-approved drugs repurposed to militarily-relevant performance may be questionable, especially in comparison to alternatives such as scientifically-based physical training programs, but there may be greater risk to health and performance from use of over the counter supplements available in the United States.  This year, a popular sports supplement, Hydroxycut, was taken off the market after an accumulation of serious adverse effects (e.g., hepatotoxicity) and death (45).  Contaminants in other supplement preparations have produced serious health effects and death - notably 37 deaths associated with a contaminated tryptophan product from genetically engineered bacteria that led to an FDA ban in 1991 (46).  Other problems from combinations of products such as ephedra-based herbal preparations have also been associated with serious health consequences including death (47).  A recent laboratory assay of a variety of sports supplements available to U.S. military members founds dangerous levels of contaminants such as arsenic and lead (48).         

Nanotechnology and computational methods now provide for drug delivery systems with precisely designed parameters controlling timing and location of release, and rates of secretion.  This was the focus of a national workshop co-sponsored by TATRC and the University of Texas Health Sciences Center in Houston in November 2007.  As an example, nanoparticles can be delivered into the liver through an ingestible system and activated to release insulin at a specific glucose concentration (49).  These particles can be designed with properties for optimal absorption in the intestine and retention in the liver.  Such precision delivery could be designed for pharmacological enhancement of soldiers, providing prophylaxes or antidotes for neurotoxic chemicals and other battlefield threats (50).  

2.4  Prosthetic devices


In the past decade, the US Army has made major investments in to prosthetic and regenerative medicine to restore functional performance of seriously injured soldiers (51).  Major advances in limb prosthetics, neural interfaces to control artificial limbs and provide sensory inputs for haptic feedback, electronic retinas and intracortical implants also contribute to evolving concepts of man-machine interface, exoskeleton and other performance enhancing materiel strategies.  Soldiers with modern prosthetic leg technology are returning to duty, even serving in operational environments.  Based on biomechanical studies in military rehabilitation centers, Army and Navy researchers are refining the design of new powered knees based on biomechanical studies in military rehabilitation centers (52), supporting novel concepts for better articulation of complex artificial joints such as feet (53,54) and shoulders (55), and designing proprioceptive feedback on position and forces acting on artificial feet (56).  These military investments also contribute to the development of exoskeleton and other soldier performance enhancing equipment (57,58). 

Electronic retina technology is advancing rapidly and can now provide limited visual capacity to the blind (59,60).  This involves a retinal prosthesis that captures visual images, communicates the images to electronic interfaces with the retina, and delivers electrical pulses to the retina that create vision.  One Army-supported effort is currently optimizing the electrical signals that communicate with retinal ganglion cells in the absence of photoreceptors (61).   Augmented vision systems for visually impaired individuals are also being developed that have applications for military augmented vision devices and address problems of data overload that produce inattentional blindness and other problems (62).  As these systems are improved, one can conceive of providing additional infrared or ultraviolet visual capabilities to humans.

Direct electrical brain interfaces have been developed with arrays of microelectrodes that penetrate the cortex, such as the Utah Electrode Array (63).  Direct cortical input has been used in blind volunteers to provide visual information and is also being used in other studies to provide motor cortex control of hand and arm movements in quadriplegic patients.  While these efforts are currently being developed for seriously injured soldiers, applications of the technology in healthy individuals will almost certainly be explored to counter fatigue, enhance memory, stimulate reward centers, etc.   Military applications could include superhuman capabilities with reduced response time (e.g., increased speed of action in human decision making without requiring limb movement and motor action) and possibly more rapid direct data acquisition by the brain.

A major research investment in biomonitoring technologies includes investigations of host defense responses to implanted biomaterials to enhance desired responses to implants based coating properties and other local factors.  Other challenges include device-tissue bonding for direct osseointegration of prosthetic limbs and skin closure around externalized devices to prevent routes of infection. 


2.5  Neurostimulation


Deep brain stimulation (DBS) from electrodes implanted most typically into the subthalamic nucleus or globus pallidus is a well developed clinical tool to manage Parkinson’s tremors and other neurological symptoms that cannot be controlled with drugs.  The technique has also been used in the treatment of severe depression, epilepsy, and other conditions.  Adverse consequences, often associated with inadvertent stimulation of other effects and problems associated with dislocation of the electrodes, include seizure activity at frequencies outside of the therapeutic and performance enhancing range.  As an alternative to implanted electrode, transcranial magnetic stimulation (TMS) is being investigated in military programs as a non invasive treatment of Parkinson’s Disease, with brief exposures to an external electromagnetic field providing longterm relief of tremors (64).  This has also been investigated in a DARPA program to restore performance in fatigued individuals following frontal lobe exposure (65, 66).  

Vagal nerve stimulators have been used in patients to control epilepsy with intermittent stimulation of the vagus nerve inhibiting seizure activity (67).   Other investigations suggest that this may also provide specific mental performance benefits such as enhanced memory formation when administered after learning (68).   

2.6  Genetic engineering


Gene therapy is becoming an accepted technology especially where any experimental risks are considered well worth the alternative of the consequences of a devastating neurodegenerative disease.  One approach involves altering the expression of an enzyme by introducing genes with a viral vector.  This is being explored to treat comorbid symptoms in Parkinson’s Disease by introducing glutamic acid decarboxylase in affected brain regions (69).  Another example military application, paroxonase gene polymorphisms explain some variability in susceptibility to both cardiovascular disease and organophosphate poisoning (70, 71) as well as dementia and brain tumors (72, 73).  Expression of the PON1 gene is increased by other approaches such as use of simvastatin (74) but could also be delivered by genetic engineering.


Other treatments, especically where a single gene defect provides the cure for a disease such as Huntington’s may become common cures in the near future.  Likewise, simple single mutations such as a defect in the myostatin gene produces massively muscled and lean blue cattle, and similar defects in the expression of myostatin protein have been identified in as a mistake of nature (75, 76) could be used to produce massive muscled individuals, if this is deemed important to the Army.  This is an important prospective treatment for muscular dystrophy and for old age sarcopenia, where deficiency states exist.  The physiological lessons may be learned for normal athletes who will flock to this, addressing questions such as do we deplete satellite cells and possibly produce sarcopenia later in life, what are the limits to muscle size relative to tendons and bone before tendon ruptures and broken bones occur.  Likewise, it can already be predicted that these individuals will be special risks for heat injury because of the extraordinary mass to surface area ratio that hampers thermoregulatory ability.

Genetic “experiments of nature” such as the dysfunctional regulation of myostatin may lead to genetic manipulation or, with further understanding, lead to specific drugs with more controllable or even temporary effects.  Congenital analgesia is a trait linked to mutation in the SCN9A gene that can produce an inability to sense physical pain (77).  This rare condition in children is potentially dangerous but a duplication of the effect could be hugely advantageous to a soldier who must continue a mission in the face of painful injuries or other external stimuli.  Battlefield pain management is a high priority in military medical research; some of these solutions will certainly find their way into extending human performance.      

2.7  Stem cells and regenerative medicine


Major research initiatives in regenerative medicine launched by the US Army have focused on repair and restoration of tissues, organs, and entire sections of composite tissues.  Two large research consortia that are focused on producing early advances for treatment of injured servicemembers in burn repair, wound healing without scarring, craniofacial reconstruction, and compartment syndrome (Armed Forces Institute of Regenerative Medicine, AFIRM).  Other Army initiatives and projects include nanoscaffolding to regrow injured nerve axons in peripheral nerve injury, regrowth of major muscle damage including cardiac tissue or skeletal muscle, reconstruction of major blood vessels, and extensive bone repair models.  In a planned succession of medical technologies, current advances in prosthetic limb technology will give way to routine heterologous limb transplants (as immune responses are successfully managed)(78), and these will eventually be replaced with regenerative techniques to restore ones own tissues.    

Adult stem cells have been recovered from fat tissue and used to coat the lumen of synthetic vessel to create biological intraluminal linings.  Stem cells are being investigated for repair of damaged tissues, with strategies to enhance the chemotactic responses from damaged tissues to precisely position the needed cells.  The same stem cell methods could form the basis of HPE technologies of the future used to mitigate trauma-induced inflammation and to provide supportive therapy to sustain soldier function to continue the mission (79-81).  Mesenchymal stem cells may promote wound healing in general (82) and there already exists an off the shelf product being tested in hematopoetic stem cell transplantation.  

Table 2.  Science and Engineering Technologies with Medical and Potential HPE Applications 

		Technology

		Example Applications in Medicine

		Example “Repurposing” to performance capability



		Surgery

		· surgical ablation of brain tissue for epilepsy 


· surgical sectioning through the corpus collosum for epilepsy

		· Corneal laser refractive surgery


· Surgical sectioning to allow unihemispheric sleep and continuous alertness



		Pharmacology

		· narcolepsy (modafinil) 


· treatment of sarcopenia and osteoporosis (anabolic steroids)


· memory enhancers for dementia (Aricept)

· treatment of anemia (recombinant erythropoietin) 

		· Delayed need for sleep - nootropics


· Enhanced memory capability (Provigil, Aricept, Ritalin)

· Produce huge muscle mass


· Creation of “human llamas” with altered oxygen carrying capacity


· Prophylactic “smart” nanoparticle drugs for precision release if needed



		Prosthetic devices 

		· cardiac pacemakers

· osteointegrated artificial limbs

· neurally controlled limbs

· electronic retinas

· intraocular lens implants

· cochlear implants

· intracranial implants

· artificial pancreas (closed loop system)

		· Prosthetic limbs that provide superhuman strength and endurance 

· Ocular prostheses for infrared, ultraviolet and other nonhuman visual capabilities


· Auditory systems that provide specific/filterable and ultrasensitive hearing capacity






		Neurostimulation

		· Intracranial implants


· Vagal stimulators for depression

· Transcranial magnetic stimulation for depression and epilepsy

		· Vagal stimulation to counter stress responses


· Transcranial magnetic stimulation of frontal lobes to counter fatigue



		Genetic engineering 



		· overexpression of neurotrophic factors in neural cells transduced by viral vector delivery or genetically modified cell implants for Huntington’s Disease, Parkinson’s Disease, and type 1 diabetes 

		· Manipulation of myostatin gene to enhance muscle mass

· Overexpression of PON1 gene to accelerate inactivation of nerve agent in a threat environment


· Reduced pain sensation (SCN9A)



		Stem cell therapy and regenerative medicine

		· bone marrow replacement

· corneal repair


· tendon-bone repair


· spinal cord injury

		· Rapid repair and sustainment following normally incapacitating injuries

· Enhanced brain capacity?





3.0  bio-inspired human performance enhancement 

3.1  Biological performance currently outside of the bounds of the human species

HPE opportunities may also be derived from an understanding of biological mechanisms that exist elsewhere in nature.   As an example of applications to medicine, deer antler regeneration provides a mammalian model for understanding the hormonal triggers for pluripotent stem cell regeneration of a complex structure.  Deer antler biology also suggests strategies for cell-metal interface to prevent the infections around external implants, such as osseointegration of prosthetic legs.  Hibernators such as bears and ground squirrels are being studied in TATRC-supported research for the biochemical adaptations that preserve tissues in a hypoxic environment such as damaged ischemic heart muscle (83, 84).  This same hibernation research may provide effective strategies to preferentially burn fat in weight reduction (85).  

3.2  Bio-inspired opportunities for human performance


There are many interesting possibilities for humans to be enhanced either with devices based on animal adaptations or even with genetic engineering of other superhuman capabilities.  Some examples of potentially useful capabilities are shown in Table 3.  DARPA-supported research has investigated  mechanisms that may enhance human performance, including long range continuous flying of migrating birds and the ability to sleep only one portion of the brain at a time in dolphin unihemispheric sleep (22).  The hibernation studies on bears and ground squirrels may lead to strategies for tolerance in temperature extremes and improve recycling of bone mineral and urea to meet extreme operational requirements.

Adoption of any of these specializations for human performance enhancement is likely to come at a cost of more generalized capabilities.  For example, “human llamas” with left-shifted dissociation curves may have excellent advantages at altitude but will be disadvantaged at sea level.  Likewise, sprinters have a very different muscle metabolic profile than distance runners, with differences in glycolytic enzyme activity, and cross sectional area of fast twitch muscles; the best soldiers may be the most well rounded, with a variety of capabilities to meet unexpected threats with greater agility.  Ultimately, we may learn the most from the physiological resilience of rats, one of the most successful mammals that has penetrated virtually every environmental niche occupied by humans.  Rats have generalized rather than specialized, so that they can handle a wide variety of threats through quick learning and behavioural adaptation.   

3.3  Materiel solutions to assist human performance


Nonmedical applications of bio-inspired engineering and computing technologies are a recognized priority in basic research for the Army, and a major program with this focus was funded at the Institute of Creative Biotechnologies (86).  Specialized uses of unique proteins (e.g., rhodopsin for energy production from sunlight) and new computational approaches such as swarm intelligence, evolutionary algorithms, and ant colony optimization are examples of such biologically-inspired technology.  Artificial nose technologies were originally funded by the Navy to detect petroleum products in the water leaked by diesel submarines (87, 88).  The synthetic nose technology was expanded in a DARPA project to artificial monitoring of smell “fingerprints” related to HLA expression, just as a blood hound can follow an individual’s unique scent (89).  Although it might be convenient for soldiers to have the olfactory sensitivity of a bloodhound, reverse engineering to create helpful devices rather than engineering modification of the human is usually an easier and safer solution.  Many useful devices are yet to be developed based on nature’s solutions; for example, a platypus-like electromagnetic sensor might help detect opponents hidden with from detection by physiological cloaking of heat and other signatures (90).  There is also a long history of useful medical products discovered in other species such as hirudin in leeches and epibatidine in poison arrow frogs.   

Table 3.  Some Extraordinary Biological Capabilities in Nonhuman Species 

		Capability

		Species

		Mechanism



		Limb regeneration

		Axolotl               (Ambystoma mexicanum)

		Recapitulate embryogenesis



		Dehydration tolerance to >30% of body weight

		Camels                     (Camelus dromedarius)

		Efficiencies in water expenditure,  including insensible water loss, and red cell stability at high osmolarity



		Suspended animation 

		Brown Bears                (Ursus arctos)

		Hibernation with only slight hypothermia; recycling of bone mineral and urea; ischemic protection 



		Freezing injury protection during subzero body cooling

		Arctic Ground Squirrels (Spermophilus parryii)

		Supercooling without antifreeze proteins 



		Unihemispheric sleep for continuous operations (CONOPS)

		Bottlenosed Dophins  (Tursiops truncatus)

		NonREM sleep switches between left and right brain to maintain vigilance while part of the brain sleeps



		Detection of prey by olfactory acuity

		Blood hound                 (Canis familiarus)

		High density of olfactory receptor cells (4 billion in 59 sq inches of olfactory surface area)



		Detection of prey by electroreceptor sensing of muscular contractions 

		Duckbilled Platypus (Ornithorhynchus anatinus)

		Electroreceptor organs that can detect muscle activity of underwater prey



		Running speed up to 70 mph

		African Cheetah            (Acinonyx jubatus)

		Biochemical and physiological specialization for anerobically based performance for sprinting 



		High altitude aerobic capacity

		Llama                      (Llama glama)

		Left-shifted oxyhemoglobin dissociation curve and more efficient tissue O2 extraction 



		Breath holding for up to >800 m water depth and for up to 48 minutes

		Northern Elephant Seals  (Mirounga angustirostris)

		Hypoxic tolerance with vascular shunting to brain and heart; extreme reduction in heart rate



		Complex communications capabilities

		Killer Whale               (Orcinus orcus)

		Extreme development of cortex, especially temporal & insular regions



		Visual hyperacuity

		African Serpent Eagle (Dryotriorchis spectabilis)

		Visual resolution greater than 2x of human acuity with greater cone density in the retina 



		Survival in extreme and toxic environments

		Extremophiles (e.g., Deinococcus radiodurans)     

		Biochemical detoxification of heavy metals, radionuclides etc.





4.0  soldier of the future:  aCCEssorized or biologically enhanced?


4.1  How do we compare to Superman?


How do humans compare to Superman and to other species?  In the animal kingdom, humans are distinguished more for their brain development and learning ability than for any other specialized trait or capability.   Our brain is central to what makes us human.  A Superman with completely unworldly brain function might not have received such a sympathetic readership.  Although he had other specialized skills such as x-ray vision and superhearing, Superman had three famous claims, listed in Table 4 with comparison to human skills, and specialized animal skills.  Man is not extraordinarily fast, and can only achieve speeds of 25 mph compared to cheetahs that can produce bursts of up to 70 mph and some birds (e.g., swifts, peregrine falcons) can exceed 100 mph.  Man is also not so powerful, lacking mass and strength of some other animals.  Man also cannot jump as impressively as the standing leaps of some other animals.  In each of these cases, however, man has been able to design “skin out” personal equipment systems that do not require any redesign of the human to meet some of the Superman capabilities.  Exoskeleton concepts and backpack jet engines are two examples of such technology (91).


Computers may never surpass biological brains, and higher performance computing might actually be based on “wet ware” composed of neural cell networks.  The field of network science is heavily invested in bio-inspired strategies.  Conceivably, human brains could even be yoked into a collective of massively parallel computing, as imagined for the “Borg” in the science fiction program Star Trek.


Table 4.  What Can Superman Do and How Do We Compare, without a Jetpack and Exoskeleton?

		· Faster than a Speeding Bullet (1000 m/s)

swifts and peregrine falcon >40 m/s; cheetah 29 m/s; orca 15 m/s; man >10 m/s (fastest man: Usain Bolt 9.69 s in the 100 m sprint)

· More powerful than a locomotive (gas turbine electric 4,000 HP (3,000 kW))

blue whale 500 HP?; elephant 4-5HP?;  human ~2 HP (1500 W)


· Able to Leap Tall Buildings in a Single Bound (Empire State building 381 m (1250 ft)) 

some cats such as the cougar, 18 ft high; red kangaroo 10 ft; human 2.45 m (high jump record: Javier Sotomayor)





4.2  What intrinsic superhuman capability do we really need for the Soldier of 2050?

Physical fitness, nutrition, and rest will be scientifically based and personalized to optimize the individual based on their existing genetic profile.  With a new focus on information technology warfare, the soldier’s mental capacity will be the most valued outcome, including everything from psychosocial aspects such as leadership, interpersonal relations, and unit cohesion to cognitive functions such as memory, planning, and decision making.  Psychological resilience will also help to regulate overall physiological resilience, perhaps trained using techniques from Buddhist and other religious teachings and with a recognized neuroscience basis (92).  Genetics will identify strengths and vulnerabilities of individuals so that they can be classified to take advantage of their most important capabilities and medically monitored and prepared or protected against injury and other hazards based on identified vulnerabilities.  Further advances on man-machine interface will greatly improve the value of equipment and vehicles, with brain signals instantaneously and correctly evoking equipment responses, and computers distributing workload based on operator performance and mental status (93, 94).  Biomonitoring technologies will allow each individual to push to individual human limits without fatigue and injury (95).   

4.3  What will we miss about Soldier 2010?


The brain of Soldier 2050 will be substantially different, changed by new modes of communication and social interactions.  Nonverbal communications to include olfactory signals, body language, visual cues may be gone.  The still poorly understood olfactory signals such as androsterone secretion and oxytocin that have such profound effects on behaviour (96) will no longer contribute to the rich pastiche of subtle signals that make up human communication.  There may less mirror neuron-mediated learning and social cues, and the entire force may act without emotional and human context in an Asperger’s syndrome-like world.  A new brutal honesty will be pervasive, with no thought unexpressed through incessant twitter-like communications and perhaps extending to virtual “mind melds” for high volume information exchange. 

It is even possible that the soldier best equipped for information age warfare is the overweight poorly conditioned insomniac computer hacker geek living in his mother’s basement.  This will be a very different Army.  Perhaps this on an evolutionary trajectory that leads to “navigators” with highly evolved brains described by Frank Herbert in his book “Dune” (97).  In the 1985 David Lynch movie version, these were massive disembodied and all-knowing brains, with full time attendants to sustain them floating in their individual media and serving as communication conduits to the world.  We are already able to sustain individuals who have awareness and intact brains in bodies that are losing function.  Limited interactions to the outside world such as eyeblinks is now being enhanced by new neurotechnologies.  


5.0  conclusion


What we want to enhance in soldiers is resilience and agility to operate against any threat, with a human sensitivity that allows social and humane interactions but also an ability to separate from and remain calm in a traumatic and potentially emotional situation to prevent over-responses that produce bad decisions and may result in later pathology.  We can immediately do a great deal more to optimize the human in operational environments through HPO strategies and with sophisticated equipment tightly interfaced to operators.  It will still be important to retain the element of surprise with unexpected, seemingly irrational solutions to a threat that wins the day over the computed solution.  Thus, optimization of the individual is not the same as homogenization with the textbook/computed answer.  The best soldier will be a coherent healthy optimized individual who does not engage in health harmful behaviours.  As the head belongs on the body, physical optimization contributes to mental performance optimization in many important ways that we are just beginning to understand in the neurobiology of exercise (improved memory and learning capacity; increased protection against psychological stressors; resilience against pain syndromes such as fibromyalgia; etc.).  Protective equipment surrounding the soldier can provide extraordinary capabilities to operate in extreme environments with microclimate cooling, toxic inhalation protection, water recycling, etc.  Most important in this era of information science are the training and materiel technologies for information handling that assist the well educated, learning-enabled, and trained soldier.


We are not likely to substantially improve our biology without encountering second order consequences from tampering with the finely balanced physiological web.  Eventually, a comprehensive model of the genetically coded physiology of every plant and animal species will provide a remarkable understanding of what is possible in existing biological mechanisms and how various combinations of attributes might function together in a viable mutant.  By fully understanding the advantages and disadvantages of new medical technologies and what may be possible, we will avoid technological surprise and can better understand the vulnerabilities of any opponent choosing to use medical technologies for HPE.
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Abstract

This paper outlines the need for defence research organizations to maintain a robust “human sciences” capability.  The paper also exemplifies key points to be presented at the conference about the relevance, challenges and opportunities for new knowledge in “human sciences” to support military and national security operations.

1. THE NEED FOR “HUMAN SCIENCES”?

Although it may seem ironic to begin a paper about “human sciences” with a paragraph on technology, it is this author’s opinion that the defence research organizations of many RTO members have experienced erosion of their internal “human sciences” capabilities in order to afford the costs of investments by their organizations in technology-based R&D. Military operations today by NATO members are characterized by the operationalization of the concepts embodied in the “Revolution in Military Affairs” (RMA). Introduced by US Admiral William Owens (7), then Vice-Chairman of the US Joint Chiefs of Staff, the RMA symbolized the development of an integrated "system of systems" that enables a military user to employ sensors (e.g., satellites, shipborne radar, remote acoustic devices), global positioning sensors, and precision guidance munitions in concert to not only locate, fix, and “kill” military targets, but to also do so from afar.  The RMA concepts were effectively demonstrated in operations during the “Desert Storm” war in Iraq.

From a strategic perspective it is tempting to speculate that high technology dependency makes it increasingly unlikely that those who are so dependent will willingly enter wars that do not have technological solutions.  Conversely, is it not more probable that future potential enemies, well aware of their technological inferiority, will choose to exploit warfare strategies that are geared to avoiding at all costs technological confrontations.  The current challenges in Afghanistan and Iraq could be viewed as costly examples of this perspective.

There are previous examples of the potential futility of technological superiority in such situations.  Consider the October 1993 operation of the US Army Special Forces in Somalia (2). They were on a mission to capture key members of the entourage of the Somali warlord Aidid. There are few branches of the US military that possess more advanced technology at their disposal than Special Forces. A planned half-hour “snatch-and grab” mission became a 15-hour battle with horrendous consequences for the US personnel involved, consequences that should dispel the presumed invincibility of technological superiority.

To summarize the key message of this section, when technology fails, the knowledge of human capabilities and limitations is key to sustaining operations.

2. DEFINING “Human Sciences”

The phrase “Human Sciences” means something very different on the campuses of our nations’ universities than what is likely understood by those attending this NATO RTO conference.  In academic circles the phrase is usually considered a synonym for the humanities, including history, anthropology, sociology, philosophy and economics, but may also encompass the social sciences.  The understanding in defence science circles is different. Throughout my 25 years as a defence scientist the phrase “Human Sciences” evolved within the RTO community into one which represents an interdisciplinary field that involves the application of biological, behavioural and socio-cultural knowledge for the purposes of understanding those human capabilities and limitations of relevance to the mission of our nations’ military and national security organizations.  

3. Exploiting “Human Sciences”


It is not only the definition of “human sciences” that is different between civilian and military research sectors.  The rationale underlying the need for such research is also very different.  The difference can be succinctly summarized as follows: 

“Whereas non-military research focuses on identifying and treating abnormal function in a normal environment, the objective of military human sciences research should be to sustain at least normal function in the very abnormal environments which characterize most military operations” (W. Bateman, Toronto, Canada, personal communication).

Figure 1 depicts conceptually what might be strategic, operational or tactical objectives, depending on the nature of the operations, that could be advanced more rapidly than would otherwise be the case by maintaining a very current awareness of scientific advances in human sciences disciplines. The figure depicts schematically that new knowledge in biological, behavioural or integrative sciences can be applied to enhance and/or preserve human capabilities.  Similarly such new knowledge could also be used to protect or exploit human vulnerabilities.  In both cases new knowledge can be applied at the level of an individual or group. 
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Figure 1: How Knowledge of “Human Sciences” Can Be Exploited.


4. examples of human sciences ADVANCES yet to be exploited

The volume of new knowledge in human sciences and the rate of knowledge generation are so huge as to make this section of the paper outdated as soon as it is written.  Thus, the intent of this section of the paper is simply to identify areas of research that exemplify some of the new knowledge which, to the best of this author’s knowledge, have yet to be systematically considered, let alone applied, in support of military or national security operations.  The focus is on knowledge that involves an understanding of human capabilities and limitations rather than on knowledge that is technology-dependent. In some cases the knowledge represents many years of knowledge evolution in a specific field; in other cases the knowledge represents a dramatic recent breakthrough.  The space allowed for this paper limits the amount of new “human sciences” areas that could be potentially exploited;  many additional examples will be presented at the conference. 


4.1
Neurosciences and Neuroplasticity

The advances have been dramatic in this field over the last 30 years, disproving the previously widely accepted dogma of “localizationalism”, i.e. that each cognitive function is processed in a genetically pre-determined location in the brain. The use of transcranial magnetic simulation (TMS) in particular has enabled tremendous insights into brain function and adaptability in recent years.  TMS is a painless and harmless method of using magnetic fields to activate neurons in humans;   TMS literally replaces the need to cut open skulls and prod specific locations in the motor or sensory cortex with electrodes. TMS has been used to demonstrate how the brain re-organizes neuronal “maps” and pathways within a few days. The theory of “localizationalism” held that if a bullet destroyed a location in the brain then its function would also be permanently eliminated.  But, this is not the case…there is over-whelming evidence now that the brain is plastic and capable of creating new structures to replace damaged ones (3). Moreover and in contrast with previous dogma, it has been demonstrated that  living neurons form in humans until the very end of our lives (9).   Related research questions are whether dormant neuronal stem cells can be activated with drugs, or whether stem cells can be induced  to move to specific (injured) areas of the brain.  Could neuronal stem cells be induced to move to uninjured areas of the brain and would it be beneficial?

4.2. Applied Human Physiology


This author recalls the time twenty years ago when there was a growing sentiment among defence research managers that knowledge of human physiological responses to harsh environmental stressors (e.g. heat stress, altitude, physical exertion) had reached a plateau and there was little probability of dramatic new knowledge. This led to dramatic reductions in the resources dedicated to human physiological research in a number of NATO-member defence research laboratories.  Yet, the generation of new knowledge continues unabated and has resulted in totally different understandings of the mechanisms that endanger human health or limit performance in harsh environments.  The applications to military and national security needs remain, for the most part, unexploited. 


For example, heat-stress related injuries continue to be a serious and constant source of military casualties and fatalities in training and operations. The understanding of the physiological processes underlying severe heat stress injuries has changed immensely during the last few years.  It has been repeatedly and clearly demonstrated that heat stress is associated with the release of toxins from the gastrointestinal (GI)  tract and an associated general inflammatory response (8). It is now widely believed that fatalities due to heat stroke are caused as a direct result of an overwhelming inflammatory response.

The primary objective of altitude-related research in a military context in the past has been to identify individuals pre-disposed to the development of acute mountain sickness (AMS) and/or to develop pharmaceutical approaches to decrease the incidence of AMS or treat it.  Recent research has demonstrated for the first time that a pharmacological strategy may be a viable approach to reducing the magnitude of the performance impairment that occurs in hypoxic environments (4). 


Intriguing research carried out with children in a nomadic Burmese tribe, Sea Gypsies, demonstrated that they can see underwater much better than European children.  These children are raised in an environment where they often dive up to 10 metres below the sea surface to collect their food.  Most humans cannot see clearly underwater because of the refraction of sunlight.  Gislen et al. (5) reported that the Sea Gypsies learned to control the shape of their  eyes’ lenses and the size of their pupils. Most human pupils  reflexively dilate under water while the Gypsies constricted their pupils by 22%.  This was an impressive demonstration of the adaptability of what was thought to be an autonomic reflex controlled by the nervous system.  The same researcher subsequently showed that a similar adaptation can be rapidly taught to European children (6). 


4.2. Drugs and  Performance Enhancement  


There is an abundance of new research demonstrating that cognitive gains, and/or avoidance of cognitive declines can be relatively rapidly achieved through pharmacological interventions.  Similarly, impressive gains in physical performance can be achieved within an hour of ingestion of a relatively safe combination of drugs, improvements that would otherwise require several weeks of physical training (1) .  There has been a reluctance to follow-up and implement systematic applications of such drug-related knowledge in NATO member nations, perhaps because of  negative public perceptions about the use of drugs by athletes to improve their performance.  

4. Examples of Potential Research Questions Leading to Knowledge Exploitation


Creative defence scientists could think of  a myriad of routes for the new knowledge mentioned above to be exploited if  resources were unlimited, so such speculation will not be detailed in this paper; rather questions are posed below to demonstrate some potential exploitation routes.


· How can the new knowledge about neuroplasticity be applied in military medicine? 


· Could dormant neuronal stem cells be activated with drugs, or could such cells can be induced  to move to specific (injured) areas of the brain.  Could neuronal stem cells be induced to move to uninjured areas of the brain and would it be beneficial?


· What are the consequences of the rapid rate at which the brain can re-organize itself for training technologies and learning? 

· Are there identifiable and quantifiable “markers” of a predisposition to become an “expert” in a defence or national security-related domain?

· Can the well established effects of cognitive and physical exercise on neuroplasticity be manipulated to accelerate learning and training?

· What is the role of sleep management for the facilitation of learning?

· Is a “thought reading” machine now a viable objective?

· What are the applications and consequences of the new knowledge about gender-related differences in brain anatomy, brain circuitry, and the related behavioural, perceptual and emotional differences (e.g. pain perception)?


· Can human physiological autonomic responses be so easily “trained” as to make them viable military training objectives? 


· Can the incidence of military casualties due to exertional heat illnesses be significantly reduced through the prophylactic and/or therapeutic use of drugs which target the GI-related toxins and inflammatory response caused by heat stress.  


· What are the potential applications of new knowledge about the physiological mechanisms underlying “altitude sickness”?


· Can human autonomic responses to military stressors be “trained” to respond in a fashion that leads to improved performance and/or reduced health risks in response to those stressors?

· Should pharmacological approaches be more widely adopted to sustain or improve cognitive and physical performance?  How?  


· What is known about the interaction of commonly prescribed drugs with the multitude of stressors to which military personal are exposed during operations?  

5. THE CHALLENGE of sustaining and nurturing “human sciences” for military applications 


What is the best fashion for a military research organization to sustain and nurture expertise in the “human sciences”?   As mentioned earlier, many NATO nations have seen a real erosion of their capabilities in related research domains and their scientists’ duties include much more time devoted to managing research and development contracts than to nurturing their own scientific expertise.  Is the dependency on external (to the military organizational structure) expertise in the “human sciences” effective and efficient?  My contention is that it is not and that such dependency compromises responsiveness.  My experience as a defence scientist employed by my nation’s Department of National Defence, as well as my experience as a full-time academic on a university campus managing  a large, multidisciplinary, human sciences-focused department, lead me to the conclusion that  the embedding of defence scientists within an academic organization where the desired expertise resides is a preferred vehicle for ensuring the currency of human sciences knowledge that can be effectively and efficiently recruited to support military operations;  the conference presentation details the related rationale. 
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Abstract

Radiobiology is a medical knowledge, which studies ionizing radiation and its influence over the human body. Military radiobiology investigates care to soldiers and civil population after radiation exposure. Acute radiation syndrome and its treatment are the main topics of military radiobiology research. These are the three main trends in Bulgarian military radiobiology:

· Keeping under control the first reaction after acute radiation exposure;


· Searching and investigating de novo synthesized chemical materials;


· Stem cells investigation and its clinical appliances;


· Stem cells investigation and its clinical appliances;


· Investigation of stem cells and especially its clinical application.


Over the past years different biological substances are applied with success. Protection of the hematopoietic and immune systems is a critical area for restoring organism after irradiation. Some radioprotective characteristics of biologically substances, vitamins and essential elements are established.


Aim of the study: To determine radioprotective effect of Bulgarian drug Respistim plus – a mixture of lyophilized bacterial strains in combination with vitamins and essential elements on the proliferation and migration of hematopoietic stem cells, levels of white blood cells and increased 30 days survival after irradiation.

Materials and methods: We investigate groups of experimental animals C3H mice, which are exposed to radiation in different doses. Respistim plus is administered to some of those experimental animals per os 15 days before irradiation. Mice are irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. We control the following indexes: survival rate, blood indexes, weighs of some body organs, bone marrow cells vitality.


The effect of Respistim plus is evaluated with probit analysis of survival rate and Kaplan-Meier survival analysis; bone marrow cells vitality test with trypan blue stain, changes of blood indexes. Statistical data treatment is done by methods of variational analysis and we consider as statistically reliable the results with p<0,05.


Conclusions:

Administration of Respistim plus increases LD50/30 survival rate to 8,4Gy, in comparison with control group - 7,5Gy.


Administration of Respistim plus saves bone marrow cellularity according to the bone marrow vitality test.


Administration of Respistim plus stimulates proliferation of hematopoietic stem cells and has positive impact in preserving weight of some body organs.

Radiobiology is a medical science dealing with the impact of radiation on living matter. Ionizing radiation possesses some characteristics especially occurring in their interaction with living organisms: no subjective sensations during irradiation [1, 2, 3]; had a latent period after irradiation [11]; post irradiation recovery is incomplete. Pathogenetic mechanism of radiation damage is confined to a chain of successive processes, and changes in the structure and function of DNA, proteins, cell death, mutations [1, 10]. At the heart of these processes are generated free radicals. Oxidative damage is the basis of later morphological changes in tissues and organs. Limiting oxidative damage would assist in the rapid recovery of the irradiated organism. Recently the clinicians and researchers show an interest in the mechanisms of protective action of antioxidant substances and the possibility of their use for the prevention and treatment to so-called free radical diseases [6, 7].


Radioprotective agents are compounds that are administered before exposure to ionizing radiation to reduce its damaging effects, including radiation-induced lethality [2, 5]. Naturally occurring dietary components offer opportunities for development as effective chemopreventive and radioprotective agents because of their low toxicity [8, 9, 12, 13]. Respistim plus - an original Bulgarian drug is a mixture of lyophilized bacterial strains in combination with vitamins and essential elements. It has strong antioxidant activity and many beneficial health effects.


THE AIM OF THE STUDY is to determine radioprotective effect of Bulgarian drug Respistim plus – a mixture of lyophilized bacterial strains in combination with vitamins and essential elements on the proliferation and migration of hematopoietic stem cells, increased levels of white blood cells and increased 30 days survival after irradiation.


MATERIALS AND METHODS


Male C3H mice weighing 24-28g were used in these studies. Mice were housed in a facility accredited by Ethical Committee of Laboratory Animal Care. Animal rooms were maintained at 210± 50C on a 12-hr light/dark cycle. We investigate groups of experimental animals C3H mice, which were exposed to radiation in different doses (7, 8, 9, 10Gy). Respistim plus is administered to some of those experimental animals per os 15 consecutive days before irradiation, with doses 100mg/kg. Mice were irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. Bone marrow cells were isolated from femurs with 0.5ml 0,9%NaCl, stained and counted. Blood indexes were calculated automatically using hemocytometer PCE-170 (Erma INC, Japan). Survival analysis were made with probit analysis and Kaplan-Meier method. Statistical data treatment was done by methods of variational analysis and we consider as statistically reliable the results with p<0,05. Statistical evaluation was made with SPSS for Windows. 


RESULTS


Our results shows that administration of Respistim plus for 15 consecutive days before irradiation, enhance 30-day survival for groups of mice that received drug in dose of 100 mg/kg (Fig.1, 2, 3 and 4). 
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Fig.1: Survival curves for mice with administration of Respistim plus (red), irradiated group (orange) and controls (green). Mice are irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. Survival was followed in the 5, 10, 15, 20, 25 and 30th day post irradiation. 
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Fig.2: Survival curves for mice with administration of Respistim plus (red), irradiated group (orange) and controls (green). Mice are irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. Survival was followed in the 5, 10, 15, 20, 25 and 30th day post irradiation.
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Fig.3: Survival curves for mice with administration of Respistim plus (red), irradiated group (orange) and controls (green). Mice are irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. Survival was followed in the 5, 10, 15, 20, 25 and 30th day post irradiation.
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Fig.4: Survival curves for mice with administration of Respistim plus (red), irradiated group (orange) and controls (green). Mice are irradiated in 137Cs gamma radiation source at a dose rate of 126Gy/h. Survival was followed in the 5, 10, 15, 20, 25 and 30th day post irradiation.


With method of probit analysis we calculated LD50/30, for Respistim plus-treated group on 8,5 Gy, controls are with 7,5 Gy.


Bone marrow cells are very sensitive for irradiation influence. Bone marrow cells lethality enhanced in the first 24-hr. after radiation exposure. For investigating influence of Respistim plus over bone marrow cells, we used trypan blue stain evaluation method (Fig.5). 
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Fig.5: Bone marrow cells vitality in presenting of mice irradiated whit a single dose 7,5 Gy. Mice were evaluated immediately, 24 hours and on the 7th day after irradiation. Bone marrow cells were presented in percentage. 


Chamges in relative weight of intestinal organs are a marker of cell loss after irradiation exposure. Our experimantal data shown that this weight in spleen and thymus are decrease with high degree in comparisson with controls (irradiated and nonirradiated).
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Fig.6 Specific gravity of intestinal organs (spleen, liver, thymus, lung, heart, kidney, testis) from experimental animals on the 5th day after irradiation with 7Gy. Specific gravity was presented in percentage.
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Fig. 7 Specific gravity of intestinal organs (spleen, liver, thymus, lung, heart, kidney, testis) from experimental animals on 5th day after irradiation with 8Gy. Specific gravity was presented in percentage. 


Leucocytes number counted in peripheral blood is also a sensitive marker for severity of radiation exposure [4]. We examined a white blood cells count on different intervals after exposure (Fig.8).


[image: image8.png]Changes of white blood cells in irradiated with 7,
experimental animals

M Irradiated
controls

p<0,05

m Irradiated with
administration

i of Resp. plus

3th hour 24th hour 7th day







Fig.8 Changes in leucocyte absolute count in experimental animals irradiated with a single dose 7,5Gy from γ-irradiation source 137Cs. 


On fig. 8 are presented the changes of white blood cells. The resulst shows thad the applaing of Respistim plus increase the level of cells on 3th hour post irradiation, on the 24 hour as well as on the 7th day.


DISCUSSION


Survival is an integral indicator of effectiveness of a given substance in radiobiology investigation [14]. Earlier death (3-7 day) is an indicator of combined gastrointestinal and hematopoietic radiation injury among irradiated experimental animals. Cell destruction is an important link in the development of radiation sickness. This destruction connects with pathological changes of functional tissues: spleen, liver, bone marrow. Changes in the relative weights are clearly in the spleen and thymus. Spleen is important organ for the hematological system [14].  Changes after irradiation in the spleen are described, and include destruction of lymphoid follicles, gradually throughout the white pulp as degenerative changes occur almost immediately after exposure (30 minutes) in the germ centers, bleeding in the red pulp, followed by a phase of active phagocytosis. Due to the rapid and extensive destruction of cells, the spleen is reduced in size and weight. Our results show that in thymus changes in relative weight in the early time is in good connection with a significant cell loss too.

Bone marrow vitality cells (Fig.8) are indicative of regeneration capabilities of haematopoietic stem cells. There were differences among group irradiated and treated with Respistim plus and control irradiated group (Fig. 8).


The results of this study demonstrate that, a dose of 100 mg/kg Respistim plus mitigate the lethal effects of radiation exposure. It possesses a number of biological properties that may contribute to its radioprotective efficacy. These effects may be including eventually antioxidant or/and radical scavenging properties of the drug as well as  immunostimulatory activity. 


In conclusion, our research demonstrates that Respistim plus is an effective nontoxic radiation protective agents against radiation-induced lethality in mice.


Administration of Respistim plus saves bone marrow cellularity according to the bone marrow vitality test.


Survival rate of the experimental group (LD50/30) with administration of Respistim plus increases to 8,4Gy, in comparison with control group - 7,5 Gy.


Three and twenty-four hours after 7,5Gy radiation we evaluate statistically reliable (p<0,05) increasing of leucocytes in peripheral blood. This increased number of peripheral leukocytes can be associated with increased numbers of stem cells in bone marrow. 


Ionizing radiation has been shown as an pathogenic mechanism of disturbances, including enhance the production of reactive oxygen species in a variety of cells, tissues and organs and develop of oxidative stress. Our results show very good prevention of Respistim plus on the disturbances causes from this experimental model of irradiation syndrome. The mechanism(s) of this prevention is the subject of our future research. We have some hypothesis about it:


· Activation of stem cells proliferation and migration;

· Decreased oxidative injuries from ROS in liver, spleen, blood plasma;


· Increased levels of antioxidant enzyme SOD1 and metalotioneines;


The results obtained with the described experiments suggest that the observed effect of Respsitim plus may be is connected with its direct effect upon the free radical processes in organism. 
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ABSTRACT


Introduction/relevance to the Symposium: Lower limb stress fracture injuries (SFx) account for a high number of working days lost during initial UK military training, cause considerable morbidity to recruits and contribute significantly to the high attrition from training.  Rationale: Recent evidence from the assessment of circulating biochemical markers suggests that changes in bone turnover, a process in which old bone is removed (bone resorption) and new bone formed in its place might be involved in SFx development.  Methods and Results: Blood-borne markers of bone resorption (C-terminal cross-linking telopeptide of type 1 collagen – β-CTX) and bone formation (N-terminal propeptides of procollagen type 1 – P1NP) and other bone-associated factors (parathyroid hormone – PTH, calcium, phosphate and osteoprotegerin – OPG) were measured before, during and up to four days after acute bouts of weight-bearing exercise.   Investigations examined (i) the effect of training status (TS) on responses to exhaustive exercise; (ii) the effect of recovery duration (23 h vs 3 h; RD) between two bouts of moderate exercise; (iii) the effect of increasing exercise intensity (EI); and (iv) the effects of acute, pre-exercise feeding (PF).  β-CTX, but not P1NP, was increased for four days following exhaustive exercise, but this response was not affected by TS.  In contrast, two bouts of exercise separated by either 23 h or 3 h had no effect on β-CTX or P1NP.  β-CTX but not P1NP was higher in the first hour post-exercise with exercise at the highest exercise intensity.  PF suppressed resting β-CTX concentrations, although it did not suppress the rise in β-CTX with subsequent exercise but, compared with fasting, resulted in a greater increase.  OPG was increased with exercise in all four investigations but this increase was not affected by TS, RD, EI or PF.  Transient increases in PTH were seen with exercise in all studies.  This increase was not affected by TS, RD, or PF but was increased at the highest exercise intensity only.  Conclusions: Increased β-CTX but not P1NP following exhaustive exercise indicates an imbalance in the bone turnover process, favouring bone resorption, that lasts at least up to four days post-exercise and is unaffected by training status.  In physically-active men, who have consumed an appropriate diet, two bouts of moderate exercise separated by either 23 h or 3 h has no effect on bone turnover markers.  The effect of exercise on bone resorption, but not bone formation is, in part, dependent on exercise intensity, resulting in increased bone resorption with higher exercise intensity.  Acute pre-feeding does not suppress the exercise-associated increase in bone resorption and might result in a less favourable change in bone turnover compared with fasting.  Increases in OPG were not associated with changes in β-CTX, suggesting OPG is not an accurate reflection of changes in bone resorption with exercise.  Increases in PTH and β-CTX suggest that the increase in PTH may play a role in the increased bone resorption seen with exercise.  These data provide new information regarding changes in bone metabolism associated with weight-bearing exercise and may assist in modifying training practices to minimise unfavourable changes in bone turnover.

1.0
INTRODUCTION


1.1
Military context


Stress fractures (SFx) are overuse injuries to bone that occur during repetitive loading.  Small cracks develop in bones subjected to excessive loading and cause pain with exercise.  Military recruits are susceptible to SFx of the lower limb, possibly due to the rapid onset of strenuous and often unaccustomed training.  Lower limb SFx account for a high number of working days lost during initial training, cause considerable morbidity to recruits and contribute significantly to the high attrition from training.  It is estimated that medical discharge of recruits due to SFx costs the MOD up to £2 million per annum for the Army alone (Personal communication, SO1, UK Army Training and Recruiting Agency).

The incidence of lower limb SFx reported during Phase-1 Army training approaches 10%, depending on the Army Training Regiment, and the risk of injury is higher in women than in men [1].  Reducing the number of lower limb SFx sustained during initial training would contribute significantly to the reduction in lost working days and medical discharges, but the precise mechanisms involved in the development of SFx are not fully understood.  A clear understanding of the mechanism of SFx is required to enable the design and implementation of effective preventative strategies.


1.2
Theories of Stress Facture Development


Stress fractures arise from the inability of bone to withstand repetitive loading, and the development of micro damage leads to the mechanical failure of bone [2].  Two theories currently exist to explain how mechanical loading can lead to SFx.  The first theory contends that SFx result from the development, accumulation and growth of microcracks, and are purely a result of mechanical damage [3].  This ‘mechanical’ theory of SFx development is not supported, however, by data from ex-vivo experiments of loaded bone specimens [4], and epidemiological data from populations with a high rate of SFx [5].


An alternative, now more widely accepted theory, holds that mechanical loading can directly result in the stimulation of targeted bone remodelling, a process in which old bone is removed (bone resorption) and new bone is formed in its place (bone formation), allowing the skeleton to continually adapt to the functional demands placed upon it.  In this model, targeted remodelling occurs without the presence of microdamage and, as the process of bone resorption precedes that of bone formation, targeted bone remodelling results in transient, localised increases in bone porosity and a decrease in bone mass.  A reduction in bone mass in these relatively ‘osteoporotic’ areas will, in turn, affect important mechanical properties such as stiffness, and continued loading will result in marked increases in stresses and strains, the accumulation of microdamage and eventually SFx [6].


1.3
Technological Advancements: New Insights into bone turnover


Changes in bone tissue associated with exercise may take months or even years to assess accurately using current scanning and imaging technologies.  The recent availability of bone turnover markers (BTM) that reflect the bone resorption and formation processes, allow the investigation of acute changes in bone metabolism, and currently play an important role in the clinical understanding, monitoring and management of metabolic bone diseases.  Markers of bone resorption, particularly C-terminal telopeptide region of collagen type 1 (β-CTX) increase rapidly after the menopause.  Subsequently, in the newly increased number of resorption spaces, bone formation occurs that is reflected by an increase in serum levels of bone formation markers [7].  These bone formation markers, particularly N-terminal propeptides of procollagen type I (P1NP) also increase rapidly with the onset of intermittent treatment with bone formation-stimulating treatments [8], and show dose-dependent increases in line with increases in lumbar spine bone mineral density (BMD) with continued therapy [9].  Importantly, changes in these specific BTM, but not in previously used non-specific markers, predict fragility fractures independently of age, bone mineral density and prior fracture [10, 11].  Additionally, increased β-CTX – like a BMD T-score of <-2.5 or a previous fracture – is able to predict subsequent fracture in elderly populations [12].  Thus, using specific BTM, new insights into the acute effects of exercise on bone resorption and formation are possible.

1.4
Nutrition, energy availability and normal bone metabolism


While the importance of appropriate nutrition in maintaining normal bone turnover has long been recognised, it is only with the development of BTM and their monitoring during subsequent nutritional studies, that a more complete understanding of this relationship has been achieved.  Almost all BTM as well as many bone-related hormones, such as parathyroid hormone (PTH), display a circadian rhythm.  This variation, particularly in β-CTX, is strongly linked to feeding patterns [13, 14], with the removal of nutrient intake substantially reducing the magnitude of the variation over a 24 h period.  Subsequent studies of the acute ingestion of food have observed a rapid suppression of β-CTX concentrations for several hours thereafter and have implicated hormones released from the gut as mediating this process [15].  Other studies have shown an association between energy availability – the difference between energy intake and energy expenditure – and BTM concentrations.  These studies show that when energy availability is reduced, bone formation marker concentrations are also reduced and, in the case of severe availability reductions, so are bone resorption markers, suggesting the interruption of normal bone turnover [16, 17].  Taken together, these data suggest that acute changes in nutritional status and their interaction with exercise are important factors in modulating the bone turnover process.


If changes in bone turnover, such as an increase in bone resorption or a decrease in bone formation, are involved in the development of SFx during training, interventions that favourably modify this imbalance might act as effective countermeasures.  A better understanding of the effect of exercise, energy availability and recovery on specific bone turnover markers, under well-controlled conditions is, therefore, required.


2.0
MATERIALS AND METHODS


All studies were approved by the QinetiQ research ethics committee, and written informed consent was obtained for all participants.  The studies were conducted according to the principles of the Helsinki Declaration [II]. Subjects were included if they were non-smokers, had not suffered a bone fracture of any type in the previous 12 months, were free from musculoskeletal injury, and were not taking any medication or suffering from any condition known to affect bone metabolism.  Compliance with these inclusion criteria was confirmed from a medical screening questionnaire and a medical examination. All subjects report a history of some form of regular, weight-bearing activity.

2.1 General Methodology 


All four studies used an identical general research design that included the standardisation of volunteers’ activities from three days prior to until four days following the exercise interventions (Figure 2.1).  During a first preliminary visit (P1), volunteers underwent a full medical examination to ensure they were suitable to participate in the studies.  During a second preliminary visit (P2), volunteers had their maximal rate of oxygen uptake (VO2max) measured to establish their physical fitness and allow the calculation of specific exercise intensities relative to VO2max for use in the studies.
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Figure 2.1  Outline of general study design.  P – Preliminary days; D1 to D8 – Experimental days.  Shaded boxes denote laboratory visits; adjoined boxes denote consecutive days. * D4 and D5 in Study II; ** D6 to D9 in Study II.


Volunteers then completed between one and three experimental trials over eight consecutive days (in Study II, this was nine days due to a 2 d exercise protocol on D4 and D5).  For the first three days of this period, D1 to D3, volunteers refrained from all physical exercise and training.  On the fourth day, D4 (D4 and D5 in Study II) subjects completed an exercise intervention on a motorised treadmill.  On the four days following the exercise intervention, D5 to D8 (D6 and D9 in Study II), volunteers continued to refrain from exercise and training and visited the laboratory each morning for follow-up analysis (+1 d to +4 d).  A summary of the four studies is shown in Table 2.1.

Table 2.1  Overview of the experimental design of the four studies


		Study Number and Title

		Number of Conditions

		Exercise Protocol

		Comparison



		STUDY I: Effect of training status (TS) on responses to acute, exhaustive exercise

		1

		Intermittent, exhaustive running at 65% to 70% VO2max

		Recreationally-active men (RA) vs endurance-trained male runners (ET)



		STUDY II: Effect of recovery duration (RD) between two bouts of acute exercise

		2

		Two, 60 min bouts of running at 65% VO2max

		Recovery duration between exercise bouts: 23 h (LONG) vs 3 h (SHORT)



		STUDY III: The Effect of Pre-feeding (PF) on responses to subsequent  acute exercise

		2

		60 min of running at 65% VO2max

		An overnight fast (FAST) vs a standard breakfast (FED)



		STUDY IV: The Effect of Exercise Intensity (EI) on responses to acute exercise

		2

		60 min of running

		55% VO2max (LOW) vs 75% VO2max (HIGH)





2.2
Standardisation of Experimental Conditions


In order to control for the residual effects of prior exercise and the effect of any subsequent exercise, subjects were asked to refrain from any un-prescribed exercise from three days before the exercise intervention (D1 to D3) until all analysis was complete on the fourth follow-up day.  In order to control for changes in markers of bone metabolism related to their circadian rhythms, baseline blood samples and those taken on the four follow-up days were all collected early in the morning.  To ensure normal nutritional status during each experimental trial, volunteers consumed a controlled diet.  This diet was designed on an individual basis for each volunteer, based on their self reported dietary habits.  In addition, to control for the acute effects of feeding, especially on β-CTX, baseline blood samples and those taken on the four follow-up days were collected after subjects had fasted from 9:00 p.m. the previous evening. All blood samples were analysed for β-CTX, P1NP, PTH, albumin-adjusted calcium (ACa), phosphate and osteoprotegerin (OPG).


2.7
Sample collection


For measurement of β-CTX, P1NP and OPG, blood was transferred into pre-cooled tubes containing 15%, 0.12 ml of K3E EDTA (Becton Dickinson Vacutainer System, USA).   Tubes were inverted 8 to 10 times and centrifuged immediately.  For measurement of PTH, ACa and phosphate, blood was transferred into precooled standard tubes (Becton Dickinson Vacutainer System, USA) and left to clot at room temperature for 60 min before centrifuging.   All tubes were centrifuged at 2000 rpm and 5°C for 10 min, samples separated and aliquots stored at -70°C until analysis.

2.8
Analytical Methods


β-CTX was measured using an electrochemiluminescent immunoassay (ECLIA) on an Elecsys 2010 immunoanalyser (Roche, Lewes, UK).  Inter-assay coefficient of variation (CV) was <8% between 0.2 and 1.5 ng·mL-1.  The assay sensitivity (replicates of the zero standard) was <0.01 ng·mL-1.  P1NP was measured by radioimmunoassay (RIA) supplied by Orion Diagnostica (Espoo, Finland).  This assay has a sensitivity of 4 μg·L-1 established from precision profiles (22% CV of duplicates) and an inter-assay CV of 3.5 - 5.4% across the concentration range 10 - 250 ug·L-1.  OPG was measured using a commercial solid phase enzyme linked immunosorbent assay (ELISA) (Supplied by IDS Boldon Tyne & Wear UK).  The assay has a detection limit of 0.14 pmol·L-1 and an inter / intra assay CV of <10% across the range 1 - 30 pmol·L-1.  Intact parathyroid hormone was measured using a commercial immunometric assay (Nichols Institute, San Juan, Capistrano, CA) with a detection limit of 0.5 pmol·L-1 and inter-assay and intra-assay CV of <5% across the range 1 - 40 pmol·L-1.  Calcium was measured using a standard commercial assay supplied by Roche (Lewes, UK) performed on a Roche Modular Analytical System.  The range of measurement in serum/plasma is 0.05 - 5.00 mmol·L-1.  Albumin was measured using a standard commercial assay supplied by Roche (Lewes, UK) performed on a Roche Modular Analytical System.  The range of measurement in serum is 10 - 70 g·L-1.  Phosphate was measured using a standard commercial assay supplied by Roche (Lewes, UK) performed on a Roche Modular Analytical System.  The range of measurement in serum/plasma is 0.10 - 6.46 mmol·L-1.


2.9
Statistical Analysis


All data are presented as mean ± 1SD unless otherwise stated.   Statistical significance was accepted at an alpha level of P<0.05.  All biochemical data were analysed using a linear mixed model analysis of variance (LMM), with the factors Time and Group included and with individuals as a random within-group factor.  The assumptions of the ANOVA were investigated by examining the distribution of residuals and the pattern of residuals versus fitted values.  Where non-normality or non-constant variance was observed, a transformation was applied to the data so that the assumptions were satisfied.


Where there was a significant main effect of Time but no significant Group x Time interaction, each subsequent time point was compared against BASE using a pooled mean from all groups using Student’s t-tests for paired data with a Holm-Bonferroni correction.  When the Condition x Time interaction was significant, within each group each subsequent time point was compared against BASE as described above and individual groups were compared to each other at all time points using Student’s t-tests for paired or unpaired data as appropriate with a Holm-Bonferroni correction.


3.0
RESULTS


3.1
Bone turnover markers


Study I:  β-CTX concentrations increased significantly from baseline on each of the four follow-up days in both the recreationally-active (RA) and endurance-trained (ET) groups (Figure 3.1, Panel A).  Peak β-CTX occurred at +1 d in RA (43 ± 19 %) and +2 d in ET (46 ± 31%) but there was no effect of training status (TS) on the β-CTX response.  There was no significant change in P1NP concentrations in the RA, ET groups and no effect of TS (Figure 3.1, Panel B).


Study II:  There was no change from baseline in β-CTX concentrations in either the LONG or SHORT condition and no effect of recovery duration (RD) (Figure 3.1, Panel C).   P1NP concentrations were also unchanged in response to either protocol and there was no effect of RD (Figure 3.1, Panel D).


Study III:  Prior to exercise, pre-feeding (PF) resulted in a greater (P<0.001) reduction in (-CTX (45% vs 30%) compared with fasting (Figure 3.1, Panel E).  From pre-exercise to 1 h post-exercise, (-CTX increased 86 ± 40 % in FED compared with 22 ± 18% in FAST so that concentrations were similar to baseline in both groups.  (-CTX concentrations were higher (P<0.05) than BASE in FED at +1 d but were not different from FAST from +1 d to +4 d.  Prior to exercise, P1NP was unchanged in FAST but showed a small, but significant (P<0.01) reduction in FED resulting in lower (P<0.01) P1NP in FED compared with FAST (Figure 3.1, Panel F).  By 1 h post-exercise, P1NP concentrations were not different from BASE in either group and there were no changes in P1NP from +1 d to +4 d.


Study IV:  β-CTX concentrations declined in LOW during exercise and up to 1 h of recovery (Figure 3.1, Panel G).  In contrast, there was no decrease in HIGH in this period, resulting in higher β-CTX concentrations in HIGH compared with LOW in the first hour post-exercise.  β-CTX was not different from baseline in either group from +1d to +4 d.  P1NP concentrations were increased (P<0.001) at EX60 compared with BASE, but not thereafter (Figure 3.1, Panel H).  The greatest increase was observed in HIGH but there was no effect of exercise intensity on P1NP concentrations.
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Figure 3.1.  Percentage change from baseline (BASE) in β-CTX and P1NP in Study I (Panel A and B), Study II (Panel C and D), Study III (Panel E and F) and Study IV (Panel G and H).  RA – recreationally-active; ET – endurance-trained; LONG – 23 h recovery; SHORT – 3 h recovery; FAST – overnight fast; FED – standardised breakfast; LOW – 55% VO2max; HIGH – 75% VO2max.  Values are mean ± 1SD. ** different (P<0.01); *** different (P<0.001).


3.2
Osteoprotegerin (OPG)


Study I:  OPG concentrations increased (P<0.05) from baseline during exercise and remained elevated (P<0.01) at 2 h post-exercise (Figure 3.2, Panel A).  Concentrations were no longer different from baseline at +1 d and there was no effect of TS.
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Figure 3.2.  Percentage change from baseline (BASE) in OPG in Study I (Panel A), Study II (Panel B), Study III (Panel C) and Study IV (Panel D).  RA – recreationally-active; ET – endurance-trained; LONG – 23 h recovery; SHORT – 3 h recovery; FAST – overnight fast; FED – standardised breakfast; LOW – 55% VO2max; HIGH – 75% VO2max.  Values are mean ± 1SD.


Study II:  OPG concentrations increased (P<0.05) during both protocols, but the response to a second bout of exercise was not affected by RD (Figure 3.2, Panel B).

Study III: Prior to exercise, OPG concentrations were not effected by feeding (Figure 3.2, Panel C).  OPG increased with exercise and remained elevated at 2 h post-exercise but this increase was not affected by PF.


Study IV: OPG concentrations were increased (P<0.05) during exercise in both groups and remained elevated (P<0.05) at 2 h post-exercise but there was no effect of EI (Figure 3.2, Panel D).


3.3
Markers of calcium metabolism


Study I:  PTH was increased (P<0.001) at the end of exercise in RA and ET but this increase was not affected by TS (Figure 3.3, Panel A).  Concentrations decreased rapidly following exercise and were not different from baseline at 30 min post-exercise in either group.  ACa increased (P<0.001) with exercise in both groups although the increase was greater in ET than RA, resulting in higher (P<0.05) post-exercise ACa concentrations.  Phosphate was increased (P<0.05) by exercise in both groups but this increase was not effected by TS.
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Figure 3.3.  Changes in PTH in Study I (Panel A), Study II (Panel B), Study III (Panel C) and Study IV (Panel D).  RA – recreationally-active; ET – endurance-trained; LONG – 23 h recovery; SHORT – 3 h recovery; FAST – overnight fast; FED – standardised breakfast; LOW – 55% VO2max; HIGH – 75% VO2max.  Values are mean ± 1SD.  ** different (P<0.01).


Study II:  PTH was increased (P<0.05) with all exercise bouts, although the increase with a second bout of exercise was not affected by RD (Figure 3.3, Panel B).  PTH concentrations were not different from BASE at 1 h post-exercise.  ACa increased (P<0.001) with exercise, although the increase with a second bout of exercise was not affected by RD.  Due to a large number of haemolysed samples, insufficient data was available for analysis of phosphate responses to the two exercise protocols.


Study III:  PTH decreased (P<0.01) prior to exercise in both groups prior to exercise but this decrease was not affected by PF (Figure 3.3, Panel C).  PTH increased with subsequent exercise in both groups but this increase was not affected by PF.  Concentrations were not different from BASE at 1 h post-exercise.  There was no significant change in ACa in either group in response to feeding or exercise.  Phosphate decreased (P<0.05) prior to exercise, and increased (P<0.05) during exercise, but neither variation was affected by pre-feeding.

Study IV: There was no change in PTH in LOW (Figure 3.3, Panel D).  In HIGH, PTH concentrations increased with exercise and were higher (P<0.01) in HIGH than low at the end of exercise.  Concentrations were not different from BASE at 30 min post-exercise.  ACa was increased (P<0.05) during exercise in both conditions but this increase was not affected by EI.  Phosphate concentrations were increased (P<0.05) by exercise but this increase was not affected by EI.


4.0
DISCUSSION


This is the first series of laboratory-based investigations that has examined changes in the same specific bone turnover markers (BTM) as well as other markers of bone metabolism under tightly controlled conditions and over an identical timescale.


4.1 The effects of acute exercise on bone turnover markers


In Study I, increased β-CTX concentrations, but not P1NP concentrations, for four days following acute exercise suggests that, in fasted, recreationally-active men, acute, exhaustive, weight-bearing exercise results in an imbalance in the bone turnover process and a negative remodelling balance.  This imbalance will likely result in a transient weakening of bone, which might increase the risk of micro-damage development if further weight-bearing activities are performed during this period.  The similar pattern of change in bone turnover markers (BTM) in recreationally-active and endurance-trained men, when exhaustive exercise was performed at the same relative workload (65 to 70% of VO2max), suggests that the magnitude and duration of the imbalance is not altered by improved training status.  If, however, exercise is set in absolute terms (e.g. running at a 10 min·mile-1 pace), relative intensity would decrease with increased physical fitness.  Given the results of Study IV, where β-CTX concentrations were higher, albeit transiently, with exercise at 75% compared with 65% VO2max, it is possible that improved training status, and the associated reduction in relative exercise intensity, would result in a beneficial effect on alterations to bone turnover.


The results of Study II showed that repeated bouts of moderate exercise separated by either 23 h or 3 h, have no effect on bone turnover markers when measured over the same period as that in Study I.  These findings suggest that neither protocol results in a negative alteration in bone turnover, and that a balance between bone resorption and bone formation is maintained, even when the recovery period between two bouts of exercise is reduced to only 3 h.  Several factors should, however, be considered, specifically that in this study 1) subjects were all in good physical condition with a history of regular, weight-bearing exercise; 2) subjects performed no exercise for three days prior to, and for four days after either protocol, and; 3) subjects consumed a diet isocaloric with their normal diet, that was adjusted for the increased energy expenditure due to exercise.  These results, therefore, may not be applicable to persons of below average physical condition with little or no history of weight-bearing exercise (e.g. some recruits during the early stages of training), while the effect of exercise completed using either schedule on BTM during a longer period of regular repeated exercise, is unknown.  In addition, nutritional intake by recruits during UK Army basic training has been shown to be inappropriately low for the demands of training [18], while energy restriction during repeated exercise has been shown to result in a negative remodelling balance [19].  It is also possible, therefore, that changes in BTM in energy restricted persons undertaking exercise using either of the two schedules may be different than those reported here.


Acute feeding has been shown to suppress resting concentrations of β-CTX [15, 20]. Study III was, therefore, designed to establish whether this effect could be use to favourably modulate changes in bone turnover markers with subsequent exercise.  In doing so, this might also in part explain the different β-CTX responses to Study I and Study II as in Study I subjects were fasted prior to exercise, whereas in Study II exercise was always performed following one or more standardised meals.  As anticipated, acute feeding suppressed resting β-CTX concentrations but did not suppress the rise in β-CTX seen with subsequent acute exercise.  When assessed over the same time period as in Studies I and II (1 to 4 days post-exercise), however, there was no effect of either protocol on bone turnover markers, suggesting that the differing nutritional states of subjects prior to exercise in these studies is unlikely, on its own, to explain the different β-CTX responses.


The results of Study III suggest that, although the absolute increase in β-CTX from pre-exercise is greater with feeding, feeding or fasting prior to exercise result in similar post-exercise concentrations of BTM suggesting that PF is not effective in suppressing the exercise-associated in bone resorption.  Although recruits might, on occasion, miss a meal due to time constraints, it seems unlikely that physical training sessions would be deliberated scheduled directly following an extended fast (e.g. early in the morning, prior to breakfast).  The response to acute exercise in the FED condition state would, therefore, likely be a more typical response to exercise during military training.  Thus, future studies of nutritional interventions might investigate alternative strategies (e.g. continuous nutrition or nutrition targeted at the late exercise/early recovery period) and consider examining them in a pre-fed state that might better reflect the training environment.


Results of Study IV suggest that the effect of exercise on bone resorption is, in part, dependent on exercise intensity.  This effect might, in part, explain the differences between changes in bone resorption between Studies I and II, as exercise intensity was greater in the later part of Study I.  The transient effect of exercise intensity and the lack of any effect of increasing exercise intensity on bone resorption when measured from 1 to 4 d post-exercise, suggests that exercise intensity alone is unlikely to fully explain the different β-CTX responses in Studies I and II.  Study IV shows an increase in P1NP immediately after exercise, particularly with higher intensity exercise.  It would seem unlikely, however, that this increase represents a direct effect of exercise on bone formation but might instead reflect accelerated efflux of existing P1NP into the circulation from tissues containing type 1 collagen including the muscle, tendon and bone. Like Studies I to III, the lack of any change in P1NP on the recovery days in Study IV suggests no effect of exercise on bone formation up to 4 d after exercise.


An effect of exercise intensity on changes in bone resorption with acute exercise might have important implications for military training.  Previous data from Phase 1 training reports considerable variation in relative exercise intensity both within sexes and between the sexes during ‘common’ activities, with those with lower physical fitness levels attaining higher relative exercise intensities [21].  Based on our results, people who more frequently experience higher exercise intensities might more frequently experience unfavourable changes in bone turnover during periods of repeated bouts of acute exercise.  This might, in part, explain why physical fitness on entry into training is a risk factor for SFx [1].  Rayson et al. [21] shows female recruits tending to experience higher relative exercise intensities compared with their male counterparts.  With the introduction of single-sex training in the UK Army in 2006, average relative exercise intensities for female recruits have reduced, although for men, the total physical demand of training is greater in all male platoons than in mixed platoons [22].  This is possibly due to overall higher exercise intensities during physical activities where the more aerobically fit males are not ‘held back’ by their less fit female counterparts [21].  It is possible, therefore, that single-sex training might actually increase the variation in relative exercise intensity between the least and most aerobically fit male recruits and possibly increasing the number of male recruits suffering unfavourable alterations in bone turnover during exercise.  No data is, however, currently available on the effect of single-sex training on SFx incidence in men.


4.2 The effect of acute exercise on systemic OPG and its role in changes in bone turnover


In bone, osteoclast development is stimulated by RANKL/RANK binding with OPG acting as a decoy receptor, binding to RANK and down-regulating RANKL/RANK signalling [23-25].  OPG is detectable in serum and increases in the circulating concentration in conditions associated with significant bone loss have been interpreted as a compensatory response to increased bone resorption [26, 27].


This series of studies are the first to examine the time-course of changes in serum OPG with exercise as well as measure OPG concomitantly with BTM.  Although these studies demonstrate increases in serum OPG concurrently with changes in β-CTX, differences in the time-courses of changes in OPG and β-CTX were, however, evident in Study I, while in Study II OPG was increased while β-CTX was not.  In addition, reduced β-CTX with feeding in Study III and higher β-CTX with higher exercise intensity in Study IV were not accompanied by similar changes in OPG.


The temporal association of changes in β-CTX and OPG with exercise is not known, and there is little data on the temporal association between changes in β-CTX – or indeed other bone turnover markers – and OPG along time scales similar those studied here [28].  When taken together, however, these findings suggest that changes in serum OPG might not reflect changes in bone resorption but might be a direct effect of exercise.  Importantly, it remains to be clearly established to what degree circulating OPG accurately reflects local OPG production in bone, as OPG is also expressed in the kidney, lung and heart [29] and, in addition to correlating with markers of bone turnover [29, 30], serum OPG is also associated with both markers of diabetes and cardiovascular mortality [31].


4.3 The effect of acute exercise on calcium metabolism and its role in changes in bone turnover


These studies have confirmed that acute, weight-bearing, endurance exercise is associated with a marked, but transient increase in PTH concentrations.  The magnitude of this increase is not influenced by training status, recovery duration from prior exercise, or acute pre-exercise nutrient ingestion, but may, in part, be determined by exercise intensity.  PTH serves to maintain the calcium concentration of extra-cellular fluids through its actions at the kidney and the skeleton, where it is the main hormone regulating bone remodelling.  Elevated PTH is associated with increased bone resorption and changes in both β-CTX and PTH in Study I and Study III, and particularly in Study IV, suggest that the increase in PTH may play a role in the increased bone resorption seen with exercise.


When given exogenously, however, PTH has been shown to have dual effects on bone, with prolonged infusions resulting in increased bone resorption and bone loss, while daily injections – which produce transient spikes in PTH concentrations – induce bone formation [32].  The rapid resolution of PTH concentrations is an important feature of its anabolic effect on bone during intermittent administration [33] and results from this work programme suggest that if acute exercise was repeated daily (e.g. during training), a profile of intermittent PTH increases would exist.  Although this would suggest that the transient increases in PTH with exercise might produce anabolic effects on bone, exercise tended to be associated with increased bone resorption rather than bone formation.

Of the other factors known to increase PTH concentrations at rest, a reduction in serum calcium does not appear to be involved as ACa was either unchanged or increased with exercise in all four studies. Increased phosphate is also known to increase resting PTH concentrations [34].  Increases in phosphate were seen with exercise in all studies, although in Study IV, increased PTH with high intensity exercise only, despite similar increases in phosphate at all intensities.  This suggests that factors other than phosphate determine the PTH response to exercise.


4.4 Appropriate scheduling of exercise activities based on changes in bone turnover markers with acute exercise


The clinical significance of the increase in β-CTX but not P1NP during the four days following exhaustive exercise in Study I is not clear, but suggests that during this period, bone could be considered to be at ‘increased risk’ of damage from further mechanical loading.  There is currently, however, insufficient data to offer precise guidelines on appropriate training schedules, since the specific factors (e.g. duration and intensity of exercise, energy substrate depletion) that result in alterations in bone turnover under these conditions remain to be identified.  Although results from Study II suggest that two bouts of moderate exercise conducted on the same day or on consecutive days has no negative effect on bone turnover markers, the effect of an additional bout of exercise in the period following a highly strenuous bout that results in an increase in bone resorption (e.g. Study I) remains unknown.  Further activities that contain high mechanical loads (e.g. drill) or both metabolic ‘stress’ and mechanical loading (e.g. running, marching) may not be appropriate during this period, although the potential increase in SFx risk with such activities cannot yet be quantified.


In conclusion, increased β-CTX but not P1NP following exhaustive exercise indicates a negative remodelling balance, which lasts at least up to four days post-exercise.  This imbalance is unaffected by training status when exercise is prescribed at the same relative workload.  In physically-active men, who have consumed an appropriate diet, two bouts of moderate exercise separated by either 23 h or 3 h have no effect on bone turnover markers.  Although acute feeding suppresses resting β-CTX concentrations, pre-feeding does not suppress the increase in β-CTX associated with subsequent, acute exercise.  The effect of exercise on bone resorption, but not bone formation is, in part, dependent on exercise intensity, resulting in transiently higher β-CTX in the first hour post-exercise with higher exercise intensity.    Increases in serum OPG were not consistently associated with changes in β-CTX, suggesting that OPG might not be an accurate reflection of changes in bone resorption with exercise.  Increases in PTH may be responsible for increases in bone resorption but, unlike at rest, this increase cannot be explained by decreased calcium or increased phosphate.  These data provide new information regarding changes in bone turnover associated with acute, weight-bearing exercise and may assist in modifying military training practices to minimise unfavourable changes in bone turnover.
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Abstract

Personal protective equipment (PPE) markedly increases heat strain, reduces work performance, and increases the incidence of heat casualties.  Microclimate cooling (MCC) technologies have been successfully used to alleviate this heat strain in mounted soldiers, but cooling limitations, power and weight restrictions do not currently make this technology applicable to dismounted soldiers.  This composite of studies investigated the potential for intermittent-regional cooling and skin temperature feedback approaches to better enable MCC systems for the dismounted soldier.  PURPOSE: The purposes of this study were to 1) determine, using a variety of intermittent cooling paradigms, the optimal skin temperature for maximizing thermoregulatory efficiency, and 2) examine the potential power savings associated with using biofeedback to maintain optimal skin temperature.  METHODS: Two studies were conducted using the same facilities and test equipment.  In study one, 5 male soldiers exercised moderately (~500W) in a warm environment (30°C, 30%rh) while wearing PPE (clo: 2.1; im/clo: .32) over a water-perfused (21ºC) liquid MCC garment covering the head, chest, back, and legs (72% of body surface area, BSA).  All four body regions were independently controlled.  A matrix of six randomized trials was conducted in which conventional MCC (constant perfusion, CP), no MCC (NC), or 4 trials of intermittent and regional (IR1-4) MCC was provided.  IR1-4 was time-activated and on:off cooling ratios and the % BSA cooled were systematically varied.  In study two, 8 male soldiers were subjected to the same conditions as study one, but only three trials were performed to include CP, IR2 (2 min on: 2 min off, 72% BSA), and skin temperature feedback (STF, 72% BSA) using a skin temperature range of 33-35°C.  Heart rate (HR), body core (Tc) and skin temperatures (Tsk) were measured at regular intervals in both studies.  RESULTS: In study one, all IR1-4 paradigms significantly reduced physiological strain compared with NC (P<0.05) and were similar to CP (P>0.05).  In CP, Tsk was lowered to ~32°C and tissue insulation increased.  In NC, Tsk rose quickly to 36ºC and HR increased exponentially.  In IR1-4, Tsk fluctuated between 33-35ºC, which improved thermoregulatory efficiency by maintaining heat flux similar to CP over a smaller average BSA (18 or 36%).  The variety of time activated on:off ratios made little difference to the results.  In study two, IR2 and STF again reduced physiological strain similar to CP (P>0.05), but the power required for STF was lowest (122±18 W), followed by IR2 (169±16 W), and CP (224±15 W) (P<0.05, successive).  CONCLUSION:  The use of STF to maintain Tsk between 33-35ºC improves thermoregulatory efficiency and decreases MCC power requirements by 45%.  This potential breakthrough has direct application for the dismounted soldier, Objective Force Warrior, and Homeland Defense.  Authors’ views; not official U.S. Army or DoD policy.

1.0
Introduction

Personal protective equipment (PPE) markedly increases heat strain, reduces work performance, and increases the incidence of heat casualties.  Microclimate cooling (MCC) technologies have been successfully used to alleviate heat strain and sustain performance [4] (Figure 1) in mounted soldiers, but cooling limitations, power and weight restrictions do not currently make this technology applicable to dismounted soldiers.  Not only does the provision of substantial MCC require a large power supply, but conventional (i.e., continuous) MCC approaches can result in constriction of the cutaneous vasculature.  Overcooling increases tissue insulation (It), decreases convective heat transfer from the body core, and reduces the MCC garment – to – skin (Tsk) gradient, thus theoretically reducing MCC operating efficiency [1].  This is particularly true when the thermal demands of the wearer are not constant.  Automated control of MCC garments using various biofeedback signals have been investigated [2] [3] for their potential to improve the practicality of MCC relative to changing needs in real-time, but no comparison of an automated approach to simpler and more conventional solutions for reducing heat strain had been attempted.


A series of studies [1] [5] [6] [7] were undertaken to compare the bio-thermal responses to automated and non-automated MCC solutions for reducing heat strain.  Particular interest was in understanding the potential for automated MCC to reduce the combined power and size of MCC systems for the dismounted soldier.  The purposes of this research were to 1) use a variety of intermittent cooling paradigms in humans combined with modelling simulations to determine the optimal Tsk for maximizing thermoregulatory efficiency, and 2) examine the potential power savings associated with using biofeedback to maintain an optimal Tsk temperature range.  

2.0
METHODS

Two human studies were conducted using the same facilities and test equipment.  In study one [1] 5 male soldiers exercised moderately (~500W) in a warm environment (30°C, 30%rh) while wearing PPE (clo: 2.1; im/clo: .32) over a water-perfused (21ºC) liquid MCC garment covering the head, chest, back, and legs (72% of body surface area, BSA).  All four body regions were independently controlled.  A matrix of six randomized trials was conducted in which conventional MCC (continuous perfusion, CP), no MCC (NC), or 4 trials of intermittent and regional (IR1-4) MCC was provided.  IR1-4 was time-activated and on:off cooling ratios and the % BSA cooled were systematically varied.  Additional metabolic rates and inlet water temperatures were later modelled for additional insight [7].  In study two [5] [6] 8 male soldiers were subjected to the same conditions as study one, but only three trials were performed to include CP, IR2 (2 min on: 2 min off, 72% BSA), and skin temperature feedback (STF, 72% BSA) using a Tsk range of 33 – 35°C.  Heart rate (HR), body core (Tc), mean Tsk, and ratings of thermal comfort (TC) were measured at regular intervals.

3.0
RESULTS

In study one, all IR1-4 paradigms significantly reduced physiological strain compared with NC (P<0.05) and were similar to CP (P>0.05).  In CP, Tsk was lowered to ~32°C and tissue insulation (It) increased (Figure 2A).  In NC, Tsk rose quickly to 36ºC and HR increased exponentially (Figure 2B).  In IR1-4, Tsk fluctuated between 33 – 35ºC (Figure 3), which improved theoretical thermoregulatory efficiency (> 100%) by maintaining heat flux similar to CP over a smaller average BSA [1] (Figure 2A).  The variety of time activated on:off ratios made little difference to the results and suggested an optimal Tsk range of 33 – 35°C (Figure 2A/B).  Modelling different options for metabolic rate and coolant inlet temperature [7], it became clear that the complexity of situational cooling needs would require a bio-engineering feedback approach.  In study two, IR2 and STF again reduced physiological strain [5] and TC [6] similar to CP (P>0.05), but the power required for STF was lowest (122±18 W), followed by IR2 (169±16 W), and CP (224±15 W) (P<0.05, successive) (Figure 4) [5].   

Figure 1: Relationship between MCC and endurance times at selected metabolic rates and wearing NBC protective clothing in a desert environment.  From:  [4].
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Figure 2:   (A) Mean tissue insulation (It) and theoretical cooling efficiency shown as a function of mean skin temperature. (B) Curvilinear relationship between ΔHR and Tsk.  Shaded region represents optimal Tsk range for reducing cardiovascular strain while maximizing cooling efficiency.   Adapted from [1].
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Figure 3:  Effect of cooling paradigms on variability of local thigh temperature.  Data represent the mean for all subjects measured continuously.  Shaded region represents optimal Tsk range for reducing cardiovascular strain while maximizing cooling efficiency.  From: [1].
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Figure 4:  Electrical power consumption using conventional constant cooling (CC), intermittent regional cooling (programmed for 2-min on: 2-min off), and skin temperature feedback (STF) to maintain Tsk at 33 –35°C.  Adapted from [5].
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4.0
CONCLUSIONS

STF as a methodology for maintaining Tsk within the narrow range of 33 – 35ºC (European Patent no.: 1708586; U.S. Patent Pending) reduces heat strain similarly to constant cooling paradigms, improves thermoregulatory efficiency, and decreases MCC power requirements.   The vasomotor response to a Tsk range 33 – 35°C appears optimal for simultaneously minimizing physiological strain while maximizing power efficiency at the MCC – Tsk interface.  This potential breakthrough has direct application for the dismounted soldier, Objective Force Warrior, and Homeland Defense. 
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Abstract

Endurance performance decreases upon initial exposure to altitude but improves following acclimatization induced by continuous altitude residence. For low-altitude residents, acclimatization to a target altitude can be induced by temporarily residing (staging) at moderate altitudes.  However, staging may not be available or logistically practical for low altitude-based Warfighters needing to rapidly ascend to high altitude. An alternative method for inducing altitude acclimatization, termed intermittent hypoxic exposure (IHE), may provide an acceptable alternative for minimizing endurance performance decrements at altitude following rapid ascent. PURPOSE: The purpose of this study was to compare the effects of one week of normobaric IHE to one week of staging (STG) at 2,200 m on endurance performance at 4,300 m altitude in healthy male lowlanders. METHODS: Two studies were conducted using the same facilities, test equipment and investigators. IHE study: 11 male lowlanders (Mean±S.E., age: 22±1 yr, VO2peak: 47±5 ml•kg-1•min-1) were initially (Pre-T) exposed to 4,300 m, followed by ~12 days of sea level residence to deacclimatize, then 6-7 days of normobaric IHE (hypoxia room: 2 h PIO2=90 mmHg sedentary & 1 h PIO2 =110 mmHg exercising at 80% peak heart rate) followed by a 60 hour delay at sea level and a second exposure (Post-T) to 4,300 m. STG study: 10 male lowlanders (age: 21 ± 1 yrs, VO2peak: 51±7 ml•kg-1•min-1) were initially exposed to 4300 m before (Pre-T) and after (Post-T) staging for 6 d at 2,200 m. In both studies, subjects were tested on a cycle ergometer during 40 min steady-state exercise followed immediately by a 360 kJ maximum effort Time-Trial (TT) at sea level, and again beginning within 3 hrs of high altitude (HA) exposure to 4,300 m. During the TT, the men freely adjusted power output. Arterial oxygen saturation (SaO2), heart rate (HR), and ratings of perceived exertion (RPE) were measured every 5 min during exercise. RESULTS: From Pre-T to Post-T at 4,300 m resting SaO2 increased (p<0.05) from 81±1% to 82±1% in the IHE group, and increased (p<0.05) from 80±1% to 83±1% in the STG group. Pre-T sea level TT duration was 38.9±1.9 and 40.8±1.3 min, in the IHE and STG groups, respectively. In the IHE group, from Pre-T to Post-T at 4,300 m there was no improvement in TT performance (62.0±4.8 to 63.7±5.2 min), exercise SaO2, HR or RPE. In contrast, in the STG group from Pre-T to Post-T at 4,300 m TT performance improved (p<0.05) from 65.2±6.7 to 51.0±6.8 min, RPE was lower (16±1 vs. 13±1, p<0.01), but SaO2 and HR were unchanged despite a higher exercise intensity. CONCLUSION:  Whereas staging at moderate altitude for 6 days effectively improved endurance performance at 4,300 m, 6-7 days of normobaric IHE did not improve endurance performance in lowlanders. One week of normobaric IHE, therefore, is not an efficacious alternative to actual altitude exposure to induce acclimatization.

1.0
introduction

Modern military operations frequently require rapid deployment of personnel into extreme environments (altitude, cold, heat) with little or no time for physiological acclimation.  However, rapid deployment of unacclimatized Soldiers to high (>1,500 m) mountainous environments may cause debilitating effects on operational capabilities (i.e., physical work performance) and force health (i.e., altitude sickness).


All unacclimatized Soldiers experience marked decreases in maximal and submaximal aerobic performance at elevations above 1,500 m (7).  With increasing altitude  eq \o(V,ֹ)O2max decreases, thus the submaximal oxygen uptake for a given workload at altitude represents a greater percentage of the reduced  eq \o(V,ֹ)O2max.  The practical implication is that tasks that require a fixed amount of exercise or work to be performed as quickly as possible (e.g., traveling from point A to B or unpacking a supply truck) must necessarily be conducted at a higher relative exercise intensity at altitude than at sea level.

The natural countermeasure to the aforementioned altitude-induced physical performance decrements is altitude acclimatization.  Lowlanders who continuously reside at high altitude develop a variety of physiological adaptations during altitude acclimatization, most notably increased ventilation and hemoglobin concentration.  With continuous altitude residence the physiological strain of exercise is lessened, and exercise tolerance at altitude is improved compared to that initially on arrival (9).    

For low-altitude residents, acclimatization to a target altitude can be induced by staging (i.e., continuous sojourn) at intermediate altitudes (4; 8; 11; 13).  Typically, staging protocols use 4 or more days of continuous residence at altitudes between 1,500- 2,500 m.  The expectation is that the modest beneficial adaptations induced during staging will transfer to the higher altitude and thereby help avoid the large reductions in endurance exercise performance that would otherwise occur with rapid, non-staged ascent (5).

Staging to induce altitude acclimatization is dependent on continuous residence at intermediate altitudes and may not be available or logistically practical for low altitude-based military units.  In particular, the “altitude residency” requirement reduces their utilization in rapid response military missions that exploit the air mobility capability of modern military forces to quickly deploy to an area of operations on short notice.  A more recent approach to altitude acclimatization is the use of daily intermittent hypoxic exposures (IHE) in lieu of continuous residence at high altitudes (10). 

IHE treatments can be administered using either hypobaric hypoxia or normobaric hypoxia.  In the former, hypoxia is induced by decreased barometric pressure either by ascending to higher elevations (such as in the “live high-train low” paradigm) or by simulated altitude exposure in a hypobaric chamber.  Normobaric hypoxia is produced by nitrogen dilution of the inspired air in a small space (tent or room) or mask to lower the PIO2 to a desired level (for purposes of comparison, throughout this review the level of hypoxia is presented as the equivalent altitude in meters no matter which method of inducing hypoxia is employed).  Compared to hypobaric chambers, normobaric hypoxic rooms/tents are relatively inexpensive, and most importantly due to their light weight and small footprint can be shipped and set up to operate anywhere electrical power is available.

IHE treatments consist of three elements:  the severity of the hypoxia (simulated altitude), the IHE session duration, and the number of IHE sessions (usually no more than 1 per day) over the trial period (10).  In a hypothetical IHE procedure, personnel residing at a low altitude base would participate in daily exposures to simulated altitude prior to deploying on a mission at high terrestrial elevations.  However, the effectiveness of normobaric IHE to improve aerobic endurance improvement at high altitude has not been established. 

The purpose of this study was to compare the effects of six-seven days of normobaric IHE to six days of staging at 2,200 m on endurance performance at 4,300 m altitude.  We hypothesized that both approaches to inducing altitude acclimatization would produce similar improvement in a cycle time-trial task conducted within the first 5 hrs (hrs) of exposure to 4,300 m.  To test this hypothesis, the results from two independent studies designed and conducted by the authors were compared.  Both studies were conducted in our laboratory using identical procedures, equipment and similar facilities.  The results of each of these studies have been published elsewhere (1; 6).

2.0
methods


All volunteers were active duty male military personnel assigned to the U.S. Army Natick Soldier Center, Natick, MA, USA.  All had been living at low altitudes (<1000 m) for at least 3 months prior to the start of the studies.  The age, height, weight and sea level VO2peak (Mean±SE) of the volunteers for each study are presented in Table 1.  All volunteers participated in regular Army physical training for 3-4 d•week-1 (e.g., running, calisthenics, backpacking).  All provided verbal and written consents after being fully informed of the nature of the study they volunteered for, and the possible risks and benefits.  The studies was approved by the institutional review boards of the US Army Research Institute of Environmental Medicine (USARIEM), US Army Medical Research and Materiel Command, Human Research Protection Office, and the staging study was also approved by the US Air Force Academy (USAFA). 

Table 1: Volunteer Demographics


		Study

		Number

		Age (yrs)

		Height (cm)

		Weight (kg)

		VO2peak (ml/kg/min)



		IHE Study

(IHE Group)

		11

		22±1

		179±2

		79±3

		47± 5



		Staging Study


(STG Group)

		10

		21±1

		177±3

		78±4

		51±7





2.1
IHE Study Protocol

The study was designed as a single-blind, sham-controlled trial with one independent factor (IHE vs. SHAM) and two repeated measures factors (environment and test condition).  In this paper, only the IHE group data were used in the comparison to the staging study.  An outline of the study design and testing schedule is shown in Figure 1.  The environments were defined as sea level (SL) and high altitude (HA).  The test conditions were defined as pre-treatment (Pre-T) and post-treatment (Post-T).  


During the 2-wk SL baseline training, all volunteers performed two cycle endurance tests and four cycle exercise training sessions (consisting of two 25-min exercise bouts on a cycle ergometer at 80±5% of HRpeak).  Each volunteer also completed a peak oxygen uptake ( eq \o(V,˙)O2peak) test to set appropriate training workloads during treatment and during the cycle endurance test.  After baseline training, each volunteer completed Pre-T cycle endurance testing at SL and within the first 5 h at HA (4300 m hypobaric chamber).  Given that even one altitude exposure may partially acclimatize an individual upon subsequent exposure to altitude (12), there was a 12-d washout period between the cycle endurance testing at Pre-T and the start of the IHE treatment.  During this washout period, the volunteers participated in 3 d of cycle exercise training sessions, defined above, to maintain their fitness level.

The IHE treatment consisted of 2 h rest at a PO2 of 90 mmHg (4500 m equivalent) followed by two 25-min bouts of cycle exercise at 80±5% of peak heart rate (HRpeak) at a PO2 of 110 mmHg (3000 m equivalent) in a hypoxia room (Colorado Altitude Training System, Boulder, CO).  Power output was increased, if necessary, as exercise training progressed to ensure achievement of appropriate training HR.  Six of the volunteers in the IHE group completed 7 d of treatment and five volunteers completed 6 d of treatment.  Volunteers were not allowed to exercise at SL during the week of IHE treatment.  Approximately 60 hrs after completing the final IHE, volunteers ascended to HA to complete the Post-T cycle endurance test.

Figure 1: IHE Protocol Study Design and Timeline
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2.2
Staging Study Protocol


This study was organized into three distinct phases at three different test facilities over a period of 12 weeks in the following order (Figure 2): [1] a baseline sea-level and pre-staging (Pre-T) high-altitude assessment phase at USARIEM, Natick, MA, [2] a moderate altitude acclimatization phase at the USAFA (Colorado Springs, CO; 2200 m), and [3] a post-staging (Post-T) high-altitude phase at the summit of Pikes Peak (Colorado Springs, CO; 4300 m).  The same equipment that was used at USARIEM also was used at the USAFA and on the summit.  


Exercise training and assessments occurred on multiple occasions at USARIEM during the baseline phase and Pre-T testing at sea level (SL, PB =~760 mm Hg), and within the first 5 h of an 8 h HA exposure (hypobaric chamber, PB 459 mmHg, similar to the summit of Pikes Peak).

After all testing was completed at USARIEM the volunteers were flown non-stop via airline to Colorado (~ 6 hrs) in groups of two on consecutive days to participate in the staging phase that was conducted over a 6-day period in the Human Performance Laboratory (HPL) at the USAFA ( ~601 mm Hg).  Sending only two volunteers at a time to Colorado allowed the subsequent high-altitude timing and sequence of procedures on Post-T to be maintained identically to those used on Pre-T in the USARIEM hypobaric chamber.  The number of days between Pre-T and Post-T testing ranged from 34 to 52 days (median: 46 days) among volunteers.  In addition to laboratory-based testing procedures, all volunteers participated in two to four supervised hikes (<3 hr) on trails located on the USAFA base to simulate military scouting patrols, and several cycle exercise training sessions to maintain their fitness level.  At 0600 h of the 7th day at the USAFA, the volunteers were driven (~1.5 hrs) to the summit of Pikes Peak.  Within two hrs of arriving at the Pikes Peak laboratory, volunteers commenced the Post-T cycle endurance test.

Figure 2: Staging Protocol Design and Timeline
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2.3
Test Procedures


Incremental, progressive exercise bouts to volitional exhaustion on an electromagnetically braked cycle ergometer (model: Excalibur, Lode BV, Groningen, The Netherlands) were used to assess peak oxygen uptake (VO2peak) at USARIEM twice while at SL (1st practice/ familiarization, 2nd definitive).  Continuous measurements of O2 uptake were obtained throughout the tests using a calibrated metabolic cart (True Max 2400, Parvo Medics, Sandy, UT).  Data from the VO2peak tests were used to determine the steady-state power outputs during cycle maintenance training and the cycle endurance tests.

Cycle exercise training was conducted using electromagnetically braked cycle ergometers (model: Corival, Lode BV, Groningen, The Netherlands).

The cycle endurance test was conducted using an electromagnetically braked cycle ergometer (model: Excalibur, Lode BV, Groningen, The Netherlands).  The volunteers were instructed not to perform any non-study related leg exercise for 24 hr before each test session.  On the morning of their cycle endurance test, for breakfast volunteers were provided with two commercially available energy bars and fruit juice (food composition = 510 kcal, 14 gm fat, 65 gm carbohydrate, 32 gm protein) at 1 to 2 hrs prior to the beginning of each of the cycle endurance test.  

 Each cycle endurance test consisted of two parts.  After a 5-min of warm up at 50 W, volunteers completed steady-state exercise for 20 min at ~40% followed by 20 min at ~60% of their altitude-specific VO2peak.  After a 5 to 10 min rest, the volunteers commenced a 720 kJ maximum effort cycle Time-Trial (TT) task.  The volunteers were asked to complete the 720 kJ TT as fast as possible.  A shorter completion time from one testing condition to the next was considered an improvement in performance.  Volunteers were allowed to alter pedaling speed and adjust power output by any watt increment at any time.  Volunteers were continuously informed of the volume of work performed and remaining (via computer screen); but not the time elapsed.  To minimize possible interference with volunteer concentration and cycling pace, O2 uptake measurements and blood samples were not obtained during the TT.  Throughout the duration of each test water was provided ad libitum.  These procedures and the justification for their use have previously been described in detail (5).  The TT part of the endurance test provided the primary outcome variable to compare the effects of six-seven days of normobaric IHE to six days of staging at 2,200 m on endurance performance at 4,300 m altitude.   


Heart rate via HR watch (Polar Electro, Woodbury, NY), SaO2 via noninvasive finger pulse oximetry (Model 8600, Nonin Medical, Inc, Plymouth, MN), and ratings of perceived exertion (RPE, 6 to 20 Borg scale) (3) were determined every 5 min during the TT.  During all testing, the temperature and relative humidity during testing were 21 ± 3oC and 45 ± 10%, respectively.

For all measurements, a mixed-factorial ANOVA was used to analyze differences between the independent group factor (IHE vs. STG) and the repeated measures factor (Pre-T and Post-T).  Significant main effects and interactions were analyzed using Tukey’s least significant difference test (Statistica v7.1, Statsoft, Tulsa, OK).  Statistical significance was accepted when P≤ 0.05.  All values are expressed as means ± SE unless otherwise indicated.  


3.0
results


Because nine volunteers could not finish the 720 kJ cycle time trial at HA, the cycle TT analysis was limited to the time to reach 360 kJ (i.e., halfway point) at both SL and HA for all volunteers in both studies.  


3.1
IHE Study


During the six days of IHE, in the hypoxia room the volunteers demonstrated a 5% increase (P<0.05) in resting SaO2 (75±1% to 80±1%) measured at 4,500 m equivalent altitude.  The exercise SaO2 during IHE (3,000 m equivalent altitude) was 87±1% and was not different between IHE Days.

At 4,300 m in the hypobaric chamber, from Pre-T to Post-T resting SaO2 was increased (p<0.05) from 81±1% to 82±1%.  The IHE group Pre-T SL TT duration was 38.9±1.9 min and following ascent to 4,300 m, increased to 62.0±4.8 min.  Post-T at 4,300 m, there was no improvement in TT performance (63.7±5.2 min).  Similarly, from Pre-T to Post-T, the IHE group TT mean work rate (103±7 and 104±9 W), SaO2 (74±1 and 76±1%), HR (146±4 and 144±4 bpm) or RPE (13±1 and 13±1) were not altered.   

3.2
Staging Study


Over the six days of staging at the AFA, resting SaO2 was 94±1%.  From Pre-T to Post-T, resting SaO2 increased (p<0.05) from 80±1% to 83±1% at 4,300 m (summit of Pikes Peak).  The STG group Pre-T sea level TT duration was 40.8±1.3 min, and following ascent to 4,300 m increased (p<0.05) to 65.2±6.7 min.  Post-T at 4,300 m TT performance improved (p<0.05) by 44±8% (51.0±6.8 min).  Pre-T to Post-T, the STG group RPE was lower (16±1 vs. 13±1, p<0.01), but SaO2 (74±1 and 76±1%) and HR (148±6 and 148±4 bpm) were unchanged despite a higher (p<0.01) work rate (100±10 and 120±7 W).  Individual increases in exercise SaO2 from Pre-T to Post-T were inversely related to decreases in TT duration at HA.

3.3
Comparison of IHE and Staging


Prior to either treatment, TT duration was similar in the IHE and STG groups at SL (38.9±1.9 and 40.8±1.3 min, respectively) and at HA (62.0±4.8 and 65.2±6.7 min).  Likewise, Pre-T at HA SaO2 during rest (81±1 and 80±1%) and TT (74±1 and 74±1%) were not different between the IHE and STG groups, respectively.  Post-T (Figure 3), the STG group TT duration was shorter (p<0.05) than the IHE group (51.0±6.8 and 63.7±5.2 min, respectively).  Post-T, the TT SaO2 (76±1 and 76±1), HR (144±4 and 148±4 bpm) and RPE (13±1 and 13±1) were not different between the IHE and STG groups, respectively.  

Figure 3: Effect of Treatments on Time-Trial Performance at 4300 m
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4.0
discussion


The results of this study do not support our hypothesis that six-seven days of normobaric intermittent hypoxic exposures and six days of staging at 2200 m produce similar improvement in a cycle time-trial task conducted within the first 5 hrs of exposure to 4,300 m.  The results clearly show that staging at 2200 m for six days significantly improved endurance performance following rapid ascent to 4300 m, whereas IHE did not improve endurance performance.


Both IHE and staging strategies induced ventilatory acclimatization as measured by increased resting SaO2 during the Post-T HA exposure.  Although not statistically different, resting SaO2 was higher in the STG compared to the IHE group at 4300 m.  Interestingly, Post-T the SaO2 during the TT was not different between groups.  As reported by Beidleman et al (1), following the last IHE the volunteers remained for ~60 hrs at sea level prior to ascending to 4300 m for the Post-T studies.  During this period their ventilatory acclimatization may have been lost, thus negating any improvement in endurance performance Post-T.  In contrast, the STG group immediately ascended to 4300 m following 6 days of staging and did not lose any of their ventilatory acclimatization.  Although Pre-T to Post-T the STG group’s mean TT SaO2 was not higher, individual increases in exercise SaO2 from Pre-T to Post-T were inversely related to decreases in TT duration at HA.  This relationship between individual increases in SaO2 and TT performance is consistent with prior results (2) from our lab and illustrates the significant role ventilatory acclimatization has on improving endurance performance at HA.  However, this observation does not rule out the possibility that other adaptations may also have contributed to improving TT performance at HA Post-T.

In summary, staging of previously unacclimatized sea level residents at a moderate altitude of 2200 m for six days greatly improved endurance performance during a subsequent exposure to 4300 m.  By comparison, six-seven days of a normobaric IHE protocol did not improve endurance performance during a subsequent exposure to 4300 m.  The latter finding may have been caused by loss of ventilatory acclimatization during the ensuing 60 hrs of sea level residence after the last IHE.  Thus, it remains to be determined if normobaric IHE can improve endurance performance during a subsequent exposure to high altitude as effectively as a similar period of altitude staging.  Based on these results, military personnel planning to conduct operations up to at least 4300 m will greatly benefit from a relatively short (6 day) period of moderate altitude residence prior to ascending to higher altitudes. 

5.0
disclaimers

Approved for public release; distribution is unlimited.   The views, opinions and/or findings contained in this publication are those of the authors and should not be construed as an official Department of the Army position, policy or decision unless so designated by other documentation. For the protection of human subjects, the investigators adhered to policies of applicable Federal Law CFR 46. Human subjects participated in these studies after giving their free and informed consent.  Investigators adhered to AR 70-25 and USAMRMC Regulation 70-25 on the use of volunteers in research. Any citations of commercial organizations and trade names in this report do not constitute an official Department of the Army endorsement of approval of the products or services of the organizations.
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Abstract

All contemporary discussions concerning the ethics of human experimentation are grounded in the Nuremberg Code [1]. It defined the general agenda and language of all subsequent ethical and legal questions concerning the proper conduct of human experimentation, and listed what for many are the basic principles underlying the ethical conduct of human research. Consequently, the Nuremberg Code, which was included in the 1947 judgment of the Nuremberg Medical Trial, greatly affects many aspects of how scientists conduct their daily work.

With the passage of the National Research Act of 1974, largely in response to the revelations of the syphilis studies conducted by the Public Health Service in Tuskegee, AL [2], and the development of international considerations, the ethical treatment of research volunteers has become an increasingly visible and often controversial national issue. The requirements for systematic formal ethical consideration of the treatment of research volunteers may be one of the most influential, far-reaching scientific developments of the last quarter of the twentieth century.

By law all scientific research that uses human research volunteers is governed by regulations prescribing the ethical treatment of these volunteers. The French law prescribing the ethical principles for conducting research on humans as animals has been defined in 1988 and confirmed in the bioethical law in 1994 [3]. Some modifications were added in 2004 in accordance with European texts [4]. Whether military researches are directly affected by these regulations, some particularities have namely been proposed for conducting the biomedical research for the defence.

In a technical report on ethical considerations for military health care [5], the French military health service developed guidelines for conducting biomedical research of defence. These guidelines take into account all considerations on ethics of human and animal experimentation according to the specific military research questions. They particularly specify the principles for conducting operational research on cognitive enhancing-drug strategies.

1.0
Introduction


The increase in indorsed and/or on going operations justifies each army to take advantage of current possibilities of increasing cognitive performances for professional soldiers. Within NATO each nation has defined, statutorily or not, the work terms and conditions of some of the available means depending on operational restrictions. If the international context of missions requires a consensual pragmatic position for the forces’ operations in the field, the definition of a shared employment can only economise on ethical thoughts surrounding the question of increasing cognitive performances for professional soldiers. This raises the question of why do it, to what limits and with what means? If these questions fall within the jurisdiction of military ethics, they inevitably involve biomedical research from each country’s defence. This type of research has dual characteristics, engineering and medicine, which gives the combatant a dual status, that of a citizen and also a component of a weapon’s system. This double outlook highlights ethical questions arising against the current potential of increasing cognitive capacities in human beings. A distinctive French feature lies in defence biomedical research lead essentially by doctors, which subsequently places all analyses conducted under the watchful eye of medical ethics.  


1.1 Positioning ethical thinking


1.1.1 What are ethics? 


Ethics are defined as “a system of principles governing morality and acceptable conduct” (petit Robert, 2008). If we consider ethical semantics we discover two witnesses of the ambiguity of these ethical sources. For the Greeks “ethos” is the distinctive spirit of a culture or an era. This last idea was adopted by the Latin in “Habitus” which gave the French “l’ habitude” and in medical jargon “l’ habitus”, in other words, what we resemble by the iterative way of our behaviour. In other terms, ethics are only a science which appreciates the way in which we behave. This definition has a meaning in Greek philosophy in which the individual owes it to his/herself to get to know oneself and to fully express one’s reason for being. A full life is a life that fulfils birth’s promises. Existence illuminates the essence of being. This definition holds no notion of morals. It is the emergence of Christianity that will bring notions of “good” and “evil” and the vectorization of the behaviour which is evoked from the notion of paradise and hell. So it is imperative to separate all ethical judgement from moral judgement, even if conditioning pulls us in this direction. 


Ethics, by definition are individualized, have nevertheless been compartmentalized. Observation shows that even if each man is unique, he nevertheless shares a certain number of characteristics with his fellow beings, and has ethical foundations. In other words, taking into account the normal behaviour of the human species this is the minimum to which I must conform, effortlessly as it is simply the expression of my humanity. Yet, on reflection, human ethics are a patchwork based on  “a fundamental animal ethical layer”, and a societal and cultural layer. The ethics that we speak about are the behaviour of a primate human modelled in our occidental civilisation. Within this logic, ethics are defined according to laws laid down in our occidental society. The collection of references (conventions, declarations, charts, philosophical thoughts, etc.) only reinforce the occidental point of view of the normal behaviour of man, in other words, that which he cannot breach without risking leaving the status of man. Likewise the normal behaviour of a serviceman is governed by the Geneva and The Hague conventions. The definition of this normal behaviour has another repercussion to guarantee harmonious living conditions within society. Likewise, individual ethics of a French citizen nestles in the more complicated togetherness defined by the civil code which governs interactions between men and the penal code imposing sanctions pertaining to isolated cases in life within society. It is here that we can consider ethics as “positioning itself one degree higher than morals. It is what is required from everyone outside of the sense of obligation” (6).


1.1.2 What are ethics to a doctor?


If we accept the primary definition of ethics, doctor’s ethics are simply everyone’s normal expectations of someone yet carrying the status of doctor. Here there are no morals: a doctor must simply carry out what he has promised at the time of his thesis in the Hippocrate oath. This behaviour will in time become a habit, then a habitus. The individual chose to become a doctor and found himself transformed into a doctor. This founder text that describes the behaviour of a doctor was broadened by other texts which defined how occidental doctors are seen in society: the ethical code. It encompasses a collection of rules governing an occupation with professional sanctions that pertain to it.


This rather abstract definition of a doctor’s ethics is made operational by observation and thoughts on the practitioner’s facts and acts reaching a case law which concludes by modelling a doctor’s expected behaviour in that given society. The dynamics of the ethical code imposed by the evolution of society and science, suggests a safeguard for doctors to help them behave in accordance with their status in delicate situations in which they could not have a spontaneous point of view.


This thought process would be simple if relationships between patients and doctors were only governed by the ethics of the citizens and the doctors. With the eruption of the stakes in biology, society has found it necessary to define the conduct of a professional individual working in biology, contributing to the arrival, in the seventies in the United States of America, of a new science, bio-ethnics. It was a turning point that ascertained that the power of life had escaped, at least partly, to the doctors and it had become necessary to think of the power of man outside of medicine. According to the German Hans Jonas “bioethics allows us to think, and by freely allowed obstacles, to prevent man’s power becoming a curse to himself” (7).


1.1.3 What are the imposed limitations for each biology protagonist?


For doctors, limitations are clearly defined by the Hippocrates oath, which as a last resort sets the medical conduct “primum non nocere”. This injunction is equivalent to the Hippocratic vision, very paternalistic, which places the doctor as sole judge of the legitimacy of this therapy. This antiphony shows the limitations that the doctor imposes on his work to obtain the best results for his patient.


This relationship has evolved in time and today relations between doctor and patient are made on a one to one basis, the doctor’s knowledge encounters the patient’s courage. The two protagonists, in their own ways, founder the dignity of their existence. Dignity is something that belongs to the individual, that comes from his acts and he must place himself at the height at which he believes in himself (“decet”, that which is suitable) in order that the other awards him aristocratic “dignitas”. If the notion of dignity adjusts itself to the centuries, it has always represented the conduct of an autonomous being marked by God (Christianity), by education (renaissance), or by reason (age of enlightenment). Dignity therefore appears as the consequence of an ethic put into practice in a conduct that honours the one who does it. It is without doubt within the same ethos that this enlightened consent founded the medical act. This approval is based on the honesty of the doctor’s explanations and on the patient’s awareness once a therapeutic agreement has been decided. 


This behaviourist approach of ethics comes up against the Kantienne definition which takes pride of place (8). Kant places dignity clearly within us, which in other ways provides a limitation that is not only down to us to respect, but which must also be respected by others (or by delegation from the state), and which can be called upon to thwart freedom. Currently in France some lawful decisions approve an idea of dignity as a superior value for the freedom of man, which signifies that the individual does not belong to himself, and does not define himself in relation to himself but in relation to his adherence to the human genre, reduced to its genome. The text depicting the first French bioethic laws says “the law ensures the person’s primacy, prohibits any restriction to dignity and guarantees respect of the human being from birth” (3,4). If the fact of living has a clear biological basis, the genome, the text by adding the protection of a human being’s dignity involves that of the human species implies a prohibition of transmitting a genetically modified patrimony to later generations. The European texts also delineate this importance of respecting the human being as an individual and as a member of the human race. The Kantienne logic places a limitation on the essence of man more than on the individual.


To summarize, the limitations which impose themselves on each biological protagonist rest on the last analyses, on the idea of no-one, that this must be included as an expression of essence, or the incarnation of dignity by ethical conduct. To define the person is a question of major bioethics depending on the limits of one third of one’s actions, notably in research, but still the capacity to access oneself in all that includes the body and cognitive functions. Etymologically the word hailing from the Latin term “persona” reflects the actor’s voice from behind a mask. 


In fact, this was what society perceived from an individual, up to the point of attaching a name and particular rights to the person, instituting the individual of the law. This definition leaves a fundamental ambiguity to the individual, which cannot be divided, even if society sees a social mask and himself in character, a real person. Enlightenment has connected to this person, sacriliged by Christianity, an autonomy founded on reason and enduring rights.  This procedure set out in the current bioethical laws marks down the respect of fundamental rights within the heart of the subject.


1.1.4 Summary


It is indispensable to resume the key ethical points before seeing how the emergence of neuroscience is a genuine challenge for ethical thought. In the biological field the limitations on human activity are taken from a transcendental viewpoint by the human community and from a behavioural perspective the need of the various protagonists to behave according to their social status, that is, following the country’s specific laws and professional ethical code. Also, from an emotional perspective by recognising an otherness founding the medical act as a loyal partner. The pre-requisite of these viewpoints is the complete autonomy of the subject who will only allow what he wishes to show to another.


1.2 The neuroscience revolution

1.2.1 The scientific explosion

There is a current revolution in neurosciences which answers to the psychopharmacology which started in the 1950’s-1970. Visualising the brain working live by MRI enabled an understanding of the mechanisms that underlie behaviour. These scientific skills of decoding someone’s behaviour breached the considerable gap in the individual’s autonomy. Great is the temptation to use this means of investigation to use the power in terms of truth (judiciary domain, lying detectors), of economy (development of neuromarketing), education (development of teaching methods) and defence. Great also is the temptation to optimize the individual’s capacity to make them suitable for missions requiring ultra performances. 


In defence, the temptation is to put everything at one’s advantage to ensure his mission in what can sometimes be in very difficult conditions. If the behaviour of a combatant facing his alter ego from another army is well defined, if it is not respected, the behaviour of combatants facing themselves remains difficult to distinguish. This is where the problems of ethics arise. In this discussion there are three protagonists: the commandment in a wider sense who organises the missions, the autonomous combatant whose level of involvement is fixed and the doctor who takes care of the combatant’s health. There is also a local framework, individual and communal, a general framework, legal and professional and an international framework.


With the emergence of neuroscience, the optimization of human capabilities arrives at the problem of doping, but does not resolve itself there. It exceeds the mechanisms of the traditional pharmacological approach by the mechanisms of the neurophysiological, which gather up more conditioning. Taking drugs does not only operate the neurone network beyond its capability by the addition of drugs, it also profiles the individual’s brain on an antiphony detrimental to its multimodal ability to decipher the world. The potential cost to pharmacology is the physiological health and its restriction of mental conditioning.


1.2.2 The cognition case

Cognition can be defined as a collective process put into practice by an organism for treating information that he meets. This includes necessary elementary skills for acquiring information (perception), for selection (attention), for consideration (representation), for remembering (memory), for confronting what is expected of oneself (detection and error), by others (social confrontation), for linking it to an anticipated reward/punishment (reward), for reacting by consequence, that is managing our behaviour, by resolving problems and taking decisions (executive functions). Ultimately, what guides behaviour is a togetherness linking a more or less honed perception and directed from the world, the subject’s history in terms of conditioning, the level of coherence between what the subject expects to do and what it must do in view of the world.


How do we define the rise in human performance in the field of cognition? Technically it is relatively easy to do a qualitative, quantitative and subjective appreciation of the level of the cognitive performance of a subject with a reasonable level of reproducibility. To realise a simple cognitive task, the performance is assessed by the “error rate”. For complex tasks, the cognitive capability is indirectly apprehended by measuring the error rate by carrying out the specific simple tasks on paradigms modelling the complex task. It is also often calculated by the assessment of several cognitive functions that we think they construct their polyfactorial dimensions (supported and shared attention, distraction, auto-calculation, judgement, executive functions, etc.). The idea of cognitive capabilities implies therefore the definition of standards, starting from the distribution of measured cognitive capabilities in a population with identical socio-demographic characteristics. This classic definition of performance unfortunately does not take reality into account. Looking from a society’s perspective, the military represents a population which is trained in its line of work, with optimized capabilities for undertaking a specific task (marksman/woman, echo listener - ‘oreille d’or’) or not (aerobic or anaerobic capability). Therefore it can only be assimilated to an average population. There are no other standards possible other than those of the evolution of the performance of a given individual and more precisely, those in a position that look after this evolution in a population of evolutions concerning subjects who are submitted to identical training. It is necessary to point out that this definition of performance has a sense in the military only in terms of performances obtained in situations of stress.  That means non-deterioration of performances. One must therefore ask what the objective is: would the aim of the training be to develop exceptional performances in a situation of psychic calm but extreme fragility in a situation of duress, or to develop a resistance for the individual to a restriction which ends by protecting the few standard performances of which he is disposed (idea of hardening)?


From a neurophysiological viewpoint, a performance is a specific behavioural entity of which expression requires a limited number of neurophysiological mechanisms. These mechanisms can be optimized by specific exercises but also by playing on the non-specific mechanisms.  This optimization is held in other performance fields. The increase in cognitive performances can be defined as an extension of one or several of these generic capacities of treating information whether by internal or external action on the required process in these skills. 


2.0 AVAILABLE ARSENAL

The arsenal currently used for increasing cognitive potential of the individual is vast. The plan of division between what is and what is not legitimate is the whole stakes of ethics in this field. To begin with we are studying the existing models by simultaneously raising ethical problems that this unearths before thinking about the division plan.


2.1 Education, enriched environment and state of health

Education is a strategy for modelling an individual so that he can participate better in the social activity of his group. This leans on the fundamental multi-modal conditioning linking apprenticeship motors, mnestics, logic, artistic and social. Therefore, a child who grows up in an area of enriched development and lacking biological and psychological stress optimizes his cognitive capabilities by the plasticity of his cerebral network and develops his capability to resist duress. This optimization that installs itself in prenatal, perinatal or post-natal periods has the advantage of being perennial (9). 


This basic education is a pre-requirement so that armies dispose soldiers that have the emotional stability facing duress enables the development, under the restriction of events, of a thought process as serene as possible allowing each to carry clear judgement or at least the best possible, of acts to undertake. Developing individual citizens to be fully responsible for their actions is therefore the first means of improving cognitive performances under duress.


2.2 Mental training

Mental training is a vast collection of grouping techniques aimed at acquiring specific aptitudes. It contradicts education in this character focused on knowledge. For the most part, this training concerns non declared memories ranked where it is needed to organise the skills (detection capability of ‘echo-listeners’, or assembly/dismantling of jammed weapons). This training develops aptitudes that are non-degraded by combat stress and safeguards the combatant’s operational capabilities. 


Also, mental training can be directed towards controlling emotional states. A great number of techniques (yoga, relaxation, mental visualisation of performance, etc.) are classically used by elite sportsmen/women or in functional re-education. It leans on the capability of controlling the cerebral activation level by mastering the informational flux stemming from the body and primarily from ventilation control. This training for mental control only improves performances by playing on the importance of deterioration linked to stress. Contrarily to specific training this type of exercise reflects on the quality of life of the subjects who take part. For all that, their efficiency when faced with more complex life situations still remains controversial. 


2.3 Nutritional supplements

Cognitive performance is obviously dependent on energy metabolism and of energy availability as far as the brain is concerned. Certain food supplements have been identified as having consequences on the brain’s structure. This is for example the case when supplements are used during pregnancy with polyunsaturated fats (3 et 6) : contributions seem to take advantage of the development of cognitive capabilities of a child by acting on the membrane plasticity and encouraging formation of synaptic connections (10). These supplements are also used in the event of neurological accidents to improve functional recuperation. Among healthy adults nutrition intervenes on cognitive performance in a wider sense. Tea and polyphenols could reduce anxiety, coffee slows up the on set of Alzheimer’s, etc. We have evoked effects of certain amino acids found in proteins on the modulation of the synthesis of neuromediators (tyrosine and cerebral catecholamins, amino acids and serotonin, etc.) This nutritional approach can be taken advantage of by coupling it with genetics in order to define the ideal supplements according to the genome of each individual. All that remains is to begin compensating but many deliberate functional modulations by orientation of the metabolism which it postulates.


In this framework it is not about maximizing the performance but rather in reducing the deleterious effects than exposing it to a generic act of aggression and therefore contributing to keeping the individual’s good health. This analysis must be considered by the fact that these substances, taken during the time of exposition to stress, contribute to lengthening the time of the presence of the combatant facing his aggressors. Therefore it increases the length of performance in conditions of duress and so in its use plays a role equalled to doping. The individual, due to his use of these counter measures, more intensively exploits his brain and runs the risk, theoretically as it has never been calculated, of more serious pathological stress (burnout, heightened states of stress, alexithymia, etc.) So is this really the right moment to use a substance, is it as innocent a pharmacological viewpoint as a nutritional substance, which generates the feeling of doping and is not only the substance. 


Outside this official report, it is within a very unusual context that it is necessary to think of using counter measures against deterioration of performance. What is brought into the idea of doping does not reside in the substance used but in the intentions of the act. If the aim is therapeutic, so the exclusion of the constraint indicates that the use is therapeutic. In the opposite case, the deliberate attitude under the constraint indicates the intention of doping and puts the subject at risk of injunction both of the constraint and of the substance.


2.4 Conventional pharmacopoeia

The use of mind-altering substances to benefit from cognitive skills or to face a frightening situation is imposed since the customs of ancient times. Arsenal goes from anxiolytic relaxing agents (hydromel; the nectar of the gods, alcohol, marijuana), to activator agents carrying a stimulant (caffeine, tobacco, coca), to agents generating an automatic relaxant (chewing gums). If these generic products carry a better sensation of wellbeing in conditions of war, it is difficult to speak about the optimization of performance. Discussing stimulants, it is about keeping a certain level of performance at a time of circadian rhythm when they are particularly deteriorated (1am -3am). Concerning the anxiolytics, what is needed is to reduce emotional activation to a level that allows a minimum of cognitive thought.


The pharmacological deal has changed radically with the use of stimulants such as amphetamines and Modafinil. These substances were developed by the pharmaceutical industry with therapeutic purposes in mind. Modafinil is situated in the hypersomnia idiopathics and Gelineau illnesses benefiting those who have authorization on the French market with limited prescriptions from specialists. Independently to any ethical considerations and efficiency criteria, the use of these substances in a military context presents two theoretical difficulties. These substances were evaluated in a pathological context for their therapeutic efficiency and in a physiological context for their harmlessness in normal use, ie: in every day usage. Their use in a context of stress poses the problem of the pharmacology of a brain under stress. Besides the fact that stress deeply modifies pharmacokinetic characteristics and pharmacodynamic basales, it modifies the function of the brain independently to the action of the substances. This can produce potential effects that topple over a controlled dose from harmlessness into risk.  These effects create genuine medical problems, regardless of the use or not using these drugs. It is necessary to know their pharmacological characteristics under stress so that whoever takes them in a state of stress does not risk any mistaken side affects. Here there is a whole spectrum of pharmacology of phase IV adapted to military conditions. The second neurophysiological problem that raises the use of these substances in situations of stress lies in their neurobiological specificity and their selective impact on certain functions.  Like this, the tract dopaminergics are reputed to intervene largely in the evaluation of risk and reward. Modifying their function by these substances directly impacts safety, particularly in the event of decision taking under intense psychological duress. Therefore it is essential to know the impact of these substances on the elementary cerebral function in a stressful situation. The third problem concerns the variability between several individuals. The same dose of a substance does not necessarily have the same effects from one individual to another. This variability must be accounted for in evaluating individual risk.


Emergence of a notion of risk linked to concomitant display to the constraint and the stimulant raises the problem of benefit outweighing risk factor. Keeping an individual stimulated carries obvious benefits in a survival situation, but questionable when this is not the case.

2.5 Genetic modifications

Since performance runs directly from the brain’s function, it is obvious that any modulation of the genome can have an impact on certain performances. Yet there is no direct and linear relation between the importance of genetic modification and the importance of its impact on behaviour (9). Among animals relationships are shown between expression modes of the glutamatergic receptors NMDA and the mnesic capability, but studies conducted among men on the same genetic targets calculate their role in the modifications on the capabilities to mnesics at 5% (11, 12).


Another alternative concerns research of the alleles of certain genes crucial to behaviour (glucocorticoides MR receptors, recapture site for serotonin, etc.) susceptible of being a modification carrier affecting a small number of nucleotides but deeply modifying the function of the resulting protein. This modification can play in a positive sense, or can be deleterious. There exists a temptation of selecting individuals who are more apt at a particular function. A medical point of view can in no way caution this selection. The use of this knowledge can only be therapeutic (an individual carrying such a polymorphism and presenting a pathology could need a heavier treatment) or possibly preventative to a recurrence (the presence of this polymorphism increases the chances of risk of recurrence). 


2.6 Computer technology

Methods leading to improved performance can involve the use of erogenic assistance (13). Research carried out on man-machine interfaces is the heart of the problem. The role of external computer systems is considered as progress without implying the need of man and in fact asks few ethical questions. Training on a simulator is a laden example of this. It is not only about learning one’s job, use of a simulator can also produce a certain number of psychophysiological disagreements.


In the same way, the use of software is encouraged to free the individual of routine tasks. This strategy directs the placement of help systems (expert systems) or information research when the given number is too great. At this level a genuine entanglement exists between individual and machine and the man-machine interface is no longer an instrument panel but a logical action. The first step is training the user to adopt machine logic. The ultimate step is to intimately integrate the electrode bias command implanted in the brain. We talk about the development of an “exoself” that we barely master the effects in terms of self perception and our relation to the world (14, 15). This move can seem like science fiction but is part of an active development in the area of large handicaps. 


This technological evolution raises the problem of man’s status in the centre of the machine. Man is monitored by intelligent sensors which determine the level of vital risk (monitoring the wounded, tolerance to a hot environment, etc.). Conversely the machine can delude man’s perceptive systems in such a way that the pilot acts correctly. In this way he is recognised as legitimate by wanting to boost the spatial orientation capability of pilots by using a jacket fitted with intelligent proprioceptive sensors, which indicate the pilot’s position in a terrestrial frame of reference. As Bernstein facing G. Gould said, “who is the boss?” What is man’s status when placed under the surveillance of his machine and what is he free to make a mistake or to be unpredictable in algorithm terms. Is it this unlikely start up that makes the pilot less vulnerable if facing a logical algorithmic analogue?

2.7 Collective intelligence

Improving cognitive capabilities can not only concern the individual, but also the group that he is a part of. An individual’s competences are shared in a group to increase the group’s cognitive performance. A certain number of tools and procedures are developed to improve the intellectual collaboration between individuals by focusing on communication systems and representations within the group formed. Currently, research is riding on the development of connective intelligence by taking advantage of the dynamics of information communication (16, 17). The open system Linux is a well-known example. The developers of Twitter followed this objective by advocating the development of this experimental platform on the social network. 


Privileging collective intelligence to heighten the potential of a group does not come without raising ethical questions. Everything resides in the balance between specialisation and versatility. An excessive specialisation reduces the individual to a tool for the group’s service and the fact to work independently to the group effect. This tailoring strategy has possible repercussions on mental health and subsequently on physical health. Human society assumes that individuals work in intelligence (inter-ligare), that is, that they use their knowledge and know-how for a common aim and they react to the consequences of their actions.


2.8 Nanotechnolgies and nanomedicine 

  Nanomedicine equates to “a domain consecrated to health, which uses knowledge acquired in medicine, biology and nanotechnology. Most often to produce, on the scale of molecules and cells, nanometric tools, with the view to diagnosing or treating illnesses, to administer medicines and repair, reconstruct or replace tissues or organs” (18). It opens up a myriad of possibilities of encapsulating cells, which under electromagnetic stimulation, could free neurotransmitters ensuring in this way an increase of cognitive capabilities. The potential wellbeing is fascinating, yet the risks often unknown. The stakes are both complex and major, ethically, legally, socially and politically. 


In 2006 the International Institute of Research in Biomedical Ethics held the sixth international seminar and supported nanotechnology and especially nanomedicine. The nanosciences are not a product of a scientific revolution, but simply the inevitable result of technology development. The fact that release of transmitters is from nanotechnology or genetic therapy or from systematically taking a medicine does not change anything from the foundations of logic, but it improves the technological specificity of the cure. Despite this and notwithstanding a still distant applicability, the stakes hypothesised by nanomedicine are perceived as being at the edge of founding numerous calls for reflection expressed for the last twelve or so years by a vast amount of experts from all circles. At least two competing reasons explain the urgency. The prefix “nano” is susceptible to such varying senses, it invites an imaginary, the rate of developing technology risks cutting short former sociological reflection indispensable to ethical standing. 


This question goes back to the source of ethical thought. There is a confrontation between technological development stimulated by medicine, ethical thoughts returning to the way in which a society thinks of itself and small groups susceptible of using technological development in the context of their activity. The ethical stakes are to agree to these ideas by positioning everyone culturally and in the society to which they belong. The use of technological developments in defence stretch the limitations on ethics which have as many limitations in efficiency, but which represent limits that a society give to its means of defence depending on the level of the act of aggression which is faced. Military ethics exist just the same as medical ethics do. The two are not confused and are used together to mark out the defence’s action limits. Military ethics authorize the military in the context of their actions and they conform to the national and international laws. Medical ethics in the defence are what they authorize in relation to themselves so as not to injure anyone serving within this context. 

3.0 WHAT ARE THE CONSEQUENCES OF INCREASING COGNITIVE CAPABILITIES? 

3.1 The relationship with medicine

Progress in neuroscience enables improvement of a human’s capabilities. This possibility is of interest to a society and an individual’s desire to outperform his limits, a desire already outlined in the bible (“eritis sicut dii”; “you shall be like gods” according to the devil’s promise, 19). It is about excelling (or at least improving) a man’s capability and not restoring a damaged capability due to a sickness or handicap. The principle divide of reasoning in medical ethics resides in the aim Medical vs Operative, which is not the case for military ethics. The border between the therapeutic act and action in view of improving cognitive capabilities is not waterproof. Plastic surgery or contraception, mainly developed in medical practice even though they do not have a curative or preventative action, shows that our society accepts that we can modify our bodies to live life better. The same goes for the psyche as we are witness to the development of psychotherapies, psychological management techniques and diets. The frontier is not in the act itself but in its intentions (treatment, to feeling better), from the beginnings of the individual who is lead there (the action is applied to oneself) and within imposed limits. The latter thinks in terms of benefit/risk factors. Again is it necessary to determine what is the risk often reduced by inapplicable statistics to a particular individual, and what are the benefits? This evaluation places itself within a society and its culture at a given moment in its evolution. The standard ethics, with the same status as the law, cannot be removed from social fact. In this context, calculation of the benefit/risk factor is the fact of an autonomous individual, duly informed by a professional of the objective risks (albeit statistics) that he incurs and has a clear conscience of his desire and motivations that he expects. We immediately perceive that the limits of this approach coagulate in the idea of autonomy. Autonomy understands itself in relation to oneself (to be capable of understanding and reacting in a level headed manner) and in relation to others (to be free to react according to one’s own feelings and not to a trend or pressure from a group).


In the context of the defence, the relationship with medicine is more complex. What can be allowed in an individual case cannot necessarily be allowed in an institution. Independently from a society acceptability benefits of boosting the potential of capabilities, which appear more collective than individual, oblige an intransigence on the level of risk. This boundary is as essential as the modifications made in the name of collective integration (to undertake for becoming apart of this, or that defence group) can impact personal lives which are modified by the nervous system of an individual and not a behaviour in a given area of his life. There is no temporal limits, neither a predefined sense of action which is worth a definitive ukase. A short-term benefit can become a risk in the long term such as an addiction to certain substances like amphetamines. On the other hand a risk in the short-term can become beneficial in the long term, such as stimulants in a situation of peril. Outside of these conditions of use, there exists a boundary of natural medical taking into account the repercussions on health due to growth methods of cognitive capabilities. The substances used, disregarding the methods employed (authorized or illicit), must be done with maximum safety. This requires an active scientific surveillance in the area to have knowledge of the potential side effects which may occur during use in a stressful situation.

3.2 Consequences concerning the autonomy of the individual

 This question does not reduce the medical risk following the use of medical products but also the risk of affecting the private lives as soon as we adopt computer technology, of collective intelligence. Protecting the information collected from research in neuroscience, in particular in neuroimagery and neuroinformatic, holds very sensitive stakes. In fact, the collection, treatment, conservation and potential uses raises many questions in terms of consent, confidentiality, non-discrimination, information rights and advice. For example, recruitment agencies or insurance companies could search to obtain information at the end of their selections. Therefore it is necessary to protect these personal data and the scientific interest of exploiting such information.


Neuroscience development gives tools to analyse particularly competitive behaviour, which presents a problem to an individual’s autonomy in the decisions he has to take. It is possible to separate subjects who are sensitive to the environment to subjects less sensitive to the environment in the context of research on the placebo effect. These methods separate the modalities of varying cerebral functions and therefore different vulnerabilities. 


On the basis of this knowledge it is possible to manipulate the individual so that he reacts as he would in a group. This risk is linked to all groups of individuals and depends on the level of knowledge of psychology of those intervening. Knowledge of indoctrination methods and neurobiological mechanisms to carry out increase the efficiency of this indoctrination and shows the intentions of the conduct, assigning the individual to a task that he will not reap the benefits. Blindly playing in medicine with the placebo effect is not the same thing as playing with the placebo effect knowing the classification of the individual. Once again the difference is not in the act or the objective, but in the level of knowledge, with the performance and the intention of efficiency that this implies.


In particular, the level of indoctrination and education intervenes on the behavioural balance between egotism and devotion to the group. If a strictly egotistical strategy is harmful to society (20), an excessive indoctrination is clearly harmful to the individual. This balance is not only modulated by psychotropic substances (20, 21, 22), but also by mental conditioning (look at the problem of sects and more generally that of coaching). Therefore it is possible to make a simple separation between chemical and psychological methods. Therefore it is studying the effect on autonomy where it is necessary to research the validity of such strategies: toughening up is not necessarily indoctrination. 

3.3 Consequences in terms of the identity of the individual

The identity of the individual is an emerging ownership of the cerebral function and it appears plausible that any modification of cerebral function by psychological or physico-chemical methods have repercussions on the subject’s identity. In particular, very clear links have been described between personality and neurobiological status, that it concerns the function of neuromediation or the activation balance of different cerebral zones when facing a given constraint (23).


The individual’s identity does not restrict his personality, but also his social status. The first step to social respect is obviously the respect of one’s body, including the nervous system. It is out of the question, even with all the good reasons in the world, to transform man into an actor without his autonomy. The social game on autonomy implies inert-relations ensuring psychic shoring at the cost of emotional subjection. In this context, the freedom of an individual facing psychic growth strategies is minimal. It is equally in the context of this social group where the process of reward (punishment) is set up reducing the identity of the subject to his position in the group on the basis of a mastered activity (bomb disposal) or a social role (scapegoat). It is in this position that the question is raised of freedom of choice of the individual making use of external assistance for his cognitive, but also emotional, function. For such an individual to implement cognitive capability expansion techniques has little chance of leading to a modulation of free will…


Restriction of these systematic cognitive capabilities as a price to pay of scientific training has consequences on the perception of identity. Is it easy to separate technical training from identity focusing around mastered capability? Such a separation requires that a counter culture be applied at the same time, developing other non-professional capabilities to which the identity could be attached. 

3.4 Consequences in terms of authenticity of cognition: the question of nature versus nurture?

The expansion of cognitive capabilities of an individual raises the question of what really belongs to him. Does a difference exist between natural talent duly trained and a nurtured performance. The latter is often linked to an action coupled with cerebral malleability resting on a pharmacological and nutritional viewpoint and a functional training viewpoint. The question is no doubt the same for a sportsman developing his muscles for physical resistance indispensable for practicing his sport. There is a freedom of action more advanced than functional growth which separates behavioural function from talent. The table is relatively similar for cognitive training: to develop one’s memorization capabilities, one’s skills and cognitive short cuts (mental calculation, knowledge of procedures), not acquiring inventive behaviour when facing a constraint. Development of cognitive capabilities only has an impact on the talent of an individual when he also uses superior cognitive functions without reproducing any mental schema. It is in creativity that cognitive authenticity nestles, the rest is simply knowledge guaranteeing minimal performance in a situation of duress.

4.0 THE LEGAL FRAMEWORK OF FRENCH BIOETHICS

4.1 Introduction

It was after the 1980’s, ten years after the USA that France began reflecting on bioethics, by demanding the inclusion of these principles in the rights. In France, three laws of bioethics were adopted in 1994 and revised in 2004 in the form of one sole law, with a worry of finding “a point of balance between protection of fundamental rights of the person and non-hindrance of progress of research” (24,25). 2009 should have seen the release of a revised project of this French bioethics law (26). From this perspective, the Biomedicine Agency and Parliamentary Office of scientific and technological choice were in charge of filing an application report concerning the 2004 law of bioethics, and the national consulting committee of ethics of  “identifying the philosophical problems and ethical interrogations that arouse this meeting”. What’s more, these three institutions were interrogated on the pertinence of spreading out the field of application of the law to new disciplines, and notably to neurosciences, which for the moment were not acknowledged in the texts. 


In fact, the neuroscience project cannot be summed up as “brain science”, it entails studies of behaviour, interactions, mental life. This area of research engenders fears and fantasies, exacerbated by the media coverage from which it benefits. The last few years have seen the emergence of the “neuroethic” concept, that Léon Kass, prior director of the American President Advisory for bioethics, defined as the discipline which “embraces the ethical implications of neuroscience and neuropsychiatry advancements”, including as well as the technical aspects (use of psychotropes in cerebral stimulation), as the consequences (27).

4.2 French perspectives

Several legislative dispositions appear necessary to answer to the ethical stakes brought to light by neurosciences. In this way, the future bioethical law could take the form of a strict law, defining the major ethical principles on each theme, rather than that of a detailed law, which, sooner or later, will turn out be incorrect. This system will be more advantageous by being more flexible and reactive: the law could be revised as soon as it appears non-adapted to a situation, on suggestion of one of the French bioethical organisms. Looking at it from this perspective it would be wiser to redefine the areas of expertise of the different independent agencies. For example the agency for biomedicine could play a regulating role in interpreting the law depending on the practical applications encountered. When a specific case would appear to be a substantial contradiction to the law, the agency could “hand-over” to the legislators who would decide how pertinent the modifications are. That leaves the fundamental ethical principles to be defined by this law, of which a certain number could be transverse to the disciplines of biology: the principle of primacy of a person’s dignity, of the inviolability and the non-commerciality of the human body, of freedom of consent and fair minded access to care.


Some underline the relativity of progress brought about by neuroscience to current times in comparison to provoked hopes or fears. Ethical debates weighed on the possible technical repercussions still under development, would only in their view, contribute to trivialization of the fantasies. It would be more sensible to interrogate on the evolution spawned by neuroscience in terms of representations like the “cerebral subject” of the human being in its relationship to the world. In a mechanistic vision of the mind, come what may, of complex ideas from sciences, human, lawful and social (responsibility, socialisation, freedom, etc.)? 

4.3 Where can neuroscience be situated in bioethics laws elsewhere?

Neuroethics enable the debate to go into greater depth and therefore clarify polemic exchanges. The Anglo-Saxon countries in particular are very advanced in this area of research and the last few years have seen neuroethical programs multiply in prestigious universities, principally American and Canadian. Alongside this the media gets hold of the subject and relays interrogations lifted from the seminars reuniting specialists from all over the world, such as those from the neuroethics international network. The Anglo-Saxon approach is therefore based on educating the public and talks, most notably thanks to the initiatives of the National Institutes of Health (HIH) and the Society fro Neuroscience (SfN). In 2004 the American president’s counsel for bioethics held several meetings concerning neuroethics to raise questions on various problems but without ever expressing recommendations. In Great Britain, the Nuffield Council on Bioethics, a private organization that deals with bioethical questions for the government, since 2006 has published a report in which it identifies in an exhaustive way the various questions linked to advances in neuroscience. However, whilst examining the British laws on bioethics in May 2008, the House of Commons did not explicitly include neuroscience. The remarks on neuroethics brought to this country have therefore not reached legal dispositions. 

4.4 Summary  

Progressives in neuroscience call to open the ethical debate by getting together the greatest number of persons. Within this perspective in spring 2005 the Meeting of Minds was organized which gathered citizens of nine European countries, including a French panel, in order to question them on the implications linked to discoveries about the brain. This initiative created a presentation from thirty seven recommendations possible in front of European politicians, which demonstrates at what point the public’s commitment on such questions can be productive when endowed with a developed sense of scientific reality. The general state of bioethics which starts in March until June 2009 in France represents an opportunity in this area.


Finally, more widely, it must be acknowledged to imagine the inclusion in school programs of education in bioethics and even teaching which favours a better understanding of science and technology, the foundations of progress of a democratic technique. This “science educating citizen” would be able segregate what comes under the probable from what comes under fantasy and avoid mixing up science and science fiction in the discussion.


In the end, neuroscience has strong potential for implementation and therefore must be supported by the authorities. Currently arousing ethical debates must not lead to a decline in research in the material but an accurate framework to draw out the best results. A blue print law defines the major ethical principles of scientific research enabling answers to numerous ethical questions already created by diverse disciplines in biology and revived by neuroscience. What is more, concerning specific questions, such as for the protection of personal information issued from neuroimagery, specific legislative dispositions could prove necessary? Unrealistic or purely speculative declarations come in addition to fuel the mistrust in society and the outcome diverts its attention from the genuine stakes: an effort in communication and teaching needs to be tackled, in particular by the scientific community. 

5.0 WHERE DOES THE FRENCH HEALTH SERVICE POSITION ITSELF?

 The Health Service manages the defence medical research and serves the forces with the lawful mission to warn, protect and treat the troops. It is completely immersed in the legal framework of bioethics and therefore in work concerning the best possible plans of prevention, protection and care of combatants in their environment of preparation and battle. But it is also hierarchically subjected to the demands of the commandment, which can impact the development of tools and systems enabling the improvement of a combatant’s performance which in no way intervenes with the health service’s mission.


This dual subordination of bioethical research of the defence is a French peculiarity, because in defence research most occidental countries have dedicated  the missions of developing tools and systems for increasing performances in specialized establishments composed of engineers and researchers but not doctors. And yet, it is important to remember that doctors are before everything governed by the deontology medical code, in particular article 5 which states that medicine cannot alienate its independence under any form not matter what (28), and only its ethical outlook in comparison to its scientific activity retrieves from a grown vigilance in the military institution. 


In this context the responsibility of the researchers professional ethics for the army’s health service primarily consists of keeping a dialogue and developing teaching towards command, that simultaneously pertains to ethical thought (29). In particular this concerns questions of usage of doping molecules or of development by the arms industry and the command of arms systems touching the psychophysiological integrity of the combatant. The Military’s health service created an ethics committee in 1987 (30). One of the elements of reflection of this committee concerned what we call a pharmacological accompaniment of military in operation or in a critical situation, to maintain vigilance and to raise the “fatigue threshold”. Numerous questions arise regarding the legitimacy of use of these operational aids: is it to respect an operational tempo? Is it to increase performance? Is it to give more security in a critical situation? Is it to make the most of a system or is it to warn about death, alleviation of a physical or mental faculty? To go further into the reasoning it is legitimate to ask the question of how if we obey an interest that is operational and strategic by taking advantage of cognitive functions or if we decide on valorising the preservation of the group or be dependent on the combatant?


The clearest answer recognised by the health service is the prescription which returns with any medicinal substance taken outside of medical use in a pathological context. This concerns obligatory preventative vaccinations, preventative medications with potential use in chemical weapons, the use of certain emergency medical products for calming a combatant’s pain and psychotropic stimulants (Instruction no. 744/DEF/DCSSA/AST/TEC relative to the use of substances modifying vigilance in operation since 31 March 2008). If command is responsible for ordering the substances to be taken, the ordered prescription has numerous deontological implications for the doctor. Further more they are a problem for operational research on the effects of some psychotropics used outside of evaluation. On location the doctor is implicated when he is not responsible for the prescription yet he is implicated in the management and the after effects linked to the substances. Doctors can also be accountable for the consequences in the long term, on physical health as much as mental health. This deontological involvement concerns a whole collective responsibility of the military health service, which weighs heavily on those who are in charge. 

6.0 CONCLUSION 

One of the criteria used by the paleo-anthropologists to distinguish the human gender is the production of tools. Man is certainly not the only creature capable of grabbing hold of an object to improve his efficiency, but he is the only one who can obtain it by work, that is to say by transformation of nature, and transmitting it to its progeny, through education, his production techniques and use. At all times man has searched the means to be more powerful, to go faster and further, to be more energetic and more efficient. Tools extend and increase, sometimes considerably, our cognitive, intellectual, physical, individual and group capabilities. What would we do today, without books, computers or cars?  “Tools”, methods multiply to educate or manage more efficiently. To invoke a myth “authenticity of human relations”, is to consider that the technical preoccupation is human denial, and actually it is the human himself.  It is at least one of these facets, because we must not forget that it is in war, the conquest of new territories, weapons production developed, since its origins, this concern for technical efficiency. If the strategical thought founded on the idea that the hoped for end determines the deducted means, is firstly applied to war, it has quickly found an echo in the political arena in the Renaissance by Machiavel, and in the economic arena with the industrial revolution. The exclusive rule of efficiency, its unique or supreme value, can be held accountable for the worst barbarisms, principally in the last century, ours, and in all three of these areas; military, political and economical. Thankfully, the functional criteria and the value of efficiency are far from exhausting a humane world which characterises itself by the existence of moral judgements and institutions governing social life, likewise narratives (myths) and art works which reproduce a sense in the world.


One must remember here that the ethical dimension is not governed by the preoccupation of efficiency but by the preoccupation of happiness (and in this dimension that we call moral, by the ability to mean well, we can see a component of a search for happiness). In practice in institutions, notably military, the ethical question is directed at the leaders on two distinct levels. Firstly, the question to ask is if the pursued end is the right one. Subsequently if the reply is positive, the question to ask is if the means undertaken were the best. Every time a decision is made it necessitates carrying out a judgement and to judge one need to lean on a system of values (and to share this if it is a collective decision). 


Ethics are always problematic: it starts with a question, of which the importance is not necessarily the reply (always temporary), but its backlash and deepening. Bioethics were born from an interrogation on medical research and practice when medical ethical answers were not sufficient, notably problems faced by new possibilities enabled by genetics. Today it cannot avoid thoughts on the direction of research to improve cognitive capabilities and the application which follows from the results in the context of military operations. “Science’s role is not to decide (that is the politician’s), but to lift the limits, dangers and risks inherent in new technology” (31). It is also to monitor its real use, to see the message which could be being carried out in practice, and to alert the authorities in the event of the emergence of a new detected danger (something which is already done with pharmacovigilance and matériovigiliance). It is quite clear that science presents problems that ignorance would not know how to solve».  In effect it is infinitely simpler to conceive a new technological application than to ensure integration in the middle of one who must receive it. Debates today on the medically assisted procreation clearly show that technology supporting this application was perfectly finalized well before the companies in which they could be used had identified the stakes that they raised, as their values, often declared unchangeable and found themselves literally shocked.  How then do we ensure that spaces, real or virtual exist so thought can unfurl in its own time and have pauses so that technological developments seem badly adapted to these necessary deferments?


This symposium invites you to take a pause. It invites reflection on a new calibration of synergies between scientific developments and societies which authorise and welcome them. The presentations delivered must react a little like a prism which decompartmentalizes the authors disciplines and which provides stacks of light susceptible to a better understanding of how the stakes can be recombined to be better situated in current possibilities, and from this, questioning the augmentation of cognitive capabilities in general, and in particularly in an operational situation (32,33).
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Abstract

All contemporary discussions concerning the ethics of human experimentation are grounded in the Nuremberg Code [1]. It defined the general agenda and language of all subsequent ethical and legal questions concerning the proper conduct of human experimentation, and listed what for many are the basic principles underlying the ethical conduct of human research. Consequently, the Nuremberg Code, which was included in the 1947 judgment of the Nuremberg Medical Trial, greatly affects many aspects of how scientists conduct their daily work.

With the passage of the National Research Act of 1974, largely in response to the revelations of the syphilis studies conducted by the Public Health Service in Tuskegee, AL [2], and the development of international considerations, the ethical treatment of research volunteers has become an increasingly visible and often controversial national issue. The requirements for systematic formal ethical consideration of the treatment of research volunteers may be one of the most influential, far-reaching scientific developments of the last quarter of the twentieth century.

By law, all scientific research that uses human research volunteers is governed by regulations prescribing the ethical treatment of these volunteers. The French law prescribing the ethical principles for conducting researches on humans as animals has been defined in 1988 and confirmed in the bioethical law in 1994 [3]. Some modifications were added in 2004 in accordance with European texts [4]. Whether military researches are directly affected by these regulations, some particularities have namely been proposed for conducting the biomedical researches of defence.

In a technical report on ethical considerations for military health care [5], the French military health service developed guidelines for conducting the biomedical researches of defence. These guidelines take into account all considerations on ethic of human and animal experimentation according to the specific military research questions. They particularly specify the principles for conducting operational research on cognitive enhancing-drugs strategies.

1.0
Introduction

La multiplication des opérations soutenues et/ou continues justifie pour chaque armée de se positionner face aux possibilités actuelles d’augmentation des performances cognitives pour les militaires engagés. Au sein de l’OTAN, chaque nation a défini, réglementairement ou non, des modalités d’emploi de certains des moyens disponibles en fonction des contraintes opérationnelles. Si le contexte international des missions rend nécessaire une position consensuelle pragmatique pour l’opérationnalité des forces en présence sur le terrain, la définition d’un cadre d’emploi commun ne peut faire l’économie d’une réflexion éthique autour de la question de l’augmentation des performances cognitives pour les forces engagées. Cela implique de se demander pourquoi faire, jusqu’où et avec quels moyens ? Si ces questions sont du ressort de l’éthique militaire, ces interrogations impliquent nécessairement la recherche biomédicale de défense de chacun des pays. Cette recherche se caractérise par une spécificité duale, d’ingénierie et de médecine, qui positionne le combattant dans un double statut de citoyen et d’élément d’un système d’arme. Ce double regard oriente les interrogations éthiques qui se posent face aux possibilités actuelles d’augmenter les capacités cognitives pour l’être humain. Une particularité française réside dans une recherche biomédicale de défense conduite en majorité par des médecins, ce qui positionne toutes les réflexions conduites sous le regard de l’éthique médicale. 


1.1
La position de la réflexion éthique

1.1.1
Qu’est ce que l’éthique ?


L’éthique se définit comme « la science de la morale, l’art de diriger sa conduite » (petit Robert, 2008). Si l’on considère la sémantique de l’éthique, nous trouvons deux sources témoins de l’ambiguïté de l’éthique. Pour les grecs « ethos » est le comportement et le lieu de séjour. Ce dernier sens a été importé par les latins en « Habitus » qui a donné en français « l’habitude » et dans le jargon médical « l’habitus », c'est-à-dire ce à quoi nous ressemblons par la manière itérative que nous avons de nous comporter. En d’autres termes, l’éthique n’est que la science qui apprécie la manière de se comporter. Cette définition a un sens dans la philosophie grecque dans laquelle l’individu a pour tâche de se connaitre et d’exprimer pleinement son être. Une vie bien remplie est une vie qui remplie les promesses de la naissance. L’existence éclaire l’essence dans un être. Il n’y a de fait aucune notion de morale dans cette définition. C’est l’émergence du christianisme qui apporta la notion de « bien » et de « mal » rendant compte de la vectorisation du comportement entre ce qui relève du paradis et de l’enfer. Il faut donc absolument séparer tout jugement éthique de tout jugement moral, même si un long conditionnement nous y incline.


L’éthique qui ne peut être qu’individuelle dans sa définition, a pourtant été systématisée. L’observation que, même si chaque homme est unique, il n’en partage pas moins un certain nombre de caractéristiques avec ses congénères, pose les fondements d’une transversalité de l’éthique. En d’autres termes, si rien de ce qui est humain ne peut m’être étranger, le comportement standard de l’espèce humaine est le minimum auquel je doive me conformer, sans effort puisque ce n’est que l’expression de mon humanité. Pourtant à bien y réfléchir, l’éthique d’un homme est un patchwork associant sur une « couche fondamentale éthologique animale » une couche sociétale et culturelle. L’éthique dont on parle est bien ce comportement du primate humain tel qu’il se modèle dans notre civilisation occidentale. Dans cette logique, l’éthique est définie selon les canons de notre société occidentale. L’ensemble des textes de référence (conventions, déclarations, chartes, pensées philosophiques, etc.) ne fait que reprendre le point de vue occidental du comportement normal d’un homme, c'est-à-dire ce en deçà de quoi il ne peut déroger au risque de sortir du statut d’homme. Ainsi, le comportement normal d’un militaire est régi par les conventions de Genève et de La Haye. La définition de ce comportement normal a une autre incidence, celle de garantir les conditions de vie harmonieuse dans la société des hommes. Ainsi, l’éthique individuelle du citoyen français se niche dans un ensemble plus complexe défini par le code civil qui régit les interactions entre hommes et le code pénal qui pose les sanctions afférant aux écarts à la vie en société. C’est en cela que l’on peut considérer l’éthique comme « se situant à un degré supérieur à la morale. Elle est ce qui est exigé de chacun au-delà du sentiment d’obligation » [6].


1.1.2
Qu’est ce que l’éthique pour un médecin ? 

Si l’on admet la définition princeps de l’éthique, l’éthique d’un médecin est simplement le comportement attendu par tous d’un homme ayant le statut de médecin. Il n’y a pas ici de morale : Un médecin doit seulement exécuter ce qu’il a promis au moment de sa thèse dans le serment d’Hippocrate. Ce comportement deviendra avec le temps son habitude, puis un habitus. L’individu a choisi de devenir médecin est s’est trouvé transformé en médecin. Ce texte fondateur qui définit le comportement d’un médecin a été étendu par d’autres textes qui définissent comment les médecins occidentaux se regardent dans la société : les codes de déontologie. Il s’agit d’un ensemble de règles et devoirs régissant une profession avec les sanctions professionnelles qui y affèrent.


Cette définition, finalement abstraite, de l’éthique d’un médecin est rendue opérationnelle par l’observation et la réflexion sur les faits et actes des praticiens aboutissant à une jurisprudence qui finit par modeler le comportement attendu d’un médecin dans une société donnée. Le code de déontologie dans sa dynamique imposée par l’évolution de la société et de la science, propose un garde-fou aux médecins pour les aider à se comporter conformément à leur statut dans des situations délicates dans lesquelles ils pourraient ne pas avoir de point de vue spontané. 


Cette réflexion serait finalement simple si les relations entre les patients et les médecins étaient régies uniquement par l’éthique du citoyen et du médecin. Avec l’explosion des enjeux de la biologie, la société a trouvé nécessaire de définir le comportement d’un individu professionnel de biologie, contribuant à l’avènement aux Etats-Unis dans les années soixante-dix d’une science nouvelle, la bioéthique. C’est un point capital que de constater que le pouvoir sur la vie a échappé, au moins partiellement, aux médecins et qu’il est devenu nécessaire de penser le pouvoir de l’homme sur lui-même au delà de la médecine. Ainsi, selon le philosophe allemand Hans Jonas, « la bioéthique nous permet de réfléchir et, par des entraves librement consenties, d’empêcher le pouvoir de l’homme de devenir une malédiction pour lui-même » [7].


I.1.3 Quelles sont les limitations qui s’imposent pour tout acteur de la biologie ?


Pour les médecins, les limitations sont clairement définies par le serment d’Hippocrate qui cadre en dernier ressort le comportement médical « primum non nocere ». Cette injonction est la contre-partie de la vision hippocratique, très paternaliste, qui positionne le médecin comme seul juge du bien-fondé de la conduite de la thérapeutique. Cette antienne fonde donc la limitation que le médecin impose à son art afin d’obtenir le meilleur effet pour le patient.


Cette relation a évolué dans le temps et aujourd’hui, les relations entre médecin et patients se font d’égal à égal, le savoir du médecin rencontrant le courage du patient. Les deux protagonistes fondent chacun à leur manière la dignité de leur existence. La dignité est une propriété de l’individu qui émerge des actes qu’il fait et qu’il se doit de mettre à la hauteur de ce qu’il pense de lui-même (« decet », ce qui convient) afin que l’autre lui confère cette « dignitas » aristocratique. Si la notion de dignité s’est modulée dans les siècles, elle a toujours désigné le comportement d’un être autonome marque de Dieu (christianisme), de l’éducation (renaissance) ou de la raison (siècle des lumières). La dignité apparaît alors la conséquence d’une éthique mise en œuvre dans un comportement qui honore celui qui le fait. C’est sans doute dans le même esprit que le consentement éclairé fonde l’acte médical. Ce consentement est basé sur la loyauté des explications du médecin et sur l’observance du patient dès lors qu’un accord thérapeutique a été conclu. Le consentement éclairé fonde la prise de risque qui s’associe à toute démarche thérapeutique.


Cette approche comportementaliste de l’éthique se heurte à la définition Kantienne qui tient actuellement le haut du pavé [8]. Kant pose clairement la dignité en nous, ce qui en d’autres termes en fait une contrainte qu’il appartient non seulement à nous même de respecter, mais aussi aux autres de faire respecter (ou par délégation à l’état), et qui peut-être invoquée pour faire échec à la liberté. Actuellement, en France un certain nombre de décisions juridiques entérinent une conception de la dignité comme valeur supérieure de la liberté humaine, ce qui signifie que l’individu ne s’appartient pas, et ne se définit pas par rapport à lui-même, mais par rapport à son appartenance au genre humain, réduit à son génome. Le texte des premières lois de bioéthique françaises dit « la loi assure la primauté de la personne, interdit toute atteinte à la dignité de celle-ci et garantit le respect de l’être humain dès le commencement de la vie » [3,4]. Si le fait de vivre a un support biologique clair, le génome, le texte en ajoutant que la protection de la dignité humaine entraîne nécessairement celle de l’espèce humaine implique une interdiction de transmettre un patrimoine génétique modifié aux générations suivantes. Les textes européens vont dans le même sens en posant la nécessité de respecter l’être humain comme individu et comme membre de l’espèce humaine. La logique kantienne pose donc une limitation sur l’essence de l’homme davantage que sur l’individu.


In fine, les limitations qui s’imposent à tout acteur de la biologie reposent en dernière analyse sur la notion de personne, que celle-ci soit comprise comme l’émanation d’une essence ou l’incarnation d’une dignité par un comportement éthique. Définir la personne est une question de bioéthique majeure dont dépendent les limites de l’action du tiers sur soi, en recherche notamment, mais encore la capacité à disposer de soi dans tout ce qui touche à la question du corps et des fonctions cognitives. Etymologiquement, le mot provient de « persona » terme latin qui renvoie au masque derrière lequel résonne la voix de l’acteur. C’était donc ce que la société percevait d’un individu, au point d’attacher à la personne un nom et des droits particuliers, instituant l’individu en sujet de droit. Cette définition laisse l’ambigüité fondamentale de l’individu, celui qui ne peut être divisé, même si la société en voit un masque social et lui-même un caractère, une personne vraie. La révolution des lumières a attaché à cette personne, sacralisée par le christianisme, une autonomie fondée sur la raison et des droits imprescriptibles. Cette approche s’exprime dans les lois de bioéthique actuelle qui inscrivent le respect des droits fondamentaux au sein du sujet lui-même.


I.1.4 En somme


Il est indispensable de résumer en deux mots les points clé de l’éthique avant de voir en quoi l’émergence des neurosciences est un véritable challenge pour la réflexion éthique. Les limitations à l’activité humaine dans le domaine de la biologie sont posées d’un point de vue transcendantal par la communauté humaine, d’un point de vue comportemental par la nécessité des différents acteurs de se comporter selon leur statut social, c’est-à-dire les lois du pays et le code professionnel de déontologie, d’un point de vue émotionnel par la reconnaissance d’une altérité fondant l’acte médical comme un partenariat loyal. Le pré-requis de ces points de vue est l’absolue autonomie du sujet qui ne laisse percevoir à l’autre que ce qu’il souhaite.


1.2 La révolution des neurosciences


1.2.1 L’explosion scientifique


Il existe une révolution actuelle des neurosciences qui répond à celle de la psychopharmacologie qui s’est déroulée dans les années 1950-70. Voir le cerveau fonctionner en direct en IRMf revient à comprendre les mécanismes de fond qui sous-tendent le comportement. Ces capacités scientifiques de décrypter le comportement d’un individu ouvrent une brèche considérable dans l’autonomie de l’individu. Grande est donc la tentation d’utiliser ce moyen d’investigation pour prendre le pouvoir sur l’autre en termes de vérité (domaine judiciaire, développement du détecteur de mensonge), d’économie (développement du neuromarketting), d’éducation (développement des méthodes de pédagogies) et de défense. Grande est également la tentation d’optimiser les capacités d’individus pour les rendre aptes à des missions toujours plus demandeuses de performances.


Dans la défense, la tentation est de tout mettre en œuvre pour être au mieux afin d’assurer sa mission dans des conditions parfois difficiles. Si le comportement d’un combattant face à son alter égo d’une autre armée est bien défini, si ce n’est respecté, le comportement des combattants face à eux-mêmes reste difficile à discerner. C’est bien là que se situent les problèmes éthiques de l’optimisation des capacités humaines. Dans cette discussion, il y a trois acteurs : le commandement au sens large qui fixe les missions, le combattant personne autonome qui fixe son niveau d’implication et le médecin qui surveille la santé du combattant. Il y a aussi un cadre local, individuel et collectif, un cadre général, légal et professionnel et un cadre international.


Avec l’émergence des neurosciences, l’optimisation des capacités humaines rejoint le problème du dopage, mais ne s’y résout pas. Elle dépasse les mécanismes de la traditionnelle approche pharmacologique par des mécanismes de neurophysiologie qui relèvent davantage du conditionnement. Se doper n’est pas seulement faire fonctionner les réseaux neuronaux au delà de leur capacité par l’adjonction de drogues, c’est aussi profiler le cerveau d’un individu sur une antienne au détriment de sa capacité multimodale de décoder le monde. Le prix à payer potentiel de la pharmacologie est la santé physiologique et celui du conditionnement la restriction mentale.


1.2.2 Le cas de la cognition


La cognition peut être définie comme l’ensemble des processus mis en œuvre par un organisme pour traiter les informations qu’il rencontre. Cela inclut des capacités élémentaires nécessaires pour acquérir l’information (perception), pour la sélectionner (attention), pour la prendre en compte (représentation), pour la retenir (mémoire), pour la confronter à ce qui est attendu par soi (détection d’erreur), par les autres (confrontation sociale), pour la lier à un niveau de récompense/punition espéré (récompense) pour agir en conséquence, c'est-à-dire guider notre comportement, par la résolution de problèmes et la prise de décision (fonctions exécutives). In fine, ce qui guide le comportement est un ensemble alliant la perception plus ou moins aiguisée et orientée du monde, l’histoire du sujet en termes de conditionnements, le niveau de cohérence entre ce que le sujet s’attend à faire et ce qu’il doit faire au vu du monde. 


Comment définir l’augmentation de performance humaine dans le domaine de la cognition ? Il est techniquement relativement aisé de faire une appréciation qualitative, quantitative et subjective (vécu) du niveau de performance cognitive d’un sujet avec un niveau de reproductibilité correct. Pour la réalisation d’une tâche cognitive simple, la performance s’évalue par le « taux d’erreurs ». Pour les tâches complexes, la capacité cognitive est indirectement appréhendée par la mesure du taux d’erreur dans la réalisation de tâches simples définies sur les paradigmes modélisant la tâche complexe. Elle est également souvent évaluée par l’appréciation de plusieurs fonctions cognitives dont on pense qu’elles construisent sa dimension polyfactorielle (attention soutenue et partagée, distractibilité, auto-évaluation, jugement, fonctions exécutives, etc.). La notion de capacités cognitives implique donc la définition de normes, à partir de la distribution des capacités cognitives mesurées dans une population aux caractéristiques sociodémographiques identiques. Cette définition classique de la performance ne tient malheureusement pas compte de la réalité. D’un point de vue populationnel, les militaires représentent une population formée et entraînée à son métier, avec une capacité optimisée à exercer une tâche spécifique (tireur d’élite, oreille d’or) ou non (capacité aérobie ou anaérobie). Elle ne peut donc être assimilée à une population moyenne. Il n’y a pas d’autres normes possibles que celles de l’évolution de performance d’un individu donné et plus précisément, celles de la position qu’occupe cette évolution dans une population d’évolutions concernant des sujets soumis au même entraînement. Il faut également souligner que cette définition de performance n’a de sens dans les armées qu’en termes de performances obtenues en situations de stress. C'est-à-dire de non dégradations de performances. Il faut alors se poser la question de l’objectif : le but d’un entraînement serait-il de développer des performances exceptionnelles en situation de calme psychique mais d’une extrême fragilité en situation de contrainte, ou de développer une résistance de l’individu à la contrainte qui finit par protéger les quelques performances standards dont il dispose (notion d’aguerrissement) ? 


D’un point de vue neurophysiologique, une performance est une entité comportementale spécifique dont l’expression requière des mécanismes neurophysiologiques en nombre limité. Ces mécanismes peuvent être optimisés par l’exercice spécifique mais également en jouant sur des mécanismes non spécifiques. Cette optimisation retentit alors dans d’autres champs de performance. L’augmentation des performances cognitives peut se définir comme une extension d’une ou plusieurs de ces capacités génériques de traitement de l’information que ce soit par une action interne ou externe sur les processus impliqués dans ces capacités.

2.0 L’arsenal disponible


L’arsenal actuellement utilisé pour augmenter les potentialités cognitives de l'individu est vaste. Le plan de clivage entre ce qui est légitime et ne l’est pas est tout l’enjeu de l’éthique dans le domaine. Nous étudierons dans un premier temps les modalités existantes en relevant au passage les problèmes éthiques qu’elles soulèvent avant de réfléchir sur ce plan de clivage


2.1 Education, environnement enrichi et état de santé


L’éducation est une stratégie pour modeler un individu afin qu’il participe au mieux de l’activité sociale de son groupe. Elle s’appuie sur un conditionnement fondamentalement multimodal alliant apprentissages moteurs, mnésiques, logiques, artistiques et sociaux. Ainsi, un enfant qui grandit dans un milieu de développement enrichi et dépourvu de stresseurs inévitables biologiques et psychologiques optimise ses capacités cognitives par une plasticité de son réseau cérébral et développe sa capacité de résistance aux contraintes. Ces optimisations qui s’installent en périodes prénatal, périnatal ou post-natal, ont l’avantage d’être pérennes [9].


Cette éducation de base est un pré-requis pour que les armées disposent de soldats dont la stabilité émotionnelle face à la contrainte permette le développement, sous la contrainte des évènements, d’une réflexion aussi sereine que possible permettant à chacun de porter un jugement éclairé, ou au moins le plus juste possible, des actes à conduire. Développer des individus citoyens pleinement responsables de leurs actions est donc un premier moyen d’améliorer les performances cognitives sous contrainte.


2.2 Entraînement mental


L’entraînement mental est un vaste ensemble groupant de techniques visant à acquérir des aptitudes particulières. Il s’oppose à l’éducation en ce caractère focalisé du savoir. Pour une large part, ces entraînements concernent des mémoires non déclaratives au rang desquelles il faut ranger les habiletés (capacité de détection de l’oreille d’or ou de montage/démontage d’armes enrayées). Ces entraînements développent des aptitudes non dégradées par le stress de combat et sauvegardent les capacités opérationnelles du combattant. 


Dans un autre registre, l’entraînement mental peut être dirigé vers le contrôle des états émotionnels. Un grand nombre de techniques (le yoga, la relaxation, la visualisation mentale de la performance, etc.) sont classiquement utilisées par les sportifs de haut niveau ou en rééducation fonctionnelle. Il s’appuie sur la capacité de contrôler le niveau d’activation cérébrale par la maîtrise des flux informationnels provenant du corps et principalement du contrôle de la ventilation. Cet entraînement mental de contrôle n’améliore les performances qu’en jouant sur l’importance de la dégradation liée au stress. Contrairement aux entraînements spécifiques, ce type d’exercice rejaillit sur la qualité de vie des sujets qui s’y prêtent. Pour autant, leur efficacité face aux situations plus complexes de la vie demeure controversée.


2.3 La supplémentation nutritionnelle


La performance cognitive est évidemment dépendante du métabolisme énergétique et de la disponibilité en énergie au niveau du cerveau. Par ailleurs, certains compléments alimentaires ont été identifiés comme ayant des conséquences sur la structuration cérébrale. C’est par exemple le cas de supplémentations du régime alimentaire maternel en période de gestation avec des acides gras polyinsaturés (3 et 6) ; de tels apports semblent potentialiser le développement des capacités cognitives de l’enfant en agissant sur la plasticité membranaire et en favorisant la formation de connections synaptiques [10]. Ces supplémentations sont également utilisées dans le cadre des accidents neurologiques pour améliorer la récupération fonctionnelle. Chez l’adulte sain, la nourriture intervient sur la performance cognitive prise au sens large. Le thé et les polyphénols pourraient réduire l’anxiété, le café repousse la survenue de la maladie d’Alzheimer, etc. Enfin, on a évoqué les effets de certains acides aminés retrouvés dans les protéines alimentaires sur la modulation de la synthèse de neuromédiateurs (tyrosine et catécholamines cérébrales, acides aminés branchés et sérotonine, etc.). Cette approche nutritionnelle semble pouvoir être potentialisée par un couplage avec la génétique afin de définir la supplémentation idéale en fonction du génome d’un individu. Il ne s’agit plus d’une démarche de compensation mais bien de modulation fonctionnelle intentionnelle par l’orientation du métabolisme que cela suppose. 


Dans ce cadre, il ne s’agit pas de potentialiser la performance, mais plutôt de réduire les effets délétères qu’une exposition à un agresseur génère et donc de contribuer au maintien en bonne santé de l’individu. Cette analyse doit cependant être pondérée par le fait que ces substances, prises au cours de l’exposition au stresseur, contribuent à allonger le temps de présence du combattant face à ses agresseurs. A ce titre il augmente la durée de performance en condition de contrainte et donc joue un rôle de dopage dans son utilisation. L’individu, de par l’usage de ces contre-mesures, exploite plus intensément son cerveau et court le risque, théorique car jamais évalué, d’une pathologie de stress plus grave (burnout, états de stress aigu, alexithymie, etc.). C’est donc bien le moment de l’utilisation d’une substance, fut-elle aussi anodine d’un point de vue pharmacologique qu’une substance alimentaire, qui génère la notion de dopage et non la seule substance. 


Au-delà de ce constat, c’est dans un cadre bien particulier qu’il faut penser l’usage de contre-mesures à la dégradation de la performance. Ce qui importe dans la notion dopage réside non dans la substance utilisée mais dans l’intentionnalité de l’acte. Si le but est thérapeutique, alors l’exclusion de la contrainte signe l’intention d’usage thérapeutique. Dans le cas inverse, le maintien intentionnel sous la contrainte signe l’intention de dopage et fait courir au sujet le risque de la sommation de la contrainte et de la substance. 


2.4 Pharmacopée conventionnelle 


L’usage de substances psychotropes pour potentialiser les capacités cognitives ou affronter une réalité de peur est instauré dans les mœurs depuis les temps anciens. L’arsenal va des agents relaxants anxiolytiques (hydromel, alcool, marijuana), aux agents activateurs apportant un éveil vigilant (caféine, tabac, coca), aux agents générant une activité automatique relaxante (chewing-gums). Si ces produits génériques apportent un plus de bien-être dans une condition de guerre dégradée, il est difficile de parler d’optimisation de performance. Dans le cas des agents éveillants, il s’agit de maintenir un certain niveau de performances à un moment du rythme circadien où elles sont particulièrement dégradées (1-3 h du matin). Dans le cas des agents anxiolytiques, il s’agit de réduire l’activation émotionnelle à un niveau qui permette un minimum de réflexion cognitive.


La donne pharmacologique a changé radicalement avec la mise en service de substances éveillantes comme les amphétamines et le modafinil®. Ces substances ont été développées par l’industrie pharmaceutique avec des objectifs thérapeutiques. Ainsi le modafinil est indiqué dans les hypersomnies idiopathiques et la maladie de Gélineau pour lesquels il bénéficie d’une autorisation de mise sur le marché en France avec une prescription limitée aux spécialistes. Indépendamment de toutes considérations éthiques et critères d’efficacité, l’usage de ces substances dans un contexte militaire pose deux ordres de difficultés théoriques. Ces substances sont évaluées dans un contexte pathologique pour leur efficacité thérapeutique et dans un contexte physiologique uniquement pour leur innocuité en condition normale d’utilisation, c'est-à-dire dans la vie quotidienne. Leur utilisation dans un contexte de stress pose le problème de la pharmacologie d’un cerveau stressé. Outre le fait que le stress modifie profondément les caractéristiques pharmacocinétiques et pharmacodynamique basales, il modifie le fonctionnement du cerveau indépendamment de l’action de ces substances. Ceci peut conduire à des potentialisations d’effet faisant basculer une dose contrôlée de l’innocuité vers le risque. Ces effets posent de véritables problèmes médicaux, indépendamment de l’usage ou non de ces drogues. Il faut en connaître leur caractéristique pharmacologique sous stress afin que quiconque en prenne en état de stress ne risque pas d’effets secondaires méconnus. Il y a là tout un champ de pharmacologie de phase IV adaptée aux conditions militaires. Le second problème neurophysiologique que soulève l’usage de ces substances en situation de stress réside dans leur spécificité neurobiologique et leur impact sélectif sur certaines fonctions. Ainsi, les tractus dopaminergiques sont réputés intervenir largement dans l’évaluation du risque et de la récompense. La modification de leur fonctionnement, fut-elle ténue, par ces substances impacte directement la sécurité particulièrement en cas de prise de décision sous contrainte psychologique intense. Il est donc essentiel de connaître l’impact de ces substances sur le fonctionnement cérébral élémentaire en situation de stress. Le troisième problème qui en découle concerne la variabilité interindividuelle. Une même dose d’une substance donnée n’a pas nécessairement les mêmes effets d’un individu à l’autre. Cette variabilité doit être prise en compte dans l’évaluation du risque individuel.


L’apparition d’une notion de risque lié à l’exposition concomitante à la contrainte et à la substance éveillante soulève le problème du rapport bénéfice risque. Ce rapport se comprend d’abord pour l’individu. Maintenir un individu éveillé amène un bénéfice évident lorsqu’il se trouve en situation de survie, mais discutable lorsque ce n’est pas le cas. 


2.5 Les modifications génétiques


Puisque les performances découlent directement du mode de fonctionnement du cerveau, il est évident que toute modulation du génome exprimé peut impacter certaines performances. Pour autant, il n’existe pas de relation directe et linéaire entre l’importance d’une modification génétique et l’importance de son impact sur le comportement [9]. Chez l’animal, des relations sont montrées entre le mode d’expression des sous-unités du récepteur glutamatergique NMDA et la capacité mnésique mais les études effectuées chez l’homme portant sur ces mêmes cibles génétiques évaluent leur rôle dans les modifications des capacités à mnésiques à 5% [11,12]. 


Une autre alternative concerne la recherche des allèles de certains gènes cruciaux pour le comportement (récepteur aux glucocorticoïdes MR, site de recapture de la sérotonine, etc.) susceptible d’être porteur de modification affectant un petit nombre de nucléotides mais modifiant profondément la fonction de la protéine qui en résulte. Cette modification peut jouer dans un sens positif, ou au contraire être délétère. Il existe alors une tentation de sélection des individus afin de prendre les plus aptes à une fonction. Un point de vue médical ne peut en aucune façon cautionner cette sélection. L’usage de ce savoir ne peut être que thérapeutique (un individu porteur d’un tel polymorphisme et présentant une pathologie peut nécessiter un traitement plus lourd) ou éventuellement préventif de la récidive (la présence de ce polymorphisme fait peser plus lourd le risque de récidive).


2.6 Les technologies de l’informatique


Les méthodes conduisant à l’amélioration de la performance peuvent impliquer l’usage d’aide ergogénique [13]. Les recherches conduites sur les interfaces homme-machine sont au cœur du problème. Le rôle des systèmes informatiques extérieurs est considéré comme un progrès n’impliquant pas la notion d’homme et pose finalement peu de questions éthiques. L’apprentissage sur simulateur en est un exemple prégnant. Il ne s’agit que d’apprendre son métier, encore que l’usage du simulateur puisse se traduire par un certain nombre de désagréments psychophysiologiques. 


De la même façon, l’usage de logiciels est mis en avant pour libérer l’individu des tâches de routine. Cette stratégie conduit à la mise en œuvre de systèmes d’aide à la prise décision (systèmes experts) ou à la recherche d’informations pertinentes quand les données sont en trop grand nombre. A ce niveau, il existe une véritable intrication entre l’individu et la machine et l’interface homme-machine n’est plus un tableau de bord mais une logique d’action. Le premier pas est un apprentissage de la logique machine par l’utilisateur qui s’y plie. Le pas ultime est dans l’intégration la plus intime par le biais d’électrodes de commande implantées dans le cerveau. On parle alors du développement d’un « exoself » dont on ne maîtrise que très peu les implications en termes de perception de soi et de relation au monde [14,15]. Ce pas pourrait apparaître comme de la science fiction mais fait l’objet de développement actif dans le cadre des grands handicaps. 


Cette évolution technologique pose le problème du statut de l’homme au sein de la machine. L’homme est surveillé par des capteurs intelligents qui déterminent le niveau de risque vital (surveillance de blessé, de tolérance à un environnement chaud, etc.). Inversement la machine peut leurrer les systèmes perceptifs de l’homme de manière à ce que le pilote agisse correctement. Il est ainsi reconnu comme légitime de vouloir renforcer la capacité d’orientation spatiale des pilotes dans leur avion par un gilet à capteurs proprioceptifs intelligents qui les renseignent sur leur position dans le référentiel terrestre. A l’instar de Bernstein face à G. Gould, la question qui se pose est « who is the boss ? ». Quel est le statut de l’homme placé sous la surveillance de sa machine et quelle est sa liberté de se tromper ou de faire l’imprévisible au sens de l’algorithme. C’est cette démarche improbable qui rend le pilote moins vulnérable face à une logique algorithmique analogue ? 


2.7 L’intelligence collective


L’amélioration des capacités cognitives peut concerner non plus l’individu, mais la collectivité au sein de laquelle il s’insère. Les compétences des individus sont réparties dans une collectivité pour augmenter la performance cognitive du groupe. Un certain nombre d’outils et de procédures sont développés pour améliorer la collaboration intellectuelle entre individus en se focalisant sur les systèmes de communication et de représentations à l’intérieur du groupe constitué. Actuellement, les recherches portent sur le développement d’une intelligence connective en potentialisant la dynamique de la communication d’information [16,17]. Le système ouvert Linux en est un exemple bien connu. Les développeurs du système twitter poursuivent cet objectif en prônant le développement de cette plateforme expérimentale de réseau social. 


Privilégier l’intelligence collective pour accroître les potentialités d’un groupe n’est pas sans poser de problèmes éthiques. Tout réside dans l’équilibre de spécialisation/polyvalence. Une trop grande spécialisation réduit l’individu à un instrument au service du groupe et le fait travailler indépendamment des effets du groupe. Cette stratégie de taylorisation a des répercussions potentielles sur la santé mentale et donc physique. La société humaine suppose que les individus travaillent en intelligence (inter-ligare), c’est-à-dire qu’ils mettent leurs savoirs et savoir-faire au service d’un but commun et qu’ils agissent en voyant les conséquences de leurs actes pour s’ajuster.


2.8 Les nanotechnologies et la nanomédecine


La nanomédecine correspond au « domaine consacré à la santé, qui utilise les connaissances acquises en médecine, en biologie et en nanotechnologie pour le plus souvent fabriquer, à l’échelle des molécules et des cellules, des outils aux dimensions nanométriques, servant habituellement à diagnostiquer ou traiter des maladies, à administrer des médicaments ou à réparer, reconstruire ou remplacer des tissus ou des organes » [18]. Elle fait miroiter des retombées fantastiques comme la possibilité d’encapsuler des cellules qui, sous stimulation électromagnétique, pourraient libérer des neurotransmetteurs assurant ainsi une augmentation des capacités cognitives. Les bienfaits promis sont fascinants, les risques souvent inconnus. Les enjeux éthiques, juridiques, sociaux et politiques sont à la fois complexes et majeurs. 


En 2006, le sixième séminaire international d’experts de l’Institut international de recherche en éthique biomédicale a porté sur les nanotechnologies, et tout particulièrement sur la nanomédecine. Les nanosciences ne sont pas le produit d’une révolution scientifique, mais simplement le fait inévitable d’un développement technologique. Que la libération de transmetteurs soit le fait d’une nanotechnologie ou d’une thérapie génique ou de la prise systémique d’un médicament ne change rien sur le fond de la logique, mais améliore la spécificité technologique de la thérapeutique. Malgré cela et en dépit d’une applicabilité encore lointaine, les enjeux posés par la nanomédecine sont perçus comme pressant au point de fonder les nombreux appels à la réflexion exprimés depuis une bonne dizaine d’années par un vaste éventail d’experts de toute provenance et de tous milieux ? Au moins deux raisons concourent à expliquer l’urgence. Pendant que le préfixe « nano », susceptible de sens tellement variés, invite à la construction d’imaginaires, la rapidité du développement technologique risque de prendre de court la réflexion sociologique préalable indispensable à la posture éthique.


Cette question renvoie à la source de la réflexion éthique. Il y a une confrontation entre le développement technologique stimulé par la médecine, la réflexion éthique renvoyant à la manière dont une société se pense et de petites collectivités susceptibles d’utiliser le développement technologique dans le cadre de leur activité. L’enjeu de la réflexion éthique est d’accorder ces démarches en repositionnant tout le monde dans la culture et la société à laquelle il appartient. L’usage des développements technologiques dans la défense appelle des limitations éthiques qui sont autant de limitations d’efficacité mais qui représente les limites qu’une société donne aux moyens de sa défense en fonction du niveau d’agression auquel elle est confrontée. Il existe bien une éthique militaire comme il existe une éthique médicale. Les deux ne se confondent pas et s’additionnent pour marquer les limites des actions de la défense. L’éthique militaire est ce que s’autorisent les militaires dans le cadre de leur action et se conforment aux lois nationales et internationales. L’éthique médicale dans la défense est ce que les militaires s’autorisent vis-à-vis d’eux mêmes afin de ne pas nuire à ceux qui servent dans ce cadre.

3.0 Quelles conséquences de l’augmentation des capacités cognitives ?


3.1 La relation à la médecine


Les progrès des neurosciences rendent possible l’amélioration des capacités de la personne humaine. Cette possibilité se confronte à l’intérêt d’une société et au désir d’un individu de surpasser ses limites, désir déjà souligné dans la bible (« eritis sicut dii » ; « Vous serez comme des dieux » selon la promesse du démon, 19). Il s’agit bien de surpasser (ou au moins d’améliorer) une capacité d’homme bien portant et non pas de restaurer une capacité dégradée par la maladie ou le handicap. Le plan de clivage principal du raisonnement dans l’éthique médicale réside dans la finalité Médicale vs. Opérative, ce qui n’est pas le cas pour l’éthique militaire. Pour autant, la frontière entre l’acte thérapeutique et l’action en vue d’améliorer les capacités cognitives n’est pas étanche. La pratique de la chirurgie esthétique ou la prise de contraception, largement développées dans la pratique médicale même lorsqu’elles n’ont pas d’action curative ou préventive, montre que notre société accepte que l’on puisse modifier son corps pour mieux vivre sa vie. Il en est de même pour la psyché comme en témoigne le développement des psychothérapies, des techniques de management psychologique et des régimes diététiques. La frontière n’est d’évidence pas dans l’acte mais dans son intentionnalité (traiter, être mieux), dans la démarche individuelle qui y conduit (l’acte s’applique à soi-même) et dans les limites qu’elle suppose. Ces dernières se pensent en termes de rapport bénéfices/risques. Encore faut-il déterminer quel est le risque souvent réduit à l’état de statistiques inapplicables à un individu donné, et quel est le bénéfice. Cette évaluation se place dans une société avec sa culture à un moment donné de son évolution. La norme éthique, au même titre que la loi, ne peut être dégagée du fait sociétal. Dans ce cadre, l’évaluation du rapport bénéfice/risque est le fait d’un individu autonome, dûment informé par le professionnel des risques objectifs (quoique statistiques) qu’il encourt, et ayant une claire conscience de son désir et des motivations qui le sous-tendent. On perçoit immédiatement que les limites de cette approche coagulent dans la notion d’autonomie. L’autonomie se comprend par rapport à soi (être capable de comprendre et d’agir de manière pondérée) et par rapport aux autres (être libre d’agir selon son sentiment propre et non la mode ou la pression du groupe).


Dans le cadre de la défense, la relation avec la médecine est plus complexe. Ce qui peut être admis dans un cadre individuel ne l’est pas nécessairement dans un cadre institutionnel. Indépendamment de l’acceptabilité sociétale, le bénéfice d’une démarche de potentialisation de capacité, qui apparaît collectif bien plus qu’individuel, oblige à une intransigeance sur le niveau de risque. Cette frontière est d’autant plus essentielle que les modifications faites au nom d’une insertion collective (faire pour appartenir à tel ou tel groupe de la défense) impacte également la vie personnelle puisque ce qui est modifié est le système nerveux d’un individu et non un comportement dans un champ donné de sa vie. Enfin, il n’y a ni limites temporelles, ni de sens d’action prédéfinis qui vaille un oukase définitif. Un bénéfice à court terme peut devenir un risque à long terme comme dans l’addiction induite par certaines substances comme les amphétamines. A l’inverse, un risque à court terme peut devenir un bénéfice à long terme comme la prise de substances éveillantes en situation de péril.


Au-delà de ces considérations d’usage, il existe une frontière de nature médicale à la prise en compte des répercussions sur la santé des méthodes d’accroissement de la capacité cognitive. Les substances utilisées, quel qu’en soit le régime de prise (autorisé ou illicite), doivent l’être avec le maximum de sécurité. Ceci impose une veille scientifique active dans le domaine afin d’avoir connaissance des effets secondaires potentiels apparaissant lors d’une utilisation en situation de stress intenses.


3.2 Les conséquences en termes d’autonomie de l’individu


Cette question ne se réduit pas au risque médical suite à l’usage de produits médicamenteux mais aussi le risque d’atteinte à la vie privée dès que l’on utilise des technologies informatiques, d’intelligence collective. La protection des données issues des recherches en neurosciences, en particulier en neuroimagerie et neuroinformatique, est un enjeu très sensible. En effet, la collecte, le traitement, la conservation et les utilisations potentielles de celles-ci soulèvent de nombreuses questions en termes de consentement, de confidentialité, de non-discrimination, de droit à l’information et au conseil. Des cabinets de recrutement ou des sociétés d’assurance pourraient par exemple chercher à obtenir ces données à des fins de sélection. Il s’agit alors de concilier la nécessité de protéger ces renseignements personnels et l’intérêt scientifique d’exploiter de telles informations.


Le développement des neurosciences donne des outils d’analyse du comportement particulièrement performants qui posent le problème de l’autonomie de l’individu dans les décisions qu’il est amené à prendre. Ainsi, il est possible de séparer des sujets sensibles à l’environnement de sujets moins sensibles à l’environnement dans le cadre de recherche sur l’effet placebo. Ces méthodes séparent des modalités de fonctionnement cérébral différent et donc de vulnérabilité différente.


Sur la base de ces savoirs, il est possible de manipuler l’individu pour qu’il agisse dans le sens d’une collectivité. Ce risque est lié à tout groupe d’individu et dépend du niveau de connaissance en psychologie des intervenants. La connaissance des méthodes d’endoctrinement et des mécanismes neurobiologiques à mettre en œuvre accroît terriblement l’efficience de ces conduites d’endoctrinement et signe l’intentionnalité de la conduite, assignant l’individu à une tâche dont le bénéfice ne lui est pas propre. Jouer en médecine de l’effet placebo à l’aveugle n’est pas la même chose que de jouer de l’effet placebo sachant la classification de la personne à ce titre. Encore une fois la différence n’est pas dans l’acte ou l’objectif, mais bien dans le niveau de connaissance, avec l’efficience et l’intentionnalité d’efficacité que cela suppose.


En particulier, le niveau d’endoctrinement et d’éducation intervient sur la balance comportementale entre égoïsme et dévouement à la collectivité. Si une stratégie strictement égoïste est néfaste à la société [20], un endoctrinement excessif est clairement néfaste à l’individu. Cette balance n’est pas seulement modulée par les substances psychotropes [20,21,22], mais aussi par le conditionnement mental (voire le problème de sectes et plus généralement du coaching). Il n’est donc pas possible de faire de séparation simple entre méthodes chimiques et psychologiques. C’est donc dans l’effet sur l’autonomie qu’il faut rechercher la validité éventuelle de telles stratégies : aguerrir n’est pas nécessairement endoctriner.


3.3 Les conséquences en termes d’identité de l’individu


L’identité de l’individu est une propriété émergente du fonctionnement cérébral et il paraît plausible que toute modification du fonctionnement cérébral par des méthodes psychologiques ou physico-chimiques ait des répercussions sur l’identité des sujets. En particulier, des liens très nets ont été décrit entre la personnalité et le statut neurobiologique, qu’il concerne le fonctionnement de la neuromédiation ou la balance d’activation des différentes zones cérébrales face à une contrainte donnée [23]. 


L’identité de l’individu ne se restreint pas à sa personnalité, mais aussi au statut social qui est le sien. Le premier pas de respect social réside évidement dans le respect du corps, y compris le système nerveux. Il n’est pas imaginable, même avec toutes les bonnes raisons du monde de transformer l’homme en un acteur sans autonomie. Le jeu social sur l’autonomie implique des inter-relations assurant un étayage psychique au prix d’un assujettissement émotionnel. Dans ce cadre, la liberté de l’individu face à des stratégies d’accroissement psychique est minimale. C’est également dans le cadre de ce groupe social que se mettent en place les processus de récompense (punition) réduisant l’identité du sujet à sa position dans le groupe sur la base d’une activité maitrisée (artificier) ou d’un rôle social (bouc émissaire). C’est dans ce cadre que se pose la question de la liberté de choix de l’individu faisant l’usage d’une aide extérieure technique pour son fonctionnement cognitif, mais aussi émotionnel. L’application chez un tel individu de techniques d’accroissement de la capacité cognitive a cependant bien peu de chance d’aboutir à une modulation de son libre arbitre…


La restriction de ses capacités cognitives systémiques comme prix à payer d’un apprentissage spécifique (le pianiste inculte) a des conséquences sur la perception identitaire. Est-il aisé de séparer la formation technique de la focalisation identitaire autour de la capacité maîtrisée ? Une telle séparation demande qu’une contre-culture soit appliquée en même temps, développant d’autres capacités non professionnelles sur lesquelles pourra s’agréger l’identité.


3.4 Les conséquences en termes d’authenticité de la cognition : la question de l’inné vs. l’acquis ?


L’expansion des capacités cognitives d’un individu soulève la question de ce qui lui appartient en propre. Existe-t-il une différence de valeur entre un talent inné dûment entraîné et une performance acquise. Cette dernière est souvent liée à une action couplée de plasticité cérébrale reposant sur un volet pharmacologique et nutritionnel et un volet d’entraînement fonctionnel. La question est évidemment la même que pour un sportif développant ses muscles pour une résistance physique indispensable à l’exercice de son art. Pour autant, ce développement nécessaire ne saurait suffire pour à une optimisation optimale. Il existe une liberté d’action au-delà de l’accroissement fonctionnel qui sépare la fonction comportementale du talent. Le tableau est assez proche pour l’entraînement cognitif : développer ses capacités de mémorisation, ses habiletés et ses raccourcis cognitifs (calcul mental, connaissance de procédures), n’est pas acquérir un comportement inventif face à la contrainte. Le développement des capacités cognitives n’impacte le talent de l’individu que dans la mesure où il s’adresse également aux fonctions cognitives supérieures en ne reproduisant aucun schéma mental. C’est dans la créativité que se niche l’authenticité de la cognition, le reste n’est que des savoirs garantissant une performance minimale en situation de contrainte.


4.0 Le cadre légal de la bioéthique Française


4.1 Introduction


C’est après les années 1980, soit plus de dix ans après les USA, que débute en France la réflexion bioéthique française en exigeant l’inscription de ses principes dans le droit. En France, trois lois de bioéthique furent adoptées en 1994 et révisées en 2004 sous la forme d’une loi unique, avec le souci de trouver « un point d’équilibre entre la protection des droits fondamentaux de la personne et la non-entrave aux progrès de la recherche » [24,25]. 2009 devrait voir le dépôt d’un projet de révision de cette loi de bioéthique française [26]. Dans cette perspective, l’Agence de biomédecine et l’Office parlementaire des choix scientifiques et technologiques ont été chargés de dresser un bilan d’application de la loi de bioéthique de 2004, et le Comité consultatif national d’éthique d’«identifier les problèmes philosophiques et les interrogations éthiques que suscite ce rendez-vous». De plus, ces trois institutions se sont interrogées sur la pertinence d’étendre le champ d’application de la loi à de nouvelles disciplines, et notamment aux neurosciences, qui pour l’instant ne sont pas prises en compte dans les textes. 


En effet, le projet des neurosciences ne se résume plus à une simple « science du cerveau », en ce qu’il s’attache désormais à étudier les comportements, les interactions, la vie mentale. Ce domaine de recherche engendre alors craintes et fantasmes, exacerbés par la médiatisation dont il bénéficie. Ces dernières années ont vu l’émergence du concept de « neuroéthique », que Léon Kass, ancien président du Conseil du Président américain pour la bioéthique, définit comme la discipline qui « embrasse les implications éthiques des avancées en neurosciences et en neuropsychiatrie », incluant aussi bien les aspects techniques (de l’utilisation de psychotropes à la stimulation cérébrale), que les conséquences » [27]. 


4.2 Perspectives françaises


Plusieurs dispositions législatives apparaissent nécessaires afin de répondre aux enjeux éthiques posés par les neurosciences. Ainsi, la future loi de bioéthique pourrait prendre la forme d’une loi cadre, définissant les grands principes éthiques sur chaque thème, plutôt que celle d’une loi détaillée qui se révélera tôt ou tard incomplète. Ce système présenterait l’avantage d’être plus souple et réactif : la loi pourrait être révisée dès lors qu’elle apparaîtrait inadaptée à une situation, sur suggestion d’un des organismes français de bioéthique. Dans cette perspective, il s’agirait de mieux redéfinir les domaines de compétences des différentes agences indépendantes. L’Agence de biomédecine, par exemple, pourrait tenir un rôle de régulateur en interprétant la loi en fonction des applications pratiques rencontrées. Lorsqu’un cas particulier ferait apparaître une contradiction substantielle avec la loi, alors l’agence devrait « passer la main » aux législateurs qui décideraient de la pertinence des modifications. Restent à définir les principes éthiques fondamentaux énoncés par cette loi, dont un certain nombre pourraient être transversaux aux disciplines de la biologie : le principe de primauté de la dignité de la personne, de l’inviolabilité et de la non-commercialité du corps humain, du consentement libre et éclairé, d’accès équitable aux soins. 


Enfin, certains soulignent la relativité des progrès amenés par les neurosciences à l’heure actuelle en comparaison des espoirs ou des craintes suscités. Les débats éthiques portant sur les potentielles répercussions de techniques encore en cours de développement ne feraient, à leurs yeux, que contribuer à cette banalisation des fantasmes. Il conviendrait alors plutôt de s’interroger sur l’évolution engendrée par les neurosciences en termes de représentations comme « sujet cérébral » de l’être humain dans sa relation au monde. Dans une vision mécaniste de l’esprit, qu’advient-il, par exemple, de notions complexes issues des sciences humaines, juridiques et sociales (la responsabilité, la socialisation, la liberté, etc.) ? 


4.3 Quelles places pour les neurosciences dans les lois de bioéthique ailleurs ? 


La neuroéthique permet d’approfondir le débat et donc de clarifier des échanges souvent polémiques. Les pays anglo-saxons, en particulier, sont très en avance dans ce domaine de recherche et ces dernières années ont vu se multiplier les programmes en neuroéthique dans des universités prestigieuses, principalement américaines et canadiennes. Parallèlement, les médias se sont emparés du sujet et ont relayé très fortement les interrogations soulevées dans les séminaires réunissant les spécialistes du monde entier, comme ceux du réseau international de neuroéthique. L’approche anglo-saxonne est donc basée sur l’éducation du grand public et le dialogue, grâce notamment aux initiatives des National Institutes of Health (NIH) et de la Society for Neuroscience (SfN). En 2004, le Conseil du Président américain pour la bioéthique a tenu plusieurs séances sur la neuroéthique afin de faire le point sur les différentes problématiques mais sans jamais émettre de recommandations. Au Royaume-Uni, le Nuffield Council on Bioethics, organisme privé qui a pour mission d’examiner les questions bioéthiques pour le gouvernement, a publié dès 2006 un rapport dans lequel il répertoriait de façon très complète les différents questionnements liés aux avancées des neurosciences. Cependant, lors de l’examen de la loi de bioéthique britannique en mai 2008, les débats à la Chambre des Communes n’incluaient pas explicitement les neurosciences. La réflexion neuroéthique menée dans ces pays n’a donc pas abouti à des dispositions législatives. 


4.4 En somme 


Les avancées des neurosciences appellent à ouvrir le débat éthique en y associant le plus grand nombre. Dans cette perspective, était organisé au printemps 2005 le Meeting of Minds qui réunissait des citoyens de neuf pays européens, dont un panel français, afin de les interroger sur les implications liées aux découvertes sur le cerveau. Cette initiative a abouti à une présentation de trente-sept recommandations devant les décideurs politiques européens, ce qui démontre bien à quel point l’implication du grand public sur de telles questions peut être productive lorsque ce dernier est doté d’un sens développé des réalités scientifiques. Les états généraux de la bioéthique qui se déroulent de mars à juin 2009 en France représentent une opportunité en la matière. 


Enfin, plus largement, il conviendrait d’envisager l’inclusion dans les programmes scolaires d’une éducation à la bioéthique et plus encore, d’enseignements favorisant une meilleure compréhension des sciences et de la technologie, fondement des progrès d’une démocratie technique. Cette « éducation scientifique citoyenne » prendrait tout son sens en permettant à chacun de distinguer ce qui relève de l’ordre du probable de ce qui relève du fantasme et d’éviter l’entremêlement de la science et de la science-fiction dans les discours. 


Au final, les neurosciences, ont un fort potentiel d’applications et doivent être à ce titre soutenues par les pouvoirs publics. Les débats éthiques qu’elles suscitent actuellement ne doivent pas aboutir à un ralentissement des recherches en la matière mais à un juste encadrement afin d’en tirer le meilleur profit. Une loi cadre définissant les grands principes éthiques des recherches scientifiques permettrait de répondre à de nombreuses interrogations éthiques déjà suscitées par diverses disciplines de la biologie et ravivées par les neurosciences. De plus, sur des questions ponctuelles, comme celle de la protection des données personnelles issues de la neuroimagerie, des dispositions législatives spécifiques pourraient s’avérer nécessaires. Des annonces irréalistes ou purement spéculatives viennent par ailleurs entretenir la méfiance de la société et par conséquence détourner son attention des enjeux réels : un effort de communication et de pédagogie doit être entrepris, notamment par la communauté scientifique. 

5.0 La position du Service de santé Français


La recherche biomédicale de défense est conduite par le Service de Santé qui est au service des forces avec la mission réglementairement définie de prévenir, protéger et traiter les troupes. Elle s’inscrit totalement dans le cadre légal de bioéthique et donc dans les travaux concernant les meilleurs dispositifs possibles de prévention, de protection et de soins du combattant dans son environnement de préparation et de bataille. Mais elle est aussi soumise hiérarchiquement aux demandes du commandement, qui peuvent concerner le développement d’outils et de systèmes permettant d’améliorer les performances du combattant, ce qui ne relève nullement de la mission du service de santé. 


Cette double subordination de la recherche biomédicale de défense est une singularité française car en matière de recherche de défense, la quasi-totalité des pays occidentaux a dédié les missions de développement d’outils et de systèmes pour augmenter les performances à des établissements spécialisés composés d’ingénieurs et de chercheurs mais pas de médecins. Or, il convient de rappeler que les médecins sont avant tout régis par le code de déontologie médicale, en particulier l’article 5 qui dit que le médecin ne peut aliéner son indépendance sous quelque forme que ce soit [28], et qu’à ce titre, son regard éthique par rapport à son activité scientifique relève d’une vigilance accrue dans l’institution militaire. 


Dans ce contexte, les responsabilités déontologiques des chercheurs du service de santé des armées consistent avant tout à maintenir un dialogue et à développer une pédagogie envers le commandement, qu’il convient également d’associer à la réflexion éthique [29]. Cela concerne notamment les questions de l’utilisation des molécules dopantes ou de développement par l’industrie de l’armement et le commandement de systèmes d’armes touchant à l’intégrité psychophysiologique du combattant. Un comité d’éthique du service de santé des armées a été crée dans ce but dès 1987 [30]. Un des éléments de réflexion de ce comité a concerné ce que l’on appelle l’accompagnement pharmacologique du militaire en opération ou en situation critique, pour le maintien de la vigilance et le relèvement des «seuils de fatigue». De nombreuses questions se sont posées quant à la légitimité de l’utilisation de ces aides en opération : est-ce pour respecter un tempo opérationnel ? Est-ce pour accroître la performance ? Est-ce pour donner plus de sécurité en situation critique ? Est-ce que c’est potentialiser l’usage d’un système ou est-ce que c’est prévenir la disparition, l’atténuation d’une faculté physique ou mentale ? Pour aller plus loin dans le raisonnement, il est légitime de poser la question de savoir si on obéit à un intérêt opérationnel, stratégique en potentialisant les fonctions cognitives ou si on faix le choix de valorisation la préservation du groupe au dépend du combattant ? 


La réponse clairement reconnue par le service de santé est celle de la prescription sur ordre qui renvoie à toute prise de substances médicamenteuses en dehors d’une utilisation médicale dans un contexte pathologique. Cela concerne la prévention vaccinale obligatoire, la prise de médicaments à titre préventif dans un contexte d’utilisation potentielle d’armes chimiques, l’utilisation de certains dispositifs médicaux d’urgence donnés au combattant pour calmer la douleur, des substances psychotropes éveillantes (Instruction n°744/DEF/DCSSA/AST/TEC relative à l’utilisation des substances modifiant la vigilance en opération du 31 mars 2008). Si le commandement est responsable de l’ordre de prise de ces substances, la prescription sur ordre a des implications déontologiques nombreuses pour le médecin. En amont, elles posent le problème des recherches à fins opérationnelles sur les effets de certains psychotropes utilisés hors contexte d’évaluation. En situation, elles impliquent le médecin là où il n’est pas responsable de la prescription alors qu’il est de fait impliqué dans la gestion et la prise en charge des effets liés à ces substances. Dans l’après-coup, les médecins doivent également prendre en compte les conséquences à long terme de ces prises, tant sur le plan de la santé physique que psychique. Ces implications déontologiques concernent toutes une responsabilité d’ensemble du service de santé des armées, qui pèse particulièrement sur ceux qui le dirigent.


6.0 Conclusion


L’un des critères utilisé par les paléo-anthropologues pour distinguer le genre humain est la fabrication d’outils. L’homme n’est certes pas la seule créature capable de se saisir d’un objet pour augmenter son efficacité, mais c’est la seule qui puisse l’obtenir par le travail, c’est-à-dire par la transformation de la nature, et transmettre à sa progéniture, par l’éducation, ses techniques de fabrication et d’utilisation. De tout temps les hommes ont cherché les moyens d’être plus puissants, d’aller plus vite et plus loin, d’être plus énergiques et plus efficaces. Les outils prolongent et augmentent parfois considérablement nos capacités cognitives, intellectuelles et physiques, individuelles et collectives. Que ferions-nous, aujourd’hui, sans livres, sans ordinateurs ou sans automobiles ? Les " outils ", les méthodes se multiplient pour éduquer ou diriger plus efficacement. Invoquer une mythique " authenticité des rapports humains ", c’est considérer que la préoccupation technique est le déni de l’humain, alors que c’est l’humain lui-même. C’est au moins une de ces facettes, car on doit souligner que c’est dans la guerre, la conquête de nouveaux territoires, la fabrication d’armes que s’est développé, dès l’origine, ce souci d’efficacité technique. Si la pensée stratégique, fondée sur l’idée que la fin poursuivie détermine à elle seule le choix des moyens retenus, s’est d’abord appliquée à la guerre, elle a rapidement trouvé écho dans le domaine politique à la Renaissance par Machiavel, puis dans le domaine économique avec la Révolution industrielle. Le règne exclusif de l’efficacité, valeur unique ou suprême, peut être rendu responsable des pires barbaries, principalement au cours du siècle qui s’achève, le nôtre, dans chacun de ces trois domaines, militaire, politique et économique. Heureusement, le critère de fonctionnalité et la valeur d’efficacité sont loin d’épuiser un monde humain qui se caractérise aussi par l’existence de règles morales et d’institutions régissant la vie sociale, ainsi que de récits (les mythes) et d’oeuvres d’art qui ont pour effet de produire du sens. 


Il faut rappeler ici que la dimension éthique n’est pas régie par le souci d’efficacité mais par la préoccupation du bonheur (et, dans sa dimension que l’on peut appeler morale, par le devoir de faire le bien, dans lequel on peut voir une composante de la recherche du bonheur). En pratique, dans les institutions, notamment militaires, la question éthique se pose aux dirigeants à deux niveaux distincts. Premièrement, la question est de savoir si les fins poursuivies sont les bonnes. Subsidiairement, si la réponse est positive, la question est de savoir si les moyens utilisés sont les meilleurs. À chaque fois, prendre une décision nécessite de porter un jugement de valeur et donc, pour juger, de s’appuyer sur un système de valeurs (et de le partager si la décision est collective). 


L’éthique est toujours l’inauguration d’une problématique ; elle commence toujours par une question, dont l’important est moins la réponse (toujours provisoire) que son retour et son approfondissement. La bioéthique est née d’une interrogation sur la recherche et la pratique médicale quand les réponses de l’éthique médicale ne suffisaient pas, notamment face aux problèmes posés par le pouvoir-faire inédit permis par la génétique. Elle ne peut esquiver aujourd’hui les réflexions sur la conduite des recherches pour augmenter les capacités cognitives et l’application qui découle des résultats dans le cadre des opérations militaires. « Le rôle de la science n'est pas de décider (c'est celui des politiques), mais de révéler les limites, les dangers et les risques inhérents aux nouvelles technologies » [31]. Il est aussi de surveiller l'usage réel, voir le message qui pouvait en être fait en pratique, et d’alerter les autorités en cas d'émergence d'un nouveau danger détecté (ce qui est déjà fait notamment avec la pharmacovigilance et la matériovigiliance). Il est clair que la science pose des problèmes que l'ignorance ne saurait résoudre.» Il est en effet infiniment plus simple de concevoir une nouvelle application technologique que d’en assurer l’intégration aux milieux qui doivent la recevoir. Les débats, aujourd’hui quasi-historiques, sur la procréation médicalement assistée démontrent bien que la technologie au soutien de cette application était parfaitement au point bien avant que les sociétés dans lesquelles elle pouvait être utilisée n’aient identifié et sérié les enjeux que celle-ci soulevait, de même que les valeurs, souvent décrétées immuables, qui s’en trouvaient littéralement choquées. Comment dès lors assurer qu’il existe des espaces, réels ou virtuels, pour que la réflexion se déploie dans les temps qu’elle requiert et avec les pauses qu’elle exige alors que les développements technologiques semblent mal s’accommoder de ces nécessaires sursis ?


Ce symposium invite à prendre le temps d’une pause. Il invite à la réflexion sur un nouveau calibrage des synergies entre les développements scientifiques et les sociétés qui les autorisent et les accueillent. Les présentations qui y sont faites doivent agir un peu comme un prisme qui décloisonne les disciplines de leurs auteurs et qui fournit des faisceaux d’éclairage susceptibles de mieux comprendre comment les enjeux en présence peuvent être recombinés pour se positionner au plus juste sur l’implication des possibilités actuelles, et en devenir, de la question de l’augmentation des capacités cognitives en général, et en situation opérationnelle en particulier [32,33].
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ABSTRACT

There have been a lot of publications issued recently on various topics related to deployed servicemen health and wellbeing. All Commanding officers, regardless their level of authority, are aware of the utmost importance healthy and fit soldiers has on every military operation and mission. The aim of the article is to present Medical Intelligence (MEDINT) inputs into Intelligence Summary and Medical support as part of the contingency plan (CONOPS) and operational plan (OPLAN).

In order to achieve the set goal by the means of descriptive analyses the features of contemporary warfare are summarized. Comparative and cluster analyses are performed in presenting the MEDINT capabilities to enhance the situational awareness of the Commanders, Medical planners and ordinary servicemen, related to health hazards.

In conclusion could be stated that providing significant contributions to IPB and OPP MEDINT is enhancing situational awareness of the Commanders, planners and servicemen towards health hazards and risks they could face during mission execution.

Key Words: Medical Intelligence, Military Operations, Operational Planning, Medical Support.

Introduction:

There have been a lot of publications issued recently on various topics related to deployed servicemen health and wellbeing. All Commanding officers, regardless their level of authority, are aware of the utmost importance healthy and fit soldiers has on every military operation and mission. With the widening of the military geography, despite of the great progress in the medical science, the challenges towards medical support for ongoing and planned military missions are becoming more demanding and complex. The Weapons of Mass Destructions (WMD) are just one of the examples of the health threats that are in continuously development nowadays, and their utilization in military conflicts is not  only probable.



The historical evidence is sufficient to classified WMD military implementation as eminent, while analyzing future terrorists’ acts or even local conflicts.


To maintain situational awareness and to have clear perception of what the threat consists of, from the beginning of the military development Commanders have demanded to be provided with intelligence data. Military Medical Intelligence Ward established two years ago in Chair Disaster Medicine and Toxicology of Military Medical Academy (MMA), Sofia, is designed to collect, analyze and medical information, thus with its capabilities enhancing Commanders and servicemen situational awareness.


The aim of the article is to present Medical Intelligence (MEDINT) inputs into Intelligence Summary and Medical support as part of the contingency plan (CONOPS) and operational plan (OPLAN).


In order to achieve the set goal by the means of descriptive analyses the features of contemporary warfare are summarized. Comparative and cluster analyses are performed in presenting the MEDINT capabilities to enhance the situational awareness of the Commanders, Medical planners And ordinary servicemen, related to health hazards.

Results and discussions: 

The article is divided in three main parts. In the first part some of the features of the contemporary warfare are listed. The listed features are mainly those, that differ ongoing military missions from those Armed forces were used to plan and execute prior 1989.


The second part is presenting some of the MEDINT capabilities directly related to operational planning and battlefield preparation.


In the third part the MEDINT inputs to Intelligence preparation of battlefield (IPB) and operational planning process are listed, thus defining how and in what MEDINT extend is enhancing the Commanders and servicemen situational awareness and combat preparedness.


After the “Cold War” era, the military operations engaging large troops confronting in defined combat lines are with very low likelihood to occur. With no opposing military blocs the previously planned military coalitions’ collisions have to be redefined. What Armed forces of developed and developing countries are involved in recent years are mainly international led military operation with goals to provide worldwide security and stability. More frequently the military men are involved in operation other than war – e.g. humanitarian relief operations, peacekeeping or state-stabilizing operations. The characteristics of the enemy have also been changed. The occasions when deployed troops have face to face contact with the ranks of opposing forces are quite rare. More frequently the type of warfare they are involved are guerilla style, or an asymmetric one. The absence of front lines and the likelihood of attack to be performed everywhere and every-when are some of the features of the so-called asymmetric war. 


Another characteristic of the contemporary warfare is the deployment of relatively small military contingents, equipped with state-of art weaponry, highly mobile and extremely well trained and equipped to perform their activities, in most of the cases in remote countries or regions. Mainly this contemporary warfare requirement for deploying expeditionary forces literally globally in very short notice to move is the one that distinguish the military activity prior and after the Berlin Wall fall. 


In summary the main features of contemporary warfare could be listed as follows:



1. Expeditionary type of military operations and contingents.



2. Preparedness for literally global-wide deployment.



3. Asymmetric and guerilla type of military confrontations.



4. Mainly operations other than war.



5. Multinational military contingents.



6. Military operations frequently performed in remote from the country of origin and hostile environment.


From these features, requirements for proper and timely provided situational awareness are derived. There is no Commander who could lead his/her troops in totally unknown battlespace. Therefore in the preparatory phase of the every military operation commanders regardless their level of authority are demanding information and assessments about available threats and levels of risks their servicemen have to confront.     


What are the MEDINT capabilities to provide Commanders with required essential and significant for the military mission outcome assessment. 


MEDINT is defined as “the product of the processing of medical, bio-scientific, epidemiological, environmental and other information related to human or animal health. This intelligence, being of a specific technical nature, requires informed medical expertise during its direction and processing within the intelligence cycle”. (1, 2, 3) From the definition could be concluded that MEDINT is intelligence, focused on medical hazards and health threat that have to be performed by analysts with medical knowledge. Therefore it is reasonable to deduce that MEDINT analyst have to be fully involved into IPB. As is mentioned in the definition all the information related to servicemen health has to be collected, analyzed, processed and disseminated by the MEDINT analysts. In order to be plausible for the Commanders, planners and ordinary military rank the collected and processed information has to be presented in a format where the health hazards are identified, health risks assessed and preventive measures listed. All this medical expertise has to be presented in a common military language; otherwise all the efforts would be in vain. Moreover the format has to be on one hand as concise as possible, but on other hand to describe all the scope of hazards and threats to deployed troops’ health. Medical Intelligence ward established in MMA has created a template where all the implied tasks are met together with the Commanders requirements. In the created template MEDINT input is in the following three aspects:


1. Health Hazards Identification.


2. Medical Threat Evaluation.


3. Medical Threat Integration.


Based on experience gained during Bulgarian led military missions abroad (4, 5) the template is recommending that the health hazards present in the Area of interest (AOI) have to be found within 10 major groups:


1. Adversary actions


2. Endemic and Epidemic disease


3. Environmental pollution


4. Local Flora and Fauna


5. Climate


6. Geography


7. Healthcare System


8. Road Accidents


9. Stress


10. Others – culture, customs, beliefs, religion, tribal and ethnic division etc.


Medical Threat Assessment includes identification of the potential sources of threat to the health or dangerous substances in the environment (result of the Health Hazards Identification), their evaluation and the likely health consequences on the personnel (contingent) – higher or lower danger of developing unfavorable changes in the health status of the contingent. The Health (Medical) Risk derived from every health hazard has to be assessed.


Medical Risk: The probability identified on the zone of operation health hazard to harm servicemen health status. There are 5 levels of probability:


· Negligible – There is no/ or extremely low probability of the particular hazard to inflict health injury with impact on the mission completion.


· Low – States or diseases whose effect on the contingent is expected to minimally affect the readiness of the contingent for the fulfillment of the tasks.


· Moderate - States or diseases whose effect on the contingent only hampers the fulfillment of the tasks because the number of the affected personnel is small or because the form of the disease developed as a consequence is mild.

· High - States or diseases with adverse effect on the contingent leading to inability to fulfill their tasks either because a large number of personnel have been put out of action or a smaller number has been affected severely. 


· Extremely High – Even with preventive measures taken health disturbance with possible considerable impact on combat deployed contingent’s readiness occurs. 


· Medical threat - All evaluated medical risks and their possible impact on servicemen health status and deployed contingent’s combat fit and readiness.



Medical Threat evaluation presents the summarized health risks derived by identified health hazards, their likelihood to cause negative impact on servicemen health, despite of implemented preventive measures, resulting in military mission success endangerment. 



Medical threat integration:

· Medical threat assessment contributes to the overall threat assessment presented to Commander as Intelligence summary;


· Medical Threat Assessment is integrated into Medical Support Plan during operational planning process


· Medical Threat Assessment is the required by preventive medicine officers basis for planning force health protection means and measures.



Implementation of the presented template provides MEDINT analysts with the possibility to contribute to IPB – in its first step with identification of health hazards, in the second step of IPB with medical threat assessment, and in the third step with medical threat assessment for every particular course of action. 


Similar are the contributions of MEDINT to operational planning process. (6, 7, 8) One of the major inputs MEDINTEL is providing is in the second stage of the OPP – Orientation stage. During the stage two MEDINTEL analysts are performing medical hazards data collection which is included in the overall threat assessment. During the phase medical analysts assume different options for hazards’ likelihood to inflict harm to deployed troops health. Usually the medical threat assumptions are part of the mission statement briefing as a part of threat identified. 


During courses of action development (Stage three) MEDINTEL is performing medical threat assessment for every particular course of action discussed. Evaluating the impact of health hazards during every possible military activity MEDINTEL is providing planners with crucial information about friendly forces capabilities to preserve manpower and to protect combat readiness of the deployed troops. The main contribution is to the Intelligence summary and to the medical support part in the contingency plan.


Stage four of OPP – operational plan development is one of the most overloaded phases for the MEDINTEL analysts. During this phase MEDINTEL products are used in Intelligence annex, in Force Protection annex and reasonably in the medical support plan. Providing information for identified health threats and levels of the health risk MEDINTEL is contributing to the overall threat assessment. With the health risk assessment and linked to it preventive measures recommendations is significant contributor to Force Health Protection. 


As MEDINTEL is continuously performed data collection, analyses, processing and dissemination it is reasonable to conclude that with notification of every change in the assessed health threat MEDINTEL is contributing to the phase five of OPP.


In summary MEDINTEL input to OPP could be presented as follows:


· Input to Intelligence Summary.


· Input to Medical Planning.


· Input to Force Protection.


· Input to Courses of Actions.

· Input to CONOPS and OPLAN Development and Revision.


In conclusion could be stated that providing significant contributions to IPB and OPP MEDINT is enhancing situational awareness of the Commanders, planners and servicemen towards health hazards and risks they could face during mission execution.
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ABSTRACT

The Netherlands Defence Organization aims at an optimal deployment of their personnel. However, during missions such as in Afghanistan soldiers encounter adverse and extreme environments and have to sustain their performance for several days, sometimes approaching or exceeding the limits of their capabilities and health. Therefore, in 2008 a 4-year Defense Research Program was initiated on ‘Military Performance and Health Monitoring’. This program aims at developing knowledge on physical and cognitive sustainability during military operations in extreme environments. In return this knowledge will be used to develop (real-time) performance and health monitoring systems for individual operational readiness. To judge individual operational readiness, commanders merely have to rely on subjective observations. Technological developments enable (real-time) assessment of the physical and cognitive state of individual soldiers under operational circumstances. To define and predict individual readiness, commanders can benefit from decision support tools. Knowledge from NATO HFM-132 (RTG) was used to define and develop a mobile field lab to assess physiological and cognitive performance during military operations. Combined with environmental data and observational measures, this field lab has been applied to gather data during training courses for the Air Mobile Brigade and the Marines. These data and data from future investigations will be used to build a multi-parameter model for predicting operational readiness. This model will serve as the basis for the commander support tool. Furthermore research will be done on new ambulatory measurement techniques as well as the validation of applied methods using gold standards and laboratory research. Other topics covered in this research program are; the data-processing, the user interface, and the presentation of information to the user. The research program will also address issues as operational feasibility, ethical considerations and opportunities for performance and/or health enhancing interventions. The research program will deliver several results. The field lab will be fine tuned and optimized for operational research. Based on the combination of current knowledge/models and data gathered from the field trials, a multi-parameter model will be developed to predict operational readiness in soldiers during sustained operations. Furthermore demonstrators for (real-time) performance and health monitoring will be developed.

1
introduction

The Netherlands Defence Organization aims at an optimal deployment of their personnel. Warfighters have to perform under stressful circumstances and thus should be both physically and mentally fit to meet operational demands. During missions such as in Afghanistan soldiers encounter adverse and extreme environments and have to sustain their performance for several days, sometimes approaching or exceeding the limits of their capabilities and health. To address issues such as operational readiness, performance optimization, personal performance and health monitoring a 4-year Defence Research Program was initiated in 2008. This program, called ‘Military Performance and Health Monitoring’, aims at developing knowledge on physical and cognitive sustainability during military operations in extreme environments. In return this knowledge will be used to develop (real-time) performance and health monitoring systems for individual operational readiness. 

Monitoring and predicting soldiers’ performance is becoming more and more important. To do so, it is indispensable not only to monitor the outcome or the result but also the individual and his environment (Figure 1). 
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Figure 1: Research program scheme: monitoring environment, individual physical and cognitive functioning, and performance outcome.

Monitoring systems to be developed not only enable the Defence Organization to improve military performance; they also may guard the health and safety of its personnel. In operational settings where extreme environments are playing a significant role, monitoring systems may have added value.

A NATO working group (HFM-RTG 132) has addressed the issues of real-time physiological and psycho-physiological status monitoring for human protection and operational health applications. The current research program is building on the knowledge from this working group and takes into account the recommendations for future research:

· focus more attention on providing the commander with information regarding warfighters’ readiness to fight based on real-time continuous ambulatory physiological and psycho-physiological measurements


· establish practical test-bed venues, such as those offered by military training sites, to develop, acquire, test, and validate (new) ambulatory physiological monitoring sensor systems

· ensure that comprehensive data sets are collected that can be used for predictive modelling

· establish databases that can be used to develop and test new predictive algorithms

· validate new algorithms against new data sets collected during rigorous training missions in different environments


It is important to define relevant performance and health measures and to investigate what are the most adequate parameters to monitor and predict military performance. Today’s knowledge is limited and merely focussed on single physiological signals such as heart rate, respiration rate, core temperature, skin temperature and body movements. There is a lack of adequate classification methods and no multi-parameter models exist that combine these signals in a reliable and valid way. The interaction between physical and cognitive task demands and the effect of physical load on cognitive performance play an important role in operational settings but are not or poorly addressed in these models. Furthermore, knowledge on the effects of sustained operations, the effects of prolonged exposure to extreme environments and changing physical and mental task demands is limited.


Central issues for the research program are:


· the effects of ambient stressors, such as energy expenditure, climate, mountainous terrain, and sleep and circadian factors


· monitoring methods and available models


· monitoring systems and development of field labs

· data handling, algorithms and multi-parameter model

· development of  a user interface


2 Ambient stressors, monitoring methods and models

Warfighters are engaged in highly enduring missions, as they are operating in enemy terrain in isolation. Their operational performance is the outcome of a wide spectrum of (inter-) related factors including motivation, equipment, tactics, preparation, mental and physical capabilities, terrain, and environmental conditions, such as altitude and temperature. Insufficient sleep, nutrition, and physiological coping capabilities may become the limiting factors for successful accomplishment of sustained missions. Therefore, these factors have to be taken into consideration when planning and executing missions. Monitoring sleep, alertness, energy balance, thermal balance, and environment-related physiological processes of crew engaged in heavy training and/or sustained combat operations can provide essential data that enable developing strategies to increase resilience and prevent unacceptable impairment of performance during sustained operations.

2.1 Energy expenditure


While energy intake is usually determined by the distributed food rations, several parameters have to be used to measure energy expenditure. The total energy expenditure can be divided into three major components [1]: 


· resting metabolic rate (RMR) = basal metabolic rate (BMR) = resting energy expenditure (REE)


· thermic effect of food (TEF) = dietary induced thermogenesis (DIT)


· Thermic effect of activity (TEA) = thermic effect of exercise (TEE). TEA can be sub-divided into thermic effects of volitional exercise (sports, etc) and non-exercise activity thermogenesis (NEAT; activity of daily living).


The addition of RMR, TEF, and TEA normally accounts for 100 percent of total energy expenditure. However, there is a variety of factors that may increase energy expenditure above normal, such as cold, fear, stress, and various medications or drugs. The thermic effect of these factors is referred to as adaptive thermogenesis, which may be an important factor to consider in the case of warfighter sustained operations. For determination of the total energy expenditure one needs to have the values of RMR, TEF, and TEA and one has to take the adaptive thermogenesis into consideration.


2.1.1 Energy expenditure: field monitoring methods and models

Several methods are available for monitoring energy expenditure. Under laboratory conditions direct and indirect calorimetry can be used, but these methods are impossible to use under field conditions. The doubly labelled water (DLW) technique has been validated as the gold standard method for determining free-living total daily energy expenditure [2]. Main disadvantages of this method are that it is expensive because of the use of isotopes and that it requires frequent urine collection. Although it can be used under field conditions, the DLW method is not practical for every-day monitoring during military missions. It is however recommended to use this method to evaluate simpler methods that may be used in the field.

For predicting RMR several mathematical formulas are available. In 2004, USARIEM (United States Army Research Institute of Environmental Medicine) has evaluated several formulas and concluded that the Schofield Equations were to be preferred to estimate RMR of the warfighter [3]:


Men: 

RMRs = 0.627BW + 28.82

Women:
RMRs = 0.617BW + 20.26 

in which RMR is in kilocalories/hour and BW stands for Body Weight (Schofield, 1985).

RMR can also be determined under field circumstances using hand-held indirect calorimetry devices like the BodyGem, MedGem (www.microlife.com), or FitMate (www.fitmate.net). The BodyGem uses sensors to measure relative humidity, temperature, and barometric pressure for use in internal calculations that derive RMR. Oxygen concentration in the inspired and expired airflow is measured by a sensor. RMR is calculated from oxygen consumption and a fixed respiratory quotient (RQ) of 0.85 using a modified de Weir equation [4]. The BodyGem measures RMR in 12 minutes and has been validated against oxygen consumption measured with a metabolic cart or a Douglas bag [5]. 


Estimations or indirect calorimetry devices only provide values for RMR. To estimate the total daily energy expenditure, one also needs to know the energy expenditure due to physical activity. Subjective measures include direct observation of physical activity by a trained observer, or recording of daily physical activities by the subject itself. Both methods seem less feasible to use for routine monitoring during missions because it either requires the presence of a researcher, or it requires training of the subject since each activity needs to be quantified as to time, intensity, and type of activity. Furthermore, the input data and the calculation of total energy expenditure should be conducted by trained researchers (Chen, 2003). 

Indirect objective measures use some type of mechanical or electronic device (e.g., pedometers, heel- or foot-strike monitors, accelerometers, heart-rate monitors, heat-flow sensors) to measure changes in body movement, heart rate or body temperature. The data acquired from these devices are integrated with personal data (e.g., age, weight, stride length, gender) and integrated into a formula that predicts energy expenditure. Multidimensional devices that include multiple types of metabolic measurements are better at predicting energy expenditure than methods addressing a single variable. Advanced pattern recognition and automated classification modelling techniques, such as artificial neural networks that can incorporate multiple input parameters and output feedbacks for nonlinear and adaptive modelling, need to be explored [6].

One of the major threats encountered by warfighters is dehydration (and overhydration) and it is important to develop a reliable and simple method to monitor the hydration status in the field.  Assessment of serum osmolality is considered as the gold standard, however this method 

[image: image2.wmf]needs collection of blood. Monitoring water intake by instrumentation of the drink bottles or camel bag, has to be matched with fluid loss in order to be effective as an estimator for hydration status. This method is laborious and not practical during labor intensive missions.


Measurement of urine specific gravity in the field is feasible (dip-stick), or individuals could be trained to associate a urine specific gravity that represents dehydration with the colour of their urine [7]. Being able to field-monitor fluctuations in body weight would also be an excellent indicator of hydration status, since short-term changes in body weight are directly attributable to changes in body water volume. However, carrying a pair of scales for everyday weighting is not considered feasible for warfighters during a mission. In summary, no good method to monitor hydration status is currently available, and there is a strong need for a good non-invasive system to reliably indicate acute changes in hydration status.


2.2 Climate


The human thermal balance is determined by climate, clothing, exercise intensity and individual factors such as acclimatization status. The human body reacts to thermal stressors and this is called thermal strain.


Thermal strain is an important parameter in soldier performance. In the heat, soldiers may become exhausted so that direct activities have to be stopped. The number of heat stroke victims is increasing in the last years in the US armed forces [8]. Similar problems occur in the cold, where the number of local cold injuries may rise to about 5% during operations of Marines in cold areas [9].

2.2.1
Climate: field monitoring methods and models

The physical parameters related to climate are 1) ambient temperature, 2) wind speed, 3) relative humidity, 4) precipitation, 5) (solar) radiation and 6) altitude (barometric pressure). Ambient temperature can be measured using thermometers. Both thermocouples and thermistors are available in small sizes and can be attached to data loggers to measure ambient temperature over time. Some systems have integrated sensors and loggers in one small housing, e.g. Ibuttons (www.ibuttons.com). Ambient temperature can also be measured using simple stickers, indicators on paper (http://www.palmerwahl.com/temp-plate-temperature-recording-labels.php). It is important that thermometers are shielded for radiation and wind to give a true temperature reading. At high ambient temperatures, in particular in combination with solar radiation, objects may become warmer than 43ºC and skin burns may occur. Stickers may be glued to objects that may become hot to give a timely warning. Similarly, frostnip may occur when touching cold objects and temperature stickers may warn the soldier in time. Skin burns and frostbite are not uncommon during special operations and reduce the sustainability. Wind takes away the air layer around the skin that constitutes the interface between skin temperature and ambient temperature. In the heat, wind reduces thermal strain; in the cold thermal strain is increased. Wind can be laminar and turbulent. Laminar flow can be measured using a propeller, in which the number of revolutions is related to wind speed. The laminar wind speed is higher when measured further from the ground level. Turbulent wind is more difficult to measure, but an indication can be derived from the temperature difference between a hot wire in and out the wind. Other anemometer (=wind meter) types include ultrasonic or laser anemometers that detect the phase shifting of sound or coherent light reflected from the air molecules. 

High relative humidity hampers the evaporation of sweat and thus reduces human cooling capacity. Relative humidity can be measured with electronic devices. Accuracy of small, low cost devices is in the range of about 5% (e.g. www.ibutton.com). (Solar) radiation is absorbed by the human skin and increases the body temperature. In the cold, radiation reduces heat strain and in warm circumstances heat strain is increased. Solar radiation can be measured using the temperature difference between a black bulb thermometer and a thermometer shielded from radiation, but can also be measured electronically: photodiodes are inexpensive and accurate.


Several attempts have been made to include the physical climatic parameters in one single climatic index. The combination of ambient temperature and wind speed is called wind chill. Wind chill is related to the risk of freezing of the exposed skin and to manual dexterity decrease [10]. The soldier in the field may use available wind chill charts to estimate the risk for freezing skin. 


The combination of ambient temperature and relative humidity is called the heat index (HI) in the US and the humidex in Canada. Both the HI and humidex can be supplied in charts with risk indicators.


The most frequently used climatic index is the Wet Bulb Globe Temperature (WBGT). The Wet Bulb Globe Temperature (WBGT) is a composite temperature used to estimate the effect of temperature, humidity, and solar radiation on humans. It is used to determine appropriate exposure levels to high temperatures:


WBGT = 0.7Tw + 0.2Tg + 0.1Td

where Tw= Natural wet-bulb temperature (humidity indicator); Tg=Globe thermometer temperature (solar radiation measured with a black globe thermometer); and Td=Dry-bulb temperature (normal air temperature).


Important parameters to evaluate thermal strain are: body core temperature, mean skin temperature, heart rate and sweat loss. Thermal pills are easy to use in the field and results are comparable to esophageal temperature, generally considered as the gold standard [11]. Main systems on the market are: the coretemp system (www.hqinc.net) and the vital sense and mini-logger of the mini-mitter company (http://www.bio-lynx.com/MINI-MITTER.htm). Lutz and Coker developed a heat strain indicator based on tympanic temperature with a warning system when the core temperature exceeded a certain preset value [12]. Quest currently manufactures such a system (http://www.quest-technologies.com /Heat/QTII.htm). Skin temperature can be measured using thermocouples or thermistors. For long term measurements without immediate feedback, ibuttons are recommended [13]. Based on core and skin temperatures one may calculate the body heat gain. A body heat gain of over 10 J/g body weight is generally considered as a limit for heat related problems.


Sweat loss is easy to measure using a weighing scale before and after the task. Subjects should be measured (semi) nude and the clothing should be weighed separately. The weight increase of the clothing should be subtracted from the weight loss of the subject to calculate the cooling power of the evaporated sweat. Sweat dripping off the body should also be estimated and subtracted from the body weight loss. The contents of sweat also reflects thermal strain: the electrolyte loss per liter of sweat increases with thermal strain. 


Sometimes thermal strain is combined with thermal stress indicators, in order to make an individual recommendation for performance limits [14]. Until now, however, the proposed indices are hardly used in military practice due to their complexity. The US 6th Ranger Training Battalion evaluated a device to calculate the personal heat strain index with good reviews, but "there's no strong Army proponent for fielding it right now" (see http://www.natick.army.mil/ about/pao/2002/02-30.htm).


2.3 Mountainous terrain

Rapid deployment of unacclimatized military personnel to altitudes above 5000 ft (1524 m) may cause debilitating effects on operational capabilities (physical and cognitive work performance), and force health (altitude sickness). Troops operating in mountainous environments are exposed to hypobaric hypoxia, which triggers a series of integrated physiologic changes. These changes function to increase oxygen supply to body tissues and are most noticeable in those body systems that are directly related to oxygen delivery (i.e. respiratory and cardiovascular), but changes occur in all organ systems. Over time, the series of changes produce a state of physiologic adaptation (“acclimatization”), which allows soldiers to achieve the maximum work performance possible for the altitude to which they are acclimatized.


2.3.1
Mountainous terrain: field monitoring methods and models


In order to determine the work capacity, resilience, and the capacities for further ascent to higher altitudes, it is useful to be able to determine the effects of hypoxia and the level of acclimatization. In that context, the following methods are recommended to use during sustained SF operations in mountainous areas: 


At high altitudes, peripheral SaO2 (haemoglobin-oxygen saturation) measured by pulse-oximetry should preferably use the ear lobe or reflection methods (e.g. forehead), as fingers may be unsuitable due to hypoxia-induced peripheral vasoconstriction and cold. To predict the physical work capacity (and thus force power) at altitude, the SaO2  and maximal heart rate (HRmax) can be used as easy-to-apply methods [15]. The difference between SaO2 at sea level and SaO2 at actual altitude, measured during (sub)maximal exercise, is considered as the most useful indicator of physical work capacity. Also differences in HRmax  can be used, albeit that literature data of HRmax are less consistent than for SaO2. 


Work capacity and the level of acclimatization are closely related. With a cut-off value of 81.5%, resting SaO2 at 4200 m is a useful predictor of the level of acclimatization and AMS risk (pos. predictive value: 0.81; neg. predictive value: 0.67). During ascents from 1200-4300 m, SaO2 measured at the end of 50 m walking has been shown to be a better predictor for developing AMS than resting SaO2 alone. Although a precise cut-off value is not defined, measurement of SaO2 during sleep (nocturnal hypoxemia) may have useful additive value in monitoring AMS risk. Pulse oximetry may also be useful to assess hyperventilatory capacity (HVC), which is considered to be a predictor for AMS risk.


ΔHRmax (difference sea level – actual altitude) during (sub)maximal exercise is considered as a useful additive indicator of physical work capacity (in combination with ΔSaO2). Resting pulse rate is a weak predictor of the level of acclimatization, but can be used in combination with SaO2. A subject can be considered to be acclimatized to an altitude when SaO2 and HR show stable levels on that altitude over several days. Heart rate variability (HRV) characteristics, preferably measured during sleep, may be useful to monitor acclimatization. 


As sleep is often fragmented at high altitude and quality of sleep is an important determinant of daytime performance, monitoring of sleep is recommended by using actography in combination with subjective sleep diaries. Actigraphy data may combined with pulse oximetry (desaturation during apnea/hypopnea events) to determine periodic breathing as a cause of sleep fragmentation. 

To monitor subjective ratings of AMS symptoms the Lake Louise-self-report score (LL-self) is indispensable to monitor AMS risk and it can be used in combination with physiological measurements [16]. The LL-self can be performed on a PDA or handheld computer and subjects can be given feed-back of their score with a warning to report their symptoms when the LL-self score is ≥3.


Models should be developed to predict physical and mental work capacity of warfighters engaged in mountainous operations. Recommended factors to be used in such models are the effects of hypoxia and acclimatization on SaO2, Heart Rate, and vigilance performance. It is recommendable to consider extension of the SCOPE model with a high altitude module using these factors [17]. The SCOPE model already has a module concerning sleep deprivation, which can be further developed to include the disturbing effects of altitude on sleep in the prediction of work capacity. 


To predict the probability of AMS, a model as  developed by Vann et al. may be used, although application of existing guidelines, such as provided by Muza et al., may be equally useful to minimize AMS risks in soldiers [18, 19].

2.4 Sleep and circadian factors

There is firm evidence that heavy physical exercise, severe mental stress, inadequate sleep facilities, and hostile environmental conditions, such as experienced in sustained operations of warfighters, may lead to significant sleep disturbance and sleep loss [20]. Moreover, crew may be already fatigued at the start of a mission because of the high incidence of sleep problems in out of area military base-camps [21]. 


Nightly operations require personnel to sleep during the day. The circadian rhythm dictates activity during the day, which causes the quality of daytime sleep to be inferior compared to nighttime sleep [22]. The combination of circadian sleep pressure during the night and inferior daytime sleep causes impaired alertness and performance in night workers. Evidence from large studies of industrial shift workers indicates significant increased risks of errors and accidents during the night shift and in the early morning [23]. Severely fatigued crew often estimate their level of alertness to be higher than it actually is and this may further increase the error and accident risks at night [24].

2.4.1
Sleep and circadian factors: field monitoring methods and models


Sustained operations of warfighters will be vulnerable to the effects of sleep deprivation and circadian disruption. Ensuring sufficient recuperative sleep is an important means to optimize resilience and performance. Therefore, it is recommended to monitor sleep, effects of sleep loss, and circadian disruption of military personnel engaged in heavy training programs or combat activities. To monitor sleep under field conditions, useful markers are subjective and objective (actigraphy) Total Sleep Time (TST) and subjective sleep quality. In addition, it is useful to monitor sleepiness and/or vigilance as markers of the state of fitness of personnel under field conditions. Assessment of performance of a vigilance task is a most sensitive option to monitor effects of sleep deprivation and circadian mismatch.  


With regard to monitoring resilience in more detail, assessment of heart rate variability during sleep, as a measure of sympathovagal balance, maybe a feasible method. Determination of blood levels of immunological or hormonal markers is not feasible under field conditions and results of such measurements are difficult to interpret in a practical context. 


In the day-to-day practice of monitoring sustained military operations there is no place for Electro-encephalography (EEG), Multiple Sleep Latency Tests (MSLT), Maintenance of Wakefulness Test (MWT), or assessment of Slow Eye Movements (SEM). Research should therefore be aimed to establish robust relationships between these objective measures and simple subjective methods, such as the Karolinska Sleepiness Scale and the Samn-Perelli Fatigue scale.


Models will be useful to enable planning of missions and practical management of sleep-related resilience during training or combat missions. Most models addressing sleep and performance relationships are not developed to predict military performance or resilience. The best option may be to consider the SAFTE, or FAST models  because these models have originally been developed for applied research in warfighting [25]. 


3 monitoring systems and field labs

For designing field labs to be used in operational settings we evaluated existing of the shelf products on physiological monitoring and used common well established methods to assess sleep, body weight and fat, cognition, subjective ratings, and weather.

Technological developments more and more enable the real-time assessment of physiological parameters. They are improving in functionality, decreasing in size and becoming feasible for use in military operational settings. For our field trials we tested the Zephyr (www.zephyrtech.co.nz/) and Equivital (www.equivital.co.uk) system in a laboratory setting and compared the signals with gold standards as measured with a Mobi physiological data logger (www.tmsi.com). Although both systems were comparable with respect to data quality and data loss, the Equivital system showed to be most ahead in integrating a core set of physiological signals in one central unit including core temperature (Figure 2).


[image: image3]

Figure 2: Equivital multi-sensor unit enabling the real-time, parallel and continuous assessment of EKG (and heart rate), respiration (and respiration rate), skin temperature, core temperature (pill), and body movement and position.

To measure the activity level of soldiers, covered walking or running distance and the speed of the movements were recorded. A GPS system (SPi-Elite, GPsports Australia) was mounted on the participant’s backpack. 


To assess sleep- and activity patterns we applied actigraphy in combination with a subjective sleep record. (Actiwatch: Cambridge Neurotechnology, Cambridge, UK).

To assess cognitive performance, three tasks have been chosen, running on a laptop computer (MSI U100, Taipei Hsien, Taiwan).Working memory was tested using the N-back task [26]. Reasoning and planning was tested using the Tower of Hanoi test (modified version of http://step.psy.cmu.edu/scripts-plus/ TOHx).Vigilance was tested using the VigTrack test.. This test is a dual-task measuring vigilance performance under the continuous load of a compensatory tracking task [27]. 


A Wet Bulb Globe Temperature (WBGT) was used to determine temperature (Celsius), humidity (%) and wind speed (m/s). A weather station (Oregon scientific WMR-200, Oregon Sciencific Inc., Portland, Oregon, USA) was used to measure temperature (Celsius), relative humidity (%), wind speed (m/s), rainfall (mm) and a heat index in case the temperature is higher than 27(C.


Combined with subjective ratings and observational measures, a field lab has been designed and applied to gather data during training courses for the Air Mobile Brigade and the Marines (Figure 3; see papers of Vrijkotte et al. and Veenstra et al. this proceedings). These data and data from future investigations will be used to build a multi-parameter model for predicting operational readiness.
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Figure 3: TNO Field Lab


4
data handling, data modelling and way forward

When assessing and predicting operational readiness of warfighters monitoring and data gathering are the basis for the next steps to come. The huge amount of data has to be structured, annotated and should be made accessible. Finally, based on these data, analysis and modelling techniques will be applied to reveal significant factors affecting and influencing military performance in terms of operational readiness and sustainability.

4.1
Data handling


The purpose of the data handling process is to build a so called data-warehouse. This data-warehouse not only enables data storage, but also data management, data accessibility and data analysis. The ware-house will be based on AnySense technology developed by TNO-ICT, and consists of 2 modules: AnySense Connect and AnySense World. The AnySense Connect  modules is concerned with gathering and storage of sensor data, while The AnySense World module will transpose the data to comprehensible and contextual information (Figure 4).
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Figure 4: AnySense Connect and AnySense World


4.2
Algorithms and Multi-parameter model


Parallel to the data-handling process a search will be performed for adequate analysis methods to be used for data-mining. Data-mining will reveal patterns and relationships in the huge amount of data. In this way new algorithms can be designed to feed new developed or improve existing performance models. In the end a so-called multi-parameter model will be developed to predict warfighter’s individual operational readiness and performance. This model will serve as the basis for operational support tools.

4.3
Way forward


Further research will be performed on new ambulatory measurement techniques as well as the validation of applied methods using gold standards and laboratory research. Other topics covered in this research program are the user interface, and the presentation of information to the user. The research program will also address issues as operational feasibility, ethical considerations and opportunities for performance and/or health enhancing interventions. In the end, the research program will deliver several results. The field lab will be fine tuned and optimized for operational research. Based on the combination of current knowledge/models and data gathered from the field trials, a multi-parameter model will be developed to predict operational readiness in soldiers during sustained operations (Figure 5). 
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Figure 5: Predicting individual operational readiness
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Abstract

Introduction: The physical and mental strain on combat soldiers is often high. They are exposed to a combination of factors that all contribute to the work load. These factors may include: sustained operations (up to 72 hours of continuous work), changing climatologically circumstances, different terrains (e.g. altitude), sleep deprivation, shift-work, nutritional shortage, and physical and chemical threats.  Ambulant (real-time) monitoring of the strain to which soldiers are exposed may help prevent acute health problems (e.g. heat casualties) and overreaching / overtraining injuries; while also contributing to the prediction of the physical and cognitive performance of soldiers. The aim of this study was to gain insight into the level of cognitive performance of soldiers during sustained operations and to explore different methods to monitor the amount of strain (environmental, stress, work, sleep) soldiers experience during these operations. Methods: Seventeen soldiers who participated in the Air Mobile Brigade training were measured during week 1, 3 and 5 of the training course. Cognitive performance (memory, logical reasoning and vigilance) was tested 5 times each week. Ambient temperature, WBGT, humidity, rain fall and wind speed were continuously measured by a weather station. Body weight and fat percentage measurements were performed at the start of each week and at the end of the training course. The soldiers wore a system that measured heart rate, skin temperature and core temperature. GPS systems were used to monitor the walking and running distance and speed. Military instructors rated the physical and mental strain of the training course and the soldiers filled out questionnaires about vigour, affect, need for recovery, perceived exertion, mental effort and sleep. Results: Cognitive performance was significantly decreased as compared to baseline levels during the 3 test weeks. Vigilance and the more complex memory tasks proved to be the most sensitive to variations in cognitive performance. Heart rate measurements provide a good measure for energetic demands during the training course. Analyzing time spent in different heart rate zones allows for comparison between days. Measurements of skin and core temperature also give an idea of the physical strain of the training, but will be more valuable in real-time monitoring of health. GPS measurements are suitable to monitor the strain of walking and running activities, but measuring carried load would improve the accuracy the monitoring system. The questionnaires showed decreased vigour scores, increased need for recovery, increased mental effort, decreased sleep time and increased sleepiness during the tests weeks. Future studies will focus on the relationship between the different strain factors and cognitive and physical performance. Also, efforts will be made to optimize the measuring devices and to add measurements of sleep and energy expenditure by using accelerometers.


1. Introduction


The physical and mental strain on combat soldiers is often high. Soldiers have to deal not only with the high physical strain of their tasks, but also with the circumstances under which the work has to be performed. Soldiers are exposed to a combination of factors that all contribute to the work load. These factors may include: sustained operations (up to 72 hours of continuous work), changing climatologically circumstances, different terrains (e.g., altitude), sleep deprivation, shift-work, nutritional shortage, and physical and chemical threats.  


Sustained operations and high levels of physical and mental strain do not only occur in real combat situations, but also in training courses. Although there are no hostile threats in training courses, factors such as physical strain (the actual work load is often higher in training situations), sleep deprivations, weather influences and mental stress (mental exercises, exams) play an important role. 


Physical and cognitive performance levels tend to decrease during sustained operations [1, 2]. Also, during extreme circumstances, the soldiers’ health can be at risk (short term and long term consequences).


There is a growing interest in monitoring and predicting soldiers’ performance. Ambulant (real-time) monitoring of the strain to which soldiers are exposed may lead to:


· prevention of acute health problems (e.g. heat casualties)


· prevention of overreaching / overtraining injuries of soldiers by using the data for adjustment of training load or work load


· prediction models for physical and cognitive performance levels of soldiers


The Netherlands Defence Organization initiated a 4-year Defence Research Program in 2008. This Program, called ‘Military Performance and Health Monitoring’, aims at developing knowledge on physical and cognitive sustainability during military operations in extreme environments. In return, this knowledge will be used to develop (real-time) performance and health monitoring systems for individual operational readiness.


This report describes the first field study conducted in the Research Program. The aim of this study was to gain insight into the level of cognitive performance of soldiers during sustained operations and to explore different methods to monitor the amount of strain (environmental, stress, work, sleep) soldiers experience during these operations.


2. Methods


2.1 Design of the study


subjects


Soldiers (20 – 43 year old; mean ± sd: 29.1 ± 5.3) who qualified for the Air Mobile Brigade training course took part in this study (n=17). Qualification took place two weeks before the start of the training course. In this qualification, soldiers were tested on their physical and cognitive status by military instructors. The soldiers were informed about the study and the measurements in advance and all gave their written informed consent.


design


The Air Mobile Brigade training course started on the 25th of August 2008 and lasted until the 10th of October 2008. Baseline measurements took place on August 22nd 2008. During this day the soldiers were informed about the purpose of the measurements; received information about all measurements; got acquainted with the monitoring systems; filled out questionnaires; practiced the tasks measuring cognition three times and were free to ask questions.


The first (25 – 29 August), third (8 – 12 September) and fifth (22 – 26 September) week of the training course the soldiers were trained in the field. It was during these weeks that the soldiers had to perform tasks to measure their cognition five times: on Monday, Wednesday and Friday morning and in the afternoon on Wednesday and Friday. During the days in which the cognitive testing took place, the physiological parameters of the soldiers were continuously measured. During the remaining weeks (week two, four, six and seven), physical activity was less pronounced and the soldiers were not measured. The soldiers went home on weekends. The trainings sessions were held on different locations in the Netherlands.


2.2 Climate measurements


Climate circumstances were measured during the test weeks using two devices. A Wet Bulb Globe Temperature (WBGT) was used to determine temperature (Celsius), humidity (%) and wind speed (m/s). Temperature was calculated using the following formula:
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A weather station (Oregon scientific WMR-200, Oregon Sciencific Inc., Portland, Oregon, USA) was used to measure temperature (Celsius), relative humidity (%), wind speed (m/s) and rainfall (mm).


2.3 Cognitive performance


To assess cognitive performance, three tasks were performed. Total completion time was about 20 minutes. The tasks were performed on a laptop (MSI U100, Taipei Hsien, Taiwan).


2.3.1 Working memory


Working memory was tested using the N-back task [3, 4]. Three levels of difficulty (0-back, 1-back, 2-back) were included. The total duration of the test was 5 minutes. Reaction time and accuracy were recorded. 


2.3.2 Logical reasoning


Reasoning and planning was tested using the Tower of Hanoi test (modified version of http://step.psy.cmu.edu/scripts-plus/ TOHx). The test consisted of seven patterns that needed to be solved ranging from 2-step problems to 7-step problems. On average, the time needed to execute the task was 5 minutes. The time taken to solve the tasks and the number of illegal moves were recorded.


2.3.3 Vigilance


Vigilance was tested using the VigTrack test (Vigilance and Tracking test, [5]). The time of the test was set at 5 minutes. Deviation from the target, reaction time, illegal responses, and missed responses were recorded.







   


2.4 Physiological measurements


2.4.1 Anthropometry


Weight measurements were performed with a Seca 770 scale (Hamburg, Germany) and fat percentage was measured with a caliper (Servier), according to the method of Durnin en Womersley [6].

2.4.2 Heart rate, skin and core temperature 

A number of physiological parameters were measured using Hidalgo Equivital™ Life Monitors (Hidalgo Limited, Cambridge, UK). These systems are worn at the chest and measure: heart rate, skin temperature and core temperature with the use of a Jonah™ core temperature sensor (JonahTM Ingestible Core Temperature Capsule, Mini Mitter Co., Bend, Oregon).




    
       


Summary data was calculated every 15 seconds and used for further analysis. Data was inspected and measurement errors were excluded from the data using Matlab (The MathWorks, Natick, USA). Heart rate was resampled to a frequency of 1/60 Hz. The quality of the signal was rated a ‘1’ for a good signal and a ‘0’ for a poor signal. The signal was rated good when 


· the Heart rate quality signal (provided by Hidalgo) was ≥ 70%


· the Heart rate was between 30 and 200 beats per minute


Heart rate was recalculated into percentage Heart Rate Reserve with the following equation, developed by Karvonen et al. [7]:
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The resting HR (HRrest) of the soldiers was determined over the test period. The lowest HR of good quality averaged over 60 seconds of the whole test period was used as resting HR. The maximum HR (HRmax) was determined by finding the highest HR with good quality averaged over 60 seconds of the whole test period.


HRR values were recoded into different intensity zones. As a measure for physical strain, time spent in the different zones was used. The following intensity zones were used:


Zone 1: 0-50% HRR 

(low activity level)


Zone 2: 50-75% HRR

(moderate activity level, mainly aerobic)


Zone 3: 75-100% HRR

(heavy exercise, also anaerobic component)


2.5 Distance and Speed

As a measure for the amount and intensity of movement, walking or running distance and the speed of the movements were recorded. A GPS system (SPi-Elite, GPsports Australia) was mounted on the soldiers’ backpack. The system measured continuously during the training weeks. Walking or running speed is presented as amount of meters per day per speed zone. Table 1 shows the defined zones:

Table 1: Walking or running speed belonging to zones 0 to 6


		Zone

		Speed (km/h)



		0 (no movement)

		0 – 1



		1

		1 – 2



		2

		2 – 4



		3

		4 – 6



		4

		6 – 8



		5

		8 – 13



		6 (not walking/running)

		> 13





2.6 Subjective measurements


2.6.1 Instructors ratings


During the training course, the instructors were asked to subjectively rate the physical and mental strain of the training course during the measurement weeks on a scale from 1 ‘very heavy’ to 5 ‘light strain/ rest’.


2.6.2 Questionnaires


Questionnaires were filled out (i) during the baseline measurement, (ii) during all test moments during the training course and (iii) at the end of the training. The following questionnaires were used:


· GVA

(Global Vigour and Affect Scale)


· HBV

(Dutch Need for Recovery Questionnaire)


· RPE

(Rate of Perceived Exertion)


· RSME

(Rating Scale Mental Effort)


· Sleep diary 


· SSS

(Stanford Sleepiness Scale)

GVA


The Global Vigour and Affect Scale (GVA) was used to detect subjective changes in vigour (GV) and affect (GA) [8]. The scores give an indication of the changes in mood and activation / alertness of the soldiers over time. The scale contains eight items, ranging from 0 (‘not at all’) to 100 (‘very much’). Four items are used for the vigour score: alertness, sleepiness, effort and weariness. The other four items (happiness, calmness, sadness and tenseness) are used to determine the affect score.


HBV


The Dutch Need for Recovery Questionnaire (HBV, [9]) rates the extent to which soldiers need time to recover. The questionnaire gives insight in the subjective strain of the training course. The questionnaire consists of 11 yes/no items.


RPE


The Rate of Perceived Exertion (RPE, [10]) rates the amount of perceived exertion using one question. Soldiers rate how exerted they are. The answer ranges from 6 (‘no effort’) to 20 (‘maximal effort’). 


RSME


The Rating Scale Mental Effort (RSME, [11]) rates the perceived mental effort with one question. Soldiers have to indicate how much effort it took them to complete the tasks during the training course. Answers range from 2 (‘no effort’) to 112 (‘enormously effortful’).


Sleep diary


A sleep diary was filled out by the soldiers to get insight in the sleep-wake rhythm. The total sleep time, quality of the sleep (ranging from 1 (‘very poor quality’) to 4 (‘very good quality’)), time needed to fall asleep and the sleep efficiency were used for analysis. The diary consists of 10 questions.


SSS


The Stanford Sleepiness Scale (SSS, [12]) rates the alertness of the soldiers. It is a quick way to get insight into the sleepiness of the soldiers during the training course. The SSS consists of one question with a 7-point scale, ranging from 1 (‘feeling active and vital; wide awake’) to 7 (‘almost in reverie; sleep onset soon; lost struggle to remain awake’).

2.7 Statistical analysis


A within-subjects repeated-measures ANOVA was used to analyze the data over the three weeks for the soldiers who completed the training course, using Statistica 7.0 software (Statsoft, Tulsa, USA). When the analyses revealed a significant difference, a Tukey Honest Significant Difference (HSD) test was used for post hoc comparisons. The level of statistical significance was set at p = 0.05.


3. Results


During the training course, 8 of the 17 soldiers dropped out because of medical reasons (n=5) or negative decision of the instructors (n=3). For comparisons over time, data of the remaining 9 soldiers who completed the training course is presented.


3.1 Weather measurements


During the training course, weather conditions were measured to assess the environmental strains. As an example, figures 1a and 1b show the measured temperatures, humidity, rainfall and wind speed over the days during the first training week. 
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Figure 1a: Temperature and rainfall during week 1
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Figure 1b: Humidity and wind speed during week 1

No extreme temperatures, wind speeds or rainfall were measured during the weeks, see table 2 where average weather measurements are presented. Unfortunately, no temperature, rainfall and humidity were measured during week 2.  Also, some data is missing due to transportation to other locations. There were no opportunities to measure the weather when travelling.


Table 2: Minimal, maximal and average temperatures, rain, wind and humidity during the training course


		Weather condiotions

		Week 1

		Week 2

		Week3



		

		Min – max; Mean ± sd 

		Min – max; Mean ± sd 

		Min – max; Mean ± sd 



		WBGT

		15.1 – 36.5; 19.6 ± 5.0

		9.8 – 31.5; 18.5 ± 5.3

		5.1 – 26.2; 13.4 ± 4.9



		Temperature

		15.8 – 25.9; 18.4 ± 2.3

		-

		6.7 – 24.5; 13.8 ± 3.7



		Rainfall

		0 – 3.6       ; 0 ± 0

		-

		0 – 0.1     ; 0 ± 0



		Wind Speed

		1.2 – 3.6    ; 2.7 ± 0.7

		0.8 – 3.6  ; 2.3 ± 0.8

		2.3 – 4     ; 3.4 ± 0.5



		Humidity

		42.3 – 96   ; 79.5 ± 13.3

		-

		35.0 – 98 ; 76.2 ± 16.7





3.2 Cognitive performance

Cognitive performance was measured 5 times per week:


1 
– 
Monday morning


2 
– 
Wednesday morning


3 
– 
Wednesday afternoon


4 
– 
Friday morning


5 
– 
Friday afternoon


3.2.1 Working memory (N-back task)


The Two-Back task was more sensitive to changes in cognitive performance than the Zero-Back and the One-Back tasks, meaning that higher difficulty levels led to greater decreases in soldiers’ performance.  The Two-Back showed a significant (p< 0.01) lower percentage of correct Target responses during the Wednesday- and Friday morning in week 2 (figure 2a). On Friday morning in week 3, soldiers scored significantly worse compared to the other test moments that week (p< 0.05). The Two-Back showed significant differences in reaction time between the weeks and the test moments [F(8,64)=2.16, p< 0.05]. The Friday morning test resulted in significant lower reaction time than the tests on Wednesday morning and Friday afternoon (p< 0.05), shown in figure 2b. 
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Figure 2a: % Correct Target responses Two-Back 

Figure 2b: Reaction Time Target Two-Back


3.2.2 Logical reasoning (Tower of Hanoi)


The completion time in week 2 differed significantly from the completion time in week 1 and 3 (p< 0.01). The Wednesday morning results and the Friday morning results revealed that the soldiers needed significant longer completion times (p< 0.01) compared to all other test moments in week 1, 2 and 3 (figure 3).
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Figure 3: Mean completion time of the Tower of Hanoi


3.2.3 Alertness/ vigilance (VigTrack)


The VigTrack task measuring alertness and vigilance showed significant Tracking differences between the weeks and the measurement moments [F(8,64)=9.93, p< 0.01]. The results in week 2 (figure 4) revealed significant higher deviations from the Target compared to the results in week 1 and 3 (p< 0.01).


During the Friday afternoon in week 1, soldiers had a significantly higher mean deviation from the Target during the Tracking task compared to the test moments 1 to 3 during that same week (p< 0.01). Week 2 showed a lot of variation in results. Especially, the measurements on Wednesday morning and Friday morning revealed high deviations from the target and thus worse vigilance. During these two test moments in week 2, soldiers showed significantly different results compared to the same test moments in week 1 and 3 (p< 0.01). Wednesday afternoon in week 2 resulted in significantly worse tracking performances compared to the same test moment in week 1 and 3 (p< 0.05).
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Figure 4: Mean deviation from the Target during the VigTrack


The soldiers showed significant differences in vigilance as well. Reaction times were significantly different between the weeks and between the test moments [F(8,64)=6.47, p< 0.01] (figure 5a). Like the tracking task, there was a significant difference in reaction time during the second week compared to the other weeks (p< 0.01).
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Figure 5a: Reaction times on the stimulus during 
 
Figure 5b: Percentage of missed stimuli during the VigTrack 





 the VigTrack


The changes in reaction time showed almost the same pattern as the percentage of missed stimuli (figure 5b). The results of the tracking task of the VigTrack and the percentage missed stimuli were even more alike.


3.3 Physiological measurements

3.3.1 Anthropometry


The soldiers who completed the training course showed a significant decrease in weight over time [F (3,24)=4.01, p<0.05]. The post hoc test revealed that the weight measured at the end of the training course was significantly lower than the weight at the start of the course. Their weight reduced by almost two kilograms (table 3).


The soldiers showed a significant decrease in fat percentage over time [F(3,24)=10.42, p<0.01]. Post hoc analysis showed that the fat percentage during week 3 and during the end measurement was significantly lower than the fat percentage at the start (see table 3). 


Table 3: Weight and fat percentage of soldiers who completed the training course (n=9)


		

		Weight (kilograms)

		Fat percentage (%)



		

		Mean ± sd

		Mean ± sd



		Start week 1

		85.48 ± 2.81

		15.86 ± 1.42



		Start week 2

		84.84 ± 2.74

		14.92 ± 1.35



		Start week 3

		84.69 ± 2.52

		14.16 ± 1.48



		End of course

		83.71 ± 2.31

		13.68 ± 1.28





3.3.2 Physiology


Heart rate


Figure 6 shows an example of HRR values of one of the subjects during the training course. Measurements started Monday, Wednesday and Friday morning and lasted approximately 24 hours for the Monday and Wednesday measurements and until Friday afternoon for the Friday measurements. On Wednesday afternoon in week 2, the measurement devices were removed for a few hours, because of safety reasons. The colors in the graphs represent the different heart rate zones (green: 0-50% HRR, orange 50-75% HRR and red 75-100% HRR), as defined in section 2.4.2. 
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00


10


20


30


40


50


60


70


80


90


100


7:159:1511:1513:1515:1517:1519:1521:1523:151:153:155:15


Time


Percentage HRR (%)


[image: image12.emf]Week 2, Wednesday


00


10


20


30


40


50


60


70


80


90


100


5:357:359:3511:3513:3515:3517:3519:3521:3523:351:353:35


Time


Percentage HRR (%)


[image: image13.emf]Week 2, Friday


00


10


20


30


40


50


60


70


80


90


100


7:09 9:09 11:09 13:09


Time


Percentage HRR (%)




[image: image14.emf]Week 3, Monday


00


10


20


30


40


50


60


70


80


90


100


7:159:1511:1513:1515:1517:1519:1521:1523:151:153:155:15


Time


Percentage HRR (%)


[image: image15.emf]Week 3, Wednesday


00


10


20


30


40


50


60


70


80


90


100


6:408:4010:4012:4014:4016:4018:4020:4022:400:402:404:40


Time


Percentage HRR (%)


[image: image16.emf]Week 3, Friday


00


10


20


30


40


50


60


70


80


90


100


7:00 9:00 11:00 13:00 15:00


Time


Percentage HRR (%)




Figure 6: HRR values of one of the subjects

The mean HRR values for the group per day are presented in table 4.


Table 4: Mean HRR (in %HRR) per day (n=9)


		

		Week 1

		Week 2

		Week 3



		

		mon

		wed

		fri

		mon

		wed

		fri

		mon

		wed

		Fri



		Mean

		36

		35

		50

		32

		26

		30

		40

		36

		43



		Sd

		22

		18

		19

		19

		13

		14

		20

		15

		23



		Mean time


recorded


(minutes)

		1223

		1152

		560

		1226

		1031

		456

		1246

		1073

		482





For a better understanding of the energetic strain, figure 7 presents the amount of time spent in the different HRR zones. Week 1 and week 3 reflect higher physical activity levels as compared to week 2.
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Figure 7: Time spent in the defined HRR zones (n=9)


Core and skin Temperature


Core temperature was measured by a Jonah™ core temperature sensor. Each night (between 11PM and 4AM) prior to the measurement day, soldiers swallowed the pill. Highest core temperatures were measured during the first week on Monday and Friday. During those days, core temperature reached values over 38.5(C averaged per hour. Lowest temperatures were measured early in the morning on Tuesday during all three weeks, reflecting the resting period of the soldiers. During the other days of the weeks the resting periods were shorter and more spread over the day. Skin temperature was measured by the Hidalgo belt that was worn around the chest. The skin temperature in figure 8 represents chest temperature. 
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Figure 8: Combined core and skin temperature (n=9)


3.4 Distance and speed


Figure 9 shows the walking and running distances per day as measured by the GPS system. Distances are presented per speed zone.
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Figure 9: Distances walked in the different speed zones 


3.5.1 Instructors ratings


The instructors of the Air Mobile Brigade training course were asked to rate the physical and mental strain on the soldiers during the three test weeks (figures 10a, 10b and 10c). A high score indicates that the strain was light, while a low score indicates high strains. Scores were given per half hour for each day. When looking at the figures, the Tuesday during week 1 was rated by the instructors as a very light day for the soldiers while the Friday during that same week asked a lot more from the soldiers both physically and mentally. When comparing the three weeks, week 3 seems to be the lightest week with some strain on Monday. Interestingly, there is hardly any moment where the soldiers face either physical or mental strain. Rather, physical and mental strains are generally experienced concurrently.
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Figure 10a: Physical and mental strain ratings of the instructors during week 1
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Figure 10b: Physical and mental strain ratings of the instructors during week 2
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Figure 10c: Physical and mental strain ratings of the instructors during week 3


3.5.2 Questionnaires


Global Vigour and Affect (GVA)


Vigour scores during the course showed significant differences between the weeks and within the weeks [F(8,64)=5.90, p< 0.01]. Scores on Global Vigour (vigour/ liveliness) were significantly lower during week 2 compared to week 1 and 3 (p< 0.01) (figure 11a). The highest vigour scores were seen during the first test moment on Monday morning. From the second test moment on, the soldiers scored significantly lower on vigour during all three weeks. 
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Figure 11a: Global Vigour on the GVA
 

Figure 11b: Global Affect on the GVA


The GA (affect) scores were significantly lower in week 3 than during week 1 and 2 [F(2,16)=15.84, p< 0.01] (figure 11b). At the Friday morning test, the  soldiers rated significantly lower affect scores compared to the other measurement moments (p< 0.05). No other significant differences were found in affect.


Dutch Need for Recovery Questionnaire (HBV)


There were no significant differences between the weeks when questioning the soldiers about their need for recovery. It was only the first day of the week that the soldiers reported significant lower [F (4, 32) =25.81, p<0.01] needs for recovery (figure 12).
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Figure 12: Need for recovery


Rate of Perceived Exertion (RPE)


The rate of perceived exertion was rated significantly lower during the first day of week 1 compared to week 2 and 3 [F(8,64)=6.29, p< 0.01] (figure 13). During this first test moment soldiers rated their exertion with a score little lower than 12, meaning ‘light’ effort; while the scores during the rest of the week and week 2 and 3 all were between 16.5 and 18.5, corresponding to ‘very heavy’.
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Figure 13: Rate of Perceived Exertion


Rating Scale Mental Effort (RSME)


Soldiers rated their mental effort during week 1 significantly lower when compared to week 2 and 3 [F(2,16)=15.86, p< 0.01]  (figure 14). It was the Monday morning test during week 1 that was rated significantly lower on mental effort by the soldiers compared to all other measurement moments (p< 0.01). 
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Figure 14: Mental effort measured with the RSME


Sleep diary


Total sleep time was assessed on Monday, Wednesday and Friday. The results show the amount of sleep over the last 24 hours prior to the test moment (figure 15).
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Figure 15: Total sleep time


The amount of sleep of the soldiers was significantly less during week 2 compared to week 3 [F (2,16)=4.42, p<0.05]. Not only did the amount of sleep differ between the weeks but also within the weeks significant differences in total sleep time were found. The amount of sleep decreased significantly from the first test moment on Monday till the last test moment on Friday [F (2,16)=123.20, p<0.01]. At the start of the test weeks, all soldiers slept around six hours, while halfway during the week the amount of sleep was reduced to 2.5 to almost 5 hours. At the end of the week, the amount of sleep reduced to no more than 1 hour of sleep.


Stanford Sleepiness Scale (SSS)


The results showed significant differences between the weeks and within the weeks [F (8,64=4.61, p<0.01]. The sleepiness of the soldiers was significantly higher during week 2 compared to weeks 1 and 3. No significant difference was observed between week 1 and 3. The rates at the test moments within the weeks demonstrate that the soldiers became significantly sleepier over time (figure 16). 
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Figure 16: SSS score


4. Discussion

The first goal of this study was to gain insight in the cognitive performance levels of soldiers during sustained operations. Does high physical and mental strain, in combination with sleep deprivation, lead to decreased performance on cognitive tasks? In this study, three cognitive tests were used that measure memory, logical reasoning and vigilance. The results show a significant decrease in cognitive performance as compared to baseline levels during the 3 weeks, which can be regarded as 3 separate sustained operations. The VigTrack test appeared to be the most sensitive test to detect changes in cognitive performance levels. In the memory test, the more complex test (Two-Back) was more sensitive to changes than the relatively simple tests (Zero-Back and One-Back). Scores for logical reasoning (Tower of Hanoi) did not vary a lot.


The decreased cognitive performance levels correspond with the findings of Lieberman et al. [13]. These authors also found a decrease in self-reported vigour and an increase in fatigue, depression, anger and confusion. In the present study, global vigour scores decreased strongly during the 3 weeks. Also, a significant increase in ‘need for recovery’, ‘mental effort’ and ‘sleepiness’ was shown. A new multi-component assessment model for monitoring training distress is proposed by Main and Grove [14]. This model combines measures of mood disturbance with measures of perceived stress and symptom intensity. This new model looks promising for future field studies.


The second goal of this study was to explore different methods for monitoring the amount of strain soldiers experience during sustained operations. Because the focus of this study is on the applicability of different devices in a military setting, the absolute values of data measured in the study will not be discussed in this paper. The data will be used, however, in combination with data from other field studies, to investigate relationships between the different strain parameters and physical and cognitive performance. Also, the data are useful for the military command as a first objective measure of cognitive performance and strain during their training course.


Measuring ambient temperature, wind speed, relative humidity and radiation in a field setting is possible using the weather stations, although improvements can be achieved by using smaller sensors that can be mounted on the soldiers’ backpack. Furthermore, data of different sensors can be transformed to indices like Wind Chill [15] and Heat Index / humidex [16] as a measure for combined effects. 


Heart rate is an important and easy-to-measure parameter for energetic demands. The use of heart rate reserve values is well accepted as is the use of different heart rate zones, although different zones are used depending on the application. Heart rate zones used for training athletes will differentiate in the higher levels of %HRR. For measuring work load, also the lower heart rates should be taken into account. One of the methods to convert heart rate data to one measure of training load per unit of time is the TRIMP (TRaining IMPulse) score [17]. Here also, for the purpose of monitoring workload of soldiers, a combined score has to cover the whole range of work intensities. To our knowledge, only one study used the TRIMP score to quantify workload [18]. One of our future goals is to modify the TRIMP method for measuring (energetic) workload of soldiers.


Measuring skin temperature and core temperature works well with the Hidalgo system. Core temperature also gives an indication of the work load. The most important application for core temperature lies in real-time monitoring, where it serves as an early warning for heat stress. A useful measure for this purpose is the Physical Strain Index (PSI) developed by Moran et al. [19]. The PSI is calculated from heart rate and core temperature. The PSI is not presented in this field study, but will be used in future research.

GPS systems are suitable to monitor walking or running distance and speed. Only in heavily wooded areas, the quality of the signals is poor and will lead to errors. The Netherlands Army is developing a system that combines GPS data with data of an accelerometer to be able to correct for these errors. 

Apart from distances and speed, load carried on the body is an important factor in the total workload of soldiers. Continuous measurement of total body weight by means of pressure sensors in the shoe will allow a more accurate measurement of the total workload. A project has started for the development of a device to measure bodyweight during operations. In analogy with the TRIMP score, total strain of walking and running might be expressed in one index calculated from distance, speed en body load.


Finally, accelerometers have great potential in ambulant monitoring. Applications are quantifying sleep, quantifying activity and estimating energy expenditure. The second field study of the research program will focus on the validity of different accelerometers towards energy expenditure, measured by the doubly labelled water technique. In a laboratory study, the validity of accelerometers predicting sleep quantity will be studied.
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Abstract


Exercise load and intensity, as reflected in energy expenditure, are determinants of performance. Here, we evaluated a newly developed tri-axial accelerometer for movement registration (Directlife, Philips Research, Eindhoven, The Netherlands) for the assessment of exercise intensity and exercise load at high-intensity field training. Subjects were 16 well-trained men with a mean (±SD) age of 24 ± 3 y and body fat of 15.8 ± 2.1 %. Physical activity was monitored continuously with accelerometers for a twelve-day interval while total energy expenditure was measured simultaneously with the doubly labelled water technique. Subjects did wear three accelerometers, 3 x 3 x 1 cm and 13 g each, at three different locations, trouser pocket, waist belt and breast pocket. Accelerometer output was stored over one-minute intervals and loaded to a computer at the end of the training interval. Urine samples were collected at baseline, before drinking the doubly labeled water as a last drink of the day, on the subsequent day and at further four-day intervals. Urine samples were analyzed with Isotope Ratio Mass Spectrometry. There was a significant body weight loss of 2.0 ± 1.4 kg (P < 0.001) over the twelve-day interval, indicating the intensity of the training. The physical activity level, total energy expenditure as a multiple of predicted basal metabolic rate, was with a mean of 2.5 ± 0.1 around the upper limit for sustainable lifestyles. Variance in activity energy expenditure, calculated as total energy expenditure minus resting expenditure, was explained for 73 % (P < 0.001) by body mass. Adding accelerometer output to the model raised the explained variance to 85 % (P < 0.05) by including body acceleration measured with the waist- device. In conclusion, after adjusting for differences in body mass, the newly developed tri-axial accelerometer for movement registration explains nearly halve of the variance in exercise intensity and exercise load at high-intensity field training.


Introduction


Optimization of military training to improve performance requires information on exercise intensity and exercise load. Exercise can be defined as body movement, produced by skeletal muscles, resulting in energy expenditure (1). The doubly labeled water method has become the gold standard for the validation of field methods of assessing physical activity and exercise (2). Accelerometers for movement registration are more and more used to objectively assess body movement including frequency, duration and intensity, and can be used at a larger scale than the more expensive doubly labeled water method (3).


About 25 years ago, the doubly labeled water method was introduced for human use (4). The principle of the method is that after a loading dose of water labeled with the stable isotopes of 2H and 18O, 2H is eliminated as water, while 18O is eliminated as both water and carbon dioxide. The difference between the two elimination rates is therefore a measure of carbon dioxide production. The deuterium (2H) equilibrates throughout the body's water pool, and the 18O equilibrates in both the water and the bicarbonate pool. The bicarbonate pool consists largely of dissolved carbon dioxide, which is an end product of metabolism and passes in the blood stream to the lungs for excretion. The rate constants for the disappearance of the two isotopes from the body are measured by mass spectrometric analysis of samples of a body fluid: blood, saliva or urine. The method can be used to measure carbon dioxide production and hence energy production in free-living subjects for periods of some days to several weeks. The optimal observation period is 1-3 biological half-lifes of the isotopes. The biological half-life is a function of the level of the energy expenditure. The minimum observation interval is about 3 days in highly active subjects like cyclists in the 'Tour de France' and Olympic cross-country skiers (5, 6). The maximum interval is about 4 weeks in elderly (sedentary) subjects.


Accelerometers are electronic motion sensors that exist of piezo-resistive or piezo-electric sensors. Over the past decades, advances in technology have resulted in the development of small uni- and tri-axial accelerometers for movement registration with a data storage capacity of several days or weeks. Uni-axial accelerometers measure accelerations in one direction, usually mounted in the vertical direction. Tri-axial accelerometers measure accelerations in the anterior-posterior, medio-lateral and vertical direction. For a wide range of different activities, tri-axial accelerometers provide more information and show a better relation with activity energy expenditure than uni-axial (7). About fifteen years ago, a tri-axial accelerometer for movement registration (Tracmor) was developed at our department (8).


Here, a newly developed tri-axial accelerometer for movement registration (TracmorD; Directlife, Philips Research, Eindhoven, The Netherlands) was evaluated for the assessment of exercise intensity and exercise load at high-intensity field training, with doubly labeled water assessed energy expenditure as a reference. TracmorD consists of three separate uni-axial piezo-electric accelerometers, measures 3 x 3 x 1 cm, is waterproof and weighs 13 g with battery included. Battery power and storage capacity allow continuous data acquisition for periods of at least three weeks after which data can be downloaded into a computer.


Methods


Subjects were 16 well-trained men, participating in a two-week high-intensity field-training program in Wales, UK. Physical activity was monitored with TracmorD instruments located at three body positions: trouser pocket; waist belt; and breast pocket. Thus, body movement was monitored continuously for twelve subsequent days where instruments were charged before the start and data downloaded into a computer after the observation interval. Simultaneously, total energy expenditure was measured over the twelve-day interval with doubly labeled water. Body composition and changes in body composition were calculated from body weight and total body water as measured at the start and at the end of the observation interval (9).


The training program included non-tactical and tactical off-road marches of varying length, rifle and machine gun training, tactical skills and combat maneuvers and live-fire exercise in a broken ground area. The first part of the twelve-day observation period was dominated by dynamic activities, the second part by stationary activities. Halfway the training program the subjects had one and a halve day off.


TracmorD data were analyzed for exercise load and exercise intensity. Total energy expenditure (TEE) was measured with doubly labeled water according to the Maastricht Protocol (9). Briefly, at 10:00 p.m., before the measurements and after collecting a baseline urine sample, the subjects drank a weighed mixture of 2H2O (99.9 atom %) and H218O (10 atom %) resulting in an initial excess total body water enrichment of 125 ppm for deuterium and 250 ppm for oxygen-18. Total body water was estimated from calculated body composition, based on height, weight, age and gender, with the equation of Deurenberg et al. (10), assuming a 73% hydration of fat-free mass. Subjects consumed no foods or fluids for 10 hours after dose administration, during the overnight equilibration of the isotopes with the body water. Subsequent urine samples were collected from the second voiding in the morning of day 1, 5, 9, 12 and the evening of day 12. Isotope quantities (deuterium and oxygen-18) in the urine were measured with an isotope ratio mass spectrometer (Optima, VG Isogas, UK), and CO2 production was calculated from isotope ratios at the baseline, and days 1, 5, 9 and 12, using the equations from Schoeller et al. (11). CO2 production was converted to daily metabolic rate using an energy equivalent based on the average macronutrient composition of the diet (12). Activity energy expenditure (AEE) was calculated from TEE and basal metabolic rate (BMR) as TEE x 0.9 – BMR, assuming diet-induced thermogenesis of 10% (13). Basal metabolic rate was calculated with a prediction equation based on body composition (14). Additionally, physical activity level (PAL) was calculated by expressing total energy expenditure as a multiple of BMR (PAL = TEE /BMR).


Results


The mean body mass of the subjects was with 24.3 kg/m2 (Table 1) close to the cut-off point of 25 kg/m2 for overweight, and the mean body fat content was with 15.9 ± 2.1 % close to the reference value of 15 % for young men. There was no relation between body mass index and body fat content (P = 0.56). Three subjects were overweight, body mass index 26.2, 26.7 and 27.2 kg/m2, while body fat content was 15.2, 19.1 and 15.6 %, respectively, indicating only one of the three overweight subjects was relatively fat.


Table 1: Characteristics of 16 men participating in the study



Mean ± SD
range


Age (y)
24 ± 3
19 - 29


Body weight (kg)
83.9 ± 9.6
72.4 - 107.6


Body mass index (kg/m2)
24.3 ± 1.6
21.4 – 27.2


Body fat (%)
15.9 ± 2.1
12.0 - 20.1


Total energy expenditure (MJ/d)
20.9 ± 2.2
17.9 - 26.1


Activity energy expenditure (MJ/d)
10.5 ± 1.3
8.5 – 12.9


Physical activity level*
2.5 ± 0.1
2.3 - 2.8


*Total energy expenditure as a multiple of basal metabolic rate


Total energy expenditure was high as reflected in the mean PAL value of 2.5 ± 0.1. Subjects lost 2.0 ± 1.4 kg body weight over the twelve-day observation interval (P < 0.001). The change in body weight was mainly due to a loss of body fat of 1.1 ± 1.6 kg (P = 0.01). The change in fat free mass of -0.9 ± 1.8 kg was just not significant (P = 0.07).


Overall variance in exercise load between subjects, as reflected in activity energy expenditure, was mainly explained by differences in body weight and exercise intensity. (Table 2). Subjects with a larger weight need more energy to perform weight-bearing activities. The next variable was exercise intensity as measured at the waist, explaining 12 % of the total variance in activity energy expenditure. The output from the TracmorD in the breast- and trouser pocket did not significantly contribute to the explanation of variance in activity energy expenditure. Thus body acceleration measured at the waist explained nearly halve of the remaining variance in activity energy expenditure after body weight.


Table 2: Explained variance and regression coefficients (ß) of activity energy expenditure on body weight and accelerometer output as measured at the waist (TracmorD,waist) 


Explained variance (%)
ß


Body weight
73
0.096***


TracmorD,waist after body weight
12
1.467*


Body weight and TracmorD,waist
85
-


P <0.05; *** P < 0.001


Over the separate three 4-day intervals of the 12-day observation interval, training in the first 4 days was dominated by dynamic activities, the second 4-day interval included the end of the dynamic interval, the free 1.5-day interval and the start of the final interval dominated by stationary activities. The change from dynamic to stationary activities was clearly reflected in the decrease of AEE from 11.7±1.2 MJ/d to 10.5±1.8 MJ/d (P <0.01) to 8.9 MJ/d (P <0.01) over the subsequent intervals, respectively. Over the first interval, body weight and activity intensity significantly contributed to explained variation in AEE (R2 = 0.36, P <0.05), over the last interval the significantly explaining variable was activity time (R2 = 0.62, P < 0.001).


Discussion


The mean PAL of 2.5 ± 0.1 reflects subjects performed at the upper limit of daily energy turnover. The main determinants of the exercise load were body weight, including standard load carriage, and body acceleration during the first interval with mainly dynamic exercises and activity time during the last interval with mainly stationary exercises.


The observed weight loss of 2.0 ± 0.1 kg over 12 days or 1.2 ± 0.1 kg/wk is similar to the weight loss of 0.4 to 2.3 kg/wk as observed in five studies on soldiers during field training, together including 66 subjects with a mean PAL of 2.4 ± 0.5 (15). High levels of exercise reduce appetite. To maintain energy balance at high intensity endurance activities might require the consumption of energy-rich drinks, a practice common in endurance sports (16).


The main determinant of exercise load is the weight to be displaced, especially during dynamic exercises like walking. The value of the regression coefficient of 0.096 is close to what is expected from a recent study using a tri-axial accelerometer to estimate AEE during activities including walking (17). The best-fit equation was a model where AEE was corrected for the square root of body weight. In the current study, body weight of the subjects ranged from 72 to 108 kg, resulting in a coefficient of 0.117 to 0.096 without load carriage and 0.095 to 0.082 with carriage of 40 kg, respectively.


Not surprisingly, activity intensity significantly explained a large part of the remaining variation in exercise load after inclusion of body weight, in the first part of the training period with mainly dynamic exercises. In the last part of the training period, dominated by stationary exercises, body weight was not a significant explanatory factor for inter-individual variation in AEE. Then, most of the variation in AEE was explained by activity time as read from the accelerometer.


The accelerometer location at the waist was superior to trouser pocket and breast pocket for estimating inter-individual variation in AEE. Theoretically, the waist location is closest to the center of gravity of the body. Additionally, the trunk is the largest part of the body mass to move during dynamic activities and thus trunk movements should have the largest impact on AEE. Indeed, many studies using accelerometers for the prediction of AEE located the accelerometer similarly (18-22).


An important weakness of the current study is the similarity of the subjects and the exercise protocol. All subjects were men in a narrow age range, 19-29 y, and similar physical fitness. They all participated simultaneously in the same training program as reflected in the narrow PAL range of 2.3 to 2.8. Thus, it is surprising the newly developed tri-axial accelerometer for movement registration explained nearly halve of the variance in exercise intensity and exercise load at high-intensity field training.
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Abstract

“Despite of military’s captivation with high technologies systems, human performance remains the keystone of successful military operations” [1]. Cognitive enhancing-drugs strategies has been developed to improve the normal span of human abilities for completing mission essential tasks. A combination of certain attitudes and behaviours constituting a more natural approach based on physical training, sleep rest strategies, or dietary and nutritional strategies has also been proposed. Researches exploring the impact of emotions' regulation on physiological processes and cognitive functioning are relatively scarce as studies has primarily focused on improving health and well-being by reducing negative emotions. The capacity to self-generate positive emotional states, however, can be developed and refined through the use of practical tools and techniques enhancing quickly shift to a physiologically quiet state by increasing parasympathetic flexibility, which is known to reflect an adaptive response to environment [2]. The French Army has developed a practical tool using different techniques in order to improve regulation of emotions before, during and after actions [3]. This psychological training is called “Technique d’Optimisation des Performances (TOP)”. The Institute of HeartMath® has also developed techniques for enhancing heart/brain synchronization (Heart Coherence; Cardiac Coherence (CC)), leading to a state of autonomic nervous system balance function that is correlated with improved cognitive function and health-related outcomes. The aim of this study is to evaluate the benefits of the use of these two practical tools for military pilots on conducting operational activities. Methods: Three groups of 10 middle-aged pilots were recruited from three different “escadrilles” to participate in the study.  They were designed by the head-quarter for a 2-month mission in Afghanistan in the following months. A group's randomisation was made for determining a group for TOP training, a group for CC training, and a control group. Psychological training was performed during 6 to 8 weeks. The experimental procedure consisted in collecting (i) psychological data (resilience, well-being, anxiety), (ii) 12h-night urines to assess allostasic load (cortisol, adrenaline, noradrenaline, DHEAs, Dopamine excretions), (iii) 12h-night to assess heart rate variability and (iv) IgA measures. These data were collected once before the mission for the control group and twice before the mission for the TOP and CC groups (before and after the psychological training). These measures will be also collected at the end of the mission. Results: All results will be available at the end of the mission in July 2009.

1.0
inTrOduction

The adaptative response to acute stress involves allostasis as the process of achieving homeostasis through physiological and behavioural changes faced to perceived and/or anticipated demand [4]. The main physiological response involves the Hypothalamo-Pituitary-Adrenal (HPA) axis which product cortisol, and the Autonomic Nervous System (ANS), which controls the release of adrenalin (epinephrine) from the sympathetic-adrenal-medullary system. The ANS constitutes an integrated system composed of two subsystems, the Parasympathetic Nervous System (PNS), which optimizes the function of the internal viscera by promoting anabolic activities and the Sympathetic Nervous System (SNS), which promotes increased metabolic output for intense muscular actions [2]. In response to a challenge, a transient withdrawal of the parasympathetic tone occurs with a reciprocal increased sympathetic tone and an adrenalin secretion to quickly mobilize the existing reserves of the body. These changes promote fight-flight behaviours. Cortisol works more slowly to mobilize and replenish energy stores. It also increases arousal and vigilance, helps to focus attention with the risk of tunnel vision, and enhances encoding of emotion-related memory [5]. Cortisol inhibits its own activity through negative feedback acting in the pituitary, hypothalamus, and several extra-hypothalamic regions such as hippocampus and frontal cortex [6]. When stressor facing persists or when stress activation is inefficiently inhibited at the end of stressor facing, deleterious effects of stress reaction occur with negative consequences on psychological and/or cognitive abilities, featuring the allostatic load. The latter is underpinned by imbalances in PNS and excessive endocrine production. For instance, extensive evidences indicate that interactions between cortisol and noradrenaline facilitate emotional memory consolidation and may lead to post-traumatic stress disorder occurrence [6]. When challenge stops, the cortisol equilibrium is restored, and the parasympathetic tone increases to promote homeostasis recovery. The capacity of vagal tone to adapt to environmental changes defines the vagal flexibility. An appropriate vagal response involves therefore a high vagal flexibility that both allows sympathetic activity to occur and limits its activation to the period of stressors presence [7,2]. Consequently, healthy physiology could be features by high levels of adaptative variability. Referred to the importance of parasympathetic or vagal influences on cardio-vascular regulation, the spectral analysis of heart rate variability (HRV) analysis is usually proposed as a method to assess vagal tone [7,2,8]. 


The mechanism by which perception may alter physiology, endocrine and immune functions and lead to pathology focus on the role of the limbic system in emotional experience, memory and learning. Whether the complex interplay between a number of brainstem nuclei and cell groups in the processing of information and the interpretation of experience, the role of amygdaloid complex is pivotal within the emotional system and may coordinate behavioural, immunological, and endocrine responses to environmental threats or perceived threats [4,910,11]. This complex is though to play a key role in comparing new incoming information with information stored in the emotional memory banks. Thus, by playing a pivotal role to determine the significant of the event [9], it makes instantaneous decision about the potential threat that incoming sensory information may pose [12]. Because of its extensive projections to the motor cortex, the lateral hypothalamus and other brainstem autonomic nuclei, this complex is able to “hijack” all other neural pathways to initiate behavioural response [13,14]. Each behavioural response leads to specific changes in immunity [15], cardiovascular system  and stress hormones [9,16].  


Because physical and psychological stresses are inevitable components of military life, studies in the military context are of considerable interest to researchers investigating normal and pathologic adaptation to stress. Over the years, stress responses and cognitive degradation to diverse military contexts have been documented using scenarii designed to simulate realistic stressful contexts [17,18,19]. Although these studies can enhance stress sometime at intense levels, their simulation conditions may render them in fact unrealistic, limiting therefore their experimental interest for stress investigation. The relationship between these training scenarii to stressful military exercises carried out in the realisticity had not yet been investigated.


“Despite of military’s captivation with high technologies systems, human performance remains the keystone of successful military operations” [1]. Cognitive enhancing-drugs strategies have been developed to improve the normal span of human abilities for completing mission essential tasks. A combination of certain attitudes and behaviours constituting a more natural approach based on physical training, sleep rest strategies, or dietary and nutritional strategies has also been proposed. Most efforts to enhance cognition are of a rather mundane nature, and some have been practiced for thousands of years. The prime example is education and training, where the goal is often not only to impart specific skills or information, but also to improve general mental faculties such as concentration, memory, and critical thinking. Other forms of mental training, such as yoga, martial arts, meditation, and creativity courses are also in common use. Education and training, as well as the use of external information processing devices, may be labeled as “conventional” means of enhancing cognition. They are often well established and culturally accepted. Researches exploring the impact of emotions' regulation on physiological processes and cognitive functioning are relatively scarce as studies has primarily focused on improving health and well-being by reducing negative emotions. The capacity to self-generate positive emotional states, however, can be developed and refined through the use of practical tools and techniques enhancing quickly shift to a physiologically quiet state by increasing parasympathetic flexibility, which is known to reflect an adaptive response to environment [2]. 


The French Air Force has developed a practical tool using different easy techniques of mental skill in order to improve regulation of emotions before, during and after actions ten years ago [3]. This psychological training, called “Technique d’Optimisation des Performances (TOP)”, consists of several mental activities as respiration, relaxation, visualization (Users vividly imagine themselves performing a task, repeatedly imagining every movement and how it would feel), positive emotion recalls, which are adapt to be use for preparation, action, and recovery. General mental activity—“working the brain muscle”—can improve performance and long-term health, while relaxation techniques can help regulate the activation of the brain and sleep improvement [20,21,22]. The procedure of training is standardised for individual and group. The TOP are actually widely practiced in air traffic controllers, with apparently good effects. A likely explanation for the efficacy of such exercises is that they activate the neural networks involved in executing a skill at the same time as the performance criteria for the task is held in close attention, optimizing neural plasticity and appropriate neural reorganization. 


The Institute of HeartMath® also has developed techniques for enhancing heart/brain synchronization (Heart Coherence, Cardiac Coherence (CC)), facilitating the maintenance of a physiologically efficient and highly regenerative inner state, characterized by reduced nervous system chaos and increased synchronization and harmony in system-wide dynamics. This psychophysiological mode, termed physiological coherence, is conducive to healing and rehabilitation, emotional stability, and optimal performance [23,24]. Recent research conducted at the Institute of HeartMath has demonstrated that HRV dynamics are particularly sensitive to changes in emotional state, and that positive and negative emotions can be readily distinguished by changes in heart rhythm patterns which are independent of heart rate. Specifically, during the experience of negative emotions such as anger, frustration, or anxiety, heart rhythms become more erratic or disordered, indicating less synchronization in the reciprocal action between the parasympathetic and sympathetic branches of the autonomic nervous system. In contrast, sustained positive emotions, such as appreciation, love, or compassion, are associated with a highly ordered or coherent pattern in the heart rhythms, reflecting greater synchronization between the two branches of the autonomic [25]. An important reason this technology is effective is that it uses HRV feedback for reflecting the activity of both the sympathetic and parasympathetic branches of the autonomic nervous system and the synchronization between them, and thus providing a window into the dynamics of the system 2 as a whole. Compared to EEG feedback, HRV feedback is also considerably simpler and more straightforward to learn and use, which facilitates rapid improvement. Further, because the instrumentation utilizes only a simple pulse sensor requiring no electrode hook-up, it is extremely versatile and can be used easily and effectively as an educational tool not only in clinical settings but also in the home, in the workplace, in schools, or even while travelling. Its cost-effectiveness also makes it accessible to a greater number of people and in a wide range of applications. In relation to other biofeedback modalities, HRV feedback is also more reflective of changes in emotional/psychological state, and thus is particularly powerful in applications where reducing stress and increasing emotional stability are critical [23].


The aim of this study is to evaluate the benefits on stress of the use of these two practical tools for military pilots on conducting operational activities. 

2.0 Materials and methods


2.1 Subjects 

Three groups of 10 middle-aged men pilots from mirage 2000D (mean age 29.7 years, SD 3.9) were recruited from three different “escadrilles” stated at the 133 Air base (Nancy-Ochey, French) to participate in the study. They were designed by the head-quarter for a two-month mission in the Kandahar USA base (Afghanistan). They had served 10.75±3.9 years on active duty. Their educational background varied from 5 years (i.e., pilot school) to 6 years (i.e., more specialized technical courses). They had Afghanistan’s experience (number of mission: 2.8±2.08). All volunteer individuals gave written informed consent before participation. The study was approved by the ethics committee of the French Military Health Service.


2.2 Operational and experimental procedures 

A group's randomisation was made for determining a group for TOP formation, a group for CC formation, and a control group. Psychological training was performed by an instructor for 6 for the CC group and 8 weeks for the TOP group with one hour with the instructor per week. They were required to have individual training between each formation-time. The instructor was present at the base of Kandahar one month at the end of the mission in order to maintain the practice. 


The assessments consisted in collecting (i) psychological data with psychological-trait and psychological-state measures, (ii) 12h-night urines to assess allostasic load (cortisol, adrenaline, noradrenaline, DHEAs, Dopamine excretions), (iii) 12h-night to assess heart rate variability and sleep activity (iv) salivary IgA. These data were collected once before the mission for the control group and twice before the mission for the TOP and CC groups (before and after the psychological training). These measures will be also collected at the end of the mission.  For the Reference group, the procedure consisted in psychological questionnaires, biological and physiological assessments at two time-points: before (Baseline) at the 133 AB and immediately after the mission (After Mission). For the TOP and CC groups, the procedure consisted in psychological questionnaires, biological and physiological assessments at three time-points: before (Baseline), immediately after the TOP or CC formation (Post Formation, PF), and immediately after the mission (Post Mission, PM). For all subjects, the assessments were exercise was carried out between 15h30 and 18h00 in order to control circadian variation.

2.3 Psychological measures: self-administered questionnaires 


2.3.1 Psychological-trait measures


The Levenston’s locus of control scale constitutes a standard self-report instrument for personality in terms of control locus [26,27,28]. It is a 24-item self report questionnaire for studying three factors corresponding to the three locus of control:  Internal, Powerful others and Chances (IPC). Analysis of relationships between locus of control and personality inventory that measures the “big five” showed: (i) I negatively correlates with Neuroticism and positively with Extraversion and Consciousness, (ii) P positively correlates with Neurotiscism and positively with Openness and Agreability, and (iii) C positively correlates with Neurotiscism.


The Toronto Alexithymia Scale-20 (TAS) is a 20-item self report questionnaire developed from the 26-item self-report scale [29]. It is considered as the standard self-report instrument for studying the three factors corresponding to three of the four theoretical dimensions of the alexithymia construct. The first dimension reflects the ability to identify and describe feelings and to distinguish between feelings and bodily sensations. The second dimension reflects the ability to communicate feelings to other people and the third dimension, the externally oriented thinking. The daydreaming factor is not assessed in the 20-item form. The total score and the score of three subscales were computed. 


The Coping Inventory Stress Situation is a 48-item self report measure that assesses three general coping styles: task-oriented coping, emotion-oriented coping and avoidance-oriented coping [30]. Separate factor analyses of avoidance coping items have yielded support for two components of avoidance-oriented coping: distraction and social diversion. Coping refers to the set of cognitive and behavioural strategies used by an individual to manage the demands of stressfull situations [31]. Specially, task-oriented coping is considered to promote effective recovery from many types of stressful situations [32]. 


The Dispositional Resilience Scale-Revised is 15-item self report questionnaire [33]. It measures three related dimensions of resilience: commitment, control, and challenge.  


The Spielberger State-Trait-Anxiety Form Y Inventory: The Spielberger State-Trait-Anxiety Inventory (S-STAI) is a 40-item self report questionnaire [34]. In the trait scale, the 20 items ask respondents to indicate the intensity of their anxiety in general.

The Freiburg Mindfulness Inventory (FMI) used in this study is a short form with 14 items developed for common contexts, where knowledge of the Buddhist background of mindfulness cannot be expected [35,36]. This scale derivates from the original FMI which is a thirty-item self-administered questionnaire directly developed qualitatively out of the original Buddhist concept of mindfulness. It constitutes a consistent and reliable scale evaluating several important aspects of mindfulness, which probably is one-dimensional [36]. Each self-descriptive statement was evaluated using a four-point Likkert scale ranging from 1 (strongly disagree) to 4 (strongly agree). Depending on the suggested time-frame, state- and trait-like component could be assessed. In the present study, the short form was used for measuring the mindfulness-trait. 

2.3.2 Psychological-state measures


The Perceived Stress Scale (PSS; 37,38) is a 14-item scale designed to assess subjects’ appraisal of how stressful their life situation feels to them. The PSS is recommended for assessing non-specific appraisal because it is found to better predict stress-related psychological symptoms and physical symptoms compared to commonly used life event scales [39,40]. 


The general Self-Efficacy Scale (SES) consists in a 17-item self report measure that asks the subjects to rate their confidence in their ability to be consistently successful in organising and implementing the courses of action required to produce given attainments [41]. One measure of general self-efficacy was obtained being specifically designed for managers [42]. General self-efficacy is found to be an important aspect of functioning in a variety of realms [41]. The beneficial effects of self-efficacy include coping with trauma [43] and performance [41]. 

The Positive and Negative Affect Schedule consists of two scales that assess positive (PA) and negative affect (NA), respectively (PANAS, 44). Each scale has ten word emotion descriptors and respondents rate how well each descriptor reflects their current emotions. Each word is ranged on a scale from one to five, as to whether the word fits the usual or time-limited state of the individual. In this study, the general, or usual state, was requested.


The mood was evaluated using an abbreviated version (45; 5 min) of the Profile of Mood States (POMS). It consisted in an adjective checklist of 37 items rated on a five-point scale that ranges from (1) “not at all” to (5) “extremely”. The subjects were asked to answer according to their present mood. Six factors were then calculated: anxiety-tension, vigor-activity, depression-dejection, anger-hostility, fatigue-inertia, and confusion-bewilderment.


The Warwick-Edinburgh Mental Well-Being scale (WEMWBS, 46) is a measure of mental well-being focusing entirely on positive aspects of mental health. It consists in 14 items covering both hedonic and eudaimonic aspects of mental health including positive affect, satisfying interpersonal relationship and positive functional. 


The Cungy stress and stressors scale consists of two scales that separately assess perceived stress (Cungy stress) and perceived stressors (Cungy stressors; not published). The stress scale has height items evaluating the level of stress perceived by the subjects. The stressors scale has eleven items evaluating the perceived level of physical, mental and environmental for subjects.  


The Combat Platoon Cohesion Questionnaire (CPCQ) short version derived from the CPCQ developed by G Siebold in 1988 [47,48,49]. The original instrument is based on a conceptualization of cohesion as three types of bonding: horizontal (bonding among peers), vertical (bonding between leaders and subordinates), and organizational bonding. It consists of 79 base items used to form 3 horizontal bonding scales, 2 vertical bonding scales, and 6 organizational bonding scales. The current version of the CPCQ appeared to be a solid, serviceable, in-depth measure of cohesion at the platoon level. For the short version, the one or two best questions from each scale were selected and revised if necessary to furm a twenty question instrument focusing exclusively on cohesion and with a five-point response scale for each item. Analyses conducted to investigate the internal properties of the short questionnaire and its cross-correlation with the longer CPCQ instrument and various criteria indicated that the cohesion scales from the short questionnaire constitutes a consistent and reliable scale. In the present study, the short form was only used with the horizontal, vertical bonding. 

2.4 Physiological assessment: cardiac vagal tone


The cardiac vagal tone was evaluated from the electrocardiogram (ECG). The EEG was recorded using a portable recorder (Temec instrument, Vitaport CPS) in each experimental step. It was digitalized with a 1000-Hz sampling rate to accurately detect R-wave peaks. The ECG trace and the detection marks were displayed together to be checked. All the ECG data were free from arrhythmia and artifact, except five cases of singular premature heart beats. The time series of interbeat intervals were generated and the spectral analysis of Heart Rate Variability (HRV) was then carried out using the Fast Fourier Transform algorithm [50]. The HRV spectral analysis focused on low- (LF, <0.1 HZ) and high-frequency (HF, >0.15 Hz) bands. The LF rhythm contains both sympathetic and parasympathetic contributions, whereas the HF rhythm primarily reflects vagal efferent tonus. According to published recommendations [51], HRV was quantified by LF/HF, assumed to reflect the cardiac sympathovagal balance.


2.5 Available biological assessments


Salivary cortisol, a reliable marker used for HPA axis activity [52], was sampled at the Baseline, Escape and Recovery steps leading to 39 samples from the 13 subjects. Each 5 mL saliva sample was collected in Salivette tubes according to specification of the provider (Sarstedt; Inc., Newton, NC). Two hours before each collection, eating, drinking or smoking were not allowed. Once filled, the tubes were centrifuged, sampled into 1.5 mL aliquots stored at -80°C until analysis. 

The nocturnal urinary free cortisol excretion was assessed as marker of anticipatory anxiety. The subjects were instructed to collect urines from 18h00 to 6h00. Once retrieved, urine volume was measured and a 2-mL sample was taken then stored at -80°C until analysis.


Cortisol concentrations were measured using radioimmunoassay kits according to the protein concentration rates (Siemens Healthcare Diagnostics, Germany). The urinary cortisol excretion rates were calculated according to the diuresis and the creatinine excretion rates.


The other urinary biological markers as salivary IgA level were not available at this date.


2.6 Data analysis and statistical methods


The statistical analysis was performed using SPSS 11.0 software package (SPSS Inc., Chicago, IL, USA). Comparisons between groups at Baseline were carried out using independent t tests. Effects of the psychological training on physiological, endocrine and psychological data were assessed using paired t tests between Baseline and Post Formation separately for the TOP and the CC groups. Comparisons between the Reference group at Baseline, the TOP group at PF and the CC group at PF were also carried out using independent t tests. Comparisons between groups at Post Mission were carried out using independent t tests. Relationships among physiological, endocrine, and psychological responses were studied using Pearson’s correlation test at Baseline, PF and PM separately. Statistical significance was set at p<0.05 but trends (p<0.10) were also reported due to the small population in each group. Results were expressed as mean and standard deviation.


3.0 Results 


3.1 Comparisons between groups at Baseline


Psychological trait assessments for pilots at Baseline were given in table 1, and compared to standards when it is possible. 


.


		Test

		Factors

		Standard

		Pilots



		

		

		

		Total


N=30

		Ref


N=10

		CC


N=10

		Top


N=10

		t-tests



		IPC

		Internal

		31.3 ±6.2

		33.81 ±5.07

		36.37 ±3.96

		34.33 ±4.56

		31.58 ±5.58

		TOP<Ref**



		

		Powerful others

		14.4 ±6.6

		14.87 ±6.53

		12.62 ±7.01

		13.33 ±5.79

		17.92 ±6.24

		TOP>CC*


TOP>Ref*



		

		Chances

		16.6 ±5.8

		17.44 ±5.15

		16.25 ±5.23

		16.58 ±5.23

		19.08 ±4.96

		



		TAT

		Ability to identify and describe feelings

		14.51 ±5.22

		10.28 ±3.32

		9.5 ±3.25

		11.25 ±2.89

		9.07 ±4.54

		



		

		ability to communicate feelings

		13.16 ±4.1

		10.87 ±2.09

		10.62 ±1.41

		11 ±1.54

		10.07 ±4.13

		



		

		externally oriented thinking

		19.62 ±4.67

		19.75 ±1.56

		19.87 ±2.03

		19.75 ±1.76

		18.15 ±5.55

		



		CISS

		Task-oriented coping

		61 ±10.29

		57.19 ±7.37

		60.75 ±5.34

		55.08 ±7.72

		52.54 ±17.46

		CC<Ref*






		

		Emotion-oriented coping

		41.85 ±10.55

		37.29 ±10.08

		32.62 ±11.61

		38.25 ±10.3

		39.64 ±8.3

		



		

		Distraction

		37.22 ±11.14

		36.26 ±8.92

		36.5 ±12.77

		38.09 ±5.8

		31.76 ±12.66

		



		

		Social diversion

		14.25 ±5.2

		12.78 ±3.98

		12.37 ±4.98

		12.91 ±4.25

		12.92 ±3.26

		



		

		Diversion

		15.56 ±5.23

		16.56 ±5.28

		17.12 ±7.28

		17.16 ±2.98

		14.38 ±7.09

		



		DRS-R

		Commitment

		

		11.84 ±1.87

		13.12 ±1.25

		11.16 ±2.03

		11.66 ±1.72

		CC<Ref**


TOP<Ref**



		

		Control

		

		11.06 ±2.30

		11.25 ±2.76

		11.33 ±2.31

		9.85 ±3.58

		



		

		Challenge

		

		9.97 ±2.57

		11.37 ±1.99

		9 ±2.66

		9.23 ±3.7

		CC<Ref**






		T-STAI

		Trait

		

		35.53 ±9.47

		29.37 ±4.63

		37.08 ±10.12

		38.08 ±9.98

		CC>Ref**


TOP>Ref**



		FMI

		

		37,24 ±5,64

		39,38


±5,76

		41.25 ±3.57

		37,58 ±5.68

		39,33 ±8,05

		CC<Ref*








Table 1: Mean ±standard deviations for the psychological trait assessments for standards, pilots population, Ref group, CC group, and TOP group at Baseline. IPC: Internal, Powerful others, and Chance locus of control, TAT Toronto Alexithymia test, CISS: Coping Inventory for Stressful Situation, DRS-R: Dispositional Resilience Scale-Revised, T-STAI: trait-Spielberger Anxiety Inventory, FMI: Freiburg Mindfulness Inventory

Results showed significant differences between groups for the Levenston’s locus of control (IPC), the task-oriented coping, the anxiety, FMI scores. Compared to the TOP and CC groups, the Reference group is prone to higher internal locus of control, task-oriented coping, commitment, challenge, mindfulness levels and lower trait-anxiety level.


For psychological state assessments at Baseline, results showed significant differences between groups for the PANAS, PSS, WB, cohesion and the POMS scale (Figure 1). Compared to the TOP and CC groups, the Reference group is prone to higher positive affects, well-being, vertical cohesion, activity-vigor and lower negative affects, perceived Stress, tension-anxiety. 
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Figure 1: Means ±standards deviations  for the psychological state assessments for the Ref group, CC group, and TOP group at Baseline. H-cohesion: Horizontal cohesion, V-cohesion: vertical cohesion. 

For the sympatho-vagal balance data (Table 2), the Reference group and TOP group exhibited a higher LF/HF index than the CC group. No difference was observed between the Reference group and the TOP groups. No difference was observed between groups for urinary cortisol level (Table 2). Whatever the group, no correlation was observed between LF/HF index and urinary cortisol concentration. 

		

		Reference

		CC

		TOP

		



		LF/HF

		4.07 ±3.72

		1.70 ±0.48

		4.48 ±3.72

		CC<TOP*


CC<REF*



		Urinary cortisol

		118.94 ±41.73

		121.89 ±50.52

		154.24 ±69.63

		





Table 2: Mean ±standard deviations for the LF/HF ratio and urinary cortisol concentration for the Ref group, CC group, and TOP group at Baseline. * indicates p<.05.

3.2 Effects of the psychological training on the assessments

Whether TOP and CC formations induced some changes on assessments, effects depended on the psychological training. 


For the psychological state, results were given in Figure 2. 
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Figure 2: Means ±standards deviations  for the psychological state assessments for the Ref group, CC group, and TOP group at Baseline and After formation. CStress: cungy Perceived Stress, CStressors: Cungy perceived Stressors. * indicates p<.05. 


The CC formation decreased the scores for the Cungy perceived stressors and fatigue-Inertia scales (p<.05). The TOP formation decreased the scores for the Cungy perceived stressors, tension-anxiety, fatigue-inertia and depression, anger-hostility and confusion scales and increased the score in the activity-vigor scale.


For the sympatho-vagal balance (Table 3), no significant change was observed after formation for the CC group whereas a significant decreased of LF/HF was observed for the TOP group. 


For biological assessments (Table 3), no significant change was observed after formation for the CC group whereas a significant decreased of urinary cortisol concentration was observed for the TOP group. 

		

		Groups

		Baseline

		After formation



		LF/HF

		CC

		1.70 ±0.48

		2.38 ±1.84



		

		TOP

		4.48 ±3.72

		2.59 ±3.16*



		Urinary cortisol

		CC

		121.89 ±50.52

		114.76 ±49.38



		

		TOP

		154.24 ±69.63

		96.31 ±47.68**





Table 3: Mean ±standard deviations for the LF/HF ratio and urinary cortisol concentration for the CC group, and TOP group at Baseline and at After formation. * indicates p<.05, ** indicates p>.01.

After formation, the comparison between the CC and the TOP groups showed differences between the two groups for the PANAS (higher PA score for the CC group), for the PSS (higher score for the CC group), for the WB scale (higher score for the CC group). Results failed to differ for LF/HF as for urinary cortisol concentration (Figure 2, p>0.05). 


When comparing the CC group after formation to the reference group at Baseline, the psychological state differences disapeared. When comparing the TOP group after formation to the reference group at Baseline, the TOP group exhibited lower well-being, activity-vigor, positive affects and higher negative affects, Perceived Stress, tension-anxiety and fatigue-inertia (p<.05). 


Compared to the reference group at Baseline, the CC group After Formation exhibited a lower LF/HF value but no difference for the urinary cortisol concentration and the TOP group After Formation exhibited a lower urinary cortisol concentration but no difference for the LF/HF value (p<.05).


3.3 Effects of the psychological training on the After Mission assessments

As the TOP group will go back to France in October 2009, analysis only compared the CC and the reference groups. For the two months at Kandahar, the mission daily book showed no difference between the CC and the Reference groups whatever the number, the type and the risk of the fly mission. Moreover, no difference was observed for the “quality of life, day and night” at the Kandahar base.


When regarding the effect of the mission for the CC group, significant differences for psychological assessments were observed between the After formation (before the mission) and the After mission time points. After the mission, subjects exhibited a lower PSS score, a higher WB score, and a higher activity-vigor score (p<.05). Moreover, vertical cohesion increased (p=.07). 

For the sympatho-vagal balance (Table 4), no significant difference was observed between the two time points. For the urinary cortisol concentration (Table 4), no statistical difference was observed although the urinary cortisol concentration was higher at After formation compared to After mission (p=.1).


		

		Groups

		After mission



		LF/HF

		CC

		2.93 ±0.59



		

		Ref

		4.53 ±2.09



		Urinary cortisol

		CC

		79.25 ±39.13



		

		Ref

		99.1 ±58.5





Table 4: Mean ±standard deviations for the LF/HF ratio and urinary cortisol concentration for the ref group and the CC group at After mission. 


When regarding the effect of the mission for the Reference group, no significant differences for psychological assessments were observed between the before mission (Baseline) and the After mission time points although subjects exhibited higher fatigue (p=.1), lower self efficacity (p=.09) and lower vertical cohesion (p=.1) after the mission. For the sympatho-vagal balance as for the urinary cortisol concentration (Table 4), no significant difference was observed between the two time points. 


When comparing the two groups at the After mission time point, results failed to show significant difference, except for the vertical cohesion score with a higher vertical cohesion for the CC group compared to the reference group (Figure 3). 
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Figure 4: Means ±standards deviations  for the psychological state assessments for the Ref group, CC group, and TOP group at Baseline and After formation. CStress: cungy Perceived Stress, CStressors: Cungy perceived Stressors, H-cohesion: Horizontal cohesion, V-cohesion: vertical cohesion. * indicates p<.05. 


For the sympatho-vagal balance as for the urinary cortisol concentration (Table 4), no significant difference was observed between the two groups. 

4.0 Discussion


This study evaluated the psychological, the physiological (sympathovagal balance, LF/HF ratio) and biological (12 night-cortisol concentration) changes induced by the practice of two different intervention programs among French pilots conducting an operational 2 months-mission in Afghanistan. 


Although the groups were randomized, psychological, physiological and biological differences were observed between the three groups. The reference group exhibited higher positive psychological index of resilience (27,31,36 53; internal locus of control, task-oriented coping, commitment, challenge, mindfulness trait-anxiety) associated with some lower negative psychological states (negative affects, Perceived Stress, tension-anxiety) and higher positive psychological states (positive affects, well-being, vertical cohesion, activity-vigor). Moreover, differences were also observed for the sympatho-vagal balance (higher LF/HF index for the Reference and TOP groups). Such results conflict with the necessity to balance confounding factors between treatment groups for clinical trial. One explanation was the groups’ randomisation instead of subjects’ randomization due to operational reasons.


Whatever the intervention program, the practice induced reductions in stress levels and in some negative affects scales which was combined with a significant increase of the activity-vigor in the TOP group. When comparing the two practices, the TOP formation appears to induce more changes in the POMS factors scale than the CC formation. Moreover, in addition to a decrease of the urinary cortisol level, the TOP formation induced a shift of sympathovagal balance towards parasympathetic dominance (decreased LF/HF ratio). 


When comparing the groups after formation to the reference group at Baseline, no difference was observed on psychological scales for the CC group and the TOP group exhibited higher positive psychological states and lower negative psychological states for several scales. Moreover, compared to the reference group at Baseline, the practices sustained a lower LF/HF value for the CC group and induced a lower urinary cortisol concentration for the TOP group. 


In accordance with the observed changes, these two formations are specifically designed to modify the automatic negative emotional responses that occur, due to the emotional programming in our brainstem nuclei, by changing the afferent sensory input to these nuclei [9,16] and to enable people to “lock in” to sustained positive states in order to boost their energy, heighten peace and clarity and regulate neuroendocrine and sympathovagal balances [24,25]. 

When regarding the effects of CC practice to cope with the two-month mission in Kandahar, benefit appeared with an increase for some positive psychological states combined with a decrease for some negative psychological states. In addition, a tendency to a decrease for the urinary cortisol concentrations at the After mission time point was observed. Such cortisol pattern was observed for the reference group but failed to be significant. This endocrine pattern suggests that the mission constitutes a stressor. It could be highly evocative for an anticipation of threat which disappeared at the end of the mission [52]. The CC program could be efficiently for decreasing the allostatic load induced by the mission [4,6]. Such benefit appears all the more important than missions will become longer and more frequent. 


In addition, an increase of the assessed vertical cohesion was observed for the CC group whereas impairment occurred for the Reference group. The model group cohesion is based on social integration in the military and is composed of both primary (peer and leader bonding) and secondary group cohesion (organizational and institutional bonding). The essence of peer bonding (horizontal cohesion) is given as social relationships based on trust and teamwork. The essence of leader bonding (vertical cohesion) refers to the shared commitment among members to achieving a goal that requires the collective efforts of the group. A group with high leader bonding appears prone to have high task cohesion as members share a common goal and are motivated to coordinate their efforts as a team to achieve that goal. Task cohesion is considered to be important in enhancing group performance [48,49]. Unfortunately, data on the relationship between performance level and the CC intervention program was not recorded.  However, such results suggest that the CC program practiced in the Kandahar base helped the group to cope with the required tasks and could protect it against bad vertical relationship. The role of the presence of the instructor with the CC group during half of the mission could be involved in the improvement observed in the vertical cohesion scale.

Whether beneficial changes due to CC and/or TOP intervention programs were observed, results must be interpreted with caution because of the smaller size of the groups, of the highly selected sample of subjects and also because assessments were collected once for one day at each time-point. Moreover, the protocol was not a double-blind, placebo-controlled clinical trial. Pilots known what they're getting, their belief about what will happen could taint the results. Because the researchers known either, they can hint to patients about what they're getting, and they also could taint results through their own biased expectations about what the results will be. Further evaluation with a pharmacologic (e.g., a tablet), or psychological (e.g., a conversation) placebo is necessary. Whether the practice of these intervention programs enhances performances and promotes right decisions and ethical behaviours when conducting operational missions needs further investigations.
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Abstract

The UK Ministry of Defence (MOD) has a vision of providing Mission Training through Distributed Simulation, or UK MTDS. The paper will report the human performance results from a three year MTDS Capability Concept Demonstrator (CCD) programme presenting data to qualify the development of shared situational awareness and mental models in a networked training environment. Evidence was collected during five national and multi-national air battlespace exercises, from subjective rating scales, interviews, observational and anecdotal data.

The MTDS CCD facility, based at RAF Waddington, included 8 fast-jet Tornado GR4 and Typhoon simulators, a 7-seat AWACS mission crew training system, and extensive exercise management capability (including virtual role players and Computer Generated Forces (CGF)). Data were gathered during representative daily Planning, Briefing, Execution, and Debriefing (PBED) cycles of air battlespace missions which took place at the collective, joint and multi-national levels.

The MTDS CCD programme assessed the training benefit, and the optimal balance, between co-located teams and dispersed training teams (both in the UK and US). The major source of data across all sites was the application of the Mission Essential Competency (MEC) framework. Each warfighter’s expectations were recorded for a series of platform based MECs and compared to warfighter’s experiences. These data were used to assess differences between role, platform and site. To allow analysis of the robustness of the networked environment for shared cognitive processes, these were then sub-divided into collective experiences, i.e. those that required interactions with other players or entities leading to collective training; and individual MEC experiences.

Analysis of MEC data based on current teamwork theory allowed an assessment to be conducted of how successfully networked and dispersed training audiences were being supported in collective teamwork. The results showed that all warfighters in the UK and US received significant benefit from their participation and developed shared situational awareness enabling them to successfully meet their training objectives.

INTRODUCTION

Training requirement


The UK MTDS programme seeks to use synthetic training environments to deliver operational team and collective training for the air component of the Joint Battlespace.

“Collective training involves 2 or more ‘teams’, where each team fulfils different ‘roles’, training to interoperate in an environment defined by a common set of collective training objectives”


NATO Study Group SAS-013

The MTDS CCD was funded to de-risk UK MTDS by defining the user requirements. This demonstrator programme was managed by UK MOD and delivered by the QinetiQ led Team ACTIVE (Aircrew Collective Training through Immersive Virtual Events) which included Boeing, CueSim, ATIL, HVR and Rockwell Collins between 2005 and 2008. The findings of the programme have been summarized in [1, 2, 3].  The output of the programme was a series of reports based on studies and evidence obtained during a programme of nine exercises conducted using Team ACTIVE’s facility located within the Air Battlespace Training Centre (ABTC) at RAF Waddington. The ABTC was linked to US, UK and Canadian distributed Mission Training Centres (MTCs) as the programme progressed as indicated in Figure 1.

The purpose of the programme was to address a number of Key Investigative Areas (KIAs) and wider questions. In order to answer these KIAs, UK, US and Canadian forces, fast jet, rotary wing, Airborne Warning and Control System (AWACS), maritime and land military personnel, participated in MTDS CCD exercises during which their requirements for a MTDS capability were captured.
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Figure 1.  MTDS CCD dispersed links


When considering the design of a training environment, a number of constituent parts must be considered which together deliver an overall training experience. These parts included the delivery of an exercise management model, the provision of planning, and brief/debrief tools and Synthetic Training Equipment (STE) fidelity requirements. 


While much of the work conducted before the MTDS CCD focused on the collective training domain, the MTDS CCD facility provided an environment to examine wider operational contexts, including joint collective air land scenarios. As the programme evolved, attention widened to include how the fast jet crews might benefit from wider training with Forward Air Controllers (FACs), AWACS, rotary-wing aircraft and expanded coalition participation. 

An assessment of the impact of dispersion on training benefit, and the optimum balance between co-located and dispersed training allows us to test assumptions here about the development of teamwork and shared mental models. 

Mission Training through Distributed Simulation


Training Audience


The current operational tempo and the predominance of coalition operations have increased the need for dispersed training and training across national borders with combined partners. Nine events were conducted in the MTDS CCD facility, five of which involved front line warfighters. These five exercises were: BATTLE BUZZARD, CONDOR CAPTURE, NORTHERN GOSHAWK, ARCTIC OWL and AVENGING EAGLE. Each exercise typically lasted a week with a familiarisation day and then a build up in operational complexity over the next 3 or 4 days. Typically, the fast jet warfighters were exposed to a range of mission types with their workload increasing over the exercise week, including Close Air Support (CAS) and Air Land Integration (ALI). The specific participants are listed in Table 1 highlighting the widening range of potential trainees [4].

		Roles and location (ABTC or dispersed)



		UK Tornado GR4

		UK Attack Helicopter (dispersed)



		UK Typhoon

		UK Type 42 Fighter Controllers (FCs) (dispersed)



		UK AWACS (co-located and dispersed)

		UK Intelligence Officers



		UK Air Support Operations Centre (ASOC)

		UK Joint Force Air Component (JFAC) mini combat ops 



		US F15c Langley (dispersed)

		UK Forward Air Controller (FAC)



		US AFRL F16 (dispersed)

		US Distributed Missions Operation Center (DMOC) F15e (dispersed)



		US A10 Spangdahlem (dispersed)

		US DMOC Control and Reporting Centre (CRC) (dispersed)



		US A10 Mesa (dispersed)

		US DMOC AWACS (dispersed)



		US AWACS Tinker (dispersed)

		US DMOC Virtual Surveillance Target Attack Radar Simulation (VSTARS) (dispersed)



		US Joint Terminal Attack Controller (JTAC) (dispersed)

		Canadian FAC (dispersed)





Table 1.  MTDS CCD training participants.


A day in the life of the MTDS CCD facility followed the cycle of PBED. The day began with mass briefings setting the context and overall intent for the day’s mission. Led by a Mission Commander, the warfighters would then begin their formation planning, and coordinating between formations (including across national boundaries), as required. Following the completion of the mission execution phase, warfighters would lead a series of debriefings, beginning with a formation level debriefing. The final activity was a mass debriefing in which all participants ran through a facilitated After Action Review (AAR) including time stamped mission replay, to capture the critical lessons identified. 


Training Environment

The MTDS CCD facility, illustrated in Figure 2, consisted of fast jet simulators (four Typhoons and four Tornado GR4 aircraft), a seven-seat E-3 AWACS capability, and a comprehensive exercise management and control suite.  
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Figure 2.  MTDS CCD components


A 40-seat briefing and de-briefing room and a selection of smaller formation planning rooms were provided. These incorporated standard in-service planning aids and video conferencing, telephone and interactive whiteboard technology so that warfighters could undertake a condensed cycle of PBED. A classified networking hub connected securely with training facilities in the UK, US and elsewhere in the world was also provided.


Shared mental models and teamwork


“Teams do more than simply interact with tools; they require the ability to coordinate and cooperatively interact with each other to facilitate task objectives though a shared understanding of the team’s resources (e.g., members’ knowledge, skills, and experiences), the team’s goals and objectives, and the constraints under which the team works. Essentially, teams also require teamwork.”


Salas, Sims and Burke, 2005 [5]

A recent review of teamwork research resulted in the identification of the “Big Five” components of teamwork. These components quoted from [p5, p 560] are:


1. Team Leadership: Ability to direct and coordinate the activities of other team members, assess team performance, assign tasks, develop team knowledge, skills, and abilities, motivate team members, plan and organize, and establish a positive atmosphere.


2. Mutual performance monitoring: The ability to develop common understandings of the team environment and apply appropriate task strategies to accurately monitor teammate performance

3. Backup behaviour: Ability to anticipate other team members’ needs through accurate knowledge about their responsibilities. This includes the ability to shift workload among members to achieve balance during high periods of workload or pressure.


4. Adaptability: Ability to adjust strategies based on information gathered from the environment through the use of backup behaviour and reallocation of intra-team resources. Altering a course of action or team repertoire in response to changing conditions (internal or external).


5. Team orientation: Propensity to take other’s behaviour into account during group interaction and the belief in the importance of team goal’s over individual members’ goals.


In support of these are three mediating functions:


· Shared mental models: An organizing knowledge structure of the relationships among the tasks the team is engaged in and how the team members will interact.


· Mutual trust: The shared belief that team members will perform their roles and protect the interests of their teammates.


· Closed-loop communication: The exchange of information between a sender and a receiver irrespective of the medium.

Salas et al comment, “there was little empirical or theoretical research available to guide our understanding of how the “Big Five” and the coordinating mechanisms may differ as teams mature.” [5]. They report that team leadership and orientation will be significant in the early forming of the team. For the newly formed distributed and co-located teams, clear allocation of command roles will be important and as this is a military team, leadership will be conventionally defined rather than developed ad hoc.


Team orientation is more challenging for the dispersed team members who are facing more formal team forming mechanisms. During the MTDS CCD timeframe, two technology enablers were introduced to minimise the challenge: shared whiteboard technologies and Video Tele Conference (VTC) links. When planning, team leaders at all locations, had as much access to these tools as possible, to foster team communication and development [6]. Communication during this team development time has often been found to be essential for good team performance and orientation.


The theoretical propositions and elements described above will be used in this paper, to test out the validity of the assumption that training in the MTDS environment enabled effective collective teamwork.

ASSESSMENT APPROACH


Data were collected by UK and US research teams at each event using a range of objective and subjective data collection tools. At each training exercise Team ACTIVE human factors experts observed groups of the UK training audience and the exercise management team, i.e. the white force and role players. Interviews and surveys with participants in the UK were conducted. These were supplemented by the Air Force Research Laboratory (AFRL) Coalition Mission Training Research (CMTR) toolset [7, 8] including both UK and US collected data collected by the US CMTR research team at all sites. 

Tools


To understand the level of training benefit, a number of surveys and human factor methods were administered to co-located and dispersed participants. The first of these was the CMTR Top Three Bottom Three (T3B3) survey, distributed to the training audience, role players and white force every day. The aim was to obtain the top and bottom three outcomes of the day. Comments were also used to support the quantitative outputs from other data analysis.

Core to data collection were MECs.  These are “Higher-order individual, team, and inter-team competencies that a fully prepared pilot, crew or flight requires for successful mission completion under adverse conditions and in a non-permissive environment” [9, 10]. 

A pre and post MEC survey allowed evaluation of the difference between what training participants expected to receive (CMTR expectations Survey 2a) and, after the exercise, what they actually experienced (CMTR experiences survey 2b). These CMTR MEC surveys were different in the UK and US to accommodate for differences in the type of aircraft and terminology used. In order for comparisons to be made common MECS by role were identified [11]. 


To determine if warfighters reported that the training had value, a CMTR Reactions survey was used to establish how the aircrew felt about the MTDS concept as compared to their current training.

RESULTS


In order to assess the training benefit gained by co-located and dispersed training audiences, a comparison was made between participants’ ratings of common MECs for similar roles, such as air to air. In this way, participants’ ratings for their expectations of their training and their subsequent experiences could be compared. The first task was to identify MECs that were common between the ABTC trainees and remote sites, once a MEC list was created then the second task was to compare these ratings statistically. Differences between sites could then be analysed to see if training benefit was affected by dispersion.


To enable a comparison between the UK and US, the CMTR MECs were ‘cross-walked’. This means that the MECs that are similar or equivalent in the UK and US surveys have been combined to create a ‘cross-walked’ MEC. 


For the purposes of analysis of the collective performance, these MECs were then divided into collective MECs, i.e. those that required interactions with other players or entities leading to collective training; and individual MECs.


The collective MECs were compared statistically to identify significant differences between co-located and dispersed STEs in the UK and US. From these differences, inferences can be drawn about the impact of dispersion on the team and collective training experienced at each site.


These collective MEC crosswalks were carried out on the air-to-air, AWACS and air to ground data collected at each site. For the purposes of this paper, the detailed analysis of the latter will be illustrated in relation to teamwork models. Nonetheless, analysis of the other two major roles found similar effects.


Key results

Over the course of the MTDS CCD, a significant data set for the air to ground role was collected at each participating site. From the data gathered, this analysis will concentrate on data relevant to our validation of the teamwork theory. This will involve the reactions that aircrew provided to the exercises, their daily comments and a comparison of collective MECS. 


A validation of previous research [12] was that the planning, briefing and debriefing (PBD) activities were as important in development of teamwork as the execution phase. Both members of the training audience and non-training audience commented on the value of PBD in all exercises. Top three comments from Tornado GR4 aircrew in EXERCISE AVENGING EAGLE include “being involved in the brainstorm, planning and debriefing” demonstrating the utility gained from this process. Comments made during all the exercises show that both Tornado GR4 aircrew and AWACS found the planning, briefing and debriefing facilities useful. Typhoon participants also commented on the advantage in seeing the whole planning cycle and that the experience supported planning for preparation for war:


· “The opportunity to plan an unusual scenario” -  EXERCISE NORTHERN GOSHAWK

·  “The planning co-ordination with US forces and multiple platforms was good and it increased my knowledge of how they operate and terms they use” – EXERCISE AVENGING EAGLE Typhoon


·  “the mission planning was enjoyable, challenging and useful” – EXERCISE CONDOR CAPTURE Tornado GR4


Other positive T3B3 comments on the debriefing reinforced the need for focus to be on training outcomes:


· “Bringing in aspects of the mission that worked well into the debrief provides good training” – EXERCISE ARCTIC OWL AWACS


· “Player interaction during the debrief” -  EXERCISE FALCON FLIGHT Tornado GR4


· “A frank and honest debrief including how we can improve performance -  EXERCISE AVENGING EAGLE AWACS


· “during debrief lots of talk of training and lessons learned and little of tech issues” -  EXERCISE NORTHERN GOSHAWK Tornado GR4


· “Mass debrief was very information with many tactical lessons being identified” – EXERCISE CONDOR CAPTURE Tornado GR4


During the mission execution phase, major findings from the co-located Tornado GR4 crews were firstly, the need for more targeted fidelity and currency of their aircraft simulation, especially the range of sensor and weapon types. Secondly, for greater immersion and scene detail, the warfighters requested greater horizontal field of view to beyond the peripheral vision of the backseat warfighter [13]. 

This paper will now discuss linking these results to an analysis of teamwork theory. In order to assess how the MTDS programme supported teamwork theory, the main performance indicators, MECs, were rated according to the importance of the big five and three mediating functions. This analysis provides us with early analysis of the importance of training objectives at the team level. Prescriptively, it could provide insight for white force and trainees of the key aspects that must be incorporated in the daily plan and reinforced as learning points in the AAR.


For the collective MECs, Figure 3 provides an approximation of how recent team theory and research could be used to balance and inform training design. In order to validate the percentages provided, it is suggested that an independent rating exercise of each element is carried out by a team of role specific warfighters.
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Figure 3: Illustration of how an assessment of teamwork factors could be used to inform training design and delivery based on the model described in Salas et al (2005).

Here percentages indicate how important aspects of theory might be for the roles participating in MTDS. Further postulation on the link between team theory and training performance assessment would suggest that the design of training systems could be validated against such models. For example, where a MEC rates highly on many individual elements and is considered important for a specific training need, the design of the training environment should be customised to meet these requirements. Understanding of the training need in terms of this model could also assist the training instructors in designing and reinforcing key teamwork elements.

Support to the Big five as illustrated by the Air to Ground participants


The data were reviewed to identify evidence for the five teamwork elements and mediating functions defined by [5]. Evidence from subjective ratings by the Tornado GR4 aircrew indicates that training was enhancing their shared understanding and development of team orientation. The crews agreed that:

· I feel I will be better prepared to lead a mission due to this training


· The event has helped me to improve my team coordination skills


· In training I was able to apply lessons learned from previous missions to new ones


In terms of their understanding of collective team training, their experience of ‘Operations with other formation/packages (e.g., multi-package; tanker, AWACS; air to ground, air to air, Composite Air Operations (COMAO)’ was higher than their expectations providing evidence based recommendations for MTDS utility.  Further illustration of the benefit they gained from working with other teams can be found in some examples of daily T3B3 comments during EXERCISE ARCTIC OWL:

· “Mission planning good to see more COMAO/multiple aircraft integration” 

· “Another good insight into COMAOs - especially air land integration” 


· “Good coordination work between ASOC/Unmanned Air Vehicle (UAV)/Combined Air Operations Centre (CAOC)/FAC provides good effects in scenario” 

The need for closed loop communications were reported as essential to build the air picture and created immersion. Interviews in EXERCISE BATTLE BUZZARD established that the radio ‘chat’ is “awesome” and “top training” – it is this realistic radio traffic that provides collective training benefit. Communications with other US players, AWACS and FACs were seen as significant contributors to training. “Good comms w/JTAC - critical to hitting correct tgt [target]”


Technical problems with communications were often reported as an immersion breaker, but when working were seen as a critical enabler of collective training. Such an effect was seen with all players.


Further, consideration of the MEC survey data across all sites using crosswalks allowed many aspects of the MTDS CCD to be qualified, for example, the fidelity level requirements at dispersed and co-located sites [13] and the range of training feasible [4]. 


In this analysis, the collective MEC data using survey 2a and 2b, was analysed in relation to the Big Five [5]. A subjective rating of the collective MECs provided a view of which MECs had required most, if not all, of the elements of Salas et al’s propositions [5]. Overall, analysis of the collective air to ground MECs found that team leadership was the most frequent element in the collective MEC set (Figure 4). Meeting this need in the MTDS would demonstrate a partial fulfilment of predicted team development [5].
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Figure 4: Approximate distribution of teamwork factors in the air to ground MECs 


Next, the verification turned to an analysis of the success with which the MTDS CCD met training experiences. Table 2 highlights several collective MECs with significant elements of the Big 5 and mediating functions. 

The statistical analysis of these MECs (expectations vs. experiences) allows a qualification of how well the MTDS programme was training effective team and hence taskwork. 

		MEC 

		MTDS findings



		Close Air Support (CAS) missions

		There were no significant differences between expectations and experiences. Trainees were receiving the level of training experience that they had anticipated demonstrating that the MTDS experience was meeting their expectations whether co-located or dispersed. This infers that the collective teamwork planned and delivered during performance met their needs. 



		Multinational and joint operations

		



		Mission planning

		



		Suppression of Enemy Air Defence (SEAD) training

		A significant interaction was found between experience, expectation and platform (p<0.05). The co-located Tornado GR4s rated their experience of this competency significantly lower than expectation, rating it as not at all effective. This is likely to be as a result of simulator fidelity limitations.
The dispersed A10s, however, rated their experience higher than expectation, suggesting they received a better training experience than the Tornado GR4s. It is interesting to note that dispersion was not a disruptive influence on the teamwork requirements.



		Combat Search And Rescue (CSAR)

		A trend (P=0.06) was found for an interaction between experience, expectation and platform.  As per the previous MEC, the Tornado GR4s rated their training experience lower than expected, and the A10s ratings were higher than expectation. For the co-located team, this was reported as being due to the visual field of view and the need for greater visual detail at low altitude.

EXERCISE AVENGING EAGLE provided the most effective training experience, rated at somewhat effective, with the remaining exercises rated at slightly effective. This MEC was being experienced at a sufficient level but should be simulated to a higher degree where training needs require it. Of interest was the rarity of training in this MEC and that it was welcomed by warfighters as an essential and unique experience in synthetic environments. Enhancements to enable such training in UK MTDS in simulation are ongoing because of these results.



		Problem with leadership in the air

		A significant difference (p<0.01) was found with overall experience rated lower than expectations. There was a significant difference between exercises (p<0.05). EXERCISE AVENGING EAGLE was the most effective at providing training experience of leadership fallout, rated at somewhat effective, probably as a result of the complexity of participants and a strong blue planning process. It is likely that by this final exercise, both the technologies and management of training were more capable of generating realistic experiences [6]. 



		COMAO operations and operations with other formations and packages

		Overall, the data show that aircrew received significantly (p<0.05) more effective training experience than expected.  Experience ratings were highest in EXERCISE ARCTIC OWL, rated at very effective. This exercise provided a novel interaction of air, land and maritime assets in a complex synthetic battlespace. 


The overall average rating across all exercises was quite effective, which is akin to aircrews’ rating of this MEC experience being met to a very good extent. The MTDS CCD was then meeting the collective training need.



		Push CAS/package fallout

		Overall, experience was rated significantly lower than expectation (p<0.001).  However, in EXERCISE CONDOR CAPTURE the training experience was rated significantly higher than expectations, being rated at quite effective. Package fallout can be interlinked with unexpected leadership handover and so more training opportunity is needed to enhance learning.





Table 2: Examples of Air to Ground collective MECS with significant Big 5 elements

The foregoing analysis highlights the interaction between the training design and environment with team outcomes. It is worth noting that in spite of specific equipment fidelity issues, air to ground training was successful at all sites delivering collective team of team training. Future enhancements are already ongoing to target the mission execution capability enabling deeper experience of specific MECs. This will allow consideration of team as well as inter-team training. As the dispersed A-10 results illustrate, collective teamwork can be delivered at each site given a sufficient level of equipment fidelity. More so, manipulation of the aspects of the Big 5, forcing the team to work together through planned injects, resulted in stronger learning. Communications and joint planning were particularly significant as an enabler of collective performance.

DISCUSSION


The MTDS CCD aim was to provide warfighters with an environment in which they could learn to operate at a team of teams’ level with national and coalition partners.  For this to occur successfully there needed to be sufficiency in the training environment through PBED. Communication between dispersed teams via shared VTCs and open platform communications during planned events supported the development and delivery of concerted actions. 

Safeguards between sites, both in terms of technologies, exercise management and shared data, maximised the opportunity to work as a collaborative team [6]. Of significant value was the facilitation of the communications between the warfighters and role players so that they were sufficiently realistic to immerse and hence train participants. For example, in communications with other US players, AWACS and FACs were seen as significant contributors to training, e.g. “Realistic comms with other real assets – just like real life” (AWACS warfighter). Finally, decision making under pressure where warfighters had a limited time to act/react to situations and coordinate with others was experienced successfully. These results will be described in detail, and presented next in the context of current teamwork theory. 


Leadership of the collective team was directed by overall directed by Rules of Engagements (ROE) and translated by the air commander into an overall mission plan, subsequently delivered by a series of sub teams. Actions by adversary forces pushed these team and leadership skills to their limits to exercise collective performance. It was essential then that teams had sufficient situational awareness and shared mental models trusting each other to deliver the required effect; and to respond flexibly to changes enforced by the adversaries. These included needing to adapt to damage/loss of allies, the ability to replan and deal with new targets/orders in the rapidly changing environment, all while maintaining clear lines of command and communications throughout.


Hence, the MTDS environment can be analysed by the teamwork model described in [5] providing a case study to test out some of the predictions made. Of the fundamentals of teamwork, the Big Five, how well did the MTDS experience support their development?

As the programme and capability is still maturing some aspects of the MTDS CCD findings are relevant only to the facilities of that time and so reassessment at a later stage may be necessary. For example, the co-located air to ground cockpits need more targeted fidelity so that wider and more realistic missions can occur, e.g. in the range of weaponry and sensor suite. The MTDS CCD capability is undergoing upgrades to add detailed targetted fidelity to the facility in response to these findings. Despite these limitations for intra-team operations, when participants were questioned over inter-team operational utility, they were very positive about the collective training benefit. 

Other teamwork aspects supported the vision of MTDS as an environment for team and individual skills training. Specifically, being in command in the air of a large COMAO gave package leaders an experience rare in the real world. The ability to lead a team was welcomed both by experienced crew and by those more inexperienced as essential practice. It allowed rehearsal of leadership and decision making due to manipulations by the red force, and general ‘mission friction’.  Also, critical to the delivery of the required effect was the ability to monitor each other’s performance. Lessons were learnt in collaborative AAR, where each site linked together in VTCs and a timed replay of critical events occurred. Shared mental models were facilitated by such joint planning and review and further enhanced by active learning during VTC brainstorms, e.g. “The planning co-ordination with US forces and multiple platforms was good and it increased my knowledge of how they operate and terms they use” – RAF Typhoon pilot.

In common with the need to adapt during the planning phase, an expert white force assured that the level and tempo was appropriately managed. They facilitated learning during mission execution by moderating the ability and actions of the red force, changing the ROE, prioritising team training objectives and inserting events and intelligence through role players. Mutual trust developed between co-located and dispersed sites during the event week so that new requirements were met through pre-defined roles and plans. 

During PBED, closed loop communications were a critical enabler of backup behaviour, the importance of comms across the teams reinforced learning experienced across roles (e.g. air land integration) and cultures (e.g. learning the process and language differences, especially  terminology). These elements further enforced the development of shared mental models. Moreover, where comms performance was missing or unpredictable, participants reported that they felt it gave them a more realistic experience of current ops but others were less favourable, reporting that any loss of comms prevented team learning.

The final aspect required for an effective team, is team orientation “the belief in the importance of team goal’s over individual members’ Goals” [5]. Examples of this were evident in mission execution and during AARs; discussions were led by the white force highlighting how specific missions required an effect to be delivered that was more important than a team goal. For example, when a ground commander called for air support of troops under fire and the air assets were heavily involved in completing their own plan. In this case, the fast jet team’s response to the ground requirement was untimely and the AAR reinforced the bigger picture of the air land battlespace and how supporting own troops at that point was more significant that delivery of individual effects. Such team learning is vital for current operations and as a result of the MTDS CCD programme, the capability is being used for Distributed Synthetic Air Land Training (DSALT) furthering the understanding between the air and land element such as in current operational theatres.


CONCLUSIONS


The MTDS CCD programme was successful in providing collective training for the co-located and dispersed participants showing an increasing degree of relevant operational utility as the facilities and management of dispersion matured. It coped with a widening training audience by implementing safeguards and analysis of trainee performance pre and post each exercise using the MEC approach. 

Analysis of the training team data in relation to the teamwork theory helps us understand how this networked collective environment enabled appropriate teamwork that resulted in acceptable mission outcomes. These findings provide further validation of MTDS within and across teams and national boundaries.
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Abstract


Introduction: As mindfulness is considered as a predictor of day-to-day self-regulated behavior and adaptability to stressful events, the present study investigated the psychophysiological and cognitive responses induced by a military training for escaping to a submarine simulator according to the submariners’ mindfulness level. Methods: Sympathovagal balance, salivary cortisol, mindfulness level, mood and sleep perception as assessed by questionnaires, and short-term and declarative memory were assessed in submariners on shore and at sea before the escape (Baseline), immediately after the escape (Escape) and two hours after it (Recovery). Results: Compared to the simulation exercise, the naturalistic condition induced (i) higher degradations in mood, including vigor (p<0.05), tension (p<.05), and easiness to go to sleep (p<0.05), (ii) higher salivary cortisol values (6.33 ±3.9 nmol/L on shore and 13.38 ±7.5 nmol/L at sea, p<0.05), and (iii) impairment in the declarative memory (9.3±1.4 free recalls for a maximum of 12 on shore and 7.5±2.4 at sea). On shore, responses differed according to the subject’s past submarine accident, with lower vagal recovery (p<0.05), higher cortisol responses across the exercise time (p<0.05), and lower declarative memory performances after the escape (p<0.05). Submariners high in mindfulness score exhibited both lower stress reaction and lower cognitive degradation.  Conclusion: Psychophysiological and cognitive changes induced by military exercises are influenced by realistic conditions and by subject’s mindfulness level.

1.0
INTRODUCTION

Exposures to acute stress are inevitable components of military life. Thus, studies in the military context are of considerable interest to researchers investigating stress mechanisms. Over the years, stress responses and cognitive degradations to diverse military contexts have largely been documented using scenarios designed to simulate stressful situations [1]. These studies activate biological stress reactions sometime at intense levels.

The response to acute stress involves allostasis as the process of achieving homeostasis through physiological and behavioural changes faced to perceived demand [2,3]. The main physiological response involves the Autonomic Nervous System (ANS), which controls the release of adrenalin from the sympathetic-adrenal-medullary system, and the Hypothalamo-Pituitary-Adrenal (HPA) axis which products cortisol. Stress is thought adaptative as it promotes emergency coping under an energetic crisis [fight or flight response). However, some data highlight its negative influence on cognition [1,2,3,4]. While it is unclear which aspects on cognition could be impaired by an acute stressor and to what extent, an enhanced stress reaction has been associated to impairments in declarative memory and preserved short term memory [4].

Furthermore, Mindfulness, described as a non-elaborative, non judgmental present-centred awareness in which each thought, feeling or sensation that arises in the attentional field is acknowledged and accepted as it is [5,6,7], appears as an attribute of conscientiousness long believed to promote well-being [8]. Indeed, mindfulness training is related to positive psychological and physiological outcomes [9,10]. A high level of mindfulness increases willingness to tolerate uncomfortable emotions and sensations [11,12] and emotional acceptance [13,14,6]. It also decreases the impact of negative emotional events and reduces time to recover [5]. Mindfulness is therefore applied in the treatment of various anxiety disorders [15,16]. Thus, it appears as a predictor of day-to-day self-regulated behavior and adaptability to stressful events. Unfortunately, data on the relationship between mindfulness level and psychobiological and cognitive stress-responses are scarce. 


Interestingly, a significant warrior culture in history has used mindfulness to focus their mind and sharpen their skills as fighting men: the Samurais. They practiced mindfulness to bring order to their mind and cultivate their awareness. The belief was that practicing moment-to-moment awareness would increase their prowess in battle by reducing or eliminating fear and experiencing a battle as it’s actually happening instead of how their mind may want it to turn out. Having an uncluttered mind and not being emotionally attached to an outcome also allowed the Samurais to act more spontaneously in battle and in politics as they moved into leadership positions. 


The present study, based on an exercise for escaping to a submarine simulator, was therefore initiated to investigate the subject psychobiological reactions when escaping according to their mindfulness level. Stress reactions were evaluated using physiological (i.e., cortisol level, sympathetic activation) and behavioral (i.e., cognitive and emotional performances) markers at various times from stressor exposure. It was hypothesised that quality and intensity of both physiological and cognitive responses were modified by subject’s mindfulness level. 


2.0
Materiels and methods


2.1
Subjects

Thirteen healthy males (mean age 30.8 years, SD 4.6) were recruited via opportunity sampling from submarines attending simulated submarine escape training at the French Training Institute to Submariner Safety in Brest. They had served 10.7±5.2 years on active duty. Their educational background varied from 1 year (i.e., submarine school) to 4 years (i.e., more specialized technical courses). They had submarine simulator training experience (number of training: 3±1.5). All volunteer individuals gave written informed consent before participation. The study was approved by the ethics committee of the French Military Health Service.


2.2
Operational and experimental procedures

The Submarine headquarters, based at Brest, organized the escape training in the submarine simulator in October 2007. The escape rate was of one submariner every twenty minutes to be as close as possible from what would be done in case of real emergency in a sunk submarine.

The training procedure consisted in one theoretical training session including the psychological questionnaires and cognitive tasks training following by the escape training exercise which took place in the submarine airlock simulator (Simulation). For all subjects, the escape exercise was carried out between 15h30 and 18h00 in order to control circadian variation. A 12 h-night urines were collected the night before the escape and mood and sleep questionnaires were completed at the morning. The physiological, endocrine, and cognitive performance were then assessed at three steps: immediately before the escape exercise (Baseline), 30 min after the escape exercise (Escape) and two hours after the escape exercise (Recovery). The exercises were supervised by the researcher team so that assessments were controlled at each step of the protocol.


2.3
Psychological measures: self-administered questionnaires

The Freiburg Mindfulness Inventory (FMI): Subjects completed the French version of the Freiburg Mindfulness Inventory (FMI). The FMI used in this study was a short form with 14 items developed for common contexts, where knowledge of the Buddhist background of mindfulness cannot be expected [10,17]. This scale derivates from the original FMI which is a thirty-item self-administered questionnaire directly developed qualitatively out of the original Buddhist concept of mindfulness. It constitutes a consistent and reliable scale evaluating several important aspects of mindfulness, which probably is one-dimensional [10]. Each self-descriptive statement was evaluated using a four-point Likkert scale ranging from 1 (strongly disagree) to 4 (strongly agree). Depending on the suggested time-frame, state- and trait-like component could be assessed. In the present study, the short form was used for measuring the mindfulness-trait. 

The Spielberger State-Trait-Anxiety Form Y Inventory: The Spielberger State-Trait-Anxiety Inventory (S-STAI) is a 40-item self report questionnaire [18]. In the state portion of the scale, 20 items ask subjects to report the extent of their anxiety at particular moments. In the trait scale, the remaining 20 items ask respondents to indicate the intensity of their anxiety in general. Trait score were used in this study. 


2.4
Physiological assessments: cardiac vagal tone

The cardiac vagal tone was evaluated from the electrocardiogram (ECG). The EEG was recorded using a portable recorder (Temec instrument, Vitaport CPS) in each experimental step. It was digitalized with a 1000-Hz sampling rate to accurately detect R-wave peaks. The ECG trace and the detection marks were displayed together to be checked. All the ECG data were free from arrhythmia and artifact, except five cases of singular premature heart beats. The time series of interbeat intervals were generated and the spectral analysis of Heart Rate Variability (HRV) was then carried out using the Fast Fourier Transform algorithm [19]. The HRV spectral analysis focused on low- (LF, <0.1 HZ) and high-frequency (HF, >0.15 Hz) bands. The LF rhythm contains both sympathetic and parasympathetic contributions, whereas the HF rhythm primarily reflects vagal efferent tonus. According to published recommendations [20], HRV was quantified by LF/HF, assumed to reflect the cardiac sympathovagal balance.


2.5
Endocrine assessments


Salivary cortisol, a reliable marker used for HPA axis activity [4], was sampled at the Baseline, Escape and Recovery steps leading to 39 samples from the 13 subjects. Each 5 mL saliva sample was collected in Salivette tubes according to specification of the provider [Sarstedt; Inc., Newton, NC). Two hours before each collection, eating, drinking or smoking were not allowed. Once filled, the tubes were centrifuged, sampled into 1.5 mL aliquots stored at -80°C until analysis. 

The nocturnal urinary free cortisol excretion was assessed as marker of anticipatory anxiety. The subjects were instructed to collect urines from 18h00 to 6h00. Once retrieved, urine volume was measured and a 2-mL sample was taken then stored at -80°C until analysis.


Cortisol concentrations were measured using radioimmunoassay kits according to the protein concentration rates [Siemens Healthcare Diagnostics, Germany). The urinary cortisol excretion rates were calculated according to the diuresis and the creatinine excretion rates.


2.6
Mood aand sleep questionnaires


A computerized subjective sleep questionnaire [21] was used to evaluate the quality of the subjects’ sleep during the night before each session. It consisted on two items [i.e., restoration quality and easiness to go to sleep) featured by Visual Analogue Scales from “-”on the left to “+” on the right. The subjects “hooked” a visual pointer on a sliding scale using the mouse, and dragged the pointer to the appropriate location on the scale (12 cm long).


The mood was evaluated at the beginning of both sessions using a computerized abbreviated version (22; 5 min) of the Profile of Mood States (POMS). It consisted in an adjective checklist of 37 items rated on a five-point scale that ranges from (1) “not at all” to (5) “extremely”. The subjects were asked to answer according their present mood. Six factors were then calculated: anxiety-tension, depression-dejection, anger-hostility, fatigue-inertia, vigor-activity and confusion-bewilderment.


2.7
Cognitive test battery


The task battery was built to be fulfilled in less than 15 min, the temporal window allowed by the exercises. It included in the following order. (i) Declarative memory. It was tested using a set of 12 pictures. All the pictures were shown during 10 sec at the beginning of the test battery. The free recall with false recall (recall of pictures outside of the set) and recognition (recognition of pictures of the set among 24 pictures) was assessed 15 min later. A new set of pictures was presented at each time of assessments. (ii) Short-term memory. It was studied using the 10-min Digit span test. A set of numerical digit strings, composed of 4 to 8 digits was presented for learning to the subjects. Each string was presented during 1 sec with a 0.5 s interval between two consecutive strings. The subjects’ task was to memorize the complete string of digits and to recall it by clicking using the mouse on the appropriate digits on a visual keypad displayed on the monitor. Recall was required either in the same or the reverse order of presentation. The number and the mean reaction time of correct retrievals were considered. 


2.8 Data analysis and statistical methods:


The statistical analysis was performed using SPSS 11.0 software package (SPSS Inc., Chicago, IL, USA). Physiological, endocrine and cognitive data time courses (Baseline, Escape and Recovery) were studied using repeated-measure analyses of variance (ANOVA). If necessary, post-hoc analyses were carried out using Neuwman-Keuls tests. Relationships among physiological, endocrine, and cognitive responses were studied using Pearson’s correlation test. Comparisons between subjects according to their mindfulness level were carried out using independent t tests. Statistical significance was set at p<0.05. Results were expressed as mean and standard deviation.


3.0 Results


3.1 Psychological measures: self-administered questionnaires 


For the mindfulness scale, the mean score was 41 ±5,32 with eight subjects above the mean score and five under the mean score. For the Spielberger anxiety scale, results did not differ from the standards observed in a similar population; the mean scores were 24,77 ±6,62 for the anxiety-state scale and 27,69 ±7,32 for the anxiety-trait scale. Subjects with higher anxiety-trait score exhibited higher anxiety-state score (r(12)=0.90, p<0.01).When regarding correlations between mindfulness scale and anxiety scales, results showed that submariners prone to higher mindfulness score were prone to lower anxiety-trait score (r(12)=-0.72, p<0.01) and to lower anxiety-state score (r(12)=-0.67, p=0.01).

3.2 Effects of the escape training on the physiological, endocrine and cognitive assessments:


Considering physiological responses, no significant difference was observed on LF/HF among the three steps for the group of 13 submariners (Figure 1). No correlation between each step was observed for LF/HF.
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Figure 1 Mean [SD) LF/HF and Mean [SD) salivary cortisol concentrations [nm/L) according to the measurement times in military men during the escape. LF and HF indicate low-frequency and high-frequency, respectively.

When regarding endocrine assessments, salivary cortisol concentrations decreased steadily (Time effect, F(2,12)=6.50, p<0.05; Figure 2) with higher Baseline values compared to Escape (p<0.05) and Recovery (p<0.05) and higher Escape value compared to Recovery (p<0.01). A positive correlation between Escape and Recovery was observed for salivary cortisol (r(12)=0.81, p=0.05). No correlation was observed between cortisol and LF/HF values in either step. 

Considering picture recall, no difference was observed among experimental steps.


Considering the Digit-span test, a significant time-effect (F(2, 11)=5, p<0.05) was observed for the number of correct retrieval in case of reverse order of presentation task: Escape (6.16 ±1.89) and Recovery (6 ±1.86) were higher than Baseline (5 ±1.76, p<0.05 for the two steps). No difference among experimental steps was observed for the direct order task. 

3.3 Effects of the escape training on the assessments according to the FMI level:

Two groups were defined according to the mean mindfulness score found in the submariners population. The eight subjects with a score above the mean score constituted the FMI+ group and the five subjects with a score under the mean score constituted the FMI- group. Further analyses were carried out between subjects according to their mindfulness level (FMI+ vs. FMI-; figure 2). Considering LF/HF, whether no significant difference was observed between groups for each experimental step, the Escape values appeared lower for the FMI+ than these observed for the FMI- (t(11)=-1.49, p=0.15 with 5.16 ±2.56 for FMI+ and 8.38 ±5.28 for FMI-). Within each group, no correlation between each step was observed for LF/HF. 


Considering endocrine assessments, the nocturnal cortisol excretion rates did not differ between groups. For the salivary cortisol levels, no significant difference was observed between groups for each experimental step. However, the Escape cortisol concentration appeared lower for the FMI+ than these observed for the FMI- (t(11)=-1.34, p=0.17 with 5.28 ±2.75 nmol/L for FMI+ and 10.00 ±9.51 nmol/L for FMI-). For the FMI+, positive correlations were observed between Baseline, Escape and Recovery steps (3 correlations ranging 0.71<r<0.86, 0.01<p<0.05). This was not observed for the FMI-.

The night before escaping, compare to the FMI- group, the FMI+ groups showed a lower latency to go to sleep (t(11)=2.00, p=0.05 with 5.28 ±2.75 cm for FMI+ and 9.64 ±1.18 cm for FMI-) and a higher sleep quality (t(11)=2.18, p=0.05 with 10.32 ±0.83 cm for FMI+ and 8.38 ±2.34 cm for FMI-). No difference was observed between groups for the POMS scale, whatever the factor. 

No difference between FMI groups was observed for each experimental step when regarding the digit span performances. For the picture test performances, a tendency for FMI+ subjects to have higher correct recall at Baseline than FMI- subjects was observed (t(11)=1.75, p=0.09 with 9.62 ±1.84 correct recall for FMI+ and 7.80 ±1.78 for FMI-). Moreover, FMI+ subjects exhibited lower false recall than FMI- subjects at Escape (t(11)=-2.12, p=0.05 with 0 false recall for FMI+ and 0.40 ±0.55 for FMI-). A similar tendency was observed at Recovery (t(11)=-1.54, p=0.10 with 0.25 ±0.48 false recall for FMI+ and 0.80 ±0.83 for FMI-). 


[image: image2.wmf]FMI+


FMI


-


B) Escape time


False


recall


*


Salivary


Cortisol **


LF/HF**


1


12.5


10


A) Baseline time


Salivary


cortisol


Urinary


cortisol


LF/HF


Correct 


Recall


*


Delay to 


go to sleep ** 


Sleep 


restoration 


quality**


10


10


125


10


10


12.5


C) 


Recovery


time


LF/HF


False


Recall


**


Salivary


Cortisol


1


12.5


10


FMI+


FMI


-


FMI+


FMI


-


B) Escape time


False


recall


*


Salivary


Cortisol **


LF/HF**


1


12.5


10


A) Baseline time


Salivary


cortisol


Urinary


cortisol


LF/HF


Correct 


Recall


*


Delay to 


go to sleep ** 


Sleep 


restoration 


quality**


10


10


125


10


10


12.5


C) 


Recovery


time


LF/HF


False


Recall


**


Salivary


Cortisol


1


12.5


10


B) Escape time


False


recall


*


Salivary


Cortisol **


LF/HF**


1


12.5


10


B) Escape time


False


recall


*


Salivary


Cortisol **


LF/HF**


1


12.5


10


A) Baseline time


Salivary


cortisol


Urinary


cortisol


LF/HF


Correct 


Recall


*


Delay to 


go to sleep ** 


Sleep 


restoration 


quality**


10


10


125


10


10


12.5


A) Baseline time


Salivary


cortisol


Urinary


cortisol


LF/HF


Correct 


Recall


*


Delay to 


go to sleep ** 


Sleep 


restoration 


quality**


10


10


125


10


10


12.5


C) 


Recovery


time


LF/HF


False


Recall


**


Salivary


Cortisol


1


12.5


10


C) 


Recovery


time


LF/HF


False


Recall


**


Salivary


Cortisol


1


12.5


10


LF/HF


False


Recall


**


Salivary


Cortisol


1


12.5


10




Figure 2: Effects of mindfulness level [FMI+ vs. FMI-) on different assessments according to the times of the escape training. * p<0.05 for mean differences in responses between the two groups;** p<0.10 for mean differences in responses between the two groups


4.0 Discussion


The present study investigated the physiological and behavioral responses induced by military escape training from a submarine simulator according to the mindfulness-trait level of the submariners. Sympathovagal balance, cortisol salivary levels, and short-term and declarative memory were assessed before (Baseline), 30 min after (Escape) and two hours after (Recovery) the escape exercise. Whereas the sympathovagal response did not differ between the time-points, the endocrine response as shown by the salivary cortisol patterns showed a tendency to decrease during the escape training. Such decrease is congruent with what is observed prior to public speaking or prior to a first jump for novice parachutists [23]. This pattern is highly evocative for an anticipation of threat which disappeared with the beginning of action. 


The impact of the escape training on cognitive functions differed according to the assessed performances. For the picture test performances, no difference appeared between the time-points. The pattern of performances of short-term memory for the direct order task also did not differ between the time-points. For the reverse order task, a particular time-pattern was observed, the lower performances being observed for Baseline compared to Escape and Recovery. During the time preceding escaping, submariners had to switch from “remember the procedures for the imminent escape” to “realize the short-term memory task”. According to the cognitive load theory [24], the process by which information is maintained or stored on-line for briefs periods of time, is a limited amount of resources available when information is being processed. At Baseline, the resources may not be available due to the reverse order task, known to induce a higher cognitive load compared to the more automatized order task. Conversely, there was no additive operational task during Escape and Recovery, explaining the less impairment in “reverse order” task. This cognitive pattern was concomitant to the saliva cortisol level. Furthermore, it disappeared 2 hours after in parallel with the decrease of cortisol level suggesting that an anticipation of threat also could influence the “reverse order” task performances before the beginning of action.

Lastly, our results highlighted differences in the pattern of responses according with the mindfulness-trait level. At Escape, individuals prone to lower mindfulness score exhibited a higher stress response with a higher cortisol level which delayed to decrease at Recovery, higher ANS activation and pictures recall degradation. This cognitive degradation was concomitant to the salivary cortisol level. It could be suggested that the mechanisms underpinning such cognitive results involve stress through cortisol elevation. Indeed, glucocorticoids have been shown to influence multiple regions of the brain implied in the memory processes [25,26,4] as the hippocampus involved in the declarative memory (recall ability). Furthermore, the night before escaping, compare to the FMI+ group, they exhibited lower sleep quality suggesting a greater anticipation of threat. 

Although the present study had important limitations, i.e. the small size and highly selected sample of subjects, it highlights the impact of mindfulness level differences on conducting operational activities. As notified in the book “in Search of Warrior spirit: teaching awareness disciplines to the Green Berets”, Dr Strozzi-Heckler [27] observed that the 25 Green Berets trained six weeks for increasing their mindfulness state improved their skills as soldiers especially in terms of how they viewed themselves in relation to the world around them. Whether such psychological ability also promotes right decisions and ethical behaviours during the heat of a conflict needs further investigations. 
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Abstract


This paper advocates the introduction of so-called cognitive and cooperative automation into vehicle guidance work systems. The work system of UAV guidance will be taken as an example. This idea radically breaks with the traditional approach of supervisory control. According to our approach the human will no longer be the only instance in the work process being responsible for the pursuit of the given work objective. We call this novel mode of human-automation interaction cooperative control. Suchlike automation will take over a more active part and develop its own initiative to achieve the aim of work and thereby enhance the human-machine system’s performance. This paper provides a comprehensive description of the top-level work system design incorporating cognitive automation, a brief outline on the realisation of artificial cognition and the description of an application example taken from the multi-UAV guidance and mission management domain. The experiments show that cognitive cooperation provides a high potential for human performance enhancement on the level of cognitive work.

1.0
Introduction

Vehicle guidance of any kind has always been a very demanding task for human operators. Driving a car and navigating in dense traffic is probably the most complex sensori-motor and cognitive task an average person is ever exposed to in daily life. In fact, a whole set of psycho-physiological limitations confine human performance, e.g. associated with visual perception or reaction time. Fatigue might as well be a major issue. Obviously operating a military aircraft requires much more specialised human capabilities and poses extremely high demands on pilots. In addition to the aforementioned problems physiological human performance limitations in connection with e.g. acceleration tolerance, hypoxia or motion sickness arise. With the advent of more and more automation in the work environment the nature of work has been changed considerably. Many of the purely manual control tasks vanished, while supervisory control [1] became the predominant mode of human-machine interaction in vehicle guidance. This led to a great relief from demanding high-bandwidth tasks and the size of operating crews could be considerably scaled down, e.g. the flight deck crew of civil airliners from four or even five persons in the earlier years to two pilots as usual today. Accompanied with that, however, work environments became much more complex, requiring increasing skills and knowledge on behalf of the human operators in order to still cope with the complexity. In fact, human cognitive performance limits became the predominant restriction. Unless high efforts invested in the optimisation of human-machine systems typical reactive designs could not really succeed in counteracting suchlike problems. Cognitive and cooperative automation represent novel approaches to this problem, radically breaking with the tradition of supervisory controlled automation. The Institute of Flight Systems (and it’s predecessor organisations) at the Universität der Bundeswehr München (Munich University of the German Armed Forces) has been working on experimental prototypes since more than two decades now. Many experimental works proving the concepts have been performed enhancing human-system performance in particular in aerial applications.

In order to provide a closer insight into the approach of cognitive and cooperative automation in the following chapters the work system will be introduced as human factors engineering theory and applied to the field of multi-UAV guidance. The work system allows a systematic systems engineering approach of deriving requirements for so-called Artificial Cognitive Units (ACUs). In the next chapter a brief description will be given, how an ACU shall be built, in order to be enabled to yield knowledge-based behaviour. Finally, in the following chapter an example application of multi-UAV guidance and mission management will be described and respective experimental results will be given.

2.0
Work Process Analysis of Human-Machine Systems


2.1
Work Process and Work System


To figure out a solution to the challenges of future vehicle guidance systems, the first step shall be the characterisation of today available conventional automation in the work process as opposed to the introduction of cognitive automation. Therefore, the consideration of the work system as top-level human factors engineering framework shall be used. The work system (see Figure 1) as a general ergonomics concept has been utilised in a modified definition, adapted to the application domain of human-machine cooperation in flight guidance by [2] and to machine-machine cooperation by [3].
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Figure 1: Work system


The work system is defined by the work objective, being the main input into the process of work. The work objective mostly comes as an instruction, order or command from a different supervising agency with its own work processes. Further constraining factors to the work process are environmental conditions and supplies. At its output, the work system provides the work result including the current state of work and what has been accomplished by the work process as a physical change of the real world [4].


The work system itself consists of two major elements, i.e. the operating force and the operation-supporting means, as characterised in some more detail in the following:


· The operating force is the high end decision component of the work system. It is the only component which pursues the complete work objective. It determines and supervises what will happen in the course of the work process and which operation-supporting means will be deployed at what time. The operating force is the work system component with the highest authority level. One major characteristic of especially a human representing the operating force is the capability of defining the work objective by himself (see Figure 1). Besides operating on the basis of full authority competence this is the decisive criterion for what we call an autonomous system (see also discussion below).

· The concept of operation-supporting means can be seen as a container for whatever artefacts are available today to make use of in the work process, including basic work site settings, non-powered tools and machines. The latter might be a vehicle in the case of a transport work process, but also computerised devices of automation. A robotic system in this sense could be seen as highly automated machine as part of the operation-supporting means of a work system as well. In the application domain of flight guidance currently used auto-flight or autopilot systems including the human-machine control interface can serve as typical examples for automation. Common to the nature of various operation-supporting means is the fact that they facilitate the performance of certain sub-tasks, and only that. By nature, such a sub-task does not form a work system by itself, obviously being only one part of another higher level work task. According to the common ergonomic design philosophy, mostly the operation-supporting means are subjected to the endeavours of optimisation in order to achieve overall system requirements and accomplish further improvements.

As mentioned earlier, these elements will be combined within the work system in order to achieve a certain work result on the basis of a given work objective. The accomplishment of a flight mission (i.e. the work objective) may give a good idea of what is meant here. In this case, the work system will consist of an air-crew being the operating force, and the aircraft including its automated on-board functions as well as any required infrastructure representing the operation-supporting means.


The replacement of human work by continuously expanding automated functions, as it could be observed throughout the whole history of industrial mechanisation and automation, leads to technical solutions of steadily increased authority. Simultaneously, the human operator is continuously being pushed further into the role of supervising more and more machines and, at the same time, more and more complex ones. The process of substituting the responsibilities of the human in a work system might be driven up to a degree where the operator’s capabilities would be completely substituted by automated functions. From a purely technology minded standpoint, the human could theoretically be dropped out of the work system as a consequence. In case that the automation is just like the human capable and allowed to self-assign a work objective, the resulting artefact could be called an artificial autonomous system (see Figure 2).
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Figure 2: Hypothetical conversion of an ordinary autonomous work system with human operator into an artificial autonomous system


However, considering such an artificial autonomous system, there are two good reasons, why it is not desirable to create a machine like this:


· From an ethical point of view we want to refuse building machines, which potentially could self-assign a work objective, as long as this implies the possibility of unforeseeable, harmful consequences for us humans.

· From a pragmatic point of view we do not need machines not being subjected to human authority. Such technological artefacts for themselves are of no use, since they are no longer serving the human for his work in its broadest sense.


Still, technology may provide very powerful automation capabilities replacing human performance if useful, unless it is not entitled to the authority of self-assigning a work objective. We call the resulting artefact a(n) (artificial) semi-autonomous system, the structure of which is very similar to that of a work system. Figure 3 shows such a semi-autonomous system which is always part of the operation-supporting means of a superior work system. In this set-up, this operation-supporting semi-autonomous system will not be allowed to self-define an objective. It will receive it from the operating force of the associated work system which at least comprises one human operator. Surely, such a semi-autonomous system may work very independently, without continuous guidance by the operating force.
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Figure 3: Semi-autonomous system as part of a work system


In conclusion, the definition of a work system excludes the existence of a purely artificial one. There will be no artificial autonomous system addressed as a work system. There will be no artificial system addressed which would have got the capacity to generate a work objective on its own. Instead, we claim the necessary condition that there will be at least one human operator as part of the operating force of the work system. In other words, every technological artefact, no matter how high its “level of autonomy” might be advertised by its creators, will finally either support human work (as part of a work system) in its broadest sense or not be of any use at all.


2.2
Experiences with complex automation


The concept of having conventionally automated functions in the work process as low authority artificial specialists being good for a particular execution support but lacking the full perspective, was very convenient as long as only simple automated functions were used for simple tasks. It was of no harm that the responsibility load not to violate the prime goals of the work process was exclusively on the human operator’s shoulders. However, in highly automated work systems for complex and demanding work objectives as we are used to now, like, for instance, a demanding mission of a modern fighter aircraft, the situation is different. Here, conventionally automated functions with a high degree of complexity are accommodated as operation-supporting functions. They are considered as necessary to keep the human operator freed from a sufficiently high number of tasks which otherwise could lead to overloads. This might become critical, though, since with increasing conventional automation complexity, the task of the operator as supervisor becomes more and more complex, too. Instead of the intended unloading, danger of overcharge of the operator may inevitably arise in certain situations, resulting in a loss of situation awareness and control performance, i.e. lacking to comply with the prime goals. The operator might be unaware of discrepancies between sub-task activities of automated functions or/and the prime goal necessities or even of his insufficiency to adapt to this inadequacy. This is just the opposite of what was intended by the introduction of automation. [4]


This issue fits well the characteristics of a vicious circle. With respect to the extension of conventional automation, such a vicious circle is depicted in Figure 4 for the application field of UAV guidance and control.
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Figure 4: The vicious circle of extending conventional automation


As characteristic of reactive designs to inescapably occurring human error in human supervised automation systems, the extension of automation is taken as solution. Designers transfer the authority over more and more comprehensive work process tasks from the operating force i.e. the human operator to increasingly complex automated functions being part of the operation-supporting means. Although, being relieved from workload in the first place, the human operator will be burdened with extra demands from increasing system monitoring and management tasks. At a certain point the human operator cannot but fail in the supervision of suchlike automated systems. In reaction, as being used to, typically the only solution considered is to further extend the share of automation as part of the operation-supporting means in conjunction with further increase of complexity. In conclusion, as we are interested in a design with gains in productivity of a work system, we experience that the increase of system complexity due to further addition of conventional automation results in less and less increase of productivity gain and might eventually even end up with decreases.


The deficiencies of conventional automation finally leading to the vicious circle described have been experienced for quite a time now (see [5]) and are well-captured in explicit terms in the meantime by the phenomena known under e.g. automation brittleness, opacity (entailing increased demands on monitoring the automation status), literalism, clumsiness, and data overload, all of them being consequences of too high system complexity.


2.3
Dual-Mode Cognitive Automation


Traditionally, a human or a human team (cf. e.g. [2]) represents the operating force in the work system. In the conventional sense the human operating force provides the capability of cognition within a work system, whereas the operation-supporting means do not. In order to overcome known shortcomings of such conventional automation (e.g. [5][6]) which is oftentimes by far too complex to be handled properly, a configuration of the work system is suggested, where so-called Artificial Cognitive Units (ACU) are introduced.

Inserting ACUs into the work system as opposed to the further enhancement of conventionally automated functions or the addition of further humans (first row in Figure 5) adds a new level of automation, i.e. the cognitive level to the work system (second row in Figure 5). The possibility to shape an ACU being either part of the operating force (operating ACU) or being part of the operation-supporting means (supporting ACU) defines two modes of cognitive automation [4]. Both modes might be combined together with conventional automation within one work system.
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Figure 5: Introducing Artificial Cognitive Units (ACUs) into the work system


Common to these two modes of automation is that they incorporate artificial cognition. Onken [2] describes the nature of suchlike cognitive automation as follows:


“As opposed to conventional automation, cognitive automation works on the basis of comprehensive knowledge about the work process objectives and goals […], pertinent task options and necessary data describing the current situation in the work process. Therefore, cognitive automation is prime-goal-oriented.” [2]

Particularly due to the orientation of its behaviour towards explicitly represented goals and its understanding of the current situation, cognitive automation has the potential to avoid problems of conventional approaches such as complexity and brittleness which have been thoroughly investigated by Billings [5] and others. A detailed explanation of this effect can be found in [4].


Concerning the application of cognitive automation as operating ACU, i.e. on the right hand side of Figure 5, where the human operator and the ACU form the operating force as a team [2] comments that in this configuration the ACU has reached “[…] the high-end authority level for decisions in the work system, which was, so far, occupied by the human operator alone.” [2]


As a consequence of this consideration both team members – human operator and ACU – have to have the obligation to apply their specific capabilities, which might be overlapping, in order to pursue the overall work objective best. Hence, an operating ACU is always characterised by the incorporation of the functionality of what we call an assistant system. Such an assistant system can be a supplement to the operating force, i.e. to the human operator or the human team. In this case it is mostly of virtual nature providing informational assistance. On the other hand it can be embodied in an independent machine (e.g. robot, UAV) substituting an otherwise necessary additional human operator. In this case the assistance is of physical nature in addition. The design of the corresponding operating force of a work system, especially the design of the assistant system (i.e. an operating ACU) can be specified by founding it on the compliance with the following basic requirements (see also [7] and [4]):


Requirement 1:


The assistant system has to be able to present the full picture of the work situation from its own perspective and has to do its best by own initiatives to ensure that the attention of the assisted human operator(s) is placed with priority on the objectively most urgent task or subtask.


Requirement 1 leads to functions that become active only at certain, normally rare occasions for contacting the human operator(s) with advisory messages when overtaxing of the human operator(s) seems possible in the task category of situation assessment and interpretation. This takes place in a way such that the human operator(s) can make up his (her/their) mind to accept the advice or not. This function is entirely advisory.


Requirement 2:


If according to requirement 1 the assistant system can securely identify as part of the situation interpretation that the human operator(s) cannot carry out the objectively most urgent task because of overtaxing, then the assistant system has to do its best by own initiatives to automatically transfer this situation into another one which can be handled normally by the assisted human operator(s).


Since requirement 2 is based on sufficient fulfilment of requirement 1, the technical realisation of the assisting function according to requirement 2 consists of two elements (1) to realise reliable identification of situations with overtaxing of the human operator, albeit he or she has got full situation awareness, and (2) to realise reliable automated functionality to overcome this situation. At this point, the assistant system is temporarily replacing a human team member. In essence, the corresponding functions are directly impinging on the work product by automatically carrying out the due tasks which otherwise the human operator was supposed to do. Depending on the situation, explaining information might be given to the human operator that he is enabled to take over again as soon as possible. In the context of describing the essence of temporarily substituting assistance, this problem is being tackled by the work on adaptive automation (see e.g. [8] and [9] for own works in the field)

Requirement 3:


If there are cognitive tasks, the human operator(s) is(are) principally not capable to accomplish, or which are of too high a risk or likely a cause of too high costs, these tasks are to be allocated to the assistant system or operation-supporting means, possibly a supporting cognitive unit.


Requirement 3 refers to an a-priori design decision to transfer certain cognitive tasks within a given work context to the assistant system permanently. This may include that the assistant system decides to utilise certain operation-supporting means in order to fulfil the task. In this case the assistant system can have its own exclusive operation-supporting means at its disposal. Whereas assistant functions derived from requirement 1 or 2 most typically will be carried out at the operator’s work station, assistant functions derived from requirement 3 might as well be dislocated, e.g. aboard a UAV. In this case the operating ACU is guiding the UAV at a high degree of autonomy forming the operating force with the human located somewhere else.


The introduction of an operating ACU is the basis for human-machine symbiosis in its real sense and guides the way out of the vicious circle (see Figure 4) as shown in Figure 6. Although cognitive automation does not break the general trend of raising complexity as such, the introduction of the cooperative control mode counteracts typical problems with supervisory control of increasingly complex automation by definitely mitigating the system monitoring and management task load through human-automation cooperation.
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Figure 6: Escaping the vicious circle of progressing automation

2.4
Introduction of Cognitive Automation in UAV Guidance Work System


After having discussed the introduction of cognitive and cooperative automation into work systems in general this section will pick up the UAV guidance work system as an example and discuss several variations of it with respect to the possibilities of introduction of cognitive automation.


To begin with, let us consider a work system for the guidance of multiple UAVs by a single operator without cognitive automation. The UAVs can be used according to their capabilities in order to achieve the work objective. Concerning the tasks of the UAV operator (just considering UAV flight guidance), he usually has to plan and supervise mission plans in parallel processes for several UAVs. Moreover, he has to decide, how his work objective (e.g. area reconnaissance) can be split into several sub-tasks, which UAV shall complete which sub-tasks (e.g. certain sector of area of interest) and how this sub-task can be executed (e.g. definition of a search pattern). The execution of the task is followed by the fusion of the results, as the operator is the only instance within the work system, which has overview of relevant sub-tasks and their dependencies.


In order to support the operator within this work system, additional, cognitive automation can be introduced in different ways. In a first step, the UAVs can be promoted to become semi-autonomous systems, which are operated by a supporting ACU (see Figure 7). This supporting ACU can access necessary information and can control the UAV by the use of various sub-systems or communicate with the operator by data link.


This configuration does not require detailed instructions for the UAVs with respect to how a certain task shall be executed (e.g. specification of a mission plan), but the supporting ACUs are capable of understanding tasks on the abstraction level of a mission order and executing them by the use of available operation-supporting means. Thus, the UAVs get more independent from highly frequent and detailed instructions from the operator so that there are less critical requirements concerning data link availability and time critical reactions of the operator. Moreover, the operator is unburdened from operation of UAV sub-systems, although he might have the possibility to access them.


In this configuration, the semi-autonomous systems are acting independently from each other (see Figure 7). Thus, the operator has to care for appropriate allocation of tasks to UAVs as well as re-allocation in case of relevant changes in the situation and supervision of task execution by the supporting ACUs.
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Figure 7: Independent supporting ACUs within UAV guidance work system


The next step combines the semi-autonomous system to one dislocated semi-autonomous system consisting of a team of supporting ACUs. Hereby, each supporting ACU is associated with one UAV and located onboard this UAV (cf. Figure 8).
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Figure 8: Team of supporting ACUs 


This configuration facilitates the allocation of one task to a team of UAVs, that determines necessary sub-tasks as well as an appropriate task allocation by itself. Usually, the team will account for situation changes and adapt if required. While so far the structure of the work system changed in case a UAV was lost or the number of UAVs increased, the operator now has a operation-supporting means at hand, which is much more complex than a semi-autonomous system consisting of one UAV, but which unburdens him from various tasks and tries to maintain situation awareness with respect to the collaboration of UAVs.


Such a semi-autonomous UAV team is capable of executing a given task usually independent from human intervention, but cannot contribute to the work objective of the overall work system as it is not known within the team. In case such a capability is required, the ACUs have to take the shape of operating ACUs (see Figure 9). This step changes the interaction of human operator and ACUs fundamentally as the ACUs are no longer supervised by the human in a hierarchical manner but now form a team within the operating force which cooperatively tries to achieve the work objective. Thus, the operating ACUs in this setup have to be capable of human-machine cooperation.
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Figure 9: Team of operating ACUs and human operator

Like previously, also this configuration comprises several ACUs because still each ACU is associated with one UAV and located onboard in order to be able to compensate for temporary data link loss and be robust with respect to the loss of a single UAV. Here, a special characteristic of the operating force is used, namely that its elements may be dislocated [4]. Moreover, from the perspective of a work system designer, this set-up follows the recommendation to introduce as much automation as possible into the operating force [4] as it is assumed that the quality of decisions and the performance of the work system as a whole is the better the more automation knows, understands and pursues the work objective.

The difference between a team of supporting ACUs and a team of operating ACUs each of them guiding a dedicated UAV shall be clarified using an example from the MUM-T domain. Here, a manned helicopter has several UAVs guided by the aforementioned ACUs at its disposal for route reconnaissance. This manned helicopter in on the way to a certain site and needs information concerning the planned route. Moreover, there are several alternative routes briefed. In case the UAVs are guided by a team of supporting ACUs, the operator can task them to reconnoitre a certain route, but has to care for re-tasking in case other routes shall be explored because the ACUs do not know that the manned helicopter is on the way to a certain location. In contrast, if the UAVs are guided by a team of operating ACUs, the latter do know the work objective and can hence propose or execute the exploration of alternative routes by themselves in case of situation changes.
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Figure 10: Team of supporting ACUs and operating ACU as operator assistant system

In order to further optimise the UAV guidance work system that has been considered so far, an (additional) operating ACU should be introduced into each configuration [4]. This is especially necessary for set-ups which do not contain an operating ACU yet in order to counteract problems which can be expected with increasing complexity of automation [5]. The new operating ACU behaves as an assistant to the human operator, i.e. it supports him in the execution of his specific tasks. Concerning the supervision of a team of supporting ACUs (cf. Figure 10), such an assistant system would need concepts of team work and appropriate task distribution among the team members in order to be able to derive the need for action. Moreover, knowledge about various alternatives to intervene is necessary as well as an understanding of the operator’s current workload and attention focus in order to provide situation adapted support.

3.0
Building Artificial Cognitive Units


As mentioned above, we introduce so-called Artificial Cognitive Units (ACUs) aboard UAVs which are capable of goal-directed planning of their behaviour while considering the current situation. In order to perform well in as many situational configurations as possible these ACUs have to be able to exhibit behaviour on all levels of human performance as introduced by [10]:


· Skill-based behaviour is characterised by highly automated and efficient execution of sensori-motor patterns without the need to be aware of. Just like an experienced helicopter pilot can perform a hovering task on this level, a controller stabilising an airborne platform would exhibit the equivalent of skill-based behaviour.


· Rule-based behaviour in contrast requires attentional resources from humans and can be observed in standard task situations. Then, a direct situation-task-mapping takes place and the appropriate tasks can be executed by means of skill-based capabilities. Typical rule-based behaviour in the aviation domain can be observed when processing check lists e.g. before departure.


· Knowledge-based behaviour is of importance in situations, which have not been experienced before and for which it is not known what should be done next. For example, a pilot might not immediately have an appropriate solution to a situation in which certain mission relevant tasks have to be completed but at the same time unexpected events such as a change of the tactical situation or onboard available resources occur. In order to determine the next steps, at first, the situation has to be understood, then, currently relevant goals will be determined and finally, appropriate actions have to be planned which are suited to achieve the desired state.


While skill-based and rule-based behaviour can be implemented into technical systems quite straightforward, performance on the knowledge-based level is much harder to realise, because developers have to enable the system to understand the situation, to reason about super ordinate goals, to decide what to achieve next and to plan appropriate action sequences.


A paradigm for the design for artificial cognitive systems with such capabilities is the Cognitive Process (CP) [4][11][12], which is depicted in Figure 11. It is a model of human information processing and describes a-priori knowledge models necessary for the implementation of especially knowledge-based behaviour as well as transformation steps actually processing the knowledge.


The transformer interpretation uses environment models to gather an understanding of the current situation on the basis of input data from the environment. This belief is the most important input for the determination of currently relevant goals to be achieved next. These are derived from desires, which describe all goals that can potentially be prosecuted by the ACU. The transformer planning assembles available action alternatives to a plan, which is suited to achieve the goals. Finally, the plan is being executed and instructions are sent to the output interface.


For the realisation of ACUs based on this paradigm, the cognitive system architecture COSA [11] has been developed which provides a framework implementing application-independent parts of the CP, i.e. knowledge processing by the transformers. Moreover, the development of application-specific a-priori knowledge is supported by the Cognitive Programming Language CPL, which allows to actually formulate environment models, desires, action alternatives and instruction models. [13]
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Figure 11: The Cognitive Process for generating knowledge-based behaviour in an ACU


4.0
Application Of Cognitive and Cooperative Automation


At the Universität der Bundeswehr (UBM) in Munich, Artificial Cognitive Units have been and are being developed in flight guidance both as assistant systems and onboard mission management systems. Within the last years, focus shifted from manned flight and pilot assistance to UAV guidance. Topics in this area have been single UAV mission management in a reconnaissance mission, predominantly to prove that the Cognitive Process and COSA [11] are a valid approach to UAV guidance as well as cooperative mission accomplishment by multiple UAVs in a hostile area with air-to-ground-attack as primary mission task.


The project described here was focused on the activity of a team of UAVs which is supposed to accomplish a given mission together [14][15]. Each of the UAVs is thereby piloted by an ACU, which is the same for each UAV. In the first place, the ACUs were to behave on the knowledge-based level of performance, i.e. to process situational cues, determine goals, and plan their task agenda. Thus, the design of the a-priori knowledge was deliberately done without knowledge about task situations on the rule-based behavioural level. As a consequence, all UAV actions can directly be tracked back to goals as being determined on the knowledge-based level. From a capability point of view, the focus of the project was cooperative mission management rather than ordinary flight planning. The latter and the coverage of skill-based action control were assumed to be given as well-established conventional automation like autopilot and flight management systems.


4.1
Scenario


The scenario that has been considered consists of a high value hostile target at a certain location which has to be attacked and some threats which have to be avoided or suppressed in order to create a safe corridor to the target (see Figure 12). Some of the threat areas are known before the mission starts while others may pop up unexpectedly during the course of the mission. One of the UAV team members (“Attack-UAV”) is equipped with the means to attack the target. However, this UAV cannot protect itself against threats and has no sensors to detect new threats in the theatre. The SEAD-UAVs in contrast cannot attack the target, but have HARMs with them in order to suppress or destroy SAM-sites and have got sensor equipment for on-board detection of threats as well as approaching missiles. While the UAVs are equipped differently, they are piloted by an ACU of same cognitive capabilities as was earlier alluded to.
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Figure 12: Scenario of SEAD / Attack mission

In order to accomplish the sketched mission, the participating UAVs have to cover the following capabilities [16]:


· Use of UAV equipment of conventional automation, such as an autopilot, a flight management system and a flight planner minimising threat exposure.


· Safe flight, i.e. ensuring that the UAV can fly within 3D-space without colliding with other UAVs or terrain.


· Accomplishment of mission tasks such as “suppress threat”.


· Cooperative mission accomplishment, i.e. the ability to cooperate with other UAVs in order to achieve the common objective, namely the mission assigned to the team.


All of these aspects had to be considered when implementing a prototype of the ACUs. Since the focus of the project was on cooperative behaviour, the first three aspects were only covered as much as needed by the cooperative capability. In the following, the chosen work system setup and the development of the prototype with respect to the last aspect, i.e. cooperation, will be described in some more detail.


4.2
Selected Work System Set-Up


The team of UAVs as described above has been designed to be the main operation-supporting means of a work system as depicted in Figure 8. Hereby, a human operator forming the operating force has a semi-autonomous system consisting of the UAV team at hand in order to achieve his work objective. As the ACUs are capable of working together, the operating force can task the team as a whole and receives feedback on task accomplishment by one dedicated spokesman of the team. This spokesman has no decision authority higher than the one of the other team members, but is responsible for communication with the operator.


4.3
Design


The design of the Artificial Cognitive Units is based on the Cognitive Process as presented in chapter 3. This section will detail some of the knowledge models related to cooperative behaviour. At first desires will be specified, followed by action alternatives, instruction models, and finally environment models.


The main desires for producing cooperative behaviour of ACUs are shown in Figure 13. The first group of desires refers to the achievement of the common objective, i.e. usually the given mission. Therefore, commitments have to be managed and the associated tasks accomplished. Commitment management hereby refers to both accepting and dropping commitments under certain circumstances. Usually, a commitment is accepted by an individual team member or a team if somebody (e.g. operator) requests the accomplishment of a certain task and the accomplishment of this task is judged as being feasible. A commitment should be dropped if it is achieved, irrelevant or unachievable [17][18]. As this does not only refer to own commitments, but also to commitments which other team members have accepted due to own requests, irrelevant dialogs should not be continued. Moreover, a team member should not only consider each commitment separately but should also consider whether all its commitments are achievable as a whole. Team members as individuals are responsible for the actual accomplishment of tasks associated with commitments, therefore, commitments have to be arranged in a certain order in which they shall be considered (so-called ‘agenda’) and actually be complied with at a certain point in time.
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Figure 13: Desires for cooperation (see [19])

Following the requirements derived by [5] to be imposed upon cooperative agents, cooperative behaviour includes appropriate information exchange within the team driven by the desire to have all necessary information about the other team members and to keep them informed with respect to e.g. capabilities, resources, and commitments. The distribution of tasks within a team should be organised in a way that all tasks which should be carried out are assigned to a team member and at the same time workload is balanced among the team members. Finally, in the project described here, the team is structured such that all team members are peers, but that communication with actors not belonging to the team is performed by a spokesman. Therefore, a desire “have spokesman” has been formulated.


Within the scenario described earlier three kinds of interdependencies between team members are relevant. First of all, shared resources (here a corridor which has to be used by all UAVs to fly to the area of interest) have to be assigned to individual team members. Secondly, redundant task assignment shall be avoided in order to maximise team effectiveness. Thirdly, team members shall support fellow team members by carrying out tasks that facilitate the task accomplishment of the fellow team members. The management of these interdependencies is triggered by appropriate desires.


Communication among the ACUs is structured according to the specific dialogue representation. In order to keep dialogues running, the desire ‘continue dialogue’ becomes active, if the current state of a dialogue requires an ACU to send a message next.


Within this context, various environment models are required. First of all, a representation of actors is needed, which is instantiated for each actor in the setup, here for each ACU piloting a UAV and for the human operator. Closely related to these models are the ones which describe the various characteristics about capabilities and resources of the actors. Since the actors are organised in a team, also a model is necessary about how a team is to be defined. This model is for example attributed with the members of the team pointing at instantiations of actors. With respect to the common objective of a team, commitments have to be represented. These are further described by the task which is related to the commitment and the actor or team, which is responsible for the commitment. As commitments refer to tasks, tasks have to be modelled. Furthermore, a representation of dialogues, their states and transitions are needed, which again are related to actors and/or teams involved in an interaction.


4.4
Evaluation


The functionality of the system was successfully tested in a simulation. A great number of test runs were conducted. Hereby, different scenarios were used, some of which considering only parts of the overall setup and therefore demanding for particular key capabilities of the ACUs, while others comprised the complete mission scenario in order to test the overall capabilities of the ACUs.

Figure 14 shows the course of a simulation test run with a reduced scenario considering mission accomplishment in a heterogeneous UAV team. It consisted of a team of 2 UAVs, one attack UAV (ID 4) and another one (ID 0) which is able to suppress any of the threats being around. One threat area covers the location of the high value target to be attacked as shown in Figure 14 for the time 00:00. 

In the following, both UAVs comply with their commitments, i.e. the attack UAV flies towards the target, while the other UAV (ID 0) starts flying towards the threat (Figure 14, 02:07). After the UAV (ID 0) has successfully suppressed the threat (Figure 14, 03:53), it informs the ACU guiding UAV 4 and the attack UAV adjusts its flight plan and continues its way to the target, now being escorted by the other UAV (Figure 14, 04:31). After having successfully attacked the target, the team continues the request dialogue initiated by the operator and informs him about the successful outcome of the mission. Finally, both UAVs start returning to the home base (Figure 14, 06:29 & 11:49).


Within the project described here, scenarios consisting of up to 10 known and unknown threats and 5 UAVs as well as a corridor for penetrating into the action theatre have successfully been tested in a simulated environment with the ACU prototype used for UAV guidance as described.


Besides the functionality as such also the capability of the prototype to behave on the knowledge-based level of performance was successfully evaluated (see [13]).
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Figure 14: Example of mission accomplishment of a team of 2 UAVs in a test run


4.5
Human-ACU Teaming


Finally, this work also provides the basis for human-machine cooperation although its main focus is on machine-machine cooperation aspects. This add-on could be achieved because of a consequent provision of models of goals for cooperation, of coordination techniques, and of dialogue management related knowledge. Within this context, an experiment was conducted in order to gain first insight to problems arising in human-ACU cooperation and to derive requirements for future ACU development. There, human pilots had to control up to three UAVs equipped with ACUs to accomplish a mission as described at the beginning of this chapter (see [13][20]).


For the experiments the general hypothesis was stated that a human working together with supporting ACUs aboard UAVs is able to handle the situation at large, but is additionally in need of assisting functions. Considering the fact, that the ACUs had been developed as cooperative Supporting ACUs, the work system setup shown in Figure 15 had been chosen for the experiments.


Here, a pilot of a manned aircraft forms a separate work system and gets the same task in the shape of a mission order as the UAV team. Although not being part of the same work system, the pilot and the ACUs form a team due to the fact, that they pursue the same common objective, i.e. the mission. Within the achievement of this common objective, the coordination of their activities can take place by the exchange of messages.
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Figure 15: Experimental work system setup


In concrete terms, the mission objective was to destroy a designated target, which was protected by several known and unknown SAM sites. The mission tasks derived from the objective were to attack the target and to suppress or destruct enemy air defence. Two kinds of vehicles were involved, namely one attack aircraft being capable of destroying the target and one or three SEAD aircraft being capable of suppressing or destroying SAM sites. Hereby, several configurations were considered:


· one manned attack aircraft and one SEAD UAV,

· one manned attack aircraft and three SEAD UAVs,

· one attack UAV and one manned SEAD aircraft,

· one attack UAV and one manned and two unmanned SEAD aircraft.

The subjects had a “teaming GUI” (see Figure 16) at their disposal to communicate with the ACUs, where they could generate new mission tasks such as “suppress SAM-site number 5”, assign these to either a team of UAVs or a single UAV and adjust or abort them. Moreover, information about e.g. commitments of team members was provided there.


Additionally, a “navigation GUI” showed the tactical situation, so that the subjects could monitor the scenario and work on mission tasks. It also provided necessary information to the subjects concerning their role as pilot of the manned aircraft. It could be controlled by autopilot commands (here: speed and heading demands) using a keyboard.
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Figure 16: Teaming GUI used in the experiment


Five experienced military air crew members in the age from 31 to 50 served as subjects. These subjects conducted several missions in different scenarios for each of the configurations listed above. Their workload profile was evaluated after each mission using the NASA-TLX method [21]. Moreover, they were interviewed to be able to state problems and suggest system improvements.
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Figure 17: Average workload of subjects in different configurations

The performance of the human-machine team was very good. More than 90% of all missions could be completed successfully. Regarding the workload of the subjects, it was on a medium level in all configurations that have been investigated (see Figure 17 for the average workload of humans in different configurations). Interestingly, there is only a small increase in workload when changing the number of UAVs within the team from one to three. Moreover, the increase in workload when changing the human role from attack to SEAD is as large as when adding two UAVs, which could be related to different performance of UAVs in the SEAD and attack role.

These results show that in principle human-ACU cooperation is possible with the approach of cognitive and cooperative automation and that workload is on a medium level even though ACUs were not designed to work together with humans. Still, further improvement potential was identified in the following areas after having analysed interview protocols:


· Team Structure. The introduction of a hierarchical team structure is encouraged, although team members shall be capable of situation dependent deviation from leader input.


· Abstraction of Interaction. Interaction with ACUs shall be as abstract as possible (e.g. specification of tasks for UAV team rather than detailed instructions for single UAVs). In particular it shall be possible to give instructions on different abstraction levels.


· Level of Automation. ACUs shall be able to act on a high level of automation but the actual level shall be adaptable or self-adapted to the current situation and task.


· Teamwork. Cooperation of humans and ACUs shall be based on a common agenda and anticipate future actions of team members.


· Task completion. The capability of ACUs to actually accomplish tasks has to be improved.


· Communication within team. Vocabulary shall be adapted for more intuitive understanding of humans. Moreover, the number of dialogs and messages shall be reduced to a minimum in order to avoid overload of humans.


· Assistant System. The human team member shall be supported by an electronic assistant providing him or her with situation awareness concerning team members, task assignment and information flow within team as well as accomplishment of his or her primary mission related task, i.e. aircraft guidance.


Ongoing work is intended to account for these findings and bring together the different aspects of human-machine and machine-machine cognitive cooperation in manned-unmanned multi-agent scenarios. In the field of supervisory control of UAVs the question of how to reduce the operator-to-vehicle ratio will be predominant. Hereby, cognitive and cooperative automation offer solutions for many of the upcoming questions.


5.0 ConclusionS


Our research work on cognitive and cooperative automation in military aerial applications is driven by the goal to enable a pilot or UAV operator to eventually guide more than one aircraft at the same time. Undoubtedly, the workload in suchlike work situations can easily exceed certain unwanted limits especially when anticipating a dense and dynamic wartime theatre. However, current military scenarios require the close cooperation between manned and unmanned assets. This entails even airborne UAV guidance and an increasing vehicle to operator ratio. Nevertheless, from a pilot’s perspective it is undisputable that operating multiple aircraft with today available guidance and control technologies would be simply not worth any discussion. The guidance concept based on the approach of cognitive and cooperative automation includes functional aspects like


· the availability of control strategies using higher level tasks assignments instead the usage of parameters for action control,


· the assumption of goal oriented rational behaviours following these tasks including the capability of a reasonable self-assignment of tasks and the making of local decisions in case of disrupted communication or situational circumstances beyond the perception of the operator, and


· the existence of a cooperative work relationship directed towards common objectives between the operator and the controlled aircraft and even between the unmanned aircraft if needed.


Involving artificial cognition into the work system design based on a better insight on human cognition mechanisms, as we are utilising in our approach, leads to further opportunities with respect to human-machine system performance enhancements. The required functions of artificial components supporting the human operator, in particular artificial cognition, can be specified on a more rational basis, because it is better known where the human operator really needs support. Effective cooperation on a cognitive level between artificial systems (automation) and the human operator can be made a design characteristic. This can be achieved by use of quantitative models of human behaviour like those we have in mind ourselves when we are cooperating in a team e.g. models of operator workload in certain work situations or models concerning available human resources. The use of the knowledge about the capabilities and the architecture of human cognition as a reference is an eligible way to achieve better architectures for artificial cognitive systems.


In fact, it is not an easy task to implement a system involving artificial cognition as claimed by our paper. However, there are already several field implementations on their way. But non of these, though, has yet reached that high level of flexibility, interoperability, and autonomy accompanied with a maximum performance in a sense of human factors and human-automation integration characteristics that military user and operators require and deserve. We hope to be substantially contributing to the achievement of this goal by our interdisciplinary and embracing approach, being aware that many unsolved problems still have to be tackled.


As to our belief, one of the most relevant fields of future research will be associated with the term of adaptive autonomy. Our experimental findings clearly indicate that there is a strong need for self adaptation of the level of autonomy of the UAVs. Operators will demand to interact with the UAVs on various abstraction levels ranging from dedicated parameter settings over task based guidance to team capability management. Given that, combined with appropriate interfaces (e.g. speech) will open the door to human-automation cooperation akin to cooperation in purely human teams.
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ABSTRACT

NATO needs better methods of measuring and predicting human performance, as well as novel methods of training soldiers that might enhance performance. New breakthroughs with magnetic resonance imaging (MRI) show promise in both areas.


Rationale: Our group initially 
 ADDIN EN.CITE 
1-3
 and now at least three others 
 ADDIN EN.CITE 
4-6
, have demonstrated that a baseline fMRI scan while subjects are performing a task can predict who will respond poorly or well after sleep deprivation (SD). That is, the degree a person activates specific brain regions while performing a task when fully rested is related to and can predict their performance under a stressful condition like sleep deprivation (SD). We discuss whether more research in this area might develop this into a useful vocational screening tool.


Related to this concept, researchers have recently developed the ability to perform real-time fMRI, where they analyze and display brain activity immediately as a subject performs a task within the scanner. Going further, researchers can now feed this regional performance data back to a subject as a visible thermometer on the side of the screen while they are in the scanner performing the task, and allow them to use the real-time regional brain activation feedback to modify and improve their task performance. Once could theoretically combine the knowledge of which regions sleep deprivation resilient soldiers use during a task, and ‘teach’ sleep deprivation vulnerable soldiers with fMRI biofeedback how better to mitigate sleep deprivation vulnerability.

Description of methods employed and results obtained:  Over the past year, we have developed methods to detect brain activity during MRI scanning and to feed those activity levels back to participants during the scan.  This “real-time feedback” allows participants to adjust their performance based on their own brain activity, with the aim to increase brain activity.  We have completed a preliminary study with 12 healthy young adults in a 3 Tesla Siemens MRI scanner and have ongoing research to further optimize brain feedback protocols.  In the preliminary study, we first completed a baseline scan where participants were asked to imagine moving their right hand.  In the second and third scans, participants were given real or false feedback (counterbalanced order) regarding their brain activity in left premotor brain cortex.  Often brain activity decreases with repeated scanning, perhaps due to fatigue effects.  We found that brain activity with real feedback remained at baseline levels in left premotor cortex, while brain activity with false feedback decreased.  We hypothesize that brain feedback training can be used to enhance performance or maintain performance at baseline levels despite fatigue.

Conclusions: These studies open the possibility of using baseline MRI to screen candidates such as pilots for specific tasks with special skill requirements that may be sleep deprivation sensitive. Further, the newer results with realtime fMRI biofeedback open up the possibility of potentially training soldiers to use brain circuits in a way that is less vulnerable to sleep deprivation. Realtime fMRI, merged with simulators, other training tools or even focal non-invasive brain stimulation, might be used to enhance training and performance and improve resilience to sleep deprivation.

1.0
INTRODUCTION

Depriving someone of sleep for over 24 hours causes performance changes during a variety of tasks 7, 8. For example, a meta-analysis from 143 studies with a total sample size of 1932 subjects suggests that overall, sleep deprivation (SD) strongly impairs human function. Moreover, performance following SD varies on different types of tasks, including cognitive, motor, and mood aspects. Finally, many factors, such as the length of SD, the complexity of tasks, and the age and gender of subjects influence the effects of SD 7. Although age and lifestyle factors including sleep debt 9 may influence SD vulnerability, new evidence suggests that SD vulnerability differs widely across individuals 10, 11, and is a consistent trait within individuals over time . A test at rested baseline to determine SD vulnerability would be helpful in effective vocational education, particularly in appropriately choosing soldiers, such as pilots, who may be required to perform complex and quick tasks under sleep deprived conditions. An effective screening tool would also help promote SD research into the neurobiological mechanisms behind SD vulnerability, and help focus research into why there are between individual differences, and potentially develop more effective sleep deprivation countermeasures. 

2.0
WHICH TASKS TO MEASURE

Different cognitive tasks are variably susceptible to sleep loss.12 In general, simple monotonous tasks associated with cognitive speed, psychomotor skills, and visual and auditory attention are most sensitive to SD. These effects have been explored in terms of reaction time (RT) 13, 14, vigilance 15, sustained attention 16, mental arithmetic 13, working memory 17, tracking ability 18, speech 19 and mood 13. In contrast, complex and high-level decision-making tasks, which are essentially rule-based, such as critical reasoning 20 and logical convergent tasks, have been suggested to be resilient to SD 21.

Importantly, even during the same cognitive tasks and control conditions, large variations in individual responsiveness to sleep loss have been observed 10, 11, 22. For example, in an acute SD study, Morgan noted that, following 44 hours of continuous wakefulness, the multiple-task performance of some subjects was degraded by as much as 40 percent while the performance of others was essentially unaffected 22. In a chronic SD study, Balkin et al. reported that systematic sleep restriction also produced differential amounts of degradation in different subjects 10. Recently, Caldwell et al. showed that, after 26 - 37 hours of SD, even in well-trained, fully-experienced, military fighter pilots, the flight-simulator performance was not uniformly affected and individual impairments ranged from 135 percent in one case to only 0.6 percent in another 11. The mechanism or mechanisms responsible for the individual variability of neurobehavioral functioning following SD is still poorly understood. Many factors, especially the interaction of the homeostatic and circadian systems, as well as genetic differences, may contribute to the variations in individual performance.

An important factor in many if not most neurobehavioral tasks is working memory, along with sustained attention. Neurocognitive functioning is severely impaired or fails without these two components. Working memory has been thought to be controlled by a central executive system 23-25. Executive attention has been suggested by some to derive from a primarily supervisory aspect of working memory 25, 26. Performance on working memory tasks has been reported to account for many aspects of language comprehension 27, 28 and to predict performance on a range of other cognitive tasks 26. Consequently, it has been argued that performance on working memory tasks may reflect a fundamental aspect of cognition. It thus may help to explain, at least in part, why monotonous tasks that rely heavily on high levels of sustained attention and working memory are more sensitive to sleep loss than are more complex tasks that require a higher level of cognition in addition to these basic functions.

3.0
RECENT WORK WITH NEUROIMAGING TO FIND CHANGES IN BRAIN ACTIVATION PATTERNS AFTER SLEEP DEPRIVATION


Recently, much recent work to better understand the effects of SD has focused on working memory, given that working memory is involved in most simple and complex cognitive tasks. Functional neuroimaging approaches have enabled investigators to directly investigate changes in brain activation following SD 29-33. To date, only a few published functional imaging studies have investigated the human brain response to working memory with sleep-deprived subjects. Habeck et al explored 48 hours of SD effects using event-related fMRI during a delayed-match-to-sample task. Because of their particular design and interest, the results entailed activation from all components involved in task performance (such as memory scanning, binary decision, response selection and motor output process) and were not constrained uniquely to working memory 34. Using positron emission tomography (PET) during a series of addition / subtraction tasks before and after 24 hours of SD, Thomas et al found a significant decrease in global cerebral metabolic rate for glucose (CMRglu) and a significant decrease in both absolute and relative regional CMRglu in the prefrontal cortex (PFC), posterior parietal cortex (PPC), and thalamus 35. Utilizing functional magnetic resonance imaging (fMRI) during arithmetic tasks, Drummond and colleagues found a marked decrease in blood oxygenation level dependent (BOLD) signal after 35 hours of SD in regions involved in arithmetic working memory, such as the bilateral PFC, parietal cortices, and premotor areas (PMA). Moreover, a significantly decreased performance on arithmetic tasks was also found following SD relative to following a normal night of sleep 32.
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Figure 1: From Mu, Nahas et al, 2005, showing decreased activation overall following SD. Significant brain activation identified by within-state analysis and between-states analysis. Maps are displayed at 6 different brain levels (from 16 mm below to 64 mm above the bicommissural plane). a. After a normal night of sleep, within-state analysis. Map was thresholded at P < .005 (corrected for multiple comparisons). Significant activation (Sternberg task > control) was found in bilateral posterior parietal cortex (PPC), left dorsolateral prefrontal cortex (PFC), left Broca’s area, and left supplementary motor area (SMA) (partly involved in right SMA, left premotor area (PMA), and bilateral anterior cingulate gyri), and right ventrolateral PFC. No deactivation (control > Sternberg task) was found. Note that the right dorsolateral PFC was not activated at this threshold; however, it was significantly activated when the threshold was lowered to uncorrected P < .001 with a spatial extent of P < .05 (corrected for multiple comparisons). b. After 30 hours of sleep deprivation (SD), within-state analysis. Map was thresholded at P < .005 (corrected for multiple comparisons). Significant activation was only found in left dorsolateral PFC, Broca’s area, SMA, and inferior parietal cortex. No deactivation (control > Sternberg task) was found. c. Between the rested and SD states analysis. Map was thresholded at P < .01 with a spatial extent of P < .05 (corrected for multiple comparisons). Significant difference in activation (normal sleep > SD) was found in bilateral dorsolateral PFC, PPC, SMA, and PMA, left Broca’s area, and right ventrolateral PFC. No deactivation (SD > normal sleep) was found. Note that there are more activations (number of activated voxels) differences in the bilateral parietal cortices than other regions. Also note that the right dorsolateral PFC and PMA show significant differences in regional activation, which were not significant at the map after a normal night of sleep at the threshold of corrected P < .005.

Mu et al used 3T fMRI to scan 33 men (mean age, 28.6 ± 6.6 years) on three occasions – at screening baseline, and then immediately before and after 30 hours of SD.3  Subjects performed the same Sternberg working memory task at the 3 states within the magnetic resonance imaging scanner. Neuroimaging data revealed that, at the screening and rested states, the brain regions activated by the Sternberg working memory task were remarkably similar in magnitude and were the left dorsolateral prefrontal cortex, Broca’s area, supplementary motor area, right ventrolateral prefrontal cortex, and the bilateral posterior parietal cortexes. After 30 hours of sleep deprivation, the activations in these brain regions significantly decreased, especially in the bilateral posterior parietal cortices. Task performance also decreased. A repeated-measures analysis of variance revealed that subjects at the screening and rested states had similar activation patterns, with each having significantly more activation than during the sleep-deprivation state. These results suggest that human sleep-deprivation deficits are not caused solely or even predominantly by prefrontal cortex dysfunction and that the parietal cortex, in particular, and other brain regions involved in verbal working memory exhibit significant sleep-deprivation vulnerability. These initial results have now been replicated by others 
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4.0
STUDIES USING BASELINE IMAGING TO PREDICT SLEEP DEPRIVATION VULNERABILITY

In an important DARPA funded study, our group2 used the then new technology of 3 Tesla fMRI to test whether SD vulnerable individuals have greater SD induced brain changes, and different baseline patterns, than SD resilient individuals, we investigated the differences in brain activation patterns at the rested baseline and SD conditions during a Sternberg working memory task (SWMT) 36, 37 in a SD-vulnerable group and in a SD-resilient group. The SWMT shows changes following SD 17, 38 and has been widely used as a verbal working memory task in functional neuroimaging studies 39-41. Building on functional imaging studies that have demonstrated that SD decreased both brain activation and performance in working memory tasks 32, 35, 42, we thus hypothesized that the SD vulnerable group would show greater brain activity differences following SD compared to baseline than the SD resilient group. Additionally, based on reports linking performance improvements with increases in working memory capacity 26, 27, 43-47, we further hypothesized that at the rested baseline as well as the SD state, the SD-resilient group would exhibit significantly more global activation than the SD-vulnerable group. 


     Although there have been numerous studies 48-51, there are not established baseline predictors of who is most vulnerable to the effects of SD. In this study, we examined whether differences in patterns of brain activation under normal sleep conditions relate to the differences in vulnerability to SD. We scanned 33 healthy young men while they performed the Sternberg working memory task (SWMT) following a normal night of sleep and then again following 30 hours of SD. From this initial group, based on the performance of SWMT, we selected 10 subjects resilient to SD (SD-resilient group), and then selected 10 age and education–matched subjects who were vulnerable to SD (SD-vulnerable group). We blindly compared the two groups in terms of brain activation at the rested baseline and during the sleep-deprived states. As hypothesized, following SD, both groups showed significant decreases in global brain activation (in terms of both number of voxels meeting a significance threshold and the number of regions activated, compared to their rested group baseline. At the rested baseline, the SD-resilient group had significantly more brain activation overall than did the SD-vulnerable group.  Interestingly, the SD-resilient group after SD had global activation equivalent to the baseline of the SD-vulnerable group. SD induced a significant performance decrement within the SD-vulnerable group and a non-significant change within the SD-resilient group. These preliminary data suggested that patterns of brain activation during the SWMT at the rested baseline state, as well as during the sleep-deprived state, differ across individuals as a function of their SD vulnerability. Functional imaging might therefore be able to predict SD vulnerability.
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Figure 2 From Mu, Mishory et al, 2005 showing significant within group working memory brain activation maps in the SD-vulnerable group and SD-resilient group, before and after sleep deprivation. Maps were thresholded at the identical p < 0.001 with a spatial extent of p < 0.05 (corrected for multiple comparisons) and displayed at 6 different brain levels (from 16 mm below to 64 mm above the bicommissural plane). (a) SD-resilient group after a normal night of sleep; (b) SD-resilient group after 30 h of sleep deprivation SD-resilient group; (c) SD-vulnerable group after a normal night of sleep; (d) SD-vulnerable group after 30 h of sleep deprivation. SD: sleep deprivation.

In the SD-resilient group, after a normal night of sleep, the SWMT task induced significant activation in brain regions involved in verbal working memory in the left DLPFC (Brodmann areas (BA) 9, 45, 46), left PPC (BA 7, 40), left VLPFC including Broca’s area (BA 44), left SMA (the activation in left SMA, extended partly to right SMA (BA 6)), left PMA (BA 6), bilateral anterior cingulate gyri (BA 32)), left cerebellum, right inferior PPC (BA 40), and right ventrolateral PFC (primarily in the inferior frontal gyrus, BA 44.  After 30 hours of SD, significant activation was still found within this SD resilient group in the left DLPFC, VLPFC, SMA, and left PPC. No new activated regions were found compared to the group rested baseline. 


In contrast, in the SD-vulnerable group, after a normal night of sleep, the SWMT task induced significant activation in brain regions involved in verbal working memory in the left DLPFC (BA 9, 45, 46), left PPC (BA 40), left VLPFC (Broca’s area) (BA 44), right inferior PPC (BA 40), and right ventrolateral PFC (BA 44). Notably missing were the activations in the left/right SMA and left PMA seen in the SD-resilient group. After 30 hours of SD, the SD vulnerable group the left DLPFC was the only area to be significantly activated. No new activated brain regions were found.

Perhaps the most important aspect of this study was that at rested baseline, an independent-samples t test revealed that the SD-resilient group had significantly more global activation than did the SD-vulnerable group (899 significant voxels ± 122 in the SD-resilient group; 228 ± 67 in the SD-vulnerable group; p < 0.001). Following 30 hours of SD, an independent-samples t test between the two groups showed that the SD-resilient group still had significantly more activation than the SD-vulnerable group (223 significant voxels ± 34 in the SD-resilient group; 5 ± 4 in the SD-vulnerable group; p < 0.001).

This was likely the first functional neuroimaging study to quantitatively describe changes in brain activation in a SD-resilient and SD-vulnerable group.2 Confirming our pre-study hypothesis, we found changes within groups after 30 hours of sleep deprivation relative to their normal sleep baseline. There were also between group differences both following SD and at rested baseline. Consistent with previous verbal working memory imaging studies 39-41, after a normal night of sleep, performing the SWMT resulted in significant activation in the bilateral prefrontal and posterior parietal circuits in both the SD-resilient group and the SD-vulnerable group. At the rested baseline, the SD-resilient group showed significantly more global activation in the number of activated voxels as compared to the SD-vulnerable group, however, there was no significant difference in performance (RTs) between the two groups. In agreement with previous imaging studies on working memory 32, 35, following 30 hours of SD, both the two groups showed significant decreases in global activation, expressed as the number of activated voxels. Moreover, at the SD state, the SD-resilient group had significantly more activation than did the SD-vulnerable group, the RTs in the SD-vulnerable group became significantly longer than in the SD-resilient group. This decrement in performance in the SD-vulnerable group coincides with previous imaging studies in sleep-deprived subjects 32, 34, 35 in which significant decrements in performance were observed. Interestingly and notably, the SD-resilient group after 30 hours of no sleep still had global activation comparable to the SD-vulnerable group at their rested baseline condition. Consequentially, the SD-resilient group in the sleep-deprived state had brain activation equivalent to the SD-vulnerable group at the rested baseline. These results are consistent with the idea that a certain threshold of activation is needed to perform some cognitive tasks and that activation beyond this threshold may maintain the normal performance, but these increases beyond threshold may not produce any better performance, at least during this verbal working memory task. 


Others have now tested these results for replication, and have extended them into individual prediction studies 
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In an exciting extension of the Mu et al working memory fMRI study, Caldwell and colleagues again used 3T fMRI to examine the activation of military pilots whose sleep deprivation vulnerability previously had been quantified.


52 ADDIN EN.CITE  A Sternberg Working Memory Task (SWMT) was completed alternately with a control task during a 13-minute blood oxygenation level dependent (BOLD) fMRI scan. The pilots were considered to be not-SD as they had not experienced any recently quantifiable sleep deprivation.  Consequently, upon examination of the activated voxels in response to SWMT indicated that, as a group, the pilots appeared similar to the non-pilot subjects in the baseline and rest conditions although they were more similar to fatigue-resistant non-pilots than to fatigue vulnerable non-pilots. Within the pilots, cortical activation was significantly related to sleep deprivation vulnerability as assessed with prior simulator flight performance. These preliminary data suggest baseline fMRI-scan activation during a working memory task may correlate with sleep deprivation vulnerability.

5.0
NEUROBIOLOGICAL MECHANISMS OF SD VULNERABILITY


It is beyond the scope of this manuscript to fully discuss the possible neurobiological mechanisms of this between individual vulnerability, which appears to be a lifelong trait. Exciting new work involving genetics (particularly CLOX genes) should be integrated with any future studies 53.


6.0
RECENT ADVANCES WITH REAL-TIME fMRI

Real-time fMRI feedback allows participants to modify brain activation throughout the course of an fMRI session 


54, 55 ADDIN EN.CITE . One challenge in such feedback studies is clarifying that changes in activation are the result of the feedback, rather than from other confounds such as fatigue or practice effects with repeated scanning.  We examined the effect of feedback by providing both true and false feedback in a blinded, counterbalanced method.  In a proof of concept study, we selected an imagine-movement task.  We hypothesized that true feedback would enhance modification of brain activity, while false feedback would not.

Data was acquired on a 3T Siemens Trio MRI using standard fMRI parameters.  The participant was asked to imagine right hand movement during the tasks periods, without actually moving the hand.  A brace was used to insure limb immobility.  Each scanning session consists of three block-design scans (10 volumes of rest alternated with 10 volumes of imagine movement task, TR = 2.2 s).  The first scan was used to functionally localize a region of interest within left Brodmann area 6 (L BA 6, premotor or supplementary motor cortex).  In a randomized order, the second and third scans provided either true or false feedback regarding the percent signal change in the selected region of interest. The feedback is presented visually during the imagined movement condition (Figure 3). Participants are instructed to utilize the feedback to increase signal change, while blinded to whether the feedback is true or false. Post-hoc data analysis was performed using FSL FEAT 5.98.
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Figure 3: Example of Feedback with Imagine Movement Task – Participants are prompted to perform task by text (“IMAGINE”), while feedback regarding brain activity is provided by scaled-gauge on right of the display screen.  Participants are instructed to attempt to increase activation above baseline (yellow-line on scaled-gauge) as much as possible. 


Data was acquired on 12 participants, but two were excluded due to motion > 3mm.  Using a template mask created around each individual’s baseline activity in the NO_FEEDBACK condition, the whole brain, or global, activated voxel count decreased significantly with the two subsequent feedback scans. Our primary region of interest (ROI) was one comprised of all the voxels within L BA 6. In this ROI, activation was consistent (no significant differences) for the NO_FEEDBACK and REAL_FEEDBACK conditions but significantly different for the FALSE_FEEDBACK condition.
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Figure 4: Brain activity was measured during an Imagine Movement Task for the first baseline scan (No Feedback) and for the second and third scans (Real or False Feedback, in counterbalanced order).  The percent signal change (PSC) was extracted from L BA 6 (left of figure) and compared for the various conditions (right of figure).  No significant difference was found between the baseline No Feedback PSC and the Real Feedback PSC (top right of figure).  False Feedback PSC was significantly less than Real Feedback PSC (bottom right of figure). 


The decrease in the spatial amount of activity from the baseline imagine-movement task may be related to fatigue or practice effects.  However using real feedback, participants maintained a brain-activity correlated signal that did not differ from baseline for the specific brain region of interest.  This early work suggests that brain feedback may be used to maintain performance despite fatigue.

We are currently exploring additional parameters that may enhance training with brain feedback.  We are testing whether continuous or intermittent feedback is more effective.  Continuous feedback provides the participant with more frequently updated feedback, but may distract the participant from the task or confuse the participant with a delay between actual and measured brain activity.  Intermittent feedback provides less frequent information to the participant, but may not have the drawbacks of continuous feedback.

7.0
SUMMARY AND CONCLUSIONS

An extensive amount of work has been focused on accurately predicting which flight-school candidates will succeed and which ones will fail.  Prior to 1953, the Air Force and its predecessors ran no true flight screening program, and at one time or another, only 32% of trainees actually earned their wings. Needless to say, the time and effort wasted on candidates who ultimately failed to become serviceable pilots spurred significant interest in developing accurate qualifying measures.  However, after 40 years of effort, the predictive validity of aircrew screening systems remains far from perfect.  The pilot composite of the US Naval Aviation Officer Selection Battery has a validity correlation of 0.15-0.25, and the Air Force Officer Qualifying Test (AFOQT) has predictive validities in the same range. Such low correlations are in part responsible for the fact that flight-trainee attrition rates hover around 15 percent despite efforts to hold these rates within the 8-10 percent range. Given that the current cost of training a single jet pilot is approximately $1.5 million dollars, it is easy to see why additional improvements in our ability to rapidly and accurately identify optimal pilot candidates are necessary.
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Abstract

Military personnel when deployed in environments characterized by high-level noise require personal hearing protection devices that may limit their auditory detection, sound localization and verbal communication capabilities.  This limitation may have an impact on the successful outcome of the mission, as well as personal safety.  Because of the noise and also the high incidence of hearing loss, members have to shout to be heard, and there is a high probability that commands, whether delivered face-to-face or by radio, will be misunderstood.  Current hearing protection and listening devices are often incompatible with other gear and may reduce situational awareness. In consequence, personnel often dispense with hearing protection to improve operational effectiveness, resulting in hearing damage. A research study is underway that explores an alternative approach that includes the use of existing in-ear communications systems which incorporate active noise reduction combined with additional signal processing algorithms.  The goal of the system is to suppress background noise while enhancing speech in order to improve face-to-face communication in noisy environments, with an expectation that such a system would permit hearing protection to be worn more consistently.  The proposed system makes use of audio signals collected by an array of microphones mounted on a helmet.  Integration of the system into a helmet is intended to improve compatibility with regular gear, while use of an array of microphones permits sound localization, and even steering of acoustic listening beams in specific directions, while suppressing the interference from the surrounding high-level ambient noise.  We review currently available hearing protection technologies, assess their strengths and weaknesses, and motivate the need for speech enhancement technologies.  We then describe the prototype system which is currently under development.


1.0   Introduction


Military personnel are exposed in the course of their work to a wide range of noise environments, including high-level machine noise and impulsive sounds from explosives and firearms.  As such, it is important that they wear effective hearing protection.  This safety requirement competes, however, with the desire for unobstructed communication, both radio-based and face-to-face, and with the need for the preservation and enhancement of situational awareness.  Hearing protection tends to impair sound detection and source localization, both of which contribute to situational awareness, and while some hearing protection devices (HPDs) can be made compatible with military radio units, effective hearing protection generally inhibits face-to-face verbal communication.


We are faced, therefore, with two objectives: to provide effective hearing protection, and to provide effective communication channels and situational awareness.  With conventional HPDs, these two aims are at odds, for an improvement in the former implies a decline of the latter.  In such cases, the goal must be to achieve a pragmatic balance between the two.  Another possibility, however, is that advanced hearing protection might be developed which permits the conflict between these two objectives to be lessened.  


Electronic pass-through hearing protection (EPHP) devices attempt to proceed in this direction.  EPHP devices electronically filter environmental noise, permitting only the filtered result to pass through to the listener.  It may be possible to develop intelligent audio filters that preserve communication and situational awareness while still providing protection against harmful or distracting environmental noises.


In this paper, we first provide an overview of hearing protection issues in a military context.  We then review existing hearing protection technologies, from simple barrier devices to more sophisticated EPHP devices.  An overview of recent efforts to overcome the shortcomings of existing technologies follows, and finally we describe a project currently underway at Defence Research & Development Canada to develop a helmet-mounted speech enhancement system to promote improved face-to-face communication in noisy military environments.

2.0  HEARING PROTECTION IN A MILITARY CONTEXT

2.1
The problem of hearing damage

Generally, exposure to continuous (8-hour) sound levels in excess of 85 dBA on a daily basis or the 8-hour energy equivalent in the case of sporadic or impulse noise will result in noise-induced hearing loss after 3-4 years [1, 2].  Initially, the hearing loss will manifest as a notch in the audiogram in the region of 4 kHz [3].  This outcome reflects the natural resonance of the ear canal at 3.8 kHz and the transfer function of the middle ear [4].  Over time, the notch will deepen and the hearing loss will spread to both higher and lower frequencies.  A recently published study [5] reported that by midlife (46 yr and older) 42% of a sample of Canadian Forces (CF) military members working in land, air and maritime trades had acquired a hearing loss greater than 25 dB, the clinical criterion for diagnosis of hearing loss [6].  This outcome is consistent with data collected in US army personnel in the 1970s which showed that with 15 or more years of service, the percentage of hearing-impaired soldiers exceeded 50% [7]. 


Noise-induced hearing loss may be prevented by either reducing the noise at source or by the wearing of personal HPDs.  Reduction of noise at source is both difficult to achieve and costly.   In contrast, HPDs are readily available, effective and relatively low-cost.  The Canadian Forces (CF) has had a hearing conservation program in place since 1950s.   Components include noise measurement, reduction of noise at source where possible, education on the hazards of noise exposure, utilization of personal hearing protection and the regular monitoring of hearing [8].  Nonetheless, the cost of claims for noise-induced hearing loss has been steadily escalating.  According to Veterans Affairs Canada, the budget for audiological services in 2006 was $41 million for 49,580 individuals.  This figure does not include the cost of disability pensions which would double the total outlay [9].  The Canadian military experience is similar to that of the U.S.  In a review of 70,000 audiograms of U.S. Navy and Marine Corps personnel, Bohnker et al. [10] found no evidence of an improvement due to hearing conservation initiatives.  The prevalence of hearing loss increased with years of service and mean values were greater than published age corrected norms, for all ages.


2.2 
Impediments to use of hearing protection


Individuals working in high-level ambients, whether in military or civilian occupational settings or leisure activities, are reluctant to wear personal hearing protection.  Reasons given are discomfort, difficulty fitting the device, and decreased ability to carry out auditory tasks such as the detection and localization of warning sounds, and speech communication [11].  Degradation of situational awareness may impact the success of the mission and result in casualties during military operations.  Laboratory studies have confirmed that the issues raised by CF personnel are valid.   Problems with comfort and fit relate mainly to earplugs.  Although a wide range of plugs varying in materials and shape are readily available for purchase, most are sold in only one size.  As well, the user must rely on instructions on the packaging with respect to method of inserting the device.  Mean real-world sound attenuation is generally significantly less than the manufacturers’ specifications [12].  Speech understanding in noise does not appear to be affected in individuals with normal hearing [13].  Speech and noise are decreased proportionately and the speech-to-noise ratio (SNR) remains the same.  However, in those with pre-existing hearing loss, the sound attenuation provided by the device adds to the subject’s raised hearing thresholds at the speech frequencies, resulting in a decrement in speech understanding.  In contrast, sound localization will be compromised in both normal-hearing and hearing impaired listeners [14].  Right-left discrimination which depends on the central encoding of interaural differences in time-of-arrival and intensity will be preserved.  Both plugs and muffs will interfere with spectral cues provided by the outer ear, resulting in decrements in the accuracy of discriminating front from rearward sound sources.  Typically, plugs result in a bias in perceived location towards the back and muffs towards the front.


3.0  HEARING PROTECTION DEVICES (HPDs)


3.1 Conventional HPDs

Conventional HPDs reduce ambient sounds by the same amount regardless of their level.  However, the amount varies widely across makes and models, particularly for earplugs.  For earmuffs, attenuation increases from about 15 dB at 0.125 Hz to about 35 dB at 1 kHz and then remains fairly stable.  If well fit, earplugs generally provide relatively more attenuation (15-25 dB) below 1 kHz but are about the same above 1 kHz for highly rated devices [12].  Low-frequency attenuation may be increased by wearing a muff and plug in combination.

3.2 Level-dependent HPDs


In contrast, the attenuation provided by level-dependent HPDs will depend on the level of the ambient.  These devices incorporate either limited amplification or active noise reduction (ANR), accomplished using microphones housed in one or both ear cups [15].  In the case of limited amplification, low-level signals may be amplified by up to 10 dB until a pre-set risk criterion is reached (e.g., 82 dBA).  Beyond the criterion, sound attenuation will increase by 1 dB for every 1 dB increment in sound level until the passive attenuation of the muff (e.g., 35 dB) is reached.  In the case of ANR, an electronic circuit housed within the muff samples and inverts the incoming waveform and adds it out of phase to the original.  Components of the two waveforms which are out of phase will cancel, thereby reducing the overall level.  ANR is limited to frequencies below 1 kHz that often characterize industrial or military environments (e.g., aircraft cockpit).

ANR is not suitable for reduction of impulsive sounds (e.g., blast and weapon’s fire), since the duration of these events is not sufficient for sampling the ambient.  For these noise events, passive level-dependent devices, muffs or plugs are recommended.  These contain a precision orifice in an acoustical duct that improves transmission of low-level sounds, with the result that speech communication is minimally reduced by less than 20 dB [16, 17].  A shock wave (e.g., weapon’s discharge) in the range of 80-120 dB (depending on the manufacturer and model) creates turbulent air flow in the orifice which restricts its passage, resulting in an increase in attenuation.

3.3 Advanced communication technologies


A more recent innovation in hearing protector technology is the electronic pass-through hearing protector (EPHP).  This type of device consists of a pair of conventional, level-independent earplugs or earmuffs, bilateral external microphones to pick up the ambient sound, internal speakers to present these to the ears, and an electronic processing unit which will pass and possibly amplify low-level sounds, reduce high-level continuous sounds using ANR and block impulsive sounds [18, 19].  In fact, a wide range of filtering and amplification options are available to EPHP systems.  Exploration of those possibilities is an active area of research, and commercial EPHP systems have begun to appear on the market (for example, from Nacre, Sylinx, and Sensear).

4.0  ENHANCING SPEECH IN NOISY ENVIRONMENTS

To better appreciate the possible scope for EPHP devices in a military context, it may be worthwhile to consider the general features of the acoustic environment of a soldier. It is characterized by several distinctive types of audio signals, as shown in Figure 1.  First, there are speech signals, including face-to-face speech, radio-mediated speech, and potentially also ‘speech babble’ from nearby speakers.  The former two sources are target signals which we wish to preserve and enhance; the latter is generally interference.  Second, there is noise originating from vehicles or machinery in the vicinity.  Such sources are usually dominated by low frequencies, and the spectrum may overlap with speech signals [20, 21].  Awareness of machine noise can be an important part of situational awareness, but it is often desirable to reduce the amplitude in order to protect the soldier’s hearing and to improve comprehension of speech.  Third, there are impulsive sounds originating from weapon fire and explosions.  Perception and localization of such sounds are a critical part of situational awareness.  Finally, there are other environmental sounds, some of which may be classified as background noise, and others which may be considered relevant to situational awareness.
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Figure 1: The acoustic environment of the soldier.  Face-to-face communication competes with impulse noises, machine noises, radio communications, and other background sounds.

The hearing protection technologies discussed in Section 3 affect the soldier’s perception of this acoustic environment in various ways.  Conventional HPDs decrease the amplitude of all sources without discrimination.  Though they are generally more effective at suppressing high frequencies [12], they are otherwise unable to make distinctions based on directionality, amplitude, source type, or other criteria.  They can be effective at protecting hearing, but, for the same reason, they impair situational awareness.  


Level-dependent HPDs begin to provide some discrimination between different types of sources. Limited amplification HPDs can improve situational awareness in quiet environments by amplifying environmental noises and speech, but in loud backgrounds they function in a manner similar to conventional HPDs.  HPDs with ANR technology preferentially attenuate low frequency noises, which is most effective at reducing machine noise.  They are not effective at identifying and improving face-to-face speech communication, nor, as mentioned above, do they provide protection against impulsive sounds.


With EPHP technology the range of possibilities is widened.  Because the signals only reach the listener after passing through electronic auditory filters, the re-presentation of the auditory environment to the listener is limited only by the ingenuity of the filtering algorithms. A general aim of current research is to develop an EPHP system that provides better discrimination between target signals and interference.  The system should be able to focus on signals of interest and reduce interference from competing sources.  Stated in this way, the problem is a variant on the cocktail party problem, a challenging problem in psychoacoustics first defined by Cherry over a half-century ago [22].  Cherry noted the remarkable ability of human listeners to isolate and track a particular audio signal within a complex acoustic environment (such as the voice of an interlocutor within the complex background of voices and music at a cocktail party).  The cocktail party problem is, first, the problem of understanding how the human auditory system divides the acoustic signal impinging on the ear into audio streams originating from a finite number of distinct sources, and, second, the problem of designing an automated computer system capable of performing the same task.  


From a signal processing point of view, the cocktail party problem is challenging.  Many attempts have been made to solve it, although by general agreement it remains an outstanding problem (see [23] for a recent review).  The difficulty derives primarily from the highly non-stationary spectral characteristics of both the target and interference signals, the spectral overlapping of the target and interference, and the possible presence of reverberation, echo, and other complicating factors.


Of the various approaches that have been proposed to address the cocktail party problem, auditory scene analysis [24] stands out as one of the most promising, and has inspired our method.  In this approach, the incoming signal is segregated into streams on the basis of a set of auditory cues, such as onset time or synchronized harmonic shifts.  The particular cues employed in our system are discussed below in more detail.  Once the cue-derived audio streams are established, it is possible to amplify the stream of interest and attenuate the others.

4.1
Fuzzy Cocktail Party Processor


Defence Research & Development Canada has recently initiated a project with the aim of developing an EPHP system that provides hearing protection and radio communication while enhancing face-to-face speech communication and impulsive source localization in noisy military environments.  In this section we describe the design of this system, discuss the basic technical approach, and summarize early performance indicators.


The system has two independent components: a speech enhancement unit, and an impulse localization unit.  Both units make use of helmet-mounted directional microphone arrays, and both are designed to comply with a few basic requirements.  The system must be wearable, and so make limited computational and power demands.  The signal processing must also be carried out in real-time, which is a significant constraint.  Finally, the system must be adaptive in order to have robust performance under complex, dynamic acoustic conditions.  We describe the two major components of the system separately.


4.1.1
Speech enhancement unit


The speech enhancement unit has four main components: a microphone array to collect the ambient audio signal, a signal processing system to filter the signal and enhance speech, an Active Noise Reduction (ANR) component, and a hearing-protective earpiece to deliver the processed signal to the wearer.  The microphone array has four directional microphones located in pairs near the ears, each pair consisting of one forward-facing and one rear-facing microphone.  The speech enhancement and ANR components work co-operatively: as the SNR increases past the point where the speech enhancement unit performs effectively, it is gradually replaced by the ANR system.  The hearing protective earpiece will be interfaced also with the soldier’s radio communication unit.


The signal processing system, called the Fuzzy Cocktail Party Processor (FCPP), is the main innovative component of the system.  It has been developed primarily by Karl Wiklund at McMaster University [25].  Its basic architecture is shown in Figure 2.  The input to the system is the four-channel digital signal obtained from the directional microphones.  The central processing blocks are book-ended by cochlear filterbanks which produce the frequency-domain representation of the signal prior to processing and also reconstruct the time-domain signal to be delivered to the listener. A cochlear filterbank, which consists of a set of bandpass gamma-tone filters [26], mimics the frequency decomposition performed by the human ear, and can be efficiently implemented [27].
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Figure 2: Fuzzy Cocktail Party Processor (FCPP) [25].

The next block, which performs cue estimation and mask calculations, is the heart of the system.  In the spirit of auditory scene analysis, a set of auditory cues are used to assess the probability that a given time-frequency component of the signal belongs to the target (speech) signal.  This probability is then applied as a mask on the time-frequency plane to enhance the target signal relative to the background.  


The auditory cues used by the system are onset, pitch, interaural time-of-arrival difference (ITD), and interaural level difference (ILD).  Onset refers to the time at which a new sound is introduced into the environment.  Frequency components with correlated onsets are likely to originate from the same sound source.  Because it focuses on the first appearance of a new source, onset is fairly robust against reverberation.  Pitch is a cue specially associated with speech; it is known that vowels in voiced speech give rise to a periodic pulse-pattern that occurs not only in the fundamental frequency, but also across its harmonics.  The presence of such a correlated periodicity across frequency bands is a good indication that they have a common origin and should be grouped together.   


Both onset and pitch are monaural cues, and so do not provide directional information.  Directionality is derived from the ITD and ILD cues, which are binaural.  ITD depends on the azimuthal position of the source.  Similarly, ILD refers to the fact that a signal will be somewhat louder at the ear nearer the source than at the farther.  Because our system is intended to enhance face-to-face communication, we use directional cues to preferentially enhance sources in the forward direction.  Later versions of the system could preferentially enhance sources in some arbitrary direction, perhaps directed by eye-tracking systems.

These cues are not accorded equal weight in the analysis.  Due to their robustness in complex acoustic environments, the onset and pitch cues are given priority, with the other cues acting as constraints on signal source assignments.  


The cues are applied to the auditory stream using a fuzzy logic system [25].  In fuzzy logic, rather than being strictly true or strictly false, assertions take on probabilistic truth values.  Fuzzy reasoning rules are based on linguistic statements that capture the basic intuitive principles of the analysis.  For instance, a rule might state that if most cues are consistent with a source directly in front of the wearer, and if the characteristics of the sound are likely to be associated with speech, then there is probably a speaker in front of the wearer.  The fuzzy logic system produces a probability that a given time-frequency unit originates from the target, and this probability is applied as a mask to enhance probable targets.  The fuzzy logic approach has the merits of simplicity and computational efficiency.

All of the auditory cues used in the preceding analysis are front-back symmetric; the spectral subtraction block in Figure 2 is used to distinguish sources in front of the wearer from those behind.  Recall that two oppositely-oriented directional microphones are located near each ear; the signals obtained from the rear-facing microphones are subtracted from those obtained from the forward-facing microphones [21].  Finally, an adaptation control block adjusts parameters of the system in response to changes in the acoustic environment before the signal is reconverted to a time series and delivered to the listener.

4.1.2 Impulse localization unit

The impulse localization unit is also helmet-mounted but operates independently of the speech enhancement unit.  It consists of eight directional microphones uniformly distributed around the perimeter of the helmet.  The localization is performed by comparing the time-of-arrival of incident impulsive acoustic peaks at the individual microphones.  At the present time we assume incident plane waves, which is most accurate for sources in the far-field.  The system localizes in the azimuthal plane, but not in elevation or range, and no attempt is made to identify the weapon from which the impulsive sound originated.  The direction of incidence computed by the prototype system is indicated to the wearer through a hand-held visual display.

4.2 Related Work

There have been numerous attempts to apply signal processing techniques to speech enhancement and noise reduction in a ‘cocktail party’ environment.  Techniques such as Wiener filtering [28], spatial filtering [29], and Independent Components Analysis [30, 31] have shown some success, but also suffer from certain limitations.  Weiner filtering, for instance, relies on the a priori ability to distinguish noise from the target signal, and performs poorly when the noise background is dynamic.  For a microphone array of a given size, spatial filtering is limited in the number of sources it can distinguish, and performance degrades in the presence of reverberation.  Independent Components Analysis has difficulty with non-stationary noise and converges too slowly for real-time application.


Several groups have studied speech detection in open environments by attempting to identify signatures of voiced segments (vowels) and then grouping strings of such segments together into utterances [32, 33, 34].  Different groups have focused on different characteristics of voiced segments to make the identification; the analogous component of our system is our reliance on the pitch cue.  It is not clear that they would perform well under noisy and reverberant conditions, and to our knowledge performance evaluations of these proposed methods are not available.


Localization of impulsive sources using wearable microphone arrays has received considerable attention from both academic and military research groups.  Usually it is assumed that, as in our case, the microphone array has a fixed geometry, but at least one group has allowed for flexible arrays [34, 35] in which the microphones dynamically learn their relative orientation by listening to sounds produced by the wearer.  Onset delays are used to compute the direction to sound sources in the vicinity, and no far-field assumption is made.


Defence research organizations in several NATO member nations have dedicated effort to addressing the source localization problem.  At TNO (Netherlands) work has been done to mitigate the source localization problems that arise when the ears are occluded by a helmet [19, 36].  They propose using helmet-mounted microphones and a signal processing system to digitally remove the helmet’s interference, thereby restoring the “open ears” condition.  This method requires the prior measurement of the Head-Related Transfer Functions (HRTF) associated with a particular helmet.  This is certainly an interesting approach, but to our knowledge the performance evaluation of the system has not been published.


Another related effort originates from the US Army Research Laboratory [37], in which localization is again performed using a helmet-mounted microphone array.  They consider not only single-helmet localization, but also distributed, coordinated localization employing microphones on multiple soldiers and vehicles.  They also draw particular attention to the challenges that arise in urban environments, notably the fact that multiple reflections from buildings can severely obscure the direction of origin of an impulsive noise.


4.3 Performance


The system described in the preceding sections is currently under development, with the first prototype scheduled for completion in spring 2010.  As such, we are unable at this time to report on the final performance characteristics.  However simulations of the system that take into account the FCPP algorithm, the spatial distribution of sound sources, the reverberation of the environment, and the directional gain of the microphones have been carried out by Wiklund [25].  These simulations have been produced using the R-HINT-E virtual acoustics platform [38] and are expected to give a good approximation to the actual performance of the final system.  The simulations do not include the effects of the ANR system.


The performance of the system can be evaluated both objectively, by computing the signal-to-noise ratio of the input and output signals and other technical measures, and subjectively, by studying the improvement in speech intelligibility in noise afforded by the system. An improved SNR ratio is not valuable if the speech is distorted and intelligibility reduced, so both types of measure are important.


As an objective measure the signal-to-noise ratio (SNR) is evaluated.  A band-averaged SNR is used, which depends on the SNRs in various frequency bands averaged over time [25].  Test scenarios were generated by combining a single forward-located target speaker with three interfering speakers originating from different azimuthal directions; the speakers each uttered one of the standardized Hearing in Noise Test (HINT) sentences [39].  The SNR value was calculated both before and after processing by the system.  The results are shown in Figure 3.  Simulations were carried out with two different reverberation levels, as shown, one resembling an acoustically damped room and the other a reverberant hard-walled lecture room.
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Figure 3: SNR gain from FCPP algorithm.  The data in green (above) are from simulations of a low reverberation environment, and those in purple (below) from simulations of a high reverberation environment (equivalent to a hard-walled lecture room).

This simulation data showed that the system can yield good performance gain.  The SNR gain decreased as the input SNR increased because the amount of noise to remove was progressively reduced.  The effectiveness was somewhat better with low reverberation, as expected.  The average SNR gain was 7.5 dB at high reverberation when the input SNR was 0 dB.  Table 1 indicates how this result compares to that achieved with other methods.  The FCPP algorithm is competitive with other methods, and is the best performing real-time method we have encountered.


		Algorithm

		SNR gain 

		Real-time processing



		Multipitch tracking [40]

		1.2 dB

		No



		Pitch tracking and amplitude modulation [41]

		4.4 dB

		No



		Perceptual Binaural Speech Enhancement [42]

		4.5 dB

		Yes



		Fuzzy Cocktail Party Processor [25]

		7.5 dB

		Yes



		Binaural segregation [43]

		8.9 dB

		No





Table 1: SNR gains obtained with various processing algorithms.    The SNR gain is given for an input SNR of 0 dB.  The Fuzzy Cocktail Party Processor (FCPP) compares favourably with other published algorithms.

A pilot study was also carried out to assess the subjective benefit obtained with the FCPP algorithm [25].  Six subjects were presented with pairs of sound samples, each pair containing a sound mixture before and after processing.  For each pair, the subjects were asked to compare the two samples using the Comparative Mean Opinion Score (CMOS) system [44].  A seven-level CMOS test was used, with the comparison for two signals A (processed) and B (unprocessed) ranging from “A is much worse than B” (Score=-3) to “A and B are about the same” (Score=0) to “A is much better than B” (Score=3).  Each subject was presented with 80 sound mixtures.  The resulting average CMOS score across subjects was 1.4 ± 0.7, indicating that the subjects considered the intelligibility of the speech in the FCPP processed signal to be “slightly better” or “better” than the unprocessed signal.  This indicates that the FCPP improves the speech intelligibility to a noticeable degree.

5.0  CONCLUSION


Hearing protection is an important concern for military personnel.  High noise exposures from machinery, weapon fire, and other sources are known to result in hearing damage if adequate protection is not consistently worn.  Conventional hearing protection, however, also impairs situational awareness and verbal communication, with detrimental effects on operational performance and safety.  An alternative approach is to use signal processing techniques to filter the ambient acoustic, attenuating background noises and enhancing signals that promote situational awareness and communication.  


In this paper basic issues pertaining to hearing protection in a military context were presented, and several hearing protection technologies that are commercially available today were reviewed.  A prototype system currently under development at Defence Research & Development Canada was described which makes use of Active Noise Reduction and fuzzy logic to suppress noise and enhance face-to-face verbal communication.  This system is computationally efficient and performs real-time speech enhancement.  Final performance data for this system will be reported when the project is completed.
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ABSTRACT

The operational use of performance maintenance drugs in the Canadian Forces (CF) is influenced by moral, ethical and legal issues. Centrally acting drugs such as methylphenidate, dextroamphetamine, and modafinil, amongst others, have been used in some militaries as a fatigue countermeasure to help military personnel maintain vigilance for prolonged periods of time. The National Defence Act (NDA), The Canadian Human Rights Act (CHRA), The Food and Drugs Act, and the Controlled Drugs and Substances Act (CDSA) are national statutes that are all influential with respect to the potential decision to use performance maintenance drugs in the CF. If these statutes are fully complied with, there would be no legal impediment to the lawful use of medications for the purpose of performance maintenance in the CF. Despite this fact, the use of pharmaceuticals for this purpose is not currently authorized. This lack of approval has been historically on the basis of moral and ethical concerns. A former surgeon general noted in a recent article published in 2007, however, that there may be a role for the use of pharmaceuticals as a military fatigue countermeasure modality under very specific controlled circumstances. The CF has set up a research program at Defence Research and Development Canada (Toronto campus) to take a holistic look at the Fatigue Countermeasures area. This talk will focus on Canadian moral, ethical, and legal issues that influence the prescription of performance maintenance medications for the specific purpose of maintaining wakefulness in the CF.


Legal Issues


In the Canadian Forces (CF), there is no legal impediment to the use of lawfully prescribed medications for the purpose of performance maintenance. Prescription of these medications must, however, be in keeping with the direction provided in the National Defence Act (NDA)
 , The Canadian Human Rights Act (CHRA)
, the Food and Drugs Act
, and the Controlled Drugs and Substances Act (CDSA)
. Access to these statutes has been facilitated immensely through the internet, with most legislation in the form of acts and associated regulations readily available at http://laws-lois.justice.gc.ca to any Canadian citizen. The National Defence Act, specifically, outlines the legal basis for the Canadian Forces (CF).  The Act states in Sec 33(1) that all officers and non-commissioned members are at all times liable to perform any lawful duty. This means that members of the CF must be fit to carry out lawful orders at any time, any day of the week. This requirement to be able to carry out a lawful order is considered a bona fide occupational requirement of any CF member.  This section of the Act is the basis for the universality of service principle that all members of the CF must satisfy. This universality of service requirement is also enforced in the CHRA paragraph 15(9).  Although the CHRA guarantees the rights of all Canadian citizens to life, liberty, security, and the enjoyment of personal property, this paragraph in the CHRA specifically directs that the “Canadian Forces must at all times and under all circumstances perform any functions that they may be required to perform”. It also implies that the CHRA cannot be used as a reason to not comply with a lawful medical recommendation. It also is important in consideration of the implications of refusing to take a medication to maintain wakefulness when medically recommended to do so.   Neither the NDA nor the CHRA specifically precludes the use of performance maintenance medications for fatigue countermeasures. The question of the legal use of performance maintenance medications really becomes one of operational necessity in the setting of due diligence. The law prohibits the forceful requirement to take medications for any purpose. The medical recommendation to take medications of this nature must be in an operational setting where all reasonable alternative modalities have been exhausted (i.e. scheduling, circadian adjustment strategies like melatonin and phototherapy, or nutrition like naturally caffeinated beverages).  If a member elects to not take a performance maintenance medication in this setting, then from a legal perspective the responsibility would be on him/her to prove that he/she was in fact safe to continue that specific duty.  Thus, a member has the legal right to specifically refuse to take a performance maintenance medication, but he/she does not have the right to fall asleep on-duty as a consequence of that refusal. A specific operational example would include the piloting of a single seat armed aircraft, where falling asleep would mean the loss of a national asset, failure to completion a mission, and a risk to the collective safety of the pilot and other CF members and civilians. 


In addition to the NDA and CHRA, there is other legislation which impacts on the use of specific performance maintenance pharmacological agents in order to minimize the potential for abuse or misuse. In Canada, there are two major government statutes that deal with pharmaceuticals. These are the Food and Drugs Act, and the Controlled Drugs and Substances Act (CDSA). The Food and Drugs Act sets general guidelines and deals with issues like production standards, labelling, advertisement, safety, and penalties for not abiding with the act.  This act has an associated Food and Drug Regulations
 document which identifies all approved pharmaceuticals and in certain cases also includes specific indications for use when there is a risk of abuse. The CDSA deals more specifically with the legal ramifications of illegally using or trafficking in controlled drugs. Most controlled drugs with performance maintenance characteristics would fall under schedule 3 of the Act. CF members' consumption of performance maintenance drugs that are listed as narcotic or controlled drugs or their precursors under the CDSA, and which are not prescribed by a physician in accordance with either that Act or the Food and Drugs Act, would be illegal and not permissible within the CF. The illegal possession of drugs listed in the CDSA are associated with fines as well as possible prison terms. For the controlled amphetamine-type drugs in schedule 3 of the Act, the penalties range from 6 months for possession to 10 years for trafficking. Interestingly enough, in 2004, about 6% of the Canadian population over the age of 15 years had reported using speed or amphetamines
. 


Health Canada is the federal department that operates the Drug Strategy and Controlled Substances Programme
 in order to regulate controlled substances via the acts and regulations. Since CDSA schedule 3 drugs are prime candidates for misuse, the Food and Drug Regulations part G limits their use to the following indications: 


1. in humans:


a. narcolepsy, 


b. hyperkinetic disorders in children, 


c. mental retardation (minimal brain dysfonction),


d. epilepsy, 

e. parkinsonism, or 

f. hypotensive states associated with anesthesia; or 

2. in animals:

a. depression of cardiac and respiratory centres. 

Some of these medications have also been used for off-label purposes in palliative care, HIV, and illnesses like MS to counteract the secondary affect of diminished alertness from either the illnesses themselves or their treatments.


The Canadian Forces control routine prescribing by further producing a Drug Benefit Formulary which lists the medications that are available for use in the pharmaceutical care of CF members. This list is approved by the Surgeon General on the recommendation of the CF Pharmacy and Therapeutics Committee
. Some drugs that have unique value in specific circumstances may be granted a Special Authorization classification, which allows their use to be controlled and audited. The CF also has a specific controlled substance policy 4200-44, which is currently consistent with the CDSA.  There is flexibility, however, to allow for prescribing of medications under controlled conditions, if supported by the Surgeon General.  This would pertain specifically to the case of the operational use of performance maintenance medications. 

There are, however, other pharmaceuticals that are not listed in the CDSA which may have a role in fatigue countermeasures. These other commonly used pharmaceuticals have the potential to increase alertness and include dextroamphetamine (an uncontrolled amphetamine derivative), modafanil, methylphenidate, caffeine, and nicotine. Dextroamphetamine, specifically, has been used by the US Air Force for many years as a fatigue countermeasure in pilots. Modafanil has a far lower potential for abuse and is currently indicated in Canada for use in the management of shift work sleep disorder when taken orally one hour before starting a shift
. Modafinil’s psycho physiological actions likely work by promoting wakefulness instead of a classical amphetamine-like stimulant effect, but have the disadvantage of inducing moderate nausea in susceptible individuals (10 to 15% of the population). Methylphenidate is usually used in Attention Deficit Hyperactivity Disorder (ADHD) to increase attention. Caffeine itself is the world's most widely used psychoactive drug and by far the most common stimulant with over 80% of North Americans consuming caffeine in various types of beverages on a daily basis. Caffeine is also included in some medications, usually for the purpose of enhancing the effect of the primary ingredient, or reducing a side effect such as drowsiness. Tylenol #3, one of the commonest pain pills prescribed in Canada is a combination of codeine, acetaminophen, and caffeine, where the caffeine component is added for this very purpose. Pure caffeine tablets are also widely available. Nicotine, a common ingredient in tobacco, is used widely throughout the world for its stimulating effects despite the fact that it has an addictive component that has affected millions of people.  There would be no legal impediment to using one of these medications not listed in the CDSA for performance maintenance in the CF.

Moral and Ethical Issues

Moral and ethical issues have always played a strong role in public approval in Canada. These issues deal with the determination of right conduct, or the distinction between right and wrong. Moral and ethical issues are largely influenced by partisan agendas and the media, and not by scientific information. Virtually all sovereign nations have at some time in their history administered capital punishment for religious, cultural, and political beliefs. In addition, virtually all have wrongfully executed their accused citizens. Canada is no exception to this rule. The moral & ethical view of Canadian society on the utilization of drugs to either enhance maintenance in athletes, or maintain wakefulness as a fatigue countermeasure in the military is a result of current Canadian cultural fabric. In the past, CF Surgeon Generals have been opposed to the use of performance maintenance medications for fear that they would be used indiscriminately in lieu of other more benign options like better scheduling.


This point of view was relaxed somewhat when the Surgeon General in 2007, BGen Jaeger, published a commentary in the Aviation, Space and Environmental Medicine Journal on the ethical use of pharmacological fatigue countermeasures in the US military
. As surgeon general, her thoughts at the time were reflective of the Canadian Forces health services view point. In this commentary, she outlined her concerns with the lack of publications in the scientific literature on the ethics of military ergogenic enhancement.  She also raised the concern that it would be very easy to blur the line between operational necessity and administrative convenience.  In her commentary, she was particularly supportive of Dr Russo’s work in constructing a decision making framework consisting of 4 essential questions that should be used before the dispensing of fatigue countermeasures pharmaceutics
.  These were:


1. Is the use truly informed and voluntary;


2. Is the medication safe for use in the individual and operational environment;


3. Is the use consistent with dose and pharmacological function; and


4. Have available non-pharmacological alternatives been fully utilized?


In her paper she was clear that in certain circumstances, with strict controls, that there could be permissive use of what she called ‘cogniceuticals’ in <Canadian> military operations.


Fatigue Countermeasures Research in Canada


There is no doubt that a holistic approach to fatigue countermeasures is essential for the successful implementation of a program in Canada. The Fatigue Countermeasures umbrella includes a range of modalities which include nutrition, fitness, circadian entrainment, scheduling, and pharmaceuticals to promote awakeness and ensure adequate rest. The fatigue countermeasures of the 1950’s are certainly different from the fatigue countermeasures of the 1970’s and likewise from the fatigue countermeasures of 2009. Defence Research and Development Canada has conducted research in various components of fatigue countermeasures in the past. These have included research into caffeine gum, melatonin, hypnotics, and circadian desynchonization strategies. Although this research has suggested that there could be an advantage to various strategies, the recommendations of the past have never been formally institutionalized into a clear CF strategy. Recommendations to date have been customized to specific trade or mission requirements.


Through the auspices of the Air & Space Interoperability Council (ASIC) which is made up of UK, US, NZ, and AS, a formal project has been funded to produce an ASIC advisory publication on the wide spectrum of fatigue countermeasures available to commanders in ASIC nations. This publication will form one of the bases for the production of a Commander’s Guide to Fatigue Management in Canada. This document will provide a set of guidelines on recognition, hazards, and countermeasures for commanding officers, flight safety officers, and flight surgeons within Canadian legal, moral, and ethical framework.










































� National Defence Act, � HYPERLINK "http://laws-lois.justice.gc.ca" ��http://laws-lois.justice.gc.ca�







� Canadian Human Rights Act, � HYPERLINK "http://laws-lois.justice.gc.ca" ��http://laws-lois.justice.gc.ca�







� Food and Drugs Act, � HYPERLINK "http://www.hc-sc.gc.ca/fn-an/legislation/acts-lois/fda-lad/index-eng.php" ��http://www.hc-sc.gc.ca/fn-an/legislation/acts-lois/fda-lad/index-eng.php�







� Controlled Drugs and Substances Act, � HYPERLINK "http://laws.justics.gc.ca/en/c-38.8/index.html" ��http://laws.justics.gc.ca/en/c-38.8/index.html�







� Food and Drug Regulations,  Part G, Division 4 Practitioners, � HYPERLINK "http://laws-lois.justice.gc.ca" ��http://laws-lois.justice.gc.ca�







� Canadian Centre on Substance Abuse, � HYPERLINK "http://www.ccsa.ca/Eng/Topics/Pages/default.aspx" ��http://www.ccsa.ca/Eng/Topics/Pages/default.aspx�







� Drug Strategy and Controlled Substances Programme, � HYPERLINK "http://www.hc-sc.gc.ca/ahc-asc/branch-dirgen/hecs-dgsesc/dscsp-psasc/index-eng.php" ��http://www.hc-sc.gc.ca/ahc-asc/branch-dirgen/hecs-dgsesc/dscsp-psasc/index-eng.php�







� CF Pharmacy and Therapeutics Committee, �HYPERLINK http://hr5.ottawa-hull.mil.ca/health-sante/pd/pol/word/4200-49-eng.doc ��http://hr5.ottawa-hull.mil.ca/health-sante/pd/pol/word/4200-49-eng.doc� (internal to the Canadian Forces)







� Tarascon Pocket Pharmacopoeia, 23rd edition, Jones and Bartlett Publishers, Sudbury, Massachusetts, 2009







� Jaeger, H., A Glance at the Tip of a Big Iceberg: Commentary on “Recommendations for the Ethical Use of Pharmacological Fatigue Countermeasures in the U.S. Military,  Aviation, Space, and Environmental Medicine, Vol. 78, No. 5, Section 11, May 2007.







� Russo, M., Recommendations on the Ethical use of Pharmacological Fatigue Countermeasures in the US Military, Aviation, Space, and Environmental Medicine, Vol 78(5, Suppl.), B119-27, May 2007.
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Abstract


The formation of HPE ethics should spring from human performance doctrine and an appropriate organization for collecting, collating, and analyzing HP information with concomitant authority to make ethical decisions. The ethical utility of HPE technology for the human weapon system should be considered at the earliest opportunity when developing CONOPS and integrating the human into weapon systems. Too often, science offers a technology that is pressed into service devoid of doctrinal guidance or the benefit of accrued operational information resulting in an ethically slippery slope. Inadequate Human Systems Integration or weak CONOPS leads to the default of “enhancing” the human – extending the human beyond established and sustainable limits because of failure to understand the role of the human in the system (e.g., pharmaceutical enhancement of alertness during a 40 hour flying mission). An overarching approach to HPE mitigates the need for enhancement where possible and provides a life-cycle perspective to the ramifications of enhancement – to the individual and to society. A doctrinal and organizational framework for ethical HPE provides the capacity for consensus. The DoD and NATO should pursue 1) a common HP doctrine, 2) a code that balances ethics with the need for superior weapon systems, 3) the means for longitudinal surveillance of those exposed to HPE agents, and 4) a definition, based on evidence, of minimum standards for assessing the effectiveness and safety of HPE modalities.


1.0
INTRODUCTION


The application of technology to enhance human performance is proceeding apace in nanotechnology, biomedicine, information technology, and cognitive science (NBIC). As NBIC technologies converge, scientists are entertaining profound human enhancements such as direct links between the brain and machines, making the body more resilient and impervious to stress and environmental threats, and even going so far as to propose humans as cyborgs – semi-human and semi-machine [1]. As one might imagine, bioethicists have taken a keen interest in the emerging NBIC technologies over the question of whether there should be “engineering of the mind and of the body” versus “engineering for the mind and for the body” [2].

Nowhere is human performance enhancement more important than in military operations. Dependence on a global information grid with broad-band information flow demanding almost instantaneous decision-making and global situational awareness; exposure to weapons effects, whether blast or biological; and operations demanding human performance beyond physiological limits make any means of enhancing the human tantalizingly desirable. In fact, the US Department of Defense (DoD) has embraced the need for human performance enhancement (HPE). The Joint Forces Health Protection Concept of Operations (CONOPS) lists Joint Human Performance Enhancement as a function to manage fatigue; enhance sensory, cognitive, and motor capabilities; enhance learning, communications, and decision making; and enhance physiological capability. However, the ethics of HPE is not mentioned in the document. But with some prescience, we can appreciate the pressing need to stay ethically ahead of HPE technology. By way of illustration, during Operation Iraqi Freedom, B-2 stealth bomber pilots flew non-stop combat missions from Whiteman AFB, Missouri, averaging 35.3 hours per sortie. Missions to Afghanistan reached a maximum sortie length of 44 hours. Each crew of two pilots used fatigue countermeasures consisting of preflight zolpidem and inflight use of napping, caffeine, or dextroamphetamine [3]. How did USAF leadership arrive at a concept of operations that extended a two-man crew of a $2.1 billion aircraft well beyond their physiological limits, resorting to pharmacological enhancement of alertness with unknown total life risk to the aircrews? More to the point, what was the HPE ethical framework for deployment of airpower in this manner?


2.0
DOCTRINE AND ORGANIZATION


In his seminal book, Ideas and Weapons, Dr. I. B. Holley studied the use of United States airpower during World War I, examining in detail the exploitation of aerial weapon technology. He concluded that the US was at a disadvantage when leaders failed to develop doctrine and, furthermore, lack of doctrine was directly attributable to inadequate organization in two capacities – information and decision. Without the organizational means of systematically accumulating objective evidence on aerial warfare and without agencies to make decisions based on the evidence rather than opinion and limited experience, the US forfeited the dynamic relationship between doctrine and aerial technological innovation [4]. We are in cataclysmic danger of committing the same error today. The ethical employment of HPE should not occur devoid of human performance doctrine informed by the orderly accrual and analysis of operational information. If we fail to do so, there will be willy-nilly adoption of nano-, bio-, info-, cogno-technology leading to a host of unintended, and unimaginable, consequences.


3.0
hUMAN PERFORMANCE DOCTRINE


A holistic approach to human performance doctrine must be taken in order to sustain the human throughout a military career, to integrate the human in weapon systems, and to apply technology to enhance the human. One concept proposed for human performance doctrine [5] divides human performance into three interlinked categories:

· Human performance sustainment – maintains target performance levels throughout a military career while minimizing total life-cycle costs


· Human performance optimization – ensures efficient use of limited human resources in military systems through the process of human systems integration (HSI)


· Human performance enhancement -- enables the human to operate beyond established and sustainable performance thresholds, achieved primarily through science and technology


The application of a capabilities-based, total life-cycle view of the human provides the means for strategists, planners, acquisition managers, and commanders to successfully and ethically develop and employ weapon systems. The lack of human performance doctrine results in disintegration of human-centric systems and CONOPS and forces a default of enhancing the human; that is, extending the human beyond established and sustainable limits because of failure to understand the role of the human in the system. This is not to say that HPE is inherently undesirable or unethical; rather, doctrine causes us to consider the ethical principles of autonomy, nonmaleficence, beneficence, and justice when contemplating the employment of the human weapon system [6]. HPE may be completely ethical when applied to, say, increased survivability. Therefore, concomitant with human performance doctrine should be the organizational structure to define ethical constraints commensurate with accepted societal and political bounds.


4.0
ORGANIZATION FOR INFORMATION AND DECISION


There is a real need for an agency sanctioned to gather and analyze the physical, physiological, psychological, and cognitive domains of human performance within the scope of military operations. Such an agency would:


· Accumulate, collate, and analyze lessons learned with emphasis on operations leading to degradation of human performance.


· Establish requirements for scientific research in HPE based on human performance gap analysis.


· Keep a technical watch on world-wide developments in HPE, particularly those of potential adversaries.


· Determine the requirement for long-term health surveillance of individuals exposed to HPE agents.


· Define the minimum standard for assessing the effectiveness and safety of HPE technology.


An initial step toward such an agency in the United States is a human performance optimization (HPO) clearinghouse within the Uniformed Services University Consortium for Health and Military Performance (CHAMP). The avowed purpose is to “maintain a comprehensive and accessible repository of information on HPO; provide educational and training processes for learning about and applying evidence-based HPO in practice; provide systematic, responsive and dynamic processes for mission specific information exchange and training between warfighters/commanders and scientific investigators on HPO [7].” But this is just a beginning – there needs to be a concerted, concentrated effort to achieve a mature organizational construct for human performance.


Embedded within or closely affiliated with an office of human performance should be an office of HPE ethics responsible for:


· Understanding and interpreting the political, cultural, sociological, religious, and legal determinants of ethical behaviour as a guide to ethical HPE in military operations.

· Establishing guidelines and sound criteria for ethical use of performance enhancing technologies.

· Establishing a code, in collaboration with political, military, scientific, and medical leadership, that balances ethical HPE with the need for superior military weapon systems.

Evidence of the need for such an office is the recent charter of the Army Center of Excellence for the Professional Military Ethic located at the US Military Academy at West Point. Formed to “ensure that our core values and ethos remain strong in the face of repeated deployments and the challenges of modern, complex battlefields”, the center upholds “the system of moral standards and principles that define our commitment to the Nation and the way we conduct ourselves in its service”[8]. In like manner, a center for ethical HPE should be established at the Department of Defense level, perhaps an expansion of the existing Standards of Conduct Office.


The need for ethical guidelines in HPE has been anticipated for enhancing cognition. Published in a supplement to Aviation, Space and Environmental Medicine, the author proposed four test questions to determine ethical use of pharmaceuticals: 1) Are we certain the use of the compound is truly informed and voluntary; is an individual soldier requesting the medication with full understanding  of its purpose and potential adverse effects? 2) Are we certain the medication itself is safe for the individual and safely used within the environment? 3) Is the use of the cogniceutical consistent with its dosage and pharmacological function; and 4) Have non-pharmacologic alternatives been fully utilized [9]? A similar process must be in place to provide ethical guidance in the use of other evolving enhancement modalities such as nanotechnology.

Having organized for information, inherent in the organization should be the authority to make decisions that set forth binding policy. Additionally, evidence-based decisions that have been ethically tempered will modify human performance doctrine so that it does not become anachronistic as technology changes the way the human is sustained, optimized, and enhanced.

5.0
CONCLUSION


So, what must we do? The rapid advancements in nanotechnology alone should compel us to avoid a headlong, all-embracing approach to HPE, but rather advance with circumspection. Brain-machine-interfaces, brain to brain communication (techlepathy), neural signals transmitted by nano-wires, and neuronally sensed wireless communications [10] are just a few potential technologies demanding ethical foresight in military applications. Performance enhancing technologies currently used by military forces such as pharmaceutically enhanced alertness to offset physiological fatigue are not without ethical dilemmas. Studies of off-label use of drugs in a healthy population, if done at all, lack statistical power to determine the risk of adverse events, invoking the need for long-term, prospective surveillance of military personnel exposed to HPE agents [11]. There must be an overarching approach to HPE that mitigates the need for enhancement where possible and provides a life-cycle perspective to the ramifications of enhancement, both to the individual and to society.


A doctrinal and organizational framework for ethical HPE sets the stage for consensus. Therefore, DoD and NATO should pursue 1) a common human performance doctrine, 2) a code that balances ethics with the need for superior weapon systems, 3) the means for longitudinal surveillance of those exposed to HPE agents, and 4) a definition, based on evidence, of minimum standards for assessing the effectiveness and safety of HPE modalities.
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Abstract

Like athletes, soldiers improve their individual performance by specific, mixed and progressive training. The technical efficiency of soldiers results from several factors, including the individual responsiveness to training, the nature of both physical and mental training, and then depends on the individual talent and degree of preparation.


However, whatever the sport activity, taking exams, fighting in a war, or even simply living longer, the desire to improve its performance is inherently human. Drugs have been used from pre-Christian times and even in mythology, performers used unfair tactics. Stimulant use has continued down the years and has led to the development of many pharmaceutical preparations. Recent revelations about the development of THG and other designer drugs in laboratories testify to the fact that researches to improving human performance are burning issues.


Drug doping uses therapeutic advances in exercise physiology and clinical pharmacology to provide unfair advantages to athletes; drugs used enhance performance as stimulants, such as amphetamines, enhance performance by increasing the amount of oxygen-carrying red blood cells or are markedly anabolic. In addition, gene doping uses new scientific developments that manipulate DNA by either injecting novel genes or modulating existing genes. Very recent papers clearly demonstrate, at least in animal models, the potential effectiveness of such methods.


However, while training, practicing and studying are all successful and ethically acceptable strategies to improve performance, pharmaceutical enhancements and gene doping create profound ethical dilemmas and concerns about the integrity of sport and the health effects of long-term use. Cases abound of athletes using performance-enhancers, that is why it is very important to be clear about the ethical foundations of sport and the arguments for and against the use of performance enhancing technologies.


These issues emerging from the sport community also rise several issues in Army. Many soldiers probably covertly use drugs that enhance performance, without control by physician. In parallel with these individual approaches, the issue arises of the collective and under order approach of the use of performance-enhancers. Advocates of doping in sport claim that the consequences of drug-taking are less serious than the irreversible and sometimes even mortal injuries caused by the practice of sport itself. Moreover, they claim that there is no difference between taking drugs to cure illness and using them to improve performance in sport. We can consider that these arguments are not very convincing in sport, because of the ethical dimension of the problem. In Army, this issue needs to be revisited regarding the development of asymmetric warfare, a conflict in which the resources of two belligerents differ in essence and that involves strategies and tactics of unconventional warfare to offset deficiencies in quantity or quality. The key issue to address for us concerns the limits that we accept to train human in the context of modern and asymmetric warfare.


Dès lors qu’en milieu militaire nous évoquons l’amélioration des performances nous sommes conduits à faire référence au monde sportif. Force est de constater que les liens existant entre la guerre, les conflits et les manifestations sportives sont très complexes, mais historiquement très étroits. Tout au long des 5000 années, l’Humanité a organisé des guerres et généré des conflits. Très tôt, les sociétés organisées ont essayé de créer des régimes capables d’enrayer les guerres ou au moins, de limiter leurs effets destructeurs. Parmi toutes les tentatives développées, certaines sociétés antiques ont donné naissance à des compétitions sportives dont l’un des objectifs était de maîtriser la violence physique, principalement la guerre. La complexité des liens qui existent entre les conflits armés et la pratique sportive est majorée par un certain nombre de faits, dont les modalités adoptées pour préparer le personnel au combat. La nécessité de s’entraîner physiquement et de se préparer à combattre a très vite été comprise et considérée comme fondamentale ; l’exemple des phalanges romaines est démonstratif de cette prise en compte de la nécessité de la préparation physique au combat, en particulier afin de tolérer le port d’équipements lourds et de protections (armures). Dès cette époque, les militaires sont soumis à des entraînements très durs, associés à des règles nutritionnelles très élaborées ; la finalité de cette préparation c’est l’efficacité au combat, les moyens utilisés concourent tous à améliorer les performances physiques et la motivation des hommes. Des règles sont d’ores et déjà édictées afin de préserver l’état de santé des combattants, leur équilibre psychique, leur maîtrise de soi, qui constituent les prémices d’une éthique de la préparation physique militaire. On peut ainsi retenir qu’à toutes les époques, les armées ont mis l’entraînement physique au centre de leurs préoccupations.


Des doctrines originales et novatrices de préparation au combat ont donc très rapidement été proposées, dès l’antiquité, alors que dans le même temps, les compétitions sportives étaient en plein essor. Des programmes de préparation physique, novateurs pour l’époque sont proposés aux militaires comme aux athlètes. Aux règles de préparation appliquées aux militaires et à l’éthique qui entoure leur entraînement au combat, on identifie une éthique propre au sport qui caractérise des pratiques, des recommandations, visant les sportifs à se conduire et à agir de façon conforme à des valeurs morales au premier rang desquelles la promotion d’un esprit sain dans un corps sain. C’est dès l’époque antique que les fondements d’une éthique du sport ont été pris naissance, qui prônent l’implication de l’Homme dans son intégralité, et respectant la santé mentale et la santé corporelle des athlètes. C’est en conformité à ces règles que les moyens mis en oeuvre pour améliorer les performances physiques des sportifs sont considérés comme éthiquement acceptables ou pas.


Au fil des années, les progrès considérables des techniques et de la pharmacologie ont permis de proposer des outils, des moyens techniques, des stratégies pharmacologiques de plus en plus sophistiquées afin d’améliorer les performances physiques de l’Homme. Des moyens très différents, tous complémentaires, sont actuellement disponibles afin d’améliorer les performances physiques, parmi lesquels les méthodes de sélection, d’entraînement, les moyens matériels et les équipements, certains produits pharmacologiques, des moyens chirurgicaux et les manipulations génétiques. L’ensemble de ces moyens, pour certains largement utilisés en milieu sportif, sont aussi à la disposition des chercheurs militaires afin d’améliorer les performances de nos troupes. Les importants progrès de ces dernières années et ceux attendus dans les années qui viennent amènent à se poser la question de leur utilisation en milieu militaire, tout en restant conforme aux principes moraux d’un code d’amélioration des performances physiques qui nous est propre et qui diffère naturellement de l’éthique du sport.

Le but de cette présentation est donc de faire le point actuel des résultats attendus de différentes stratégies d’amélioration des performances physiques et d’évaluer pour chacun de ces moyens son niveau d’acceptabilité morale en milieu militaire. Cette présentation sera principalement centrée (mais pas uniquement) sur l’amélioration des performances physiques des combattants de l’infanterie et des troupes de mêlée. Elle vient en complément d’une autre présentation de ce symposium ([7]). Nous présenterons dans un premier temps les évolutions envisageables de différents moyens d’améliorer les performances physiques, et dans un deuxième temps, leur cohérence avec nos principes éthiques.


1.0
l’amélioration des performances physiques



Comme c’est le cas pour de nombreuses activités, tant professionnelles que de loisir et sportives, les performances physiques peuvent être améliorées par la sélection raisonnable du personnel pour des tâches précises, la mise en oeuvre de méthodes adaptées d’entraînement, et la proposition d’équipements spécifiques. C’est l’utilisation de substances pharmacologiques et l’éventualité de corrections chirurgicales qui posent à l’évidence le plus de questions d’ordre éthique. Enfin, les manipulations génétiques bien que restant encore du domaine du futur, ne sont pas sans nous questionner sur leur utilisation potentielle à des fins d’amélioration des performances physiques.


1.1
La sélection des personnels



La pratique de la sélection du personnel est très classique. Elle peut avoir deux finalités, la première c’est de sélectionner du personnel médicalement apte au métier de militaire, ne présentant pas de pathologie évolutive à bas bruit, ni de facteur de risque médical de développement d’une pathologie réactionnelle. Cette étape est absolument indispensable et ne peut pas être court-circuitée. Elle pourrait cependant, dans une démarche générale de préservation de l’état de santé des militaires et de prévention de la survenue de pathologies réactionnelles, être complétée par d’autres démarches. les progrès actuels de la biologie moléculaire nous permet d’envisager de nouvelles approches qui pourraient, dans le futur, reposer sur la recherche de génotypes considérés comme étant à risque de développement de pathologies d’intolérance ; l’un des exemples les plus marquants en milieu militaire est celui du coup de chaleur d’exercice (CCE) dont l’incidence a considérablement réduit grâce à l’application de recommandations de pratique de l’exercice en zones climatiques chaudes. Cependant, une prévention en amont semble indispensable, notamment pour éviter l’exposition de personnes considérées comme étant à risque ; par ailleurs, des problèmes persistent quant à la détermination de l’aptitude médicale du personnel ayant présenté un épisode de CCE pour lequel l’identification de génotypes pré-disposants est du plus grand intérêt. Des résultats récents obtenus dans notre laboratoire ont permis de montrer que la charge thermique le génotype d’un gène particulier, le gène codant l’enzyme de conversion de l’angiotensine était un modulateur de la charge thermique résultant d’un exercice militaire réalisé en ambiance chaude (Figure 1).




Figure 1: Evolution de la température rectale et de la charge thermique chez des militaires présentant les génotypes II, ID et DD du gène codant l’enzyme de conversion de l’angiotensine, au cours d’un exercice militaire en climat chaud.

Ces résultats n’ont que valeur d’exemple ; ils méritent d’être validés, confirmés dans différentes circonstances. Ils permettent cependant d’envisager pour l’avenir de nouvelles pistes de dépistage de personnels à risque pour des accidents ou des manifestations pathologiques d’intolérance de l’environnement opérationnel ou de situations militaires.



La sélection du personnel peut aussi se donner pour objectif d’identifier les personnels présentant des compétences spécifiques pour un emploi, en terme de capacités individuelles, physiques et/ou cognitives. Pour être efficace, cette approche nécessite cependant que le recrutement soit suffisant pour permettre une sélection en fonction de capacités considérées comme ayant auparavant été considérées comme déterminantes. Une autre stratégie de sélection envisageable pourrait être de ne pas se baser sur la détermination de capacités physiologiques en un temps donné (par exemple au moment de l’incorporation), mais plutôt sur la réponse individuelle à l’entraînement physique. Cette méthode parait en théorie bien plus séduisante, mais pose de très grosses difficultés de mise en oeuvre ; il s’agirait soit de mettre les sujets en situation de réponse à l’entraînement physique individuel (ce qui est difficilement concevable pour des raisons pratiques et de responsabilité de l’institution militaire), soit d’identifier des marqueurs biologiques de la réponse à l’entraînement physique (question importante pour l’avenir, mais non encore résolue).

1.2
L’entraînement des personnels 



L’entraînement spécifique du personnel est absolument indispensable pour assurer la réussite des missions, que cet entraînement soit physique, technique (utilisation potentielle de simulateurs de situations), ou même psychologique. Même si la réussite d’une mission nécessite la concordance de multiples capacités et compétences, ne sont considérées dans cet article que les techniques d’entraînement physique. L’entraînement physique, indispensable pour assurer l’amélioration des performances, doit toujours répondre à des objectifs physiologiques ; les principales questions posées au regard de la mise en œuvre de techniques d’entraînement en milieu militaire, concernent principalement leur caractère inoffensif pour la santé et leur absence de dangerosité. 

1.3
Les équipements portés 



Les combats modernes nécessitent l’emploi d’équipements de nouvelle génération qui contribuent largement à l’amélioration des performances des militaires. Sous ce vocable, on peut concevoir deux types d’équipements, ceux qui sont portés par les militaires en opération et qui peuvent contribuer à l’amélioration des performances humaines, par leur structure, la matière dont ils sont composés, etc. On peut aussi entrer dans cet ensemble, des équipements ou systèmes externes, qui permettent d’améliorer de manière importante les performances physiques, en terme de vitesse de déplacement, ou de capacité à déplacer de lourdes charges. Cette dernière propriété est celle qui est directement visée par les projets de développement d’exosquelettes militaires. Ces systèmes motorisés sont des dispositifs mécaniques mobiles, autonomes, qui utilisent des sources d’énergie embarquées, permettant, au moins en théorie, d’augmenter très notablement les performances physiques, en particulier dans les domaines de l’emport et de la manipulation de charges lourdes. Les performances visées sont celles de force, de vitesse de mouvement, de résistance aux effets mécaniques, etc. 



Nombre de ces systèmes sont actuellement en développement à des fins de compensation de déficits, pour des patients ; on est là dans le contexte général de « l’Homme réparé ». Il s’agit bien là de suppléer une déficience motrice de manière non-invasive. L’extension de ces systèmes à l’homme sain, dans un but d’amélioration des performances est en théorie envisageable, mais dans un laps de temps qui reste totalement inconnu. Force est de constater que ces systèmes ne sont pas encore suffisamment avancés pour pouvoir être envisagés chez l’Homme sain dans un contexte « d’Homme augmenté ». Comme nous le verrons plus loin, les problèmes et questions éthiques posés par l’utilisation de tels équipements chez le militaire peuvent être abordés sereinement compte tenu des délais prévisibles importants qui nous séparent de leur éventuelle disponibilité en opérations.

1.4
Les produits dopants 



On peut constater que l’utilisation de substances pharmacologiques dévolues au traitement de patients présentant différentes pathologies (contexte général de « l’Homme réparé ») par des sujets sains avec pour objectif d’améliorer les performances physiques (contexte « d’Homme augmenté ») est extrêmement fréquente. L’utilisation de telles substances est largement connue et très médiatisée en milieu sportif. Cependant, bien d’autres milieux socioprofessionnels sont touchés, sans qu’il y ait pour autant de réglementation ou de limitation légale d’utilisation ; c’est le cas de certaines professions pendant les phases d’intense activité ou des étudiants en périodes d’examens. Alors que l’utilisation de substances dopantes est totalement prohibée pour les sportifs (qui sont pour la majorité d’entre eux membres d’une vraie profession), les membres d’autres professions peuvent utiliser sans limite certaines substances dopantes qu’il peuvent maintenant acquérir par différentes filières, en particulier sur internet.



Les substances dopantes sont sensées avoir des effets très ciblés. En théorie, leur utilisation permet d’atteindre des objectifs bien identifiés, comme l’augmentation de la masse musculaire, du transport de l’oxygène, etc. cependant, force est de constater que les produits aujourd’hui utilisés n’ont que rarement fait leurs preuves au plan expérimental.

1.4.1
Les pratiques dopantes actuellement identifiées



Dans le cadre de l’amélioration des performances physiques, les principales substances utilisées peuvent être classées en


1.4.1.1
substances destinées à augmenter la force et la puissance musculaire.



Pour les adeptes de disciplines sportives pour lesquelles la délivrance de force musculaire est déterminante, la tentation d’avoir recours à des substances anabolisantes musculaires est forte. Il existe plusieurs familles de substances qui peuvent répondre à ces objectifs d’augmentation de la masse et des performances musculaires ; ce sont principalement les stéroïdes anabolisants (dont la tétrahydrogestrinone, THG, rendue célèbre par le laboratoire Balco), les hormones de croissance associées ou pas à l’insuline, ainsi que d’autres facteurs de croissance locaux (insulin-like growth factor-1, etc).


1.4.1.2
substances destinées à améliorer la diffusion de l’oxygène aux tissus utilisateurs.



On range dans cette catégorie les substances broncho-dilatatrices comme les 2-mimétiques (salbutamol), mais aussi l’ensemble des molécules impliquées dans l’érythropoïèse (EPO) ou dans le transport de l’oxygène (perfluorocarbures, PFC). A ces catégories de substances, on associe les transfusions autologues et pour certains, les moyens naturels (non considérés comme des stratégies dopantes par les instances de lutte contre le dopage sportif) qui conduisent à augmenter la capacité de transport de l’oxygène (séjours en altitude, expositions en caissons hypobares, etc.).


1.4.1.3
autres substances améliorant les performances par leurs effets centraux.



De nombreuses substances peuvent être utilisées afin d’améliorer les performances physiques de l’Homme, en agissant sur des processus de régulation centrale. Le maintien de la stabilité émotionnelle par la prise d’alcool, de -bloquants ou d’autres anxiolytiques contribue aussi à l’amélioration des performances humaines. Il en est de même de substances euphorisantes, antalgiques, ou de substances permettant de maintenir l’éveil. 


1.4.2
Les substances de demain



L’histoire du détournement de médicaments destinés aux patients à des sujets sains pour l’amélioration de leurs performances physiques (et/ou mentales) (de « l’Homme réparé » à « l’Homme augmenté ») est très ancienne, et ne s’est pas arrêtée, malgré toutes les démarches de lutte contre le dopage entamées par les instances internationales. Les progrès considérables réalisés ces dernières années dans la compréhension des mécanismes moléculaires des grandes pathologies ont permis d’envisager des thérapeutiques de mieux en mieux ciblées, agissant directement sur des molécules régulatrices intracellulaires ; on doit logiquement envisager que certaines d’entre elles puissent être détournées de leur indication première et utilisées à des fins d’augmentation des performances.



Certaines de ces substances risquent d’être très rapidement utilisées chez l’homme sain. C’est le cas d’activateurs sélectifs de certains facteurs de transcription, petites protéines impliquées dans le contrôle de la transcription de gènes-cibles qui jouent un rôle déterminant pour les performances physiques. Une famille de facteurs de transcription (qui sont en l’occurrence des récepteurs nucléaires activés par des ligands spécifiques), la famille des « peroxisome proliferator activated receptor » (PPAR) est tout spécialement impliquée dans le contrôle du métabolisme énergétique musculaire. Une forme particulière de ces facteurs de transcription, PPAR permet de moduler le flux d’utilisation des acides gras par le muscle. Considérant que l’un des facteurs limitant les performances de l’homme au cours d’exercices physiques de très longue durée c’est le débit d’utilisation des acides gras (et donc d’épargne du glycogène), les substances activatrices de PPAR sont naturellement devenues des candidats à l’amélioration de l’endurance. Des essais très démonstratifs ont été réalisés sur modèles animaux, au cours desquels on a montré qu’associée à un entraînement en endurance, l’administration d’un agoniste PPAR permettait de doubler la performance exprimée sous la forme du temps maximal de maintien d’une vitesse de course et de la distance totale parcourue (Figure 2) ([5]). Ces substances pharmacologiques qui bénéficient de brevets industriels ne sont pas encore commercialisés, les études cliniques ne faisant que débuter ([6]) ; l’indication de ces molécules est à l’évidence la réhabilitation de patients présentant d’importantes maladies métaboliques, mais leur détournement à l’homme sain dans un but d’amélioration des performances est à craindre.


Figure 2: Evolutions des performances en endurance de modèles animaux entraînés, et traités par un activateur PPARd (GW) ou un placebo (V). Les performances sont évaluées par le temps maximal à la course sur tapis roulant (barres de gauche) et la distance maximale parcourue (barres de droite).


(d’après [5])



D’autres molécules actuellement à l’étude sont susceptibles d’être utilisées chez l’homme sain dans un contexte général de détournement de leur indication initiale ; c’est le cas d’activateurs de systèmes enzymatiques régulateurs du métabolisme énergétique musculaire comme « l’AMP-activated protein kinase » (AMPK). D’autres substances émergent, pouvant jouer un rôle important pour l’amélioration des performances en endurance. C’est le cas de molécules susceptibles de limiter les effets de la durée de l’exercice sur les perturbations de la libération du calcium à partir du reticulum sarcoplasmique, facteur impliqué dans les états de fatigue musculaire et de faillite de performance en endurance. Des molécules encore dans les premiers stades des études expérimentales sur modèles animaux (S-107 et JTV-519) ont d’ores et déjà démontré leurs effets sur les performances physiques ([2]). Enfin, on ne fera que citer d’autres molécules agissant comme agonistes des récepteurs musculaires aux stéroïdes (« selective androgen receptor modulators », SARMs, Ostarine), ou d’autres agissant comme stabilisateurs de facteurs de transcription impliqués dans les réponses du muscle à l’entraînement physique ou dans l’érythropoïèse ; c’est le cas de stabilisateurs de la sous-unité  du complexe HIF (« hypoxia-inducible factor »), facteur de transcription impliqué dans la régulation de la transcription du gène EPO ([4]).

1.5
Le dopage génétique 



Les progrès considérables réalisés dans ce domaine laissent à penser qu’il sera envisageable, dans un avenir encore impossible à évaluer à ce jour, de modifier le génome exprimé de certains tissus et de modifier ainsi les caractéristiques physiologiques (et psychologiques) de sujets sains. Les techniques qui permettent d’induire ces modifications du niveau d’expression de gènes cibles impliqués dans le niveau de performances physiques sont encore en cours de développement sur de petits modèles animaux et restent du domaine d’un futur possible bien qu’incertain. Certains gènes cibles peuvent être considérés comme des candidats potentiels à ces manipulations, impliqués soit dans les performances en endurance (gènes codant des facteurs de transcription ou de croissance impliqués dans la biogenèse mitochondriale, dans l’angiogenèse, etc.), soit dans les performances en force (gènes codant des facteurs impliqués dans le contrôle de la masse musculaire, tel que la myostatine, etc.).

1.6
Les dérives de la chirurgie réparatrice 



La finalité de la chirurgie réparatrice c’est bien de « réparer un homme blessé ». En cela, les progrès réalisés dans le développement de biomatériaux qui sont mieux tolérés, plus résistants, à durée de vie augmentée ne peuvent être que positifs et apporter un bénéfice réel aux patients.



Cependant, dans le domaine de l’amélioration des performances physiques, certaines dérives ont pu être dénoncées ces dernières années. En milieu sportif, on a pu déplorer le remplacement de ligaments plus ou moins lésés, par des biomatériaux plus résistants, avec une indication de remplacement du ligament naturel par du matériel synthétique parfois très discutable. Disposant de biomatériaux de mieux en mieux tolérés, il peut de devenir tentant de devancer les indications de prothèses ligamentaires, dès les premiers signes cliniques, sans indication formelle de remplacement. Limitant les risques d’accident, ces remplacements par des prothèses ligamentaires contribuent à l’amélioration des performances.



Un autre risque probablement moins actuel et moins crucial, c’est celui lié aux progrès réalisés dans la conception des prothèses de membre (ou de segment de membre) dont les qualités et la fonctionnalité sont sans cesse améliorées. Le remplacement de segments de membres par des prothèses peut être associé à une amélioration considérable de certaines performances. L’exemple du coureur de 200-400m Oscar Pistorius porteur de deux prothèses de jambe en fibre de carbone depuis son plus jeune âge (11 mois) est démonstratif de l’apport potentiel de prothèses ([3]). Une longue expertise médico-physiologique a permis de conclure que ce coureur handicapé était « avantagé » par ses prothèses. Ces pour des raisons d’équité qu’il n’a pu être admis aux jeux olympiques de Pékin. On peut donc se poser la question de savoir si, avec tous les progrès qu’on peut attendre dans ce domaine les prochaines années, des prothèses peuvent constituer un avantage par rapport à des sportifs valides ? Les instances sportives se sont émues de cette situation. Même si la situation peut encore paraître totalement caricaturale à ce jour, verra-t-on un jour des hommes se faire amputer, comme un sacrifice supplémentaire lié à leur carrière, dans le seul but d'accéder à la renommée ? Cette question doit aussi légitimement posée en milieu sportif doit aussi nous alerter en milieu militaire.



2.0
les questions éthiques posees par l’amélioration des performances physiques en milieu militaire



Les questions d’ordre éthique posées par l’amélioration des performances sont évoquées dans un certain nombre de présentations orales et de production écrites dans le cadre de ce symposium. Il n’est pas question de revenir sur les définitions largement explicitées dans certains des articles reportés ici ([7]). On ne fera que rappeler que l’éthique se définit comme étant la morale, l’art de diriger naturellement sa conduite au sein d’une société ; c’est ce qui est attendu au delà du sentiment d’obligation. Par extension, l’éthique d’un médecin se définit comme la comportement attendu des hommes au statut de médecin ; ce comportement doit être conforme aux règles énoncées dans le serment d’Hippocrate, étendu au code de déontologie médicale. On pourrait ainsi identifier une éthique propre à chaque métier et pour les domaines qui nous concernent, une éthique des chercheurs et une éthique des militaires qui contribuent eux aussi largement à l’amélioration des performances de leur personnel. On en arrive à la notion essentielle que les principes et méthodes adoptés afin d’améliorer les performances physiques doivent être conformes aux réflexions éthiques de l’ensemble des partenaires impliqués, militaires, scientifiques (et biologistes) et médecins.


2.1
Notions générales 



Pour ces différentes professions impliquées dans un processus général d’amélioration des performances, les réflexions éthiques conduisent à définir des limites pour les solutions théoriques envisagées. Pour les médecins impliqués dans les processus d’amélioration des performances physiques des combattants l’une des règles essentielles est de ne pas nuire à l’individu (« primum non nocere ») ([7]). L’éthique médicale englobe d’autres principes repris dans l’analyse de la bioéthique, domaine de réflexion rendu nécessaire par les progrès rapides réalisés en génétique, transplantations d’organes, de tissus et de cellules, mais aussi par la confrontation à des situations nouvelles en procréation ou de fin de vie. Ces réflexions en bioéthique concernent tout particulièrement les chercheurs, qu’ils soient scientifiques de formation ou issus du monde médical. La mise en application des différentes méthodes, le plus souvent complémentaires, destinées à améliorer les performances physiques des militaires doit être discutée en terme de cohérence des grandeurs éthiques du métier ; enfin, le niveau d’acceptabilité de chacune de ces méthodes au regard de l’éthique doit aussi être évalué. Outre le souci de ne pas nuire, les grands principes de la bioéthique englobent les notions de bénéfice, d’autonomie dans la décision et d’équité ([1]).



La notion de bénéfice attendu est importante en bioéthique ; appliquée ici, elle peut se concevoir comme représentant le bénéfice tiré de l’amélioration des performances physiques sur les capacités du militaires à combattre ; ce bénéfice peut être attendu au niveau collectif (sur la réussite de la mission) et au plan individuel (tolérance individuelle des contraintes physiques et psychologiques liées à la mission). Cette notion de bénéfice individuel et collectif est cohérente avec la « doctrine de la guerre juste » et la nécessité de réussite. La notion d’autonomie décisionnelle implique le respect du droit individuel à la décision ; cette notion du libre arbitre dans le choix que l’individu peut faire de son corps est un des principes essentiels des lois de bioéthique. L’autonomie dans la décision, le libre consentement d’une technique d’amélioration des performances physiques, reposent sur deux autres notions elles-aussi essentielles ; c’est d’une part la nécessité pour chaque individu d’avoir les connaissances nécessaires pour comprendre et juger les conséquences possibles de l’intervention proposée pour sa santé. Le choix ne peut être librement consenti par l’individu que s’il dispose de suffisamment d’informations justes et précises pour guider sa décision. D’autre part, pour être valide, le choix de l’intéressé doit être entièrement volontaire, sans aucune pression d’aucune sorte de la part de l’environnement. On comprend dès lors toutes les difficultés qui peuvent émerger pour appliquer à la lettre ces notions et respecter les fondements des lois de bioéthique. Certaines de ces difficultés sont indéniablement liées à la notion que la réussite et l’efficacité opérationnelle dépendent d’un groupe au sein duquel l’autonomie individuelle est très relative. Il va sans dire que les pressions plus ou moins fortes du groupe, la volonté individuelle à ne pas pénaliser le groupe, minimisent considérablement le libre-arbitre et l’autonomie dans la décision. On aborde là les limites du libre arbitre et du libre consentement en cas de risque pour la collectivité ou lorsque le refus peut mettre les autres en danger. Cependant, ces difficultés sont en grande partie résolues dans la mesure où aux plans légal et éthique, le personnel militaire abandonne certains de ses droits de libre arbitre dès lors qu’il embrasse les métiers des armes. 



Enfin, une autre notion est importante à considérer afin d’évaluer le caractère acceptable d’une stratégie d’amélioration des performances physiques, au regard de l’éthique, c’est celle du risque encouru. Cette analyse comporte la prise en compte du risque propre lié à l’intervention proposée (risque lié au moyen envisagé pour améliorer les performances), et le risque actuel encouru pour la santé, en l’absence d’intervention. L’environnement opérationnel étant naturellement à haut risque, toute intervention ou tout apport réduisant ces risques ne peut être qu’éthiquement recevable. Cependant, il est aussi licite de se demander si l’amélioration des performances elle-même n’est pas à même de faire courir plus de risque à l’individu (Figure 3). On est là face à un paradoxe de situation pas toujours simple à résoudre.




Figure 3: boucle théorique établie entre la nécessité d’amélioration des performances physiques, l’augmentation de la prise de risque et de l’exposition aux risques liés à l’environnement opérationnel qui peut en découler, et le besoin exprimé en retour de nouvelle amélioration des performances physiques.


2.2
Les moyens d’amélioration des performances physiques sont-ils tous éthiquement acceptables ? 



La sélection médicale est absolument indispensable pour recruter du personnel apte à servir, à se préparer au combat et à être déployé sur les théâtres d’opérations. Par contre, il est tout à fait envisageable que dans l’avenir, des progrès considérables auront été réalisés dans le domaine de l’identification de génotypes à risque pour le développement de pathologies réactionnelles aux contraintes de l’environnement militaire. Il est envisageable d’exploiter et d’utiliser ces nouvelles connaissances dans des cadres bien définis ; au plan éthique, on peut considérer qu’un génotype à risque peut constituer un argument complémentaire pour une prise décision d’aptitude médicale à un emploi à risque. Il n’est évidemment pas concevable au plan éthique, d’envisager une sélection sur la base d’un profil génétique, en dehors de tout contexte de prise de risque de nature médicale ; c’est dans cette optique seule que la notion de profil génétique à risque peut être intégrée dans un prise de décision d’aptitude.



L’entraînement physique est nécessaire à la préparation physique des combattants. Il ne serait pas éthiquement acceptable d’exposer du personnel non suffisamment préparé aux risques de l’environnement militaire. Les questions éthiques émergent dès lors que l’on considère certains types d’entraînement accidentogènes ou qui comportent un risque pour la santé. Les entraînements potentiellement accidentogènes sont éthiquement acceptables si l’environnement médical est suffisant. Par contre, l’entraînement physique qui est susceptible d’affecter l’état de santé du personnel (physique ou psychique) reste éthiquement inacceptable.



Les équipements actuellement proposés aux militaires ne semblent pas poser de problèmes éthiques particuliers. Les questions posées par le développement d’exosquelettes peuvent être facilement résolues à ce jour ; compte tenu de l’état de développement technique de ces systèmes motorisés et des risques liés à l’environnement militaire, ces équipements ne sont pas éthiquement acceptables. La notion d’absence de prise de risque supplémentaire est essentielle à considérer pour toute proposition de nouveau matériel susceptible d’améliorer les performances des combattants.



Les questions éthiques posées par l’utilisation de substances reconnues comme dopantes sont plus difficiles à résoudre. Les substances éthiquement acceptables devraient avoir fait leurs preuves du réel bénéfice apporté sur les performances physiques, sans effets secondaires néfastes pour la santé ; on est là dans un contexte où la balance bénéfice-risque doit être envisagée. Comme nous l’avons évoqué ci-dessus, la notion de risque doit être évaluée à deux niveaux, celui des effets secondaires pour la santé de certaines substances, mais aussi des effets secondaires de l’amélioration des performances elle-même, en terme de prise risque ou de surcharge de travail (Figure 3). 



Certaines des substances actuellement interdites par les instances internationales chargées de la lutte contre le dopage ont des effets secondaires connus chez l’homme sain. C’est l’une des raisons qui justifient leur interdiction ; c’est le cas des stéroïdes anabolisants, des glucocorticoïdes au long court, de l’EPO mal contrôlée, etc. Ce n’est cependant pas le cas de toutes les substances utilisées dont certaines n’ont pas d’effets secondaires néfastes pour la santé de l’athlète, ce qui renforce la notion que les motifs d’interdiction d’utilisation de ces substances n’ont pas obligatoirement de lien avec la santé de l’athlète. L’émergence de nouvelles substances, déjà utilisées en clinique humaine (ou qui le seront dans les années à venir) amène à réfléchir sur leur utilisation détournée à des fins d’amélioration des performances. Cette éventualité ne peut évidemment être considérée et étudiée qu’en l’absence d’effets secondaires. L’utilisation de certaines thérapeutiques très ciblées, agissant sur des régulateurs cellulaires bien identifiés, dans des tissus parfaitement pré-déterminés réduit à l’évidence le risque d’effets secondaire ; leur absence doit cependant toujours être vérifiée, strictement contrôlée avant d’envisager leur utilisation chez l’Homme. La juste évaluation du rapport bénéfice-risque passe par une meilleure connaissance des effets de ces nouvelles thérapeutiques sur les performances physiques, mais aussi de leurs effets secondaires. Si la question du transfert de « l’Homme réparé » à « l’Homme augmenté » peut être posée, ce n’est qu’après une parfaite connaissances des risques potentiels pour la santé. C’est l’une des raisons pour lesquelles les laboratoires en charge des recherches biomédicales doivent contribuer à une meilleure connaissance des effets de ces substances qui émergent (ou émergeront ces prochaines années). Il y a bien d’autres raisons qui justifient que nos laboratoires de recherche contribuent à mieux comprendre les effets de ces nouvelles molécules sur les performances physiques, notamment le fait qu’il existe un réel besoin d’information sur les molécules dopantes de la part des militaires ; ce besoin ne peut être couvert que par l’apport d’informations justes, obtenues par la recherche, et transmises par le biais des médecins et des cadres de contact.



Toutes les substances susceptibles d’améliorer les performances physiques sont totalement interdites par les instances sportives en charge de la lutte contre le dopage ; il est remarquable de constater à ce propos que les sportifs constituent la seule profession soumise à des interdits d’utilisation de substances dopantes. Les raisons lesquelles ces substances sont interdites pour les sportifs peuvent être résumées en trois points, la protection de leur état de santé (au regard des effets secondaires de certaines de ces substances), le respect de l’éthique sportive et le souci d’assurer à chacun les mêmes chances de réussite au cours des compétitions. Ces deux dernières raisons, tout à fait indiquées pour le monde sportif ne sont pas acceptables en l’état pour les militaires ; seul l’argument qui consiste à prévenir la survenue d’effets secondaires est aussi applicable à la communauté militaire et peut constituer une limite de leur utilisation.



Les manipulations génétiques que l’on peut envisager dans le futur doivent rester du domaine de « l’Homme réparé ». Leur détournement à « l’Homme augmenté » n’est en aucune manière éthiquement acceptable. Il en est de même pour la chirurgie réparatrice qui doit strictement rester dans le domaine de la correction de déficits avérés, après que les indications chirurgicales aient été strictement posées, sans dérive préventive ou d’amélioration des performances motrices.


conclusions


La préparation physique des militaires est absolument indispensable à l’efficacité opérationnelle. Nos militaires doivent bénéficier des techniques (et des moyens) les plus modernes pour progresser et voir leurs performances physiques s’améliorer. Le contraire ne serait pas éthiquement acceptable. Cependant, tous les moyens à déployer pour améliorer leurs performances ne sont pas acceptables au plan éthique. Les réflexions que nous devons mener dans ce domaine sont spécifiques à l’environnement militaire et à ses objectifs stratégiques. Les moyens que nous considérons comme éthiquement acceptables doivent être compatibles avec les principes éthiques spécifiques à la médecine (éthique médicale), à la recherche (bioéthique) et au monde militaire (éthique militaire). Comparativement au monde sportif, lui aussi très impliqué dans les réflexions menées afin de juger du caractère éthiquement acceptable de nouvelles techniques d’amélioration des performances physiques de l’Homme, on peut proposer le positionnement reporté sur la Figure 4. Cette suggestion ne constitue qu’une première base de réflexion qu’il faudra étoffer et réviser au fil du temps. Il est en effet du devoir de nos chercheurs, en parallèle de leur travail très technique d’apport de connaissance et d’expertise scientifique, de réfléchir sur les limites éthiques de l’amélioration des performances et sur l’acceptabilité de nouveaux moyens émergeant.


Figure 4: proposition de positionnement des techniques d’amélioration des performances physiques des militaires (2), comparativement au positionnement des sportifs (1). Ce positionnement est relatif aux caractères éthiquement acceptable ou non.
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Abstract

Human performance technologies include among others the use of psycho-active pharmaceuticals. In trying to answer the question if the use of psycho-active pharmaceuticals in the military is ethically acceptable, a psycho-medical model with four guiding questions is discussed. From two examples of modern warfare with these guiding questions, it is concluded that an ethical use of psycho-active pharmaceuticals is possible. Also three additional points of view are discussed. Firstly, a human performance perspective on manned weapon systems is presented, next to the psycho-medical model. From this human performance perspective it is recommended to make military personnel and their commanders aware of the detrimental effects of fatigue and exhaustion on vigilance and decision making. Secondly, the quality of life of military personnel is introduced as a criterion for the ethical use of psycho-active pharmaceuticals. It appears that performance and quality of life can be addressed simultaneously in manned weapon systems. Thirdly, it is recommended to continue the discussion on ethical use of psych-active pharmaceuticals by feeding it with empirical data from randomized controlled field studies, in stead of examining cases and logical reasoning only.

1.0
INTRODUCTION

Psycho-active pharmaceuticals are an important part of human performance technologies. These technologies aim to increase human performance and include for instance the use of devices for human audiovisual capacities, like seeing, hearing or situational awareness. More historical examples are binoculars.  Military research and development has a long and strong record in developing technologies to enhance human performance. Around the Second World War Radar and Sonar were developed for detection of airplanes, ships or submarines at large distances. More recently night vision goggles were introduced to enhance human vision at night. The military developed the Global Positioning System for enhancement of situational awareness, which is now also widely used in civilian society for routing cars and trucks from electronic maps.


Psycho-active pharmaceuticals also have been developed and used in the military. Amphetamines have been used in the military since World War II to aid military personnel in combating fatigue and the effects of sleep deprivation (Wolfendale, 2008). Modafinil or Provigil is developed to be the modern replacement of amphetamine and is used in the United States Air Force (Caldwell 2007, Moreno 2008). After claims that this use has links with some friendly fire incidents in military operations in Afghanistan in 2002 (Bower, 2003) this use is under some scrutiny. Russo (2006) formulates the following four questions to aid military leaders in making ethically acceptable decisions in the use of psychoactive pharmaceuticals: Is the use truly voluntary, is the medication safe for use in this individual in his operational environment, is the use of the medication consistent with its dosage and pharmacological function and have non pharmacologic alternatives fully been utilized? If these questions can be answered affirmatively, the commander’s decision to make use of a pharmaceutical is ethically acceptable.

The four questions are answered affirmatively in an example in which a soldier asks for sleep medication during an intercontinental transit flight in a military aircraft of many hours, crossing multiple time zones. 


In a second example a small military unit is cut off form their main unit and is surrounded by the enemy. Reinforcements will only arrive the following day. Under the assumption that if the surrounded soldiers fall asleep, they will be overrun and killed, the use amphetamine and caffeine is also ethically acceptable. 


However, the use of a sleeping drug in the first example can be argued by criticizing the extent to which non pharmacological alternatives have been utilized. Do military personnel make use of active noise reduction equipment? Is there sufficient room for resting, sitting or walking? Is there an adaptation period included in the deployment scheme, which allows to adapt to the difference in time zones? The assumption in the second example asks raises questions also. How realistic is the assumption that soldiers will fall asleep within 24 hours under a condition of permanent life threat? And what to do if the promised reinforcements do not arrive the following day. Will more use of psycho-active pharmaceuticals sustain performance or lead to irreversible exhaustion, followed by collapse? Is the use of psycho-active pharmaceuticals better enhancing sustainability than the military routine of rest for the entire unit and watch keeping by a few unit members on a rotation scheme? 


We would also like to introduce a preliminary question, before answering the 4 questions, asked by Russo: Is the psycho-active pharmaceutical really enhancing military performance? This question focuses on the human performance perspective on manned weapon systems.


2.0 A HUMAN PERFORMANCE PERSPECTIVE ON MANNED WEAPON SYSTEMS.

The ultimate goal of armed forces is to produce combat power, that enables them to secure, defend and if necessary attack with the potential or actual use of mass violence. This power is a potential, ready to be used in conflict situations. In order to create this potential, armed forces enlarge their combat readiness as much as they can. This combat readiness consists of material readiness, personnel readiness and training level (De Both, 1984). The time that military personnel are part of a military unit also contributes to operational readiness, especially by an increase of training level of the operational unit (Meijer, 1998). 
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Figure 1. Constituents of operational readiness: personnel, material readiness and training level (Meijer and De Vries, 2005).


From figure 1 it appears that operational readiness consists of personnel readiness, material readiness and training level of an operational unit. The personnel readiness of a unit depends of sufficient numbers of personnel, with the right skills and experience and a good health. The application operational readiness in a theatre of conflict or war defines the ultimate performance of the operational unit. Especially when this performance is studied in sustained operations, effects of exhaustion, fatigue and sleep loss have to be accounted for. Operations consist of different stages, like the initial entry stage, the accommodation stage, the maintenance stage and the end stage. At a first glimpse, especially the initial entry stage and end stage are likely to induce operational fatigue. However, studying effects of operational fatigue in operational conditions implies risks, both for the researcher and subjects, so much research is done in laboratory settings. 


Angus et al (1979) studied the relation between vigilance performance and REM sleep deprivation in 16 subsequent nights in arctic conditions. They concluded that REM sleep deprivation is related to a decrease in vigilance performance. Haslam (1984) reported that in sustained field training conditions military effectiveness is lost after 48-72 hours without sleep. Angus and Heslegrave (1984) reported an unacceptable level of military performance in cognitive tasks after 32 hours without sleep. Baranski, Pigeau and Angus (1994) concluded from experiments with cognitive tasks in a laboratory settings over 72 hours that performance declines but that subjects are able to judge this decline in performance accurately. Lagarde et Batejat (1999) reported a significant decrease of vigilance performance in a laboratory setting after 39 hours without sleep, which at least partly could be compensated by caffeine intake. Lagarde et al (2001) demonstrated positive effects of slow release caffeine and of melatonine on physical performance of United States Air Force Reservist after a transmeridian eastbound flight over 7 time zones. From observations of a training unit of the Royal Netherlands Marine Corps in field conditions over 144 hours it appears that subjective effects of operational fatigue like exhaustion, muscle discomfort and alertness remain on the same level.  Objective effects of operational fatigue lead to a dramatic decrease in vigilance performance during watch keeping duties during the third, fourth and fifth night of the field exercise (Van den Berg,1995). Subjects missed the majority of triggers for attention, which in operational setting induce the hazardous situation that enemy actions are not detected in the earliest possible stage, giving the enemy a very dangerous advantage. The subjective effects of operational fatigue do not correlate with the objective effects of operational fatigue in that study (Meijer and De Vries, 2007). Most likely subjects underestimate the objective consequences of fatigue, as their perception is impaired by fatigue as well. This resembles the effect of alcohol on performance. Subjects are not able to judge their decreased performance, because their perception and decision making is impaired by the alcohol also. Military commanders have to be aware of these effects of fatigue on themselves and their personnel, especially in sustained military operations.


3.0 QUALITY OF LIFE IN MANNED WEAPONS SYSTEMS

The most natural and effective way to compensate the effects of operational fatigue is to provide rest and recuperation. Angus et al (1979) report increase in vigilance performance as the deprivation of REM sleep is compensated by recovery sleep. As operational fatigue is easily induced by operating manned weapon systems day and night and in all weather conditions, the human need for rest and recuperation within these systems will increase. The possibility of rest and recuperation in manned weapons systems depends on the quality of life that is feasible in these systems. As such, quality of life in manned weapons systems contributes to the operational performance of these systems.


The asymmetric trend in modern warfare increases the amount of interaction with civil population, the risk of collateral damage and the constant threat of sniper attacks and attacks by improvised explosive devices. This makes the need for optimal vigilance of all crew in manned weapons systems even more critical, which also benefits from the quality of life in these systems. The enlarged impact of manned weapon systems by technical superiority asks for superiority in human performance also, especially in vigilance communication and decision making. The superior fighting power of the USN Vincennes made it possible to intercept a perceived hostile airplane before it could harm this manned weapons system. However, the airplane appeared to be an Iranian airliner with more than 200 civilian passengers on board.  A reconstruction of the decision to intercept the airliner showed that crew members had made mistakes in checking the take-off time tables of the airport of departure, in controlling the Identification Friend or Foe systems, in communicating with the airliner and in interpreting the data on speed and height of the airliner. Why so many mistakes are made remains an unanswered question. The ships crew had been involved in surface warfare actions for prolongued hours of time. Prevention of such failures by the use of psycho-active pharmaceuticals have been used, especially before the question is answered if such drugs improved their performance. Until proper proof of the enhancement of operational performance is given and widely recognized, any human failure by crews of manned weapons systems, who were using psychoactive pharmaceuticals, will damage the operational output of these systems dramatically. As the impact of manned weapon systems increases and becomes more visible by the world wide operating mass media, more conscientiousness is needed in operating these manned weapon systems. Psycho-active pharmaceuticals are more likely to damage the performance of these systems than to improve this performance, at least at the level of perceived reliability and accountability of manned weapon systems.


4.0 TWO RECOMMENDATIONS FOR THE WAY AHEAD IN THE ETHICAL USE OF PSYCHO-ACTIVE PHARMACEUTICALS

The first and most important recommendation for an ethical use of psycho-active pharmaceuticals is to enlarge the evidence base of their effects on performance of manned weapon systems. The research to enlarge this evidence base has to focus both on subjective and objective effects of operational fatigue. The masculinity culture in most armed forces easily leads to a neglect of objective performance measures, such as vigilance or decision making. The saying in many armed forces was: ‘ better make a wrong decision, than no decision at all’. The increased power and impact of manned weapon systems, more often used and more used in urban theatres does not support this saying anymore. When research on the use of psycho-active pharmaceuticals in manned weapon systems demonstrate positive but only subjective effects on performance this use should be stopped immediately, as overestimating one owns performance leads to unacceptable risks, both for personal safety and operational performance. In addition to that the well known subjective effects like outbursts of anxiety and nervousness already contra-indicate the use of those stimulants in manned weapons systems.


The research should be carried out in random controlled field trials. Random refers to the random attribution of subjects to experimental conditions, in order to overcome individual differences. Controlled refers to the control of the results in the experimental condition the results of a non intervention condition. And field refers to a situation that resembles the operational theatre at a maximum. Field training conditions give good possibilities for this research, especially when units are trained as they fight.


The second recommendation for an ethical use of psycho-active pharmaceuticals comes from the need to estimate their effects both on the performance of manned weapon systems and the quality of life in manned weapon systems. In the theatre of operations, sustainability of operational performance is critical, which brings in the need for optimal rest and recuperation conditions within manned weapon systems. Too much human resources are wasted in overcoming the unnecessary lack of space, noise, heat and cold and vibrations within these systems.
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ABSTRACT

In modern armed forces the technical progress of the last decades has enhanced numerous different capabilities of soldiers. Despite new and efficient technologies individual physical and mental abilities are still essential and often the limiting factors for many military tasks. For that reason some recent innovations led to unexpected new problems: Instead of enhancing they might reduce performance. For example dismounted infantry in particular have to carry more and more equipment in order to improve their survivability and capabilities. However, current combat loads, combined with environmental conditions and mission requirements hinder mobility and affect endurance in combat operations. These demands will quickly exhaust even physically fit soldiers. Therefore future programmes must pay more attention to human factors: New equipment should support and not impair the human potential of the soldier in his fundamental functions to see, to hear, to communicate, to move, to fire and to survive.


In order to prevent time and money wasting abortive developments it is essential to review the different development stages - particularly concerning the human factors - from the beginning to the end of the project. Currently no standardized performance tests are available that simultaneously quantify the effects of personal equipment on both physical and mental capabilities during characteristic military mission stresses.


Therefore the aim of our study was to develop a lab-based performance test battery that meets these requirements. For this purpose our approach includes the following steps:


1. Collection and analysis of reference data in field tests in realistic combat missions (e. g. MOUT), subsequent identification and definition of critical task demands.


2. Development of a specific laboratory test reflecting the physical requirements of characteristic mission tasks (e. g. patrol, attack, etc.) based on the obtained results of the field tests.


3. Integration of various psychological test procedures demanding different mental qualities (perception, cognition, short-term memory).


The resulting complex performance battery tests both physical and mental capabilities under standardized conditions. If required the tests can also be performed also under special environmental conditions like heat, cold or height in a simulation chamber. This modular test system might be used for the evaluation of the efficiency of armament projects in future.

1.0
Introduction


Since nearly two decades the armed forces of many NATO member countries are engaged in a number of conflicts. These missions differ considerably from the Cold War scenarios and pose a wider variety of demands (Dean 2004, Krulak 1999). It was recognised early that in spite of new high tech weapon systems the infantry will still be of outstanding importance for the success of military operations. Therefore, in 1996, some NATO nations decided to develop modular systems for the dismounted soldier to enhance mobility, command and control, sustainability, survivability and lethality (NATO Army Armaments Group 1996a and 1996b). Simultaneously, new technologies were supposed to protect him against physiological stresses such as heat build-up or fatigue and mental stresses such as information overload. But regardless of these guidelines, soldiers today have to carry more personal equipment and electronic devices than ever before (Dean 2004, Knapik 2004). However, current combat loads, combined with environmental conditions and mission requirements affect their capabilities in action and will quickly exhaust even physically fit soldiers. In addition, the use of complex miniaturised electronic systems (command, control, communication, computers and intelligence (C4I)) may divert attention or critically reduce cognitive capacity in action and lead to fatal errors. Despite all of new and efficient technologies the individual physical and mental abilities are still essential and often the limiting factors for many military tasks (Bilzon et al. 2001, Haisman 1988, Knapik 1990 and 2000, Lyons et al. 2005, Rohde et al. 2007, RTO 2001). Therefore future programmes may not only focus on technical progress but also must pay more attention to human factors: New equipment should support and not impair the human potential of the soldier in his fundamental functions to see, to hear, to communicate, to move, to fire and to survive.

In order to prevent time and money wasting abortive developments our department is involved in the new German Future Soldier System Programme (“Infanterist der Zukunft – Expanded System”) to review the different development stages particularly concerning the human factors from the beginning to the end of the project (BMVg 2004). Initially, no standardized performance tests were available to simultaneously quantify the effects of personal equipment on both physical and mental capabilities during characteristic military mission stresses (Eßfeld 2007 and 2008).


Thus, aim of our study was to develop a lab-based performance test battery that meets these requirements. To achieve this, our approach includes the following steps:


2.0 Field test


In a first step we collected reference data of characteristic combat missions in field tests in order to quantify the strains and to obtain a profile of the demands. To achieve this we developed in co-operation with the Infantry School, the Mountain and Winter Combat School and the Armor School various realistic scenarios with representative action tasks:

· Infantry School: “MOUT” and “Three Block War”

· Mountain and Winter Combat School: Foot march


· Armor School (Mechanized Infantry): Barrier operations, assault phase
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		Figure 1:
Analysed tasks: Infantry School - MOUT (above left); Armor School - Assault phase (above right); Mountain and Winter Combat School - Foot march (below).





In order to obtain the full scope of the demands and the capabilities of the soldiers we performed a broad variety of tests. Following baseline values were taken of every participant one day before exercise:

· Anthropometric measurements: height, weight, BMI, body fat, waist to hip ratio

· Muscle strength (maximum voluntary contraction): elbow flexor, hand grip, knee extensor, trunk extensor and flexor


· Postural control 


· Manual coordination


· Scaled Questionnaires: Lifestyle, health, job, psychological state, ratings of perceived exertion
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		Figure 2:
Data collection in the field: Strength measurements (elbow flexor and trunk flexor) after MOUT exercise (left); Blood lactate concentration, oxygen uptake, ventilation, heart rate during mountain march (right)





On the day of the exercise we repeated the tests before and after the action task except the anthropometric measurements in order to assess the influence of the strains on these parameters. During action we obtained:

· Heart rate tracings

· Time courses of oxygen uptake, ventilation


· Blood lactate concentrations

· Loads and distances


The operations differ significantly concerning the profiles of physical and mental demands depending on type of movement, intensity, duration, distances, loads, equipment, mission and environmental conditions. After analysis of the complete data material we indentified and defined the characteristic physical and mental demands with the support of experienced infantry-men.

3.0 Laboratory Test Battery

Based on the obtained results we developed a specific lab-based test battery that reflects both the physical and the mental requirements of characteristic infantry mission tasks.

3.1
Physical requirements


To reproduce the physical requirements under standardized conditions in a laboratory, a performance test on a treadmill is used. The collected parameters correspond to the field tests and are complemented by modified questionnaires (e. g. equipment comfort).

The physical demands consist of two factors: Load (uniform and equipment) and movement. The factor load depends on the uniform worn and equipment carried. The factor movement is divided into a lower intensity and a high intensity part. The first low intensity part consists of 30 min marching with 3 km/h at 0 % grade and 30 min marching with 3 km/h at 10 % grade, mimicking a patrol. The second high intensity part includes five 35 m (12 s) sprints at a speed of 14.5 km/h at 0 % grade, four 35 m (12 s) sprints with 14.5 km/h at 10 % grade and one final sprint at a speed of 14.5 km/h at 10 % grade until exhaustion. As in a live attack or assault phase (fire and maneuver) there are only short breaks (15 s) between the sprints 1 – 5 and 6 – 10. Between sprint 5 and 6 the interruption lasts 60 s. Every test is carried out until exhaustion of the participant and is followed by ten minutes of recovery. The entire sequence of the Load-March-Attack-Assault Test (LMAA-Test) is shown in table 1 and figure 3.

		Pre-Performance-Test

		Anthropometric measurements, questionnaire (life style, health, job, etc.), muscle strength, postural control and manual coordination



		LMAA-Test Phase

		Time


(s)

		Velocity


(km/h)

		Grade


(%)

		Lactate


[mmol*l-1]

		Heart rate


(min-1)

		VO2

(l*min-1)



		Base

		120

		0

		0

		X

		Continuously (beat-to-beat)

		Continuously (breath-by-breath)



		March 1 “Plain”

		1800

		3.0

		0

		-

		

		



		Interruption

		120

		0

		0

		X

		

		



		March 2 “Mountain”

		1800

		3.0

		10

		-

		

		



		Interruption

		180

		0

		0

		2 X


(beginning / end)

		

		



		Sprint


“Plain”

		Sprint 1 (incl. break)

		27

		14.5

		0

		-

		

		



		

		Sprint 2 (incl. break)

		27

		14.5

		0

		-

		

		



		

		Sprint 3 (incl. break)

		27

		14.5

		0

		-

		

		



		

		Sprint 4 (incl. break)

		27

		14.5

		0

		-

		

		



		

		Sprint 5

		12

		14.5

		0

		-

		

		



		Interruption

		60

		0

		0

		X

		

		



		Sprint


“Mountain”

		Sprint 6 (incl. break)

		27

		14.5

		10

		-

		

		



		

		Sprint 7 (incl. break)

		27

		14.5

		10

		-

		

		



		

		Sprint 8 (incl. break)

		27

		14.5

		10

		-

		

		



		

		Sprint 9 (incl. break)

		27

		14.5

		10

		-

		

		



		

		Sprint 10

		500

		14.5

		10

		-

		

		



		Exhaustion / Abandonment

		0

		0

		0

		X

		

		



		Recovery

		60

		0

		0

		X

		

		



		

		120

		0

		0

		X

		

		



		

		120

		0

		0

		X

		

		



		

		120

		0

		0

		X

		

		



		

		120

		0

		0

		X

		

		



		

		60

		0

		0

		-

		

		



		After-Performance-Test

		Questionnaire (perceived exertion, equipment comfort), muscle strength, postural control and manual coordination



		Table 1:
Detailed sequence of the Load-March-Attack-Assault Test (LMAA-Test)
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		Figure 3:
Diagram of the Load-March-Attack-Assault Test (LMAA-Test). Every test is carried out until exhaustion of the participant. Heart rate, oxygen uptake and ventilation are taken continuously while action, blood samples to determine lactate concentrations are taken at the marked moments. (V = Velocity; G = Grade, [lac] = Lactate concentration).





This pattern of demands reflects physical demands in typical mission tasks in a sufficiently realistic way: E. g. on a patrol soldiers have to march slowly for a prolonged period with their required equipment and, if ambushed, they may suddenly be involved in combat action (Figure 4). Statistical analysis of the heart rate clearly shows good agreement between results of the Field Tests and Load-March-Attack-Assault Test (Figure 5).
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		Figure 4:
Heart rate tracings (
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 + standard error) during Load-March-Attack-Assault Test with loads of 0 kg (blue line), 20 kg (red line) and 40 kg (black line).
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		Figure 5:
Mean baseline heart rates (Base) immediately before and mean maximal heart rates (Max) of exercise period. Blue column Load-March-Attack-Assault Test with field uniform and 40 kg load, green column Field Test (Antitank specialist 35 kg) and red column (Machine gun 51 kg).





The introduced complex test battery enables us to quantify physical strains of characteristic military tasks under standardized conditions in order to objectively distinguish between different equipments. However, the used methods allow no assessment of the influence of stressors on mental performance. Against this background we also integrated psychological test procedures in order to assess the impairment of mental capabilities during mission.

3.2
Mental requirements


Beside the physical abilities the mental capabilities are of outstanding significance for mission performance. Heavy loads or electronic equipment (C4I) may impair perception or intellectual faculties and may thus cause fatal errors. In order to assess the influence of clothing and individual equipment on required mental qualities we integrated various psychological test procedures that examine perception, short-term memory and cognition. All tests are computer-based and are presented on a screen in front of the treadmill (Figure 4). Results are recorded automatically by hitting one of the three coloured response buttons (blue, yellow, red) in front of the participant (Figure 6). All subjects had to complete a standardized learning and familiarisation programme in order to minimize effects of learning in the real test runs. In addition, every session has a different test configuration to avoid influences by repetitions.
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		Figure 6:
Experimental set-up during the first march phase (“Plain”). The three different coloured response buttons are mounted in front of the participant.





3.2.1
Observation Test


Visual reconnaissance is a typical military mission task of exceptional importance on patrols, marches or at checkpoints. In order to analyze and to compare the influence of different demands on visual perception and reaction we developed the observation test.

The test reproduces essential elements of observation tasks in simplified and standardized form. A defined number of critical stimuli are presented at different positions on two background pictures with different levels of difficulty in irregular intervals (Figure 7). Stimuli appear on a screen in a size of 1 x 1 pixels continuously increasing to a maximum size of 24 x 24 pixels. The task is to detect the stimulus as soon as possible and to confirm its presence by pressing the yellow response button. The timeframe for recognition is limited to 15 s for each stimulus. Total testing time per session including a 30 s break between the two backgrounds amounts approximately 630 s (2 x 13 stimuli). The recorded results are number of correctly recognized stimuli, number of not recognized stimuli and reaction time.
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		Figure 7:
Observation Test: Examples of the stimuli on two different background pictures. The green circle around the stimulus indicates that it was correctly recognized.





3.2.2
Short-term memory Test


On duties at checkpoints or on patrols faces from a crowd are supposed to be scanned and checked against a target picture, for example from a passport, within a limited timeframe often lasting only a few seconds. To replicate this short term memory taxing task under controlled conditions, we derived a testing procedure from Sternberg’s original test. To account for the dissimilar physiological structures involved in the processing of faces and for more relevance to real-world applications we replaced numbers or geometrical figures by faces (Leyk et al. 2008).
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		Figure 8:
Short-term memory Test: Example of memory set (portraits) and one control item. By clicking the respective response button the participant is able to answer whether the control item has or has not been part of the seven previously presented faces.





A single test run begins with the presentation of a set of seven portraits for memorisation (Figure 8). All sets are matched for similar features (hair colour, facial hair, age gender etc.) to minimise the possibility of superficial recognition on the basis of global characteristics. The pictures are displayed with a grey background for either a ‘short’ (1.5 s) or a ‘long’ (4.5 s) period. After presentation, the screen is greyed out for a defined interval (1 s). A single face is displayed for 4 s as first control item followed by a 2-s intermission with a blank, grey screen. A second control item is then presented for another 4 s. During both presentation periods, the volunteers has to decide whether the respective control item has or has not been part of the seven faces previously presented by clicking the ‘Yes’ (blue) or ‘No’ (red) button. A single run took 24 s in total for the ‘short’ and the ‘long’ presentation period. The complete test is comprised of 10 runs in both the ‘short’ and the ‘long’ condition respectively. Total testing time amounts approximately 480 s (2 x 10 runs at 24 s each). Faces are presented only once per test set. Obtained performance parameters are the number of correct responses and corresponding response latencies.

3.2.3
Logical-reasoning Test


The ability to process given information, make decisions and act within a short period is another important capability in any mission. To assess stress-induced influences on reasoning the following test was defined and applied.
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		Figure 9:
Logical-reasoning Test: Example of a task. The yellow field contains the question concerning the grammatical-semantic context above. The grey indicator below presents the running progress bar.





Three coloured geometrical shapes (blue circle, yellow square, red triangle) are put into a logical relation within a grammatical-semantic context. The task is to correctly identify this relationship and to answer the question in the yellow field below (Figure 9) by clicking the respective button as quick as possible. The maximum response time is 30 s, indicated by a progress bar on the bottom. After every answer or after passing the time limit the next query follows automatically. Total testing time amounts to 180 s. Performance indicators are number of correct answers, number of incorrect answers and number of missed tasks as well as processing time of correct and incorrect responses. Figure 10 shows an example for the effects of different loads and march conditions on results of the Logical-reasoning Test.
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		Figure 10:
Example for the effects of different loads and march conditions on results of the Logical-reasoning Test.





3.2.4
Test Battery Procedure

Table 2 shows the sequence of the entire psychological test procedures during the LMAA-Test.

		LMAA-Test Phase

		Test

		Phase


(s)

		Velocity

(km/h)

		Grade

(%)



		

		Base

		120

		0

		0



		March 1 “Plain”

		Video Presentation

		450

		3.0

		0



		

		Time buffer

		30

		3.0

		0



		

		Observation Test Picture 1 (including break)

		330

		3.0

		0



		

		Observation Test Picture 2

		300

		3.0

		0



		

		Short-term Memory Test 1.5 s

		240

		3.0

		0



		

		Short-term Memory Test 4.5 s

		240

		3.0

		0



		

		Logical-reasoning Test

		180

		3.0

		0



		

		Time buffer

		30

		3.0

		0



		Interruption 1

		120

		0

		10



		March 2 “Mountain”

		Video Presentation

		450

		3.0

		10



		

		Time buffer

		30

		3.0

		10



		

		Observation Test Picture 1 (including break)

		330

		3.0

		10



		

		Observation Test Picture 2

		300

		3.0

		10



		

		Short-term Memory Test 1.5 s

		240

		3.0

		10



		

		Short-term Memory Test 4.5 s

		240

		3.0

		10



		

		Logical-reasoning Test

		180

		3.0

		10



		

		Time buffer

		30

		3.0

		10



		Interruption 2

		180

		0

		0



		Sprint “Plain”

		120

		14.5

		0



		Interruption 3

		60

		0

		10



		Sprint “Mountain”

		608

		14.5

		10



		Recovery

		600

		0

		0



		Table 2:
Detailed sequence of the different psychological tests during LMAA-Test





3.3
Summary and Outlook

The described steps demonstrate our approach to the development of a new lab-based performance test battery that is determined to assess influences of clothing and equipment on human factors. With the LMAA-Test we are able to tax in sufficiently realistic way both physical and mental capabilities under standardized laboratory conditions. Actually, it will be used as standard evaluation tool to detect strengths and weaknesses of the introduced German Future Soldier System (Infanterist der Zukunft - Basis System) as compared to the prototype of the new German Future Soldier System (Infanterist der Zukunft - Expanded System). Furthermore, the modular character of the test battery allows depending on the question to exchange sub-tests or to vary environmental conditions. So it is planned to extend the set-up in future and to test also influences of heat, cold or height in a simulation chamber.
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Abstract

Modern cockpit instruments provide pilots with rich visual and auditory information about the aircraft and the mission. However, the information is not necessarily presented in the most effective way. For example, three-dimensional signals are presented on two-dimensional displays. Moreover, the information is often presented in an abstract manner, which consequently contributes to the pilot’s cognitive workload.  Although the cockpit environment is standardized to meet general regulations and efficiency, we hypothesize that there is still room for improvement since each pilot in principle perceives and processes information differently, based on individual constitution, experience and preferences. Although pilots are highly skilled in interpreting present-day displays, we believe that their performance may be further enhanced by intuitive displays, and also by the possibility to customize the displays to the individual needs. Method: We carried out a simulator study in the networked Mission Simulation Center at TNO. Seven (ex-)operational F-16 pilots evaluated the functionality of a set of new and intuitive displays in realistic scenario’s. The displays involved a 3D audio system (manufactured by Terma), a tactile display, and a dual layer display. The TNO-built tactile display consisted of 60 small vibrating elements (tactors) arranged around the pilot’s torso in five horizontal rings of twelve tactors at 30 deg intervals. The TNO dual layer display was implemented into the right Multi-Function Display by adding a transparent LCD screen a few centimeters in front of the existing screen, so that information could be presented in two depth planes. The new displays were controlled by direct voice input. The pilots could choose which of the following functions were presented on either the 3D audio and the tactile display: Threat warning (derived from Radar Warning Receiver), wingman position (derived from Link-16), and the Minimum Recovery Altitude during weapon delivery. The Dual Layer display always presented an overview of the current situation. After two practice trials, pilots tested the displays in three operational simulator scenarios of 20-30 minutes. Scenarios were flown in a two-ship with the wingman flying in another F-16 simulator that was networked with the test pilot’s F-16 simulator. All three scenarios had the same level of complexity, and contained several air and ground threats that had to be negotiated before a final air-to-ground delivery. Conclusions: The pilots were highly enthusiastic about both the new displays and the possibility to adjust the settings to their personal preference. They differed in the way they used the new displays. Some of them preferred one setting systematically throughout the whole scenario, e.g. air threats presented on the tactile display. Other pilots changed more frequently between different functions, depending on the phase of the scenario. Results based on self ratings and expert pilot observer data indicated that pilot performance may be improved by using more intuitive displays and a customized cockpit. Further research will include improving the intuitiveness and customization of the cockpit by use of Smart Systems and Artificial Intelligence.

1.0
Introduction

Modern fighter aircraft are equipped with highly sophisticated cockpits. Their design is the result of years of development and optimization. The cockpit informs the pilot about the status of the aircraft and the mission, and allows for the control over the many aircraft systems. Pilots are trained to make effective use of this. Because they all operate the same cockpit, all pilots are trained in the same way. In general, there is little about a cockpit that the pilot can adjust to his own needs. This basically means that the pilot must adapt to the standard. The question addressed here is whether a standard cockpit really is the most effective environment for the non-standard pilot. People differ in their information processing: for example, some are tuned to visual signals, others pick up auditory information more easily. 


Within the RNLAF/TNO Research Program Pilot Factors, the current study was defined to investigate whether we can improve the performance of highly skilled pilots by 1) offering them cockpit information in an intuitive way by multiple sensory modalities, and 2) allowing them to customize the displays to their personal needs. For this purpose, one of the four F-16 cockpits in the Mission Simulation Center (MSC) was equipped with multi-modal interfaces which can be adjusted by the individual pilot: A tactile torso display; a 3D audio head set; and a dual layer display. These new interfaces are additional to existing instruments. They do not add information, but offer an extra or alternative channel to display certain parameters. The new displays are designed to present information in an intuitive way. For example, with the 3D audio interface one can hear a sound coming from a certain direction. In addition to these new displays, a speech interface allowed pilots to control the cockpit by means of direct voice inputs.


The long term goal of the research program is to have the cockpit adapt automatically to the pilot. The next step in that direction will be to predefine the display settings that a single pilot prefers for different situations. The ultimate step will be to include artificial intelligence that monitors the development of the scenario and the pilot’s capacity, and adjusts the cockpit accordingly. 

2.0
MEthods


2.1
Mission Simulation Centre

The TNO/RNLAF Mission Simulation Centre (MSC) contains four networked F-16 simulators. Three fixed-base simulators feature original F-16 cockpits, and differ in the type of visual Out-The-Window display (Dome, Cylinder, Helmet Mounted Display). Cockpit instruments, throttle and stick are replaced by simulated replicas. The fourth simulator is built in the motion-base DESDEMONA facility. In the current study, only two of the four cockpits were used: the cylinder and the dome (Figure 1). The multi-modal interfaces have been implemented in the dome-simulator, designated Multi-Modal Suite (MMS).
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Figure 1: Two F-16 simulators in the Mission Simulation Centre. The dome cockpit (left) was  operated by the subject-pilot. The cylinder simulator (right) was operated by the wingman.


The simulators used the advanced F-16 flight model by Bihrle Applied Research (DSix version 1.95). Scenarios were developed in the mission environment of Simigon Airbook (version 5.2). The interface with the MMS was built by TNO using C++ plug-ins. Out-the-window imagery was computed by Evans & Sutherland (EPX50) image generator, and projected on three (cylinder) and eight (Barco SEER8 minidome) Barco projectors, respectively. 


2.1.1
Multi-Modal Suite (MMS)

The cockpit of the Multi-Modal Suite (MMS) was equipped with four new interfaces: Voice Interface, Tactile Display, 3D audio display, and Dual Layer Display. 


2.2.2
Voice interface


The voice interface consisted of software modules that use speech as an input or generate speech or audio as an output. The Direct Voice Input (DVI) module embeds an Automatic Speech Recognizer (ASR), the Direct Voice Output (DVO) module is based on a Text-To-Speech (TTS) system, the Audio Dispatching Module (ADM) is used for sound generation. All modules operate independently but are controlled by a dialogue manager by means of a network protocol. The DVI, DVO, and ADM modules are described below.


2.2.2.1
Direct Voice Input (DVI)


For voice input we implemented Loquendo ASR version 6.7. As voice recognition is not guaranteed 100% correct, voice input was restricted to non-critical actions/commands. Feedback on voice commands was either given in the form of a voice message (speech synthesis), or by displaying on the existing displays (e.g. UFC, MFD, HUD). For example, the former was done with (de-) activation of a display, whereas the latter was done with the setting of frequencies. 


The voice commands were designed in such a way that they were intuitive, consistent, as short as possible and acoustically distinct (e.g. we use “on”/“switch off” instead of “on”/”off”). The recognition grammar was designed in an iterative process in which an expert user was used to provide feedback. Also, the recognition accuracies of various versions of the grammar have been tested. Recognition accuracy was improved by modelling pronunciation variation (adapting the acoustic models and optimizing the word pronunciations) and by training speaker-dependent acoustic models, resulting in word accuracies of 98.5% (tested on an independent test set of 48 representative commands). Table 1 shows the voice commands used for the different functions used in this study. The rows are grouped around each of the four interfaces, as indicated in the first column: Voice, Dual layer display, Tactile display, and 3D audio display. Within each interface the available functions are indicated by the next two columns (column 2-3). Columns 2-4 together compose the voice command to activate, respectively deactivate the corresponding functionality. For example, the voice command to activate the function of “active wingman” on the tactile display is “Body active wingman on”. In this study, each display could only present one function at the same time.
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Table 1: Voice commands and corresponding functions.


2.2.2.2
Direct Voice Output (DVO)


Voice output was used to give feedback on the voice input when speech is more appropriate than audio signal, or when visual feedback was not possible. This was for instance the case for switching on/off new interfaces (e.g. the tactile interface). For voice output, we used Nuance RealSpeak Solo 4.0, USA male voice (Tom) Text-to-Speech software. Pronunciation and speech tempo was tuned manually.


2.2.3
Tactile display


The tactile display consisted of a vest with 60 vibrating elements, or so-called “tactors”, worn around the pilot’s torso, as tested before in a fighter environment [1]. The vest is shown in Figure 3 (left). The tactors were made of pager motors embedded in small plastic boxes (Figure 3, right). The activation of the tactors was computer controlled. When active, tactors vibrated at a fixed frequency of 150Hz. The vibration amplitude was not adjustable. All tactors were arranged in five rings and 12 columns. Hence, signals could be presented in 12 segments of 30 deg in five horizontal planes. In the sections below, the five horizontal rings will be numbered 1 through 5, starting at the top. 
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 Figure 3: TNO Tactile Torso Display (left) and inside view of tactor (right). 


As shown in Table 1, the pilot could select one of six different functions on the tactile display:


2.2.3.1.
Passive wingman (PW)


In this mode, the tactile display continuously indicated the 3D direction in which the wingman is located relative to the own ship. Obviously, the limited spatial resolution of the tactor configuration did not allow for a 1:1 mapping of all relative directions. For that reason, the horizontal direction (azimuth angle) was projected onto the tactor being closest. The vertical indication was coded in five segments. The middle tactor ring (3) was used when the vertical position of the wingman was within -15 and +15 deg relative to the own level. Angles between +15 and +45 deg (-15 and -45 deg) were projected on tactor ring 2 (respectively 4). Angles between +45 and +90 (-45 and -90) were projected on the upper (1) or lower tactor ring (5). The direction of the wingman was corrected for attitude changes of the own ship, so that the wingman was always presented in egocentric coordinates. Tactors were activated with a 200ms on/200ms off rhythm. 


2.2.3.2
Active wingman (AW)


The relative position of the wingman was similar as in the passive wingman mode, but only when the wingman was communicating (this mode was linked to a push-to-talk button of the wingman). 


2.2.3.3.
Ground threat (GT)


The azimuth angle of ground threat was indicated on the 12 tactors of ring 5. In inverted flight (aircraft attitude > 90°) the direction was mirrored to ring 1, so as to maintain a rough egocentric coordinate system. A maximum of two threats could be presented at the same time. The duty cycle for both stimuli was 1400ms. The tactor representing the first threat was activated three times at the beginning of a duty cycle with 100ms on/100ms off. The second threat was indicated in anti-phase with the first threat signal (Figure 4).
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 Figure 4: Activation pattern of two simultaneous tactile warnings.


2.2.3.4.
Air threat (AT)


In the air threat mode, the tactile display presented the direction of a maximum of two enemy aircraft with the same activation pattern as the ground threat mode (Figure 4). However, where the ground threat mode only indicated the 2D horizontal direction, the air threat mode also presented the 3D vertical direction similar to the wingman mode. The activation pattern was 100ms on/100ms off. 


2.2.3.5.
Advisory Altitude (AA)


This function was used in air-to-ground situations, and comprised two signals. The first signal was presented on three consecutive tactors mid-front ring 2, which alerted the pilot about approaching the minimum release altitude and was a function of the dive angle. The signal consisted of one burst of four activations with 200ms on/200ms off. The second signal alerted the pilot about crossing hard deck. Because of its importance, this signal was made extra strong: During 3 seconds, all 12 tactors of ring 4 were activated 200ms on/200ms off. 


2.2.3.6.
AMRAAM


In this mode, a single tactor was activated briefly when the AMRAAM became active. 


2.2.4
3D audio interface

The same functions described for the tactile display could be presented on the Terma 3D audio system (Denmark). Head tracking was performed by a Polhemus Fastrak RevE headtracker. For all pilots we used the default Head-Related Transfer Function (HRTF’s), as was provided with the system. 


2.2.5
Dual Layer display


The TNO “Dual-Layer Display” (DLD) provides one extra depth layer over standard (flat) displays, increasing the information capacity of the display (Kooi, in print). The DLD consists of two orthogonally placed LCD displays, which are viewed by the observer via a semi transparent mirror placed with an angle of 45 deg. In this way information of one of the displays is presented in the foreground relative to the other display which is seen in the background. The distance was set at 12mm, which is the maximum value for the prototype DLD used here (with LCD displays with a diameter of 6.4 inch). In the MMS the DLD was built in as the right Multi Functional Display (MFD) for presenting information of the radar and Link-16 (Figure 5). At the time of the study the DLD could not be adjusted real-time, and throughout the experiment it presented an overview of the situation. Because pilots could not adjust the DLD, we will not discuss the results of the DLD.
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Figure 5: Dual Layer Display implemented in the MFD. The left and right panel shows  the rear and front display, respectively, and the right panel shows the two layers on top of each other.

2.3
Operational scenarios


2.3.1
Scenario description


The operational scenarios were as close as possible to real training scenarios. The mission was to fly as a 2-ship through a defended area and attack a ground target. The pilots received an “air picture” via the Link-16 network but did not receive any fighter control. Due to limitations of the MSC and the MMS, the scenarios were divided into three main phases: the Ground-to-Air phase, the Air-to-Air phase and the Air-to-Ground phase. Figure 6 gives a schematic set-up of an Air-to-Air phase in one of the scenarios. During the Ground-to-Air phase the formation encountered two SAM-sites, during the Air-to-Air phase up-to six hostile aircraft before they reached the target area. During the Air-to-Ground phase the target attack took place. In total there were six scenarios, which had the same ingredients but different initial conditions. The scenarios differed by changing the presentation of hostile aircraft. Every presentation forced the subject pilot to make a different decisions. The scenarios had the same difficulty level. This way, each pilot carried out six different, but comparable scenarios. 
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Figure 6: Example of Air-to-Air phase, showing three hostile groups and one friendly. Viper1 is the own ship formation.

2.3.2
Scenario difficulty level


The limitations of the MSC limited the difficulty level of the scenario’s. Normally the above mentioned phases could happen at the same time. The MMS, in it’s current version, did not allow multiple threat categories to be displayed at the same time. For this reason the threat phases were separated otherwise the pilots would have to make an unrealistic choice based on expected threat priority. The impact on the experiment would be unpredictable. Also the computer generated threats were not “smart” enough to oppose a realistic difficulty level. For this reason the pilots had a limited weapon load against multiple threats which increased the difficulty level. The expert pilot acting as wingman also increased the difficulty level by forcing the subject pilot to divide his attention between threat and formation integrity. Although the scenario difficulty was acceptable for the experiment they were expected to be insufficient to increase the pilot workload to a level which would allow produce noticeable performance differences. 


2.4
Procedure


The study consisted of three sessions, separated over three different days. The first session was to familiarize the pilots with the MMS. The control of the various displays and their functionality was explained and practiced. In the second session, the pilots were given the opportunity to determine their personal preferences. In the third and final session, the MMS was tested in the operational scenarios, and compared with the standard F-16 cockpit. In the latter session the actual experiment took place. Pilots carried out the six operational scenarios described above. A block of three of the scenarios was flown with the use of the MMS. The subject pilot would start with his personal settings as determined in the second session, although he was free to deviate from this whenever he felt the need. A second block of three scenarios was flown in the traditional cockpit. The same order of six scenarios was used for all pilots, because all scenarios were comparable (containing the same phases and type of events). The order of the two blocks (with and without MMS) was counterbalanced between pilots. The subject pilot flew as formation lead while the expert pilot flew as wingman. 


2.5
Measurements


Directly after each scenario, a 10 minute debriefing was performed by the expert pilot, asking the subject pilot to recall:


· The flow or “spaghetti” (i.e., course of most important moments, actions and results in order of occurrence) 


· Situation awareness related to threat and wingman


· Comments on the displays and functionalities


The MSC operator and expert pilot noted all voice inputs made by the pilot, so as to examine the exact use of the MMS during each phase of the scenario. In addition, the pilots’ opinion was collected using two different questionnaires:


· Questionnaire 1 – Functionality of the MMS in the operational test scenarios 

· Questionnaire 2 – Expected usefulness of MMS in actual operations 


Questionnaire 1 contained a total of 44 statements about the ergonomics and functionality of the MMS interfaces, which could be answered on a seven-point scale (ranging from “totally disagree” to “totally agree”). There were 12 statements about the tactile display, and the same 12 statements about the 3D audio display. Five statements concerned the DLD as well as the Voice Interface, and ten more statements dealt with the MMS concept in general. The questionnaire was filled out at the end of third (experimental) session at the end of the study.


Questionnaire 2 was used to determine how the pilots’ expectations and opinion about the MMS developed throughout the study. It was administered before the start of the study, and subsequently after each of the three sessions. Ratings were given on a five-point scale (ranging from “not at all useful” to “extremely useful”). A five-point scale was chosen instead of the seven-point scale, to make the answers better comparable to the logging system used by the expert pilot.


2.5.3
Subject pilots


Seven RNLAF F-16 pilots participated as subject in this experiment. Two of them were very experienced retired F-16 pilots which have been out of service for less than two years. Five pilots still operationally fly within the RNLAF. The experience of all pilots ranged from 1000 to 2300 flying hours on the F-16 with an operational status ranging from 2-ship lead, force-lead to weapons instructor and test pilot. 


2.5.4
Expert pilot


The expert pilot was a retired RNLAF F-16 experimental test pilot and weapons instructor. He flew over 2000 hours F-16. During the experiment he observed the subject pilots and flew as wingman.

3.0    Results


3.2.1
Pilot performance


All subject pilots noticed that the MMS increased their threat awareness, especially for ground threats. Four pilots used the MMS to improve their wingman awareness. All pilots used the MMS for altitude awareness helping them to prevent crossing the “hard deck”. The MMS provided additional and intuitive information. One pilot said he felt “more at rest” as the MMS lowered his task saturation. The increased ground threat awareness gave another pilot a “warm fuzzy feeling” as he knew more about the threat positions and found it easier to find missile launches. All pilots and the expert pilot subjectively noticed a difference in performance between flying with and without the MMS. The increased awareness level with the MMS allowed the pilots to make more efficient decisions and decreased their workload. Due to the limited difficulty of the scenarios the subject pilots were not pushed to their performance limits. All subject pilots, and the expert pilot, expected that the effect of the increased awareness level with the MMS would become more prominent when flying more difficult scenarios. 


3.2.2
Operational use of MMS


The operational use of the tactile and 3-D audio display is shown in Figure 7 for each individual pilot. 

The data clearly shows similarities and differences in preferred uses of the MMS between subject pilots. While five pilots used the tactile and audio displays to increase their threat and wingman awareness, two pilots only used the displays for threat awareness. Both preferred using the Link-16 data for their wingman awareness. Most pilots switched between functions on their displays between phases, but some minimised switching and constantly kept the same function active as a way to avoid confusion about the signal. By minimising switching they also reduced the workload to manage the MMS and prevent forgetting to switch to the intended function, which actually happened several times. 
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Figure 7: Chart showing the selected functions on tactile and 3D audio display in different phases of the mission. “OFF” means display OFF. GT=Ground Threat (green); AT= Air Threat (blue); PW=Passive Wingman (orange); AW=Active Wingman (yellow); AA=Advisory Altitude (red).

3.2.2.1
Tactile display use


All pilots preferred tactile ground threat indications during the Ground-Air phase which allowed them to react to the threat without abandoning other tasks. Three pilots preferred tactile air threat indications during the Air-Air phase while two pilots preferred to continuously have tactile ground threat displayed during this phase. Both pilots wished to maintain clarity in the warnings on the different displays. Two pilots maintained clarity between the displays by using the tactile display for the expected threat (ground or air) while using the 3-D audio display for wingman awareness. Only one pilot used the tactile display for wingman awareness during the Air-Air phase. Four pilots used the tactile display for altitude awareness during the Air-Ground phase while the others maintained tactile threat or wingman indications during this phase. In general the tactile display was mainly used for threat indications. 

As shown in Figure 8, pilots found that two practice trials offered sufficient practice with the tactile display (question 1), indicating the intuitive nature of the display. All pilots were positive about the clarity of tactile signals, and all but pilot 3 found them easy to interpret (questions 3-5), especially with respect to the stimulus direction (question 7). Not all pilots rated the comfort of the tactile display as high (question 2). The prototype tactors are encased in a plastic box, which presses against the pilots’ back. The resolution of the tactile display was judged reasonable, but not perfect (question 6). Only two pilots could easily discriminate different tactile signals (questions 9 and 10). 
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Figure 8: Individual ratings of tactile display.


3.2.2.2
Audio display use


Three pilots used 3-D audio for wingman awareness during the Ground-Air phase while two pilots used it for ground threat and two for air threat. Four pilots used 3-D audio for air threat awareness during the Air-Air phase while two use it for wingman awareness. One pilot did not use 3-D audio at all during the Air-Air phase. He thought 3-D audio was not that effective. Five pilots used the extra audio warning for altitude awareness during the Air-Ground phase while two pilots used 3-D audio for wingman awareness during this phase. In general, the audio display was used by half of the pilots for threat awareness while the others preferred wingman awareness.


Figure 9 shows the results for the 3D audio display. Not all pilots found the signals entirely comfortable. Compared to the tactile display, 3D audio signals seemed to be more difficult to detect and interpret (questions 3-5). According to question 6, the resolution of the audio display was not perfect. Since we used one generic transfer function to compute the simulated direction of audio signals, this can be improved by using customized transfer functions. Simultaneously presented signals in the air threat mode were not discriminated very well (question 9). Different signals for different function, however, could be discriminated better (question 10). 
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 Figure 9: Individual ratings of 3D audio display.


3.2.3.5
Judgments on MMS concept

Figure 10 shows the pilots’ judgments of the MMS concept. Clearly, the ratings are quite scattered. All pilots were mildly to wildly positive about the statement that the MMS increased the mission effectiveness (question 1). Two out of seven pilots indicated to be distracted by the MMS displays (question 2). Four pilots felt that the MMS helped to lower workload; three others disagreed (question 3). Five of them were able to fly more heads up with the MMS (question 4). Most pilots were able to scan the displays and found them complementary (questions 5, 6 and 7). Without feedback on the display status it was difficult to remember which MMS function was active (question 8). Finally, the majority of pilots was content with their individual settings for operational conditions (questions 9 and 10).
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 Figure 10: Ratings on MMS concept.


4.0   conclusions


The two objectives of this study were to show that: 1) Pilots use the possibility to personalize the cockpit displays to their own needs; and 2) The MMS displays have added value in operational scenarios. Based on the expert evaluation and the questionnaires we conclude that the study succeeded in both objectives. All pilots were very positive about the Smartcard concept and the intuitive MMS displays. During the final experiment with operational scenarios they all used MMS features, although they were free to decide not to use any of them and just use the traditional cockpit. 


In line with the first main objective, pilots clearly differed in their personal preference of MMS settings. This shows that personalization of the cockpit (interfaces) is desired and works. Concerning the second objective, most pilots adjusted their setting for each phase in the mission, so as to optimize the support from the MMS and increase their operational efficiency (although some pilots minimized switching between functions to avoid confusion about the setting, or to prevent forgetting to switch to the intended function). All subject pilots agreed that the Smartcard concept increased their awareness, and as such offers added value in operational conditions.


The study revealed many other useful observations, and pilot comments. As we had expected, there were many suggestions to make necessary technical improvements of the MMS. Most important, pilots were missing adequate feedback about the status of the MMS displays, and although they indicated to have sufficient practice, they had some difficulty in managing the MMS. The MMS displays themselves can also be improved. For example, voice input (recognition) was not error free to the extent that pilots would rely on it in actual flight. Tactile signals were not yet optimized for the different functions, especially where two or more signals are presented simultaneously. Not all pilots were satisfied about the directional hearing in the 3-D audio system, which may be due to the fact that we used a generic Head-Related Transfer Function. 


Based on these findings, we will further develop the MMS so that multiple functions can be displayed on the same display at the same time. This allows for presenting high-priority signals (e.g. threat) on top of another signal (e.g. wingman). Because this feature was not available in this study, we had to design the operational scenarios into clearly separated phases. With this feature, events can be presented in a more random way, increasing the complexity of the scenario. Ground and air threat change quickly, and be a factor at the same time and during the ground attack. This could increase the number of required switches between functions as priorities change quickly. In addition, we will upgrade the content and artificial intelligence of the MMS mission environment so as to include more smart components. This will allow for even more demanding scenarios. Finally, automatic or “smart” switching functions will be implemented to help the pilot to reduce workload managing the MMS and prevent forgetting to switch. Pilots will be able to program the MMS to meet their personal preference. This “smartcard” would control the MMS to present the pilots with the information most suited for the phase of the mission. Figure 7 illustrates the  idea of this smartcard, being a personal setting depending for different phases of the mission. An automatic system should be able to detect each important phase of the mission, and the smart system should be able to predict the most suitable setting.
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Abstract


In this work, we present a method for developing individualized biomathematical models for predicting cognitive performance impairment of individuals subjected to total sleep loss. The proposed method uses the two-process model of sleep regulation as the underlying parametric model, whose parameters are systematically customized for an individual by optimally combining the performance information obtained from the individual’s performance measurements with a priori performance information using a Bayesian framework. As a result, the models incrementally account for an individual’s uncertain initial state and unknown trait characteristics as each new performance measurement from the individual becomes available, yielding improved performance predictions. Additionally, the proposed method enables the analytical computation of statistically based measures of reliability of the model predictions in the form of prediction intervals.

Results using data from subjects who participated in an 82-h total sleep loss laboratory study showed that the proposed method yielded individualized predictions that were up to 43% more accurate than group-average model predictions and better captured the circadian and homeostatic variations in the performance data.


1.0
INTRODUCTION


An effective strategy to better manage the detrimental effects of sleep loss on Soldier alertness and cognitive performance is to use biomathematical models. Biomathematical models can be used to forecast performance impairment levels, which can help in planning improved sleep/wake schedules and optimize timing and dosing of fatigue countermeasures to attain peak performance at the desired times of the day. As a result, there is a growing need to develop more accurate biomathematical models that better characterize an individual’s level of fatigue and performance impairment.


In 2002, the U.S. Department of Defense (DoD) sponsored a Fatigue and Performance Modeling Workshop, which compared and contrasted the fatigue and performance modeling capabilities available at that time [1-3]. The workshop identified a number of capability gaps and found that, without exception, the existing biomathematical models of performance used the two-process model of sleep regulation [4, 5] as their underlying parametric modeling platform. One capability gap observed across all approaches was that the models were limited to the prediction of group, or population, averages, rather than accounting for and being customizable to an individual’s cognitive performance variabilities. This modeling strategy contradicts well-established findings that indicate significant and systematic differences in performance degradation due to sleep loss among individuals [6-9]. Hence, even if a group-average model could accurately predict mean-group performance, such a model would be of limited benefit without knowing how this translates into predictions at an individual level [10]. Another ubiquitous capability gap was the inability of the models to provide statistically based measures of reliability of the model predictions [11].


In this work, we present a biomathematical model of fatigue and performance impairment that addresses these two shortcomings of existing biomathematical models of performance impairment. First, it accounts for inter-individual variability in performance impairment, resulting in performance predictions of sleep-deprived individuals that are more accurate than those obtained with group-average models. Second, for the first time, the current model directly provides analytical expressions for computing statistically based error bounds around the model predictions in the form of prediction intervals (PIs). 


We evaluated the proposed method on data consisting of psychomotor vigilance test (PVT) lapses obtained from a laboratory study of individuals subjected to 82 h of total sleep loss. The laboratory data allowed us to test the new approach under the context of inter- and intra-individual variability encountered in actual performance data and compare between individualized and group-averaged model predictions. In particular, we tested the proposed approach under two prediction mechanisms, where at each time step we used the most recent model-parameter estimates to: 1) make point predictions 10 h ahead and 2) make predictions over the next 24 h. The results show that the proposed method yields individualized predictions that are consistently more accurate than those of the group-average model, where the accuracy was measured in terms of the root mean squared error (RMSE).     


2.0
METHODS


Here, we describe a recently developed method that uses the two-process model of sleep regulation as the underlying parametric modeling framework for predicting individualized performance impairment due to total sleep loss [12, 13]. Accordingly, to adapt the parameters and customize a model for a particular individual, we used a Bayesian approach, which combines performance information obtained from the individual’s available performance measurements with the individual’s a priori performance information. The a priori performance information was obtained from performance data generated from the two-process model, with its parameters set to a-priori-estimated values [13]. By transforming the entailing nonlinear programming problem (NLP) of finding the optimal estimates of the model parameters into a series of linear optimization problems [12], we guaranteed unique estimates of the model parameters. As each new performance measurement became available, it was augmented to the existing performance measurements and together used to adapt the model parameters for that individual. Based on the most recent parameter estimates, we made predictions according to a chosen prediction horizon. Using the linear representation of the two-process model [12], we reformulated it into an equivalent autoregressive (AR) model, which readily provides analytical expressions for computing measures of reliability of the model predictions in the form of PIs [14].    


2.1    Two-Process Model of Sleep Regulation


The two-process model of sleep regulation consists of two separate processes [4]: process S (sleep homeostasis), which is dependent on sleep/wake history, increases exponentially with wake time and decreases exponentially with sleep/recovery time to a basal value [5], whose rates of increase/decrease are individual specific and have unknown values; and process C (circadian), which is independent of sleep/wake history and represents a self-sustaining oscillator with a 24-h period [15]. The equations comprising the two-process model at discrete sampling time index k can be expressed as [5, 16]
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S(k) denotes the value of the sleep homeostat at time k, usually scaled between 0 and 1 [16]; C(k) denotes a five-harmonic sinusoidal equation that approximates the circadian oscillator under entrained conditions [17]; Ts represents the sampling period;
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represent the time constants of process S during wakefulness and sleep, respectively; ( denotes the time period of the circadian oscillator ((24 h); ai, where i = 1,…,5, represents the amplitude of the five harmonics of the circadian process (a1 = 0.97, a2 = 0.22, a3 = 0.07, a4 = 0.03, and a5 = 0.001); and ( denotes the initial circadian phase [15].

2.2    Individual-specific Biomathematical Model Development


We proposed that the temporal pattern of performance impairment can be represented as the additive interaction of processes S and C. Mathematically, performance P(k) at some discrete time k was expressed as
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where ( and ( denote real-valued positive parameters that control the relative effect of the two processes on performance. For total sleep deprivation, Eq. (4) can be rewritten as 
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where ( = exp(-(Ts), ( = 1/(r, ( = 2(/(, 
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To individualize the biomathematical model in Eq. (5), we estimated the model parameters using previous performance measurements collected from the individual we wish to predict along with a priori performance information. Such a Bayesian method allowed us to make predictions as soon as the first performance measurement became available and provided a theoretical approach to optimally balance prior information about an individual against recent performance measurements. As additional measurements became available, the proposed approach increased its trust in the measurements, deemphasizing the prior information, the rate of which became faster or slower as the amount of noise in the measurements decreased or increased, respectively. 


The key challenge, however, is to correctly estimate the five unknown model parameters in Eq. (5), (, (, (, S(0), and (, within the context of the Bayesian method. Figure 1 provides two possibilities. Figure 1, left, shows a conventional approach, which results in a NLP problem whose solution for model parameters may be suboptimal, i.e., may result in a local minimum [18]. Conversely, Fig. 1, right, shows our alternative approach, where instead of directly solving the nonlinear two-process model representation in Eq. (5), we transformed it into a series of three linear optimization problems, whose solution, if it exists, is guaranteed to be unique [12]. Mathematically, to solve for one of the parameters, (, the second approach was expressed as a two-step constrained linear least squares (LS) problem   
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where
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was generated from the two-process model in Eq. (5), with its parameters set to a priori values, reflective of those of an “average” individual. 


Once the optimal ( was obtained by solving Eq. (6), we obtained the other four parameters by solving the associated constrained LS problems (see Refs. 12 and 13 for additional information). Based on the most recent parameter estimate obtained by solving Eq. (6) and related equations, we made predictions for a chosen prediction horizon, and as soon as a new performance measurement became available we updated y and repeated the process to adjust the five model parameters. 
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Figure 1: Two potential approaches to estimate the five parameters of the two-process model for a specific individual based on performance measurements from that individual. Left: conventional approach; right: our alternative approach. See the text for descriptions of the parameters.

We obtained analytical expressions for computing PIs around the model predictions using the linear representation of the two-process model in Eq. (5). This was achieved by using the property that P(k) in Eq. (5) can be considered as a 12th-order AR process [13], in which, at any time k, P(k) is expressed as a linear combination of previous measurements [14, 19], such that  
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where bi (where i = 1,...,12) denotes the AR model coefficients (see Ref. 12, Appendix B for additional information). Finally, by using the analytical expression to compute statistically based error bounds for AR model predictions [14], we obtained the following expression for computing PIs with a coverage probability of 100(1-()% 
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where ( represents the significance level;
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denotes the user-provided noise-level estimate of the performance measurements y (see Ref. 12 for additional information).


3.0
RESULTS


We used data collected from a laboratory study in which 48 healthy adults were kept continuously awake for 85 h to determine the effects of fatigue countermeasures on performance sustenance during prolonged sleep loss [20]. Here, we chose a subset of 11 subjects who were not administered fatigue countermeasures, and for whom PVT measures were collected every 2 h for a total of 42 measurements. Figure 2 shows the mean performance profile (solid circles) and the standard deviation of the 11 subjects over the 82 h of PVT data collection along with group-average model predictions (solid lines). 


The profile of the mean group PVT lapses shows a trend that supported the two-process model framework, combining homeostatic and circadian variations with time awake. As previously observed, the inter-individual PVT lapse variations increased over time [12]. Figure 2 also shows that the group-average model predictions did not accurately forecast the performance profile of the group. 
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Figure 2: Mean and standard deviation of psychomotor vigilance task (PVT) lapse measurements collected every 2 h for 11 individuals during 82 h of total sleep loss. The solid line shows the performance predictions obtained with a group-average model.


We evaluated the prediction capability of the proposed approach under two predictions mechanisms, where, based on the most recent parameter estimates, we made: 1) point predictions 10 h ahead and 2) predictions up to 24 h ahead. For illustration purposes, we selected 3 of the 11 individuals in the study, each representing one of three different sleep-loss phenotypes: relatively vulnerable to sleep loss, relatively average sensitivity to sleep loss, and relatively resilient to sleep loss. In each simulation, we set the a priori values of the five parameters in Eq. (5) to those used by Rajaraman et al. [13] and used the equation to generate prior performance data. These same parameters were used for the group-average model predictions in all simulations. In the simulations, we set the noise level estimate 

[image: image28.wmf]2


ˆ


s


in Eq. (8) to 77.60, representing a typical noise level observed in PVT lapse data [21].


Figure 3 shows the measured PVT lapses (solid circles) for the average (top), vulnerable (middle), and resilient (bottom) subjects along with the group-averaged model predictions (solid lines) and the 10-h-ahead individualized predictions (dashed lines) and their corresponding 95% PIs (dotted lines). We used the RMSE, defined as the squared root of the mean of the square of the differences between predicted and measured PVT lapses, as a metric to quantify the accuracy of the predictions (the smaller the RMSE, the better is the resulting prediction) [14]. For the 10-h-ahead predictions, the RMSEs suggested that the individualized predictions were up to 43% more accurate than the group-averaged model predictions. Initially, the individualized predictions for all three individuals were close to the group-averaged predictions, as the Bayesian approach placed more trust in the a priori performance information (i.e., the group-average model) compared with the individual’s measurements. However, as more of the individual’s measurements became available, the individualized predictions were closer to the performance data and captured its circadian and homeostatic variation better than the group-averaged model predictions. Moreover, the corresponding analytically computed 95% PIs almost entirely covered the future performance measurements, reflecting the accuracy of our method for computing reliability of the model predictions. 


Figure 4 shows the individualized predictions up to 24 h ahead for the average (left), vulnerable (middle), and resilient (right) subjects in snapshots taken at 6-h intervals. The first snapshot (Fig. 4, top row) was taken after collecting the 12th measurement (i.e., 22 h of time awake). Thereafter, the following snapshots were taken after every 6 h, with the final snapshot (Fig. 4, bottom row) taken after 58 h of time awake. The results indicated that initially, when only a few performance measurements (solid circles) were available for model individualization, the individualized predictions (solid lines) up to 24 h head did not accurately capture the performance trend in the future measurements (solid squares). However, as more PVT lapse measurements became available and the model parameters were better customized to each subject (after (34 h), the individualized predictions better captured the circadian and homeostatic variations in the future performance data for each of the individuals.
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Figure 3: Individualized model predictions for three subjects with different sleep-loss phenotypes [average sensitivity to sleep loss (top), vulnerable to sleep loss (middle), and resilient to sleep loss (bottom)]. The solid circles in each panel represent the measured psychomotor vigilance task (PVT) lapses, which were measured every 2 h. The dashed lines represent the 10-h-ahead predictions, whereas the dotted lines represent the corresponding analytically computed 95% prediction intervals. The solid line in each panel represents group-average model predictions. The smaller the root mean squared error (RMSE), the better is the prediction.
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Figure 4: Individualized model predictions up to 24 h ahead for the three subjects [average (left), vulnerable (middle), and resilient (right)] shown in Fig. 3. In each panel, the solid circles represent previous PVT lapse measurements, the solid squares represent future PVT lapse measurements, and the solid lines represent predictions up to 24 h ahead.


4.0
CONCLUSIONS


In this work, we presented a new method for individualized performance prediction for sleep-deprived individuals based on the two-process model of sleep regulation. This method combined an individual’s current and past performance measures and a priori performance information in a Bayesian formalism to customize the models and individualize the predictions. As a result, model individualization and prediction could commence as soon as the first performance measurement from an individual became available. However, unlike other methods, which require solving a NLP problem for finding the optimal parameter estimates, the proposed method, using the linear representation of the two-process model [12], transformed the NLP problem into a series of linear optimization problems, which guarantee unique estimates of the five parameters of the two-process model parameters, avoiding brute-force, grid-search procedures [21]. 


Additionally, the current work, for the first time, provided statistically based error bounds around the model predictions in the form of PIs. This was achieved by taking advantage of the linear representation of the two-process model [12], which allowed for reformulating the two-process model into an equivalent AR model. The AR model formulation of the two-process model provided an analytical expression for computing PIs, bypassing the need to first compute confidence intervals around the model parameter estimates before extrapolating these uncertainties about the model predictions [21]. 


Using PVT measurements from a laboratory study, the proposed method yielded 10-h-ahead individualized predictions for three sleep-loss phenotypes that were up to 43% more accurate than the group-average predictions. Also, the corresponding 95% PIs almost entirely covered the entire set of measurements. Using the same data set, we showed that the ability to capture circadian and homeostatic variations in future measurements (up to 24 h ahead) by the individualized predictions increased as the number of performance measurements for model individualization increased, reflecting the adaptive nature of the proposed model.


Despite the advances made by the proposed method in individualized performance predictions for sleep-deprived individuals, there exist some limitations. As with any approach using Bayesian inference, a “good” choice of the prior performance information, i.e., the prior parameter values, is key for obtaining optimal results [22]. Another limitation lies in the assumption that measures of performance, such as PVT lapses, would be available on a frequent basis, which may not be possible in real-world settings, where it is infeasible to discontinue work-related tasks for administering performance tests. Also, we note that, although PVT is arguably one of the most sensitive measures to sleep loss and one of the most practical for operational use [23], it may not accurately reflect the real, work-related performance of individuals.  


Our future modeling efforts will focus on developing models for individualized performance predictions for individuals exposed to chronic/partial sleep restriction. Also, we will focus on developing models that can predict the effect of stimulants, such as caffeine, on performance sustenance at an individual level. In addition, we will evaluate the performance of the proposed method on other outcome measures of performance, such as the Karolinska sleepiness scale [24], the Stanford sleepiness scale [25], the serial addition/subtraction task [26], and the digit symbol substitution task [27].


An extensive effort is still required to fully address the capability gaps in biomathematical models of fatigue and performance identified at the DoD-sponsored Fatigue and Modeling Workshop [2, 3, 28]. Nonetheless, the work described here is a significant step toward closing these research gaps and developing models that accurately predict cognitive performance impairments due to sleep deprivation at an individual level.
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Abstract

The consequences of sleep deprivation and of wake-sleep cycle alterations have been studied since more than 25 years in military domain. Nevertheless this point of view has only recently been taken into account by the French different headquarters. That is why the French Military Health Service has progressively built a real policy for managing the wake-sleep cycle during SUSOPS and CONOPS. This policy has two main aspects, with an educational and a pharmacological part. The consequences of sleep deprivation, and irregular sleep-wake cycle on physical and cognitive performances during SUSOPS and CONOPS have been studied extensively. Now, the different types of countermeasures are quite well defined. A policy to manage these aspects on operational field is under development in France with two distinct aspects on based on health education and on pharmacology. The educational policy is based on knowledge delivered to our forces by the mean of an interactive CD-ROM. The first version, called CYCL’OPSTM, has been developed by ADSENSIO for the pilots of the French Air force. Its goal is to improve individual knowledge in this domain and to show the risk of sleepiness at the throttle according to the timing of the mission taking into account individual parameters. It may allow a better individual management of sleep –wake cycle every day. Other versions are under project for the Navy, and the Army. A light pharmacological aid is now officially approved by the French Health Service in operational field when the missions do not allow nocturnal sleep or only offer reduced possibility of sleep. Modafinil is reserved for emergency cases. It may help valid subjects to stay awake in hostile environments until the SAR means take them in charge. On the contrary, Slow-release caffeine may be used in prolonged missions (CONOPS) to fight against sleepiness for 48 hours. Finally, Z- hypnotics are also allowed to promote pre-planned sleep episodes. Nevertheless, the use of these drugs acting on the central nervous system must be supervised by the medical corps and the individual tolerance must be tested before operational use. We hope that French policy on the operational management of the sleep-wake activity combining these two aspects will be efficient to reduce the recurrent complaint of fatigue and the risk of accident, and to improve the effectiveness of our military forces. Further studies are still needed to evaluate the benefit of that policy.

1 INTRODUCTION


Modern military operations need to maintain constant high levels of performance along the whole nycthemere (i.e. the 24-h cycle), whereas irregular work schedules, sleep deprivation and jet lag have a negative impact on human performance during sustained and continuous operations (SUSOPS an CONOPS). This topic has been studied since more than 25 years by military physiologists and physicians in our country.

Nevertheless, the fact that soldiers may be fatigued and need a minimal restorative sleep time become an increased preoccupation of French Headquarters. Military mentality progressively changes: sleeping is less considered as wasting time. On the contrary, sleeping enough at the right circadian time is more and more considered as a primordial condition of operational performance and safety. 

Different types of strategies for maintaining the operational performance at its best level have been extensively studied in the past years. In that way, constant sleep hygiene for minimizing chronic sleep deprivation, optimization of work schedules taking the physiological needs into account for limiting acute sleep deprivation, napping strategies for reducing an excessive sleep pressure, and pharmacological aids to promote sleep or wakefulness in last extremity are the main available countermeasures.

2 Sleep Educational Program

Daily sleep hygiene and regularity of wake-sleep cycles are fundamental to maintain cognitive performance and therefore security at a right level, to avoid mood disorders, to maintain a good well-being feeling, and to preserve long term health of our soldiers involved in military operations, which require most of the time a permanent activity all over the nycthemere.

That is why a doctrine with an official educational program dealing with sleep, vigilance and performances, emerges in France. These problems are officially recognized as key point by the French headquarters of the Army, the Air force and the Navy. The French Health Service plays an active role since many years in this settings, has decided to gather all useful information in an original modern tool, i.e. an e-learning program delivered by a CD-ROM, but also possibly by a key or by internet.

This program, called CYCL’OPS was ordered by the DGA and developed by the private French society ADSENSIO under the control of a military scientific committee. It was initially designed for the Air forces and could be adapted for the Army or the Navy in a near future.


CYCL’OPS allows the deliver of wide information about sleep challenges, using an academic way or a more interactive way, based on realistic scenarios which can be personalized with individual characteristics as the chronotype, the sleep log, and so on. A control of knowledge with a quiz is proposed for each chapter. A section is also devoted to medical knowledge dealing with sleep medicine.

We anticipate that CYCL’OPS will constitute a common basis in this domain for the entire military community and a first step in the knowledge of better wake-sleep cycle management in operations. CYCL’OPS is designed to help every subject to learn how to manage his wake-sleep cycle in operational to reduce the consequences of sleep deprivation and irregular work schedule. It is also designed to help our military chiefs to take the right decisions in logistic and operational settings.



Figure n°1


Figure 1: CYCL’OPS Homepage



Figure 2:  Individual part of CYCL’OPS (tests and questionnaires)



Figure 3: Individual part of CYCL’OPS (Sleep logs)



Figure 4: Pedagogic part of CYCLOP’S (example of text)



Figure 5: Pedagogic part of CYCLOP’S (example of illustration)




Figure 6: Simulation part of CYCL’OPS



Figure 7: Simulation part of CYCL’OPS (zone of vulnerability with increased propension to sleepiness)

3 PHarmacologic AID

The use of pharmacological drugs interfering with sleep, wakefulness, and sustained vigilance in military settings is now officially approved by the « MD Instruction n° 744/DEF/DCSSA/AST/TEC, 2008 March 31. This text closes a long ethical debate in France about pharmacological aids interfering with the wake-sleep cycle. This type of aids has been considered as doping methods and therefore unethical for a long time. But, in fact, a pharmacological aid, provided in exceptional circumstances, is not able to improve performances like a doping substance. It only maintains these performances at usual daytime level during prolonged sleep deprivation in the best case. On the contrary, it would be now considered as a fault, not giving all chances to our soldiers to achieve long duration missions including an important sleep deprivation.

The principles of this pharmacological aid are simple and respond to the criteria of a light pharmacological aid, a concept developed by Lagarde. This aid must be simple (simplicity of the protocol and of the administration), innocuous, but efficient on the wake-sleep cycle. Its efficiency is limited to 48-72 hours of continuous use. Moreover it requires a medical supervision. Although previous laboratory studies do not detect any major problem of clinical tolerance, a problem of individual variability and susceptibility encountered with these drugs acting on the central nervous system cannot be excluded. That is why a systematic individual trial of these drugs is recommended before operational use and under medical control in order to detect unexpected individual side effects and also to adapt the dose if necessary, particularly taking gender into account.

Modafinil, slow release caffeine and Z-hypnotics are only authorized. Other psychostimulant drugs are not officially approved or simply forbidden.

3.1 Modafinil

3.1.1 Presentation of the molecule 


Modafinil (diphenylmethylsulfinil-2-acetamide) has been synthetized in 1981 by a French pharmaceutical laboratory (Lafon), bought a few years by an Amercican laboratory (Cephalon).  It is an awakening drug, used in human therapeutics against the excessive daytime sleepiness encountered in narcolepsia, idiopathic hypersomnia, and sometimes in treated obstructive sleep apnea syndrome. 

From a pharmacologic point of view, plasmatic peak of modafinil is reached 2 hours after an oral intake and the duration of its awakening effect is about 8 hours. The effect is dependent of the dose with a linear dose-effect relation. Modafinil probably acts on several targets in the Central Nervous System (CNS). Modafinil interacts with noradrenergic and dopaminergic systems, via an action on specific carrier proteins [1, 2]. It also modifies the GABA/Glutamate balance, leading in turn to an increased thalamo-cortical electrotonic coupling which has been recently identified as an important mechanism to maintain wakefulness [3-5] 

Modafinil’s use in military field during SUSOPS and CONOPS was widely studied by physicians and researchers of French Health Service. Field and laboratory studies in healthy subjects during sleep deprivation experiments showed that modafinil is able to maintain wakefulness and cognitive performances at a sufficient level for 48 hours continuously [6]. 

3.1.2 In practice


Modafinil should be reserved for exceptional and critical circumstances (surviving), for example after ejection over a hostile territory. In these situations, maintaining wakefulness for a short period (48 hours) could be a main goal for a valid subject in order to help him to survive. 


Two protocols are provided. An oral 100 mG dose of modafinil (1 pill) every 8 hours is sufficient for maintaining wakefulness, vigilance, and cognitive performances for 24 hours or less. A 200 mG dose (2 pills) every 8 hours is adapted for missions lasting 24 hours or more. In this case, the first intake of modafinil is recommended at 22:00 h, i.e. one or two hours before the usual nocturnal decline of cognitive performances. In each case, the total duration of modafinil intake should not exceed 48 hours.

3.1.3 Possible side effects 


Neither major side effect, nor addictive behaviour have been reported with modafinil in healthy subjects, like with amphetamines. 

Nevertheless, a few patients suffering of hypersomnia and treated with modafinil sometimes complain of headaches, nausea, and increased anxiety. Those adverse effects are quite seldom observed and mainly occur at the beginning of the treatment. That is why the individual test of tolerance, planned in the MD instruction, seems to be particularly important for modafinil before operational use.

3.2 Slow release Caffeine

3.2.1 Presentation of the molecule 


Coffee is the stimulant beverage the most ingested in the world. Coffee consumption varies from one to ten cups per day with ~ 100 mG of caffeine per cup. Caffeine intake should not exceed 1000 mG per 24 h.


Caffeine has psychostimulant properties. It stimulates wakefulness, acting through an anti-adenisonergic effect in the central nervous system. Indeed, the accumulation of adenosine in the CNS during the awakening time, as a product of ATP degradation, contributes at least in part to the mechanisms of sleepiness.

Caffeine intake allows maintaining cognitive and psychomotor performances in sleep deprived subjects. But caffeine is quickly eliminated. The psychostimulant effect expected after a single intake of caffeine is therefore transient. Finally, the clinical tolerance of caffeine is generally excellent. Only, minor effects, i.e. diuretic effect, palpitations or slight tremor, are observed with high plasma concentrations of caffeine.

The brief pharmacologic effect of caffeine led a few years ago to a new galenic formulation by the research centre of Nestle (NESTEC), i.e. a slow release caffeine form (SR-caffeine).


Several pharmacological studies performed by the former Aerospace medicine institute showed that a 300 mG dose of SR-caffeine was able to produce an efficient psychostimulant effect lasting 10 hours at least, without reaching the trouble threshold [7-10]. Laboratory and field studies showed thereafter that this dose of SR-Caffeine was able to maintain cognitive performances at a physiologic level comparable to the level observed before sleep deprivation. A 300 mG dose of SR-caffeine has the same efficiency that a 200 mG dose of modafinil during a 18-hr continuous work. This dose of SR-caffeine also adapted for women most of the time, although females are often more sensitive to caffeine than males subjects [11]. 



Figure 8: Pharmacokinetic profiles of SR-Caffeine vs. Coffee

3.2.2 In practice


SR-Caffeine will be very soon available in our military operational forces. This form of caffeine is very interesting during CONOPS to sustain wakefulness and vigilance during several days. Two intakes per day are sufficient to produce a continuous psychostimulant effect for 24 hours. Moreover, its efficiency seems to be more important when the level of physical activity is not high. In other words SR-caffeine may be particularly valuable in subjects affected in operational centres and operational headquarters and involved in supervision and decision making tasks.

SR-caffeine could also be interesting after a transmeridian flight as a countermeasure of sleepiness induced by a sleep deprivation frequently associated to jet lag from the one hand and as chronobiotic drug facilitating the resynchronization of biological rhythms to the other hand [12].

Nevertheless, SR-Caffeine intake should be avoided in the two hours preceding a planned rest span, particularly if sleep debt is not very high. In this case, SR-caffeine will counteract sleepiness and may delay sleep occurrence.

Finally, we don’t recommend a continuous SR-caffeine intake for more than 48 hours without sleeping.

3.2.3 Possible side effects 



Cardiovascular effects (palpitations and tachycardia), neurologic effects (tremor) and diuretic effects, which are well known after a caffeine abuse, have been rarely reported with the 300 mG dose of SR-caffeine, probably due to the galenic form.

3.3 Hypnotics

Many drugs have hypnotic properties, as anti-histaminic drug (anti-H1) and benzodiazepines (BZD). They can be ordered by the military physician for precise reasons. For example, BZD may be ordered as a treatment of acute anxious state in association acute insomnia [13]. But it is not the purpose of the present Instruction.

BZD have not been chosen to promote planned sleep for operational use, because of their frequent side-effects (residual sleepiness, mnesic troubles, locomotor ataxia). We propose to use only Z-hypnotics in the field. Although their mechanisms of action via the GABA-A receptors are very close from those of BZD, Z-hypnotics have less side-effects than BZD.

3.3.1 Presentation of Z-hypnotics 


Z-hypnotics consitute a heterogenous chemical family, including Zolpidem (StilnoxR), Zopiclone (ImovaneR), and Zaleplon (SonataR not sold in France).


Zolpidem belongs to the Imidazopyridine family. From a pharmacokinetic point of view, Zolpidem absorption is fast with a T max between 0.5 and 3 hours. Zolpidem plasma half-life is about 3 hours. It acts as a specific agonist of Ω1 receptors belonging to the macromolecular complex GABA-A. At a 10 mG dose, a decrease of sleep onset latency and intra-sleep awakenings, and an increase of sleep duration with an improved sleep quality are generally observed. Its hypnotic effect lasts about 6 hours

Zopiclone belongs to the cyclopirrolone family. Its plasma half-life is longer than for Zolpidem, i.e. 4 à 6 hours. Its mechanism of action is similar, which a longer hypnotic effect of about 8 hours.

Zaleplon is a novel hypnotic drug belonging to the pyrazolopyrimidine family. This drug selectively acts on GABA-A (type I) receptors. Pharmacokinetics studies showed a T max and a plasma half-life of about one hour. Its hypnotic effect mainly consists in a rapid induction of sleep for a short duration (3 hours) after 2 to 10 mG Zaleplon intake.

3.3.2 In practice

Z-hypnotics » could be employed during CONOPS to promote pre-planned sleep episodes, even during daytime. We recommend an administration for a short time, i.e. a few days, with the minimal effective dose, which can be also determined by an individual trial under medical control before operational use.

The choice of the molecule may be guided by the duration of the pre-planned sleep episode and by the pharmacological properties of the drugs. For a 6-hr sleep episode, Zolpidem seems to be a good choice. For a longer episode (8 hours at least), Zopiclone may be more adapted. For a shorter episode of about 3 hours, the choice of Zaleplon may be more judicious.


Zolpidem appears as a median choice, acceptable in most of operational situations. Its use is quite safe. There are no residual effects on vigilance six hours after intake. It can be also used in altitude to promote sleep without increasing the effect of altitude on ventilation [14]. Finally, it can be combined to psychostimulants during CONOPS [15].


3.2.3 Possible side effects

Side effects are less frequent with Z-hypnotics than with BZD, although they have quite the same pharmacological target, i.e. the GABA-A receptor. It is due to a shorter plasma half-life at least I part. Moreover, addiction risk is also considered lower with Z-hypnotics than with BZD. A rebound of insomnia is nevertheless reported the third day of use by a few subjects. Finally, Z-hypnotics are counter-indicated in case of suspicion of obstructive sleep apnea syndrome.

4 CONCLUSIONS

We hope that French policy on the operational management of the sleep-wake activity combining an educational aspect and a pharmacological one will be efficient to reduce the recurrent complaint of fatigue and the risk of accident, and to improve the effectiveness of our military forces during SUSOPS and CONOPS. Further studies are obviously still needed to evaluate the benefit of that policy.
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Abstract


Intelligent Adaptive Interface (IAI) is a design tool that guides the development of an operator interface in enhancing human-machine system performance. With a set of design principles, this paper introduces the concept of IAI and its design framework, which include methodologies for developing various systems including operator interfaces. These methodologies are demonstrated in a case study where IAI framework was used in various design processes: mission scenario analysis, IAI function, task and goal analyses, identification of IAI agents, design of IAI components in a task network model for simulations, and implementation and evaluation of IAI prototypes. The efficacy of IAI was investigated in the context of controlling multiple Uninhabited Aerial Vehicles (UAVs). This case study proved that IAI framework and the associated design principles are effective in guiding the design of an operator interface. These principles are being applied in the development of an operator interface for the control of extremely agile micro-aerial vehicle employed in urban operations. They will be further used to guide the design of multi-modal operator interfaces for the control of UAV swarming. Additionally, these applications will provide empirical evidence to validate IAI design principles and thus enhance the robustness of this design tool.

1.0
INtroduction

As automation technologies become critical elements of military activities, a robot revolution is upon us. It is a revolution in war, like the invention of the atomic bomb. More specifically, uninhabited systems (UVs) are robotic systems that are becoming more and more prevalent in all theatres of operations (land, sea, air, and urban). These robotic systems do not affect the “how” but the “who” of war fighting at its fundamental level.  It changes and redefines the experience of the warrior and even his or her very identity. However, the role of the human remains paramount and the interaction of humans and this type of technological aid is critical to mission accomplishment. Net-enabled effects-based operations will place ever-increasing emphasis on the design of agile, intelligent, and socio-technical systems that allow more effective and efficient acquisitions and concept developments. Thus, the interaction with these robotic systems is vital. The key concepts here are “interaction” and “integration”, human-robot interaction and human systems integration. If not enough attention is given to this very topic, then we may face social, ethical, and moral issues when confronting an entirely new species: robots. The challenge of Human-Robot Interaction and Human Systems Integration is to develop innovative tools, techniques, and methods that seamlessly work with the systems engineering and concept development processes to truly integrate knowledge of human capabilities and limitations [48].

1.1 The Issue

Despite the pressing needs for effective socio-technical systems, there is still a lack of well-established design guidelines for these human-machine systems, especially for advanced operator interfaces used by decision-makers. The operator interface plays critical roles for dynamically managing enormous amounts of data and information in a complex and networked environment (e.g., network centric warfare). This correlates to an impediment of overall human-machine system performance. Additionally, a lack of integration between the Human Factors (HF) and Human Computer Interaction (HCI) domains has increased the tendency for terminology to become ambiguous and misleading when applied globally. Thus, there is a need to develop a unified framework to guide both researchers and practitioners in designing effective human-machine systems to enhance overall system performance.


To address the issue, Defence Research & Development Canada has completed a multi-year research program to develop a generic design framework to guide the design of operator interface in enhancing overall human-machine system performance. The efficacy of the framework has been assessed in the context of operator interface design for the control of multiple UVs from an airborne platform [22,23]. The framework is being used to guide the design of operator interface for the control of single micro-aerial vehicle employed in urban operations [18,21]. To further validate the design principles, the IAI framework is being applied and assessed to aid multi-modal interface designs for UV swarming. This paper describes this framework and a case study with a summary of research results. 

1.2
Intelligent Adaptive Interface

Operator Machine Interface (OMI) technologies have been developed in different forms: from conventional interfaces to adaptive interfaces, and then to intelligent adaptive interfaces. In their most general form, conventional operator-machine interfaces are the medium between operators and a particular machine, device, computer program or other complex tools. The OMI facilitates the manipulation of a system and machine to produce the operator’s desired effects. 


The term “intelligent adaptive interface” (IAI) is adopted from intelligent interface and adaptive interface concepts [28,30,32,35,38,39,40,53,59]. Intelligent interface intends to capture the wide range of issues and methodologies from the application of intelligence to user interfaces, whereas the term adaptive user interface is used by many researchers to emphasize the adaptation of the interface [1,3,4,5,7,16,27,33,36,37,42,46,57]. Tomlinson et al. [56] defined adaptive interface as a manner to predict the features a user would find desirable and customizable. Thus, an intelligent interface should tailor its parameters to certain prescribed specifications or convert itself and adjust to changing circumstances, requirements or needs. In other words, it has adaptive capabilities (to the user and environment).


Adaptive interfaces are designed to individualize or personalize systems, thereby increasing the system’s flexibility and effectiveness [20]. Thus, they are also known as personalizations to enhance operator interaction with a system by making the system more efficient, effective and easy to use. The interface is adapted (e.g., menu content) with the aim of matching its content to changing task-related circumstances (e.g., according to the mode selected and application used). The system controls whether the adaptation occurs, how it occurs, along with the amount of adaptation that occurs. However, the operator does not fully control how the system adaptation is initially configured. 


Combining the concepts of intelligent and adaptive interfaces, an IAI can be defined as a user interface with intelligence that can perceive, understand, reason, and infer relevant changes of environments and users, and adapt accordingly to facilitate its interaction with users. IAIs are OMIs that dynamically change their control and/or display characteristics in reaction to a task and/or operator states in real-time [25]. The important issues to be addressed in IAIs [20] are:


· To formulate reliable and cost-effective IAI development methods;


· To develop the tools that enable easy development and maintenance of the intelligent parts of the system;


· To better understand how and when intelligence can substantially improve the interaction (design practice); and


· To establish usability principles for IAIs that do not lead users’ expectations astray.


IAIs are epitomized by Microsoft’s Office Assistant. This feature was included in Microsoft Office 1997 and subsequent versions until Office 2007. A ‘popular’ Office Assistant [52,6] is “Clippit” or “Clippy”, which is a default animated paperclip. This feature is an entry point to the help system, presenting various help search functions and offering advice based on Bayesian algorithms [31]. Clippit will open when the program thinks that a user requires assistance. It will modify the formatting of the document and content of the menus accordingly. For example, when a user types an address followed by “Dear”, a prompt Clippit is opened and states “It looks like you’re writing a letter. Would you like help?” The algorithms would use a combination of task-based (e.g., how a letter is usually formatted) and user-based (e.g., how many mistakes the operator has made trying to write a letter) models to modify the interface to match the user’s needs and requirements. Similar to adaptive interfaces, the amount of adaptation that occurs is controlled entirely by the system, although the user has some control over how the system adaptation is initially configured (e.g., the user can turn off Clippit).


Findlater & McGrenere [14] conducted an empirical study on adaptive user interfaces by comparing three menu conditions: static, adaptable and adaptive. Adaptive interfaces dynamically adjust the interface in a way that is intended to support the user (system controlled). By contrast, adaptable interfaces provide customization mechanisms but rely on the user to apply those mechanisms to initiate the adaptation (operator controlled). Each menu was implemented as a split menu but differed in the way the customization was implemented. Results indicated that the static menu was significantly faster than the adaptive menu due to its simple processing. The adaptable menu was also significantly faster than the adaptive menu due to its ease-of-use. The majority of operators preferred the adaptable menu because it is user-friendly. The implication to the Human Factors (HF) and the Human Computer Interface (HCI) communities is to determine which design approach (adaptive or adaptable interfaces) is the best. Some argue that easy-to-use predictable mechanisms should be provided to keep users in control of the system. Others believe that if the right adaptive algorithm is found, then operators will be able to focus on their tasks rather than managing their tools. Thus, easy-to-use mechanisms are not sufficient for effective customization (adaptive) and examples should also be provided to users for guidance on using the customization feature. Therefore, the lack of consistent design approaches in HF and HCI domains presents a challenge to designers to develop effective socio-technical systems.

2.0
iai conceptual Framework

To develop a unified design framework encompassing both HF and HCI approaches, a thorough literature review was conducted to examine existing methodologies in the design of intelligent and adaptive interfaces/systems. The results are summarized in this section where the design principles are synthesized, condensed and reorganized. There are three categories to make them easy to follow: adaptation (A), interaction (I), and organization (O), or simply: AIO principles. A unified IAI framework was developed to describe detailed design principles using consistent and unambiguous terminology. A variety of analytical approaches to the development of an intelligent and adaptive agent-based system are also examined.  These design approaches are CommonKADS (Knowledge Acquisition and Design Structuring) [51], IDEF (Integrated Computer Aided Manufacturing Definition) standards [44], Explicit Models Design [10], Ecological Interface Design [58], etc.

2.1 Adaptation (A)

The following design principles are synthesized from the literature related to adaptations [17,19,43,34,29,50,47,14].

A1: Appropriate adaptation cycles are required for automation to be turned on/off over a period of time. 


A2: An IAI should dynamically change its level of autonomy according to the changes of the environment (including operator and task domains).

A3: Different types of reasoning tasks should be performed to solve problems in a variety of domains using a number of problem-solving techniques (e.g., logical inferences).

A4: An IAI must be able to reason a number of concurrent activities.


A5: An IAI should be able to integrate information over time to produce an accurate assessment of current situations. 


A6: An IAI should be able to explain its behaviour in the time available.


A7: An IAI should have the capability to predict the effect of individual differences on task efficiency. 


A8: An IAI should allow operators to override the system's choice of interaction mode and choose a mode that he/she prefers.


A9: An IAI should understand the human’s actions relative to what it believes the operator is doing.

2.2 Interaction (I)

The following design principles are synthesized from the literature related to interactions between users and systems [17,43,34,15,45,50,54].

I1: Training in the use of IAI is necessary.


I2: The human operators should be able to rapidly reconfigure an IAI in response to changes in goals and problem-solving strategies.


I3: An operator should identify why the required level of accuracy could not be achieved as this information may affect future decisions.


I4: An IAI should make an operator feel ‘in control’, even when the IAI is performing tasks.


I5: An IAI should be able to generate and recognize plans.


I6: An IAI should monitor interaction for errors in performance and suggest a corrective action, which should be based upon an understanding of the error source and the probable intent of the operator in that context.


I7: Displays and controls should operate within a metaphor that is consistent with the operator’s conceptual or ‘mental’ model.


I8: The interface should provide as much information as possible about any problem that could not be solved, such that the operator can judge the best course of action in the situation. 

2.3 Organization (O)

IAIs share responsibility, authority and autonomy over system behaviour with a human operator. The aim of IAIs is to reduce operator workload and increase situation awareness. Although it is desirable for human operators to remain in charge (adaptable), they cannot be fully in charge of all system operations in today’s complex systems. More specifically, humans cannot control the complex systems in the same way that they have been in earlier cockpits and workstations. Therefore, the following principles are related to the task allocations between an operator and a machine [41,47,55,2,12,13].

O1: Task and/or decision allocation should be completed according to the interaction of both mission goals and human/machine capabilities.

O2: IAI should initiate the off-loading of the task, and the operator should initiate the re-capturing of the task. 


O3: An IAI should reduce cognitive workload by sharing the initiative for human-system dialogue. 


O4: An IAI should support high levels of automation, while simultaneously allowing operators to remain in the decision loop and have an interactive role in the systems. 


O5: An IAI should support the operator by monitoring input data for situations that indicate that the operator should be alerted, which suggests significant changes in the situation. The operator should be able to specify what the conditions may be. 


O6: An IAI system should provide an operator with information that presents progressively more details as the situation demands and the operator should be able to take control. 


O7: An IAI should provide operators with coordination of activities that are aimed at performing certain tasks and achieving specific goals. 


O8: An IAI should provide operators with well-defined organization and structure, with members taking specific roles with associated power, authority and status, whilst exhibiting conformity and commitment to team norms and goals.

O9: An IAI should volunteer information to the operator and make responses appropriate to the operator’s intent. 

2.4 IAI Conceptual Framework 


To conduct IAI designs, a framework is needed to indicate high level requirements of a system. A framework also shows the major components and the relationships among the components. By synthesizing the above mentioned AIO design principles, Hou, et al. [25] developed a conceptual framework as illustrated in Figure 1. This framework provides a comprehensive and efficient means of IAI design. The output of these processes is the construction and specification of a number of models that are used to construct an intelligent adaptive system including an IAI:


· Organization Model (O8). This model incorporates knowledge relating to the organizational context in which the knowledge-based system is intended to operate (e.g., command and control, structures, Intelligence Surveillance, Target Requisition and Reconnaissance - ISTAR etc.);


· Task Model (O1-3). This model incorporates knowledge relating to tasks and functions undertaken by all agents, including the operator;


· Agent Model (A6-7, A9, I5, O4-5, O9). This model incorporates knowledge relating to the participants of a system (i.e., computer and human agents), as well as their roles and responsibilities;
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Figure 1. IAI Conceptual Framework [25]

· User Model (A7-9, I1-4, O5, O9). This model incorporates knowledge of human operators’ abilities, needs and preferences;


· System Model (A4-5, I5-6). This model incorporates knowledge of the system’s abilities, needs, and the means by which it can assist the human operator (e.g., advice, automation, interface adaptation);


· World Model (A1-3, O5-8). This model incorporates knowledge of the external world, such as physical (e.g., principles of flight controls), psychological (e.g., principles of human behaviour under stress), or cultural (e.g., rules associated with tactics adopted by hostile forces) environments;


· Dialogue/Communication Model (I5-8). This model incorporates knowledge of the manner in which communication takes place between the human operator and the system, and between the system agents themselves;


· Knowledge Model (A3, A5-7, I6). This model incorporates a detailed record of the knowledge required to perform the tasks that the system will be performing; and

· Design Model (A8, I7-8). This model comprises the hardware and software requirements related to the construction of the intelligent adaptive system. This model also specifies the means by which the operator’s state is monitored. 

3.0
analytical methodoloGIES 


To build a complex system like IAI, high-level design principles must be combined with thorough analytical methodologies. These methodologies are the tools used to analyze and build various models shown in Figure 1. These models represent system components or functions at different operational levels. The analytical processes and relationships among various methodologies and models are illustrated in Figure 2. These models should enable system functions to:

· Modify OMI to handle the interaction and dialogue between an operator and system components or software agents;


· Track the operator’s goals/plans/intents (and progress towards them);


· Monitor the operator state;


· Monitor the world state; and,


· Provide knowledge of the effects of system advice, automation and/or adaptation on the operator and world states (i.e., closed-loop feedback).


Additionally, the models illustrated in Figure 2 can be mapped back onto the generic IAI conceptual framework in Figure 1. These models are necessary to effectively facilitate operator-system interaction. The User Model enables the monitoring of the operator’s behaviour and physiological states. The Task, System, and World Models enable the monitoring of mission plan/goal completion, tasks/activities, and entities and objects in the external environment. The Knowledge Model enables the system to provide advice to the operator, automate tasks, or adapt to the OMI. The Dialogue Model enables an effective interaction between the system and the operator. The generation of these models is one of the implementation steps of the generic conceptual framework. Figure 2 also illustrates various analytical approaches which can contribute to the creation of different models, specifically:


· Cognitive Analysis Methodologies, contribute to the construction of the Task, Agent and User Models;

· Task Analysis Methodologies, contribute to the construction of the Task, Agent, System and World Models;

· Human-Machine Function Allocation and Agent-based Design Principles, contribute to the construction of the Agent, Dialogue and Communication Models;

· Human-Machine Interaction and Organization Principles, contribute to the construction of the Dialogue and Communication Models;

· Human Factors and Human Computer Interaction Principles, contribute to the construction of the OMI and related systems. The design process might also include principles from Ecological Interface Design.

· IDEF5 Guidelines, contribute to the construction of the ontology and knowledge base. This is then used to enumerate the knowledge captured by the analysis process;

· Domain Feasibility, Cost-Benefit Analysis and Principles for Closed-Loop Implementation, contribute to the construction of the Design Model, including the means by which operator state is monitored; and

· Human Factors and Human Computer Interaction Principles, contribute to the construction of the OMI and related systems. The design process might also include principles from Ecological Interface Design.
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Figure 2. The Analytical Process for the Development of Intelligent Adaptive Interface

Most analytical approaches are generic (i.e., context independent) and scalable. The selection of these analytical tools is less critical as they can be (and sometimes must be) modified to suit the domain. Further, these analytical approaches can be combined to play to their strengths and mitigate weaknesses. Several criteria can be used to determine which analytical and design tools, techniques, and methodologies should be used to design a specific intelligent adaptive interface: 


· Project constraints: schedule and budget.


· Domain: complexity, criticality, uncertainty, and environmental constraints (particularly relevant to the choice of operator state monitoring systems).


· Operator: consequences of error and overload, what kind and quantity of support is needed, who needs to be in control (particularly relevant in combat domains).


· Tasks: suitability for adaptation, assistance or automation.


4.0
Case StudY: IAI for THE CONTROL of Multiple UAVs

4.1.
The Requirement of Interface Design for the Control of Multiple UAVs

UAV control is operator intensive and can involve high levels of workload. As the quantity and variety of data collected increase, the workload for UAV operators increases significantly. Moreover, the allocated data must be integrated and/or converted into information and then disseminated to those operators who make decisions. In the recent past, data collection, data fusion, information management and distribution, intelligence collecting, and data-related decision-making have threatened to become a bottleneck. This situation is made even more complex by increasing joint operations, and rapid and flexible warfare. Feedback from the UAV operators indicate that improvements in the operator interface aspect of these emerging systems would reap significant gains in system performance and effectiveness. This applies for both effective control of UAVs, as well as management of data and efficient dissemination of the associated information. The level of automation to be applied to the decision-making processes is a key aspect facing both tactical commanders and UAV system managers. As a result, supporting technologies that combine operators with automation to satisfy mission requirements need to be investigated.


4.2
Issues

The control of multiple UAVs is a complex cognitive task with high workload. Applying the above mentioned IAI framework into the design of these advanced human-machine systems will likely provide a real potential for improvement in the effectiveness of UAV control. To investigate the efficacy of the IAI framework, the IAI associated design principles were applied into operator interface design for the control of multiple UAVs from an airborne platform. The issues to be addressed in this case study include the components of the framework that are required to analyze scenarios, missions, goals and whether the framework is effective in conducting the development of the UAV control system.

4.3
The Use of IAI Framework as Design Guidance

IAIs are applied here for reducing operator workload and improving decision effectiveness in the employment and operation of UAVs. IAIs are human–machine interfaces that aim to improve the efficiency, effectiveness, and naturalness of human–machine interaction by acting adaptively and proactively in response to external events based on internal mission requirements. In the context of UAV control, an IAI is driven by software agents that support the decision-making and action requirements of operators under different levels of workload and task complexity. The IAI manifests itself by presenting the right information, action sequence proposals, or by performing actions at the right time. In addition to reducing workload for humans involved in UAV missions, IAI is seen as an opportunity to reduce manning requirement (e.g., moving from ratio of 10 operators controlling one UAV to one operator controlling 10 UAVs). 


4.4
How the Framework Was Used 

As a standard systems engineering approach, the IAI framework was used from the starting point of the operator interface design: analysis. For systems where human functions are predominantly “cognitive”, the method of analysis should capture this essential human activity. IAI framework was used in the following design processes:

First, operational mission scenario generation. A fictitious counter-terrorism scenario was developed for a maritime patrol task along the east coast of Canada. The scenario involved a UAV crew controlling multiple UAVs from airborne platform CP140, which is a maritime patrol aircraft. The UAV crew consisted of three operators: UAV pilot (UP), sensor operator (UO), and tactical navigator (TN). The UAV pilot was responsible for the safe and appropriate conduct of all UAVs under the crew’s control. The UO was responsible for managing the information being returned by the sensors onboard the UAVs under the crew’s control, and for relating findings based on that sensor data back to the rest of the crew as appropriate. The TN was ultimately responsible for overall operations. According to the nature of tasks each crew member performed, three levels of the task complexity were assigned: low (UP), medium (UO), and high (TN). Depending on the number of UAVs to control, workload was also assigned at three levels: low (one UAV), medium (two UAVs), and high (five UAVs).

Second, Operational Sequence Analysis. To understand the logical interconnection of operators’ tasks and the flow of information throughout the system during the conduct of the mission scenario, operational sequence diagrams (OSDs) were used to show the flow of information and operator functions through the system in relation to the mission timeline. The visual representation of OSDs indicated actions, inspections, data manipulation (i.e., transmission, reception, and storage), time delays, and decisions of the mission scenario. Thus, OSDs are particularly useful for the analysis of highly complex systems that require many time-critical information-decision-action functions by multiple users, which is the case for this study [22]. With the scenario written, a series of OSDs were prepared to facilitate a function and goal/task analysis of the envisaged system and the development of a model from which performance predictions could be made and the potential for IAI automation agents to be identified. These OSDs also created an inventory of all bottom-up lowest level tasks in a temporal sequence. A small portion of an OSD as an example of the operational network between three UAV operators is shown in Figure 3.



Figure 3.  A sample of Operational Sequence Diagrams [22]

Third, hierarchical goal analysis (HGA). Research on IAIs in the military research and development community was limited when this work was conducted. As a result, the work began with an HGA within which standard mission, operation, and goal analysis procedures were followed to gain more detailed understanding of implementation issues and opportunities for IAI tasks that can be automated. A particular interest in this work is the identification of goals that are candidates for IAI automation agents. Using the AIO principles and IAI framework, the agent, user, system, and world models were created. Upon the completion of the scenario and OSDs, a hierarchical decomposition of the envisaged system goals was conducted. The goal decomposition for all three UAV operators took place according to a means-end hierarchy and the needs of analysis were typically satisfied at the fourth or fifth level in this exercise. The goal decomposition was first performed in a top-down fashion from the highest level (e.g., GOAL= counter-terrorist mission is completed) down to lower levels (e.g., GOAL= Vertical Take-off UAV sector search is planned). Then, a more stringent bottom-up approach was completed with the study of the detailed mission activities in OSDs. As a result, more goals were added in the top-down analysis list to complete the generation of the HGA inventory. An example of a small portion of HGA results is illustrated in Table 1.

Table 1. An Example of HGA Results [22]

		Number



		Level 

		Goal/Objective and Sub-goals/Sub-objectives

		IAI

Candidate

		Influenced

Variable

		Assignment

 

		Completion

Time (Sec)



		

		1

		2

		3

		4

		5

		

		

		

		

		



		Top

		I want to perceive the (...) conduct of the terrorist patrol mission

		

		

		

		



		9

		...    communications are conducted and maintained

		

		

		

		



		9.1

		

		...    directions (instructions) are received

		

		

		

		



		9.1.1

		

		

		...  directions are received from other crew members

		Yes

		Directions

		UAV Pilot

		4 to 25



		9.1.2

		

		

		...  directions are received from other units

		Yes

		Directions

		UAV Pilot

		5 to 14



		9.2

		

		...     information is received

		

		

		

		



		9.2.1

		

		

		...  information is received from other crew members

		

		

		

		



		9.2.1.1

		

		

		

		...  VTUAV refuelling location

		

		Location

		Tactical Navigator

		5



		9.2.1.2

		

		

		

		...  VTUAV calculated time on task

		Yes

		Time

		Tactical Navigator

		5



		9.2.1.3

		

		

		

		...  the flight crew's message that contact is identified

		

		Message 

		Sensor Operator

		5





Fourth, task network modelling and simulation. Following the generation of OSDs and the HGA, tasks related to a system that can be automatically operated (with automation intelligence or expert knowledge) were chosen to be appropriate IAI automation agents. Goals for systems that have no information on automated operations could not be identified as IAI automation tasks. With the identification of these IAI tasks/agents, a task network model was developed in an Integrated Performance Modelling Environment (IPME). IPME is a discrete event-simulation framework used to model and assess human and system performance [8]. It comprised an environment model, a crew model, a task network model, a performance-shaping model, and optional external models. Combined with IPME’s scheduling algorithm, these models can help an analyst predict workload and operator performance. An IPME database was also generated while producing the OSD and HGA tasks. In the database, each task was allocated to an operator or a system with a descriptive label. With the database, a sequential type of operational network model was developed.  Although the network model was a UAV operator model, external events (other aircrew activities, UAV activities, and other unit activities) had to be established to allow the network to function as a closed-loop feedback system. These were prepared and included in the network which was used to define task behaviour, operator assignment, and interactions between tasks and operators. By linking together various networks or tasks, the model attempts to replicate the behaviour of a real system. The task network model was run 10 times in IPME to simulate the mission conducted. The simulation data collected were used to analyze operators’ behaviours and determine the effects of IAI agents on operators’ performances. The IAI models provided not only an effective means to assess the merits of incorporating new automation technologies, but also a clear indication of the most fruitful areas for further research and developments.


Fifth, the human-in-the-loop experimentation. The IAI framework and related AIO principles were used to analyze mission scenarios, identify IAI tasks, and generate task network models. The simulation study was considered as initial estimates of IAI agents being augmented decision-aids, but further analysis regarding the most beneficial IAI tasks to modify was required. Additionally, considerable effort was still needed to apply IAI framework and related AIO principles to design prototype systems. Strong empirical evidence was also required to substantiate this effort. Thus, an experimental synthetic environment (SE) was designed and developed to conduct a human-in-the-loop experiment and validate the task network modelling method used in the simulation. Consistent with the UAV crew positions used in the performance modelling phase, the SE had three control consoles replicating CP140 tactical compartment multifunction workstations. The workstations were designed to communicate with virtual UAVs through fully functional, real world software interfaces. Each of them had a set of appropriate displays and controls for the UP, UO, and TN as illustrated in Figure 4. The experimental environment also had the ability to integrated video and audio data collection, thus enabling empirical assessments of IAI concepts developed in the first phase. 
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Figure 4: Experimental Environment Showing Three UAV Control Stations for UAV Pilot, Sensor Operator, and Tactical Navigator [26].


The IAI agents were functional components of the UAV control SE developed for this research. They supported the participants in accomplishing the assigned mission tasks of the experiment by providing decision support to the crew and by taking over certain high workload crew tasks. A 3 x 3 x 2 (Operator Workload: one UAV vs. two UAVs vs. three UAVs; Operator Position Complexity:  UP vs. UO vs. TN; IAI Interface Condition:  ON vs. OFF) mixed-factor design was used in the experiment, as illustrated in Figure 5. The IAI for each crewmember was tailored to suit their individual needs. Both Operator Workload and IAI Interface Condition were within-subjects factors, meaning that participants were tested under all levels of those factors, whereas Position Complexity was a between-subjects factor (i.e., crewmembers remained at one position throughout the experiment).  
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Figure 5: Depiction of the Mixed-Factor Experimental Design [26].

4.5
Discussion and Implications 

Although the IAI implemented as a prototype system in this case study was only a small subset of a future, more extensive suite of a fully optimized agent system, the experimental findings indicated that the control of a dynamic and complex system such as multiple disparate UAV control from an airborne platform can be improved through the use of a multi-agent IAI suite. More importantly, through the discussions and observations made during the conduct of the study, experience and knowledge were gained regarding the use of IAI framework and associated AIO principles for the design of IAI agents, the implementation of synthetic IAI prototype environments, and the conduct of the experiments. Many thoughts were also given to the details of IAI design issues which were discussed in Hou, Kobierski, and Herdman [26].  


This case study on IAI design for the control of multiple UAVs demonstrated that the proposed IAI framework and associated AIO principles provided useful guidance for IAI developments. The framework is complete: the principles, the models and the analytical methodologies covered all the tasks related to the entire design and evaluation cycle of a human-machine system; consistent: the principles, the models and the analytical methodologies keep a consistent track from abstract guidelines to concrete models and methods; effective: the framework speeds up the design and execution of the experiment in both time and personal management because of the clear division between the principles and models; and user-friendly: the analytical methodologies in Figure 2 provides clear processes for the system design. 

With the successful use of IAI framework in the operator interface design for the control of multiple UAVs, related design principles are being used in broader fields including operator interface design for the control of an extremely agile micro-aerial vehicle (EA-MAV). Having an EA-MAV that can be controlled in-theatre means an infantry section can receive reconnaissance quickly and have information delivered to operators who need it most. To best use such technology, operators require a ground control system (GCS) to interface with the flying machine they are controlling. The GCS itself is subject to stringent engineering criteria, such as the need to be robust enough to withstand heat extremities, moisture, and impact. Additionally, an OMI must be intuitive in function and easy to learn for average soldiers. If the OMI is not optimized, there is potential for loss of systems and time during mission-critical moments as operators attempt to decipher what the next control sequence should be. Further, the GCS must be small and light enough to avoid serious burden to the operator who will be carrying it. Keeping these requirements in mind, IAI framework is being used to design and develop an operator interface on handheld devices. Similar to the design process of IAI for the control of multiple UAVs, a mission scenario was developed to represent the typical use of EA-MAV for infantry solders. This time, cognitive task analysis was used to identify function groups for IAI automation agents. AIO principles were used to develop user, task, system, environment, and agent models. Figure 6 shows a snapshot of an OMI on a tablet PC. 




Figure 6. A Snapshot of OMI on a Tablet PC for the Control of EA-MAV [21].

The prototype interfaces will connect to a synthetic 3D environment where a virtual EA-MAV can be controlled by handheld devices. An example plan for an empirical investigation was developed to determine how using a device with tactile hardware buttons, as opposed to a touch screen input device, affects the performance of an EA-MAV operator. The findings will not only assist in choosing the optimal input and display method and thus an effective OMI for the final GCS system, but will also provide design guidelines for the control of EA-MAVs using handheld devices. The design processes will also validate the IAI framework and associated principles for OMI design. 

5.0
conclusions and Future work

The IAI framework provides guidance to the effective design of OMI. Through the IAI design case study for the control of multiple UAVs, IAI framework and associated AIO principles have proven to be an effective design tool to guide the design process and thus enhance human-machine system performance. They contributed to the Canadian Forces Air Force automation policy and planning developments. They are being used to design OMIs for the control of an EA-MAV to address situation awareness in an urban operation scenario. Although many analytical approaches and design models have been used, there are still some models that have not yet been completed (e.g., human cognition model for physiological monitoring) due to the immaturity of relevant technologies (e.g., Augmented Cognition). Thus, IAI framework and associated AIO principles still need to be further developed and validated within different contexts. More empirical studies are still required to enhance the robustness of this design tool. To accomplish this goal, IA framework will be applied to design OMIs for a complex, synthetic environment where a network-enabled operations approach will be used for the control of various UVs. The IAI framework will also guide a study of multi-modal OMI design for the control of UV swarming to reduce human error and improve human performance. These investigations will further validate IAI design principles and refine customized approaches for different applications. The revised principles will contribute to the standardization of operator interface design principles and facilitate interoperability across many military systems. 
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Abstract

Performance of military operators depends on both physical and cognitive aspects. Enhancement of operator performance should therefore address both the body and the brain. This paper focuses on the latter. We provide an extended list of areas where neuroscientific knowledge may be important like training and mental healthcare. We zoom-in on the relevance of neuroergonomics and Brain Machine Interfaces (BMIs) and present recent data from our lab. Up till today, the majority of applied neuroscience research is aimed at assisting people with medical limitations, and not at performance enhancement for healthy users. Knowledge transfer from patient orientated applications to military brain performance enhancement offers major opportunities, for example in the design and evaluation of new systems. We foresee that the first applications of BMIs will be available for workstation operators in high-risk environments. Future research should be focussed on three transitions: 1) from clinical and patient apparatus to applications and equipment for healthy users, 2) from lab (or controlled) environments to the field, and 3) from fundamental knowledge to operational applications.

1.0
Introduction


Traditionally, human performance enhancement focuses on the improvement of the physical performance, and not so much on the cognitive abilities of the human. However, in current military operations cognitive tasks such as information gathering and interpretation, decision making, communication with civilians (with or without (remote) language support), and operation of complex equipment are required throughout all ranks and levels. Apart from physical fitness, cognitive fitness has become a prerequisite to complete mission essential tasks. This makes enhancing cognitive or brain performance a relevant issue.

Apart from mission essential tasks, cognitive performance is also critical in the interaction with systems. In this respect, understanding the cognitive state and capabilities of the individual soldier becomes increasingly important to build the required 'intelligent' systems (see Figure 1). There are large individual differences and these should be taken into account in operational deployment and the design and use of operational systems. In the last decade, the contribution of neuroscience has grown, based on the conviction that the human brain is the basis for both cognitive tasks (perception, planning, decision making) and for physical performance (grasping, aiming, pointing). Since the brain also controls processes throughout the body, and our body interacts in turn with our brain, brain performance is also relevant with respect to physical performance. Important steps forward have been made in fundamental neuroscientific knowledge. Knowledge on the structure and functioning of the brain grows every day.
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Figure 1: Examples of humanization of the interface; intelligent systems (“virtual assistants”) that look and behave like human beings, and that are required to have a better understanding of the human partner's cognitive and emotional state and capabilities.

From the perspective of biology, brain performance enhancement through pharmacological and later on possibly through genetic/stem-cell measures will significantly improve neurocognitive abilities. Today we see a lot of activities directed to optimise the biochemistry of the brain and biochemical signalling. For example, the well-described mental state of flow with all its positive effects seems to be connected with the activity of the substance Anandamide, probably the transport vehicle for endorphins through the blood-brain barrier. Most of these activities arouse from observing unexpected side effects of medication to patients with psychiatric diseases, but only are enabled by major advances in understanding human biochemistry. This paper however, does not sketch the biological perspective but follows a Human Factors Engineering approach (see [1] in this issue for a complementary view). It consists of several parts. First, we reflect on the potential contributions of neuroscientific knowledge to the military domain and in particular on the areas neuroergonomics and Brain-Machine Interfaces (BMI). We zoom-in on neuroergonomics and BMI applications and report the latest data from our lab on the use of brain signals to improve human-system symbiosis. Finally, we discuss the way forward and the (specific) challenges and opportunities.
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Figure 2: Example of the risk of perceptual and cognitive overload.


2.0
Military relevance of neuroscientific knowledge 

Neuroscientific knowledge can potentially contribute to several military issues. In some areas, this contribution will be minor, but in others it may actually be essential to make progress towards human-system symbiosis [2]. We give the following list as an indication of the scope rather than as a complete overview. We will discuss the first four in more detail in the next sections.

· System design. Neuroscientific knowledge can have an important contribution in the design phase of military systems (as far as user cognition is relevant for the system at hand). Traditionally, the cognitive sciences have made major contributions to this area, mainly by providing models of functions like perception, memory, and motor skills that help optimise system design. Example include design considerations such as colour use, symbol size, and menu structures. Neuroscientific knowledge on user aspects such as attention, engagement, and workload can expand the set of existing system design guidelines. 

· System evaluation. Besides improving system design, neuroscientific research tools (e.g., neuro-imaging) can also be used to evaluate systems by testing the extent to which various known brain areas and signals are involved while the system is being used. Neuro-imaging may therefore help determine whether and to what extent systems stimulate the relevant brain regions optimally involved in a particular task. The advantage of neuroscientific measuring methods is that they help us understand variables that cannot be determined by behavioural measurement.

· Direct communication. People working in challenging environments and at the edge of their physical and cognitive abilities such as military operators are a major thrust for ergonomic innovation (see Figure 2). Developments in human system integration have proven to be of great importance in supporting mission essential tasks in high-risk environments. In situations where an operator has literally a shortage of eyes and hands, direct communication between operator and system without the user’s sensory or motor system but based on brain signals, can be considered as an additional communication channel between user and system.


· System adaptation. Sensory or cognitive overload is an eminent risk for operators in information rich environments. One of the solutions to this risk is to implement a system that adjusts the information presentation (e.g., postpone messages) or the task allocation (e.g., take over tasks from the user) to the user’s current capabilities. To accomplish this, such an adaptive system needs information on the present state of the user, for example on visual attention, task engagement, or cognitive load. Brain signals may be valuable indicators of operator state, adding to existing physiological indicators such as heart-rate variability. Another possibility is that brain signals may indicate rare but threatening situations such as pilot spatial disorientation
. An advantage of neural measures is that they can add vital information to sometimes less reliable behavioural measures. For example, we can use eye movement technology to determine what someone is looking at, but not whether that person is actually perceiving the visual information or attending to music playing on thee radio or planning an action. By measuring brain signals in the visual cortex, we may be able to determine the focus of someone’s attention. A step beyond identifying the locus of attention is distilling information about the objects an operator has seen. Recently, neurocognitive researchers have been able to accurately identify which of two objects a respondent had been looking at, for instance a horse or a cow, a bird or a butterfly, based on twenty seconds of fMRI data (for an overview see [3]).

· Personnel selection. Neural indicators may help to assess and predict the extend to which an individual is able to cope with stressful environments, high information loads, etc.

· Training. Most aspects of training are related to the brain and its plasticity. Measuring this plasticity and changes in the brain can help to improve training methods in general and an individual’s training schedule in particular. With respect to the latter, indicators such as learning state and rate of progress (novice / expert) are useful. To sketch a picture of recent neuroscientific progress: Neuroscientists showed that they were able to predict whether or not a respondent would remember a specific word based on fMRI patterns only. A topic gaining relevance to military performance is the emerging scientific field of neuroplasticity. The term refers to the brain's ability to change its physiological structure and function, in particular by expanding or strengthening circuits that are used, and by shrinking or weakening those that are rarely engaged. The science of neuroplasticity has mostly documented brain changes that reflect physical experience and input from the outside world. Recently also the change in response to purely internal, mental signals has been investigated by EEG [4] and fMRI by probing Buddhist long term meditators. Early work from the 1970s and 1980s probing Transcendental Meditation practitioners already revealed dramatic increase in synchronicity and activity of brain waves through EEG measurements, but could not correlate it to physiological changes in the brain. These findings allow for new types of mental training to improve or even aquire mission critical abilities.

· Resilience and mental healthcare. Neuroscientific knowledge could also help to protect military personnel against brain-related stressors (resulting in a better preparation for deployment), or help to recovery after stressful experiences. Neurofeedback can be considered as direct communication between brain and system. However, the aim here is not to communicate messages or to control a machine, but to train producing (or suppressing) brain signals themselves in order to improve well-being. Neurofeedback is already considered a valuable tool in treating for instance depression, sleep disorders, and post traumatic stress disorder.

· Cognitive performance. Neurofeedback and other neuroscientific techniques can also be employed to increase cognitive performance, concentration and mental fitness in general. 

· Information operation. A niche application with military relevance is to employ the superior pattern recognition capacities of the human brain to analyse large amounts of visual imagery like satellite images at high speed and select relevant images or detect changes over time.

· Rehabilitation. After deployment, neuroscientific knowledge can also contribute to physical (and mental) healthcare, e.g. through knowledge on neural recovery, to support people with reduced sensory, motor, or cognitive functions and to treat mental disorders. The use of BMIs in motor revalidation is currently investigated by for instance the EU project TOBI (Tools for brain-computer interaction). The idea is to give feedback to the responses of motor neurons as to keep them active even though the body is (currently) not responding.

Of the list above, we will zoom-in on the first four bullets: system design, system evaluation, direct communication, and system adaptation. The first two of these are also known under the designation, neuroergonomics, while the latter two are considered as Brain Machine interfaces (BMI) or Brain Computer interfaces (BCI). 

2.1
Neuroergonomics: system design and evaluation

Recently, more and more automation has been made available to the human. However, a possible downside can be the increasing information complexity and volume, and an increasing autonomy of technical systems with out-of-the-loop, situational awareness and vigilance problems as a result. To cope with these issues, human factors engineering is essential. We should keep the human as central focal point of the design process, to prevent human error and major consequences after system implementation. Neuroergonomics is an emerging field that combines neuroscience with human-system interaction studies in order to evaluate how well a technology matches human capabilities and limitations. The term neuroergonomics was first coined by Raja Parasuraman [5]. Parasuraman explains the aim of the field in the following words: “to use the discoveries of human brain and physiological functioning both to inform the design of technologies in the workplace and home, and to provide new training methods that enhance performance, expand capabilities, and optimize the fit between people and technology”. An illustrative example is the recent research on cell phone use during driving [6, 7, 8] and brain-imaging results that indicates that even the hands-free or voice activated use of a mobile phone is as dangerous as being under the influence of alcohol during driving. The listening-and-drive mode produced a 37% decrease in activity in the parietal lobe, which is associated spatial processing, critical for navigation. Activity also decreased in the occipital lobe, which processes visual information [9]. 

2.2
Brain Machine Interfaces: direct communication and system adaptation

Brain Machine Interfaces (BMIs) enable direct communication between the user’s brain or nervous system and a machine without involving the motor system. BMIs are an embryonic technology but remarkable accomplishments have been reported in the last decade, for example in the ability to use single trial EEG measurements [10] and apply BMIs in fast control processes [11].

BMIs can be roughly divided in active, reactive and passive BMIs [12]. With active or reactive BMIs, users consciously operate a machine handsfree. In active BMIs, they do this for example by imagining left versus right hand movements which the computer then can decode as the desired direction of a cursor on a screen or of a vehicle
. In reactive BMIs, users are presented with different kinds of so-called probe stimuli (e.g. images or differently pitched tones) that elicit certain detectable brain signals whenever attention is consciously focused on them. As in active BMIs, reactive BMIs allow the communication of messages without the use of the motor system. An advantage of active over reactive is the independence of probe stimuli; an advantage of reactive over active is the speed of communication due to the relatively clear brain signals even without training of the user. A special application of reactive BMIs lies in image classification [13]. Since the (human) brain is still notably better in certain kind of image recognition or classification tasks than computer algorithms, one can make use of this capability by presenting the brain with large sets of very quickly presented images where the human has to pay attention to a certain target. Instead of, or in addition to, pressing a button, brain signals can be used to speed up the classification task. The third kind of BMIs is called passive. Passive BMIs are not intended to control machines but to enhance human-system interaction and/or inform the user about his/her state. These BMIs do not require mental effort or consciously generated brain signals, but use spontaneously, 'automatically' generated signals that arise when doing a certain task. Passive BMIs can monitor aspects such as (visual) attention, engagement, drowsiness or mental workload and initiate proper action such as issue a warning, adapt the information presentation or allocate tasks differently between user and system. Also, errors can be recognized and corrected [14]. 

The ultimate goal is the use of these passive BMIs to create a symbiotic relation between human and machine in a closed-loop system, which continually optimizes its performance. Extended research has already been done in the field of Augmented Cognition, which aims to compensate for temporal limitations in human information processing [15].

3.0
BMI Developments at tno

In this section, we will discuss a reactive BMI and two kinds of passive BMIs (one to monitor errors and one to monitor workload) from our lab.

3.1
Handsfree navigation


The traditional application domain for handsfree navigation BMIs is for severally disabled people who lack the motor capabilities to communicate. In this domain, active BMIs are the principal choice because users can devote large parts of their cognitive resources to the navigation task. For military applications, the advantage of handsfree navigation is evident, but operators will certainly not be in a situation where they can easily devote cognitive resources to the navigation task only. For example, brain-based applications may be introduced to navigate a remotely operated vehicle more intuitively than via complicated control devices while the user is engaged in cognitively demanding tasks such as surveillance or ordnance disposal. Thus we should look for interfaces that benefit from the handsfree aspect but also require acceptable cognitive effort. Therefore, our principal choice is for reactive or passive BMIs. Ultimately, a BMI should be able to recognize the brain’s desire to navigate somewhere, so that the user does not have to plan and execute the appropriate motor commands to control a complex interface.

Many reactive BMIs are based on Event Related Potentials (ERPs), especially the P300 ERP. The P300 is a positive peak in EEG that occurs approximately 300 ms after presentation of an attended 'target' stimulus, presented within a sequence of other ignored 'distracter' stimuli. Because users can choose for themselves which of the presented stimuli is the target to attend to, and because the P300 can relatively easily be detected, this signal has often been used to drive BMIs. A well-known example is the P300 speller in which rows and columns of a matrix consisting of letters are sequentially flashed in random order [16]. Every time the row or column is flashed that contains the symbol that the user wants to spell, a P300 occurs. In this way, users can spell directly with their brain. Other P300 based BCIs have been designed to control a robot wheelchair [17], to switch devices on or off in a virtual room [18] and to stop a virtual car [19]. 


As far as we know, all P300 BMIs up to date have used visual or auditory stimuli to elicit P300s. However, for military purposes tactile stimuli can be an interesting alternative. These stimuli can be delivered by tactors that are hidden under the user's clothes, making the ‘stealthy’. Using tactile stimuli will also keep the eyes and ears of the user free, and these are often primarily required to ensure the soldier’s performance and safety. Tactors applied around the waist have proven to be successful as navigation display [20], and may therefore be a natural choice for designing an intuitive BMI for navigation. 


In a series of experiments, we asked participants to focus on one of several tactors around the waist (Figure 3) that vibrated in random order with or without corresponding visual stimuli on a monitor. The idea is that in this way they can communicate a desired direction of movement: a P300 occurring after the tactor on the navel vibrated means 'I want to go forward' and after the tactor on the left side 'I want to go left'. In the first experiment, we demonstrated that these kind of stimuli indeed elicited P300s and that they can be at least as strong as visual P300s [21]. Off-line classification showed that a classification model can successfully pick out the target direction from the distracters after only one presentation of each, though performance increases with more presentations (Figure 4). Also, we found that presenting stimuli bimodally (in the tactile and visual modality) increases the performance of the BMI. This indicates that tactile stimuli are also powerful enough to add to the traditional visual BMIs. We suspect that this advantage may be even larger when the visual and tactile stimuli are more in congruence than in our experiment (i.e., perceived at the same location in space rather than on the waist and on a screen). In subsequent experiments, we tested several spatial and temporal parameters of a tactile BMI where participants received online feedback. Findings include that from a P300 point of view, two, four and six tactors are equally suitable [22] and that the time between the start of the stimuli could be at almost twice as short in comparison to the experiments before (376 ms instead of 626 ms) without loosing any classification accuracy.
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Figure 3: Participant showing the tactile vest and EEG cap used in the experiment.
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Figure ???: Classification performance (percentage correct) as a function of stimulus modality (tactile, visual, bimodal) and the number of stimulus presentations (1-10). The grey line indicates chance performance.

3.2
Error correction


Although the cognitive mechanisms underlying human error detection processes are not yet fully understood, various EEG studies [23, 24, 25] have shown that human error detection is associated with typical patterns in the EEG signal, so-called error potentials. In general, these error potentials can be observed whenever the actual outcome of an action does not match the intended outcome. The exact structure of error potentials depends on the type of error. On the one hand, the machine may commit an error (for example when wrongly interpreting a user intention due to restricted information); on the other hand, errors may occur due to erroneous behaviour of the user (for example when accidentally pressing a wrong button). We call these machine errors and self-generated errors, respectively. Error potentials provide us with information that is not directly observable from the 'outside' and could be used by BMIs to quickly detect and possibly correct errors without disturbing and requiring any effort of the user. Some studies showed that BMIs can indeed detect single machine errors [12] and self-generated errors [26].


As alluded to in the previous section, tactile interfaces started to attract the attention in the field of human-machine interaction. Van Erp [20] pointed out various advantages of tactile interfaces. These include their potential to lower cognitive workload in other modalities and their ability to intuitively direct a user’s attention (a proverbial tap-on-the-shoulder). Because of the increasing importance of tactile interfaces in human-machine systems, it is of interest to determine whether error potentials similar to the ones found in the visual and auditory domain are observable for tactile stimuli. There exists only one study [27] that indicates that self generated error potentials can be elicited in the tactile domain. We explored the EEG patterns related to error processing in the tactile modality for both, self-generated and machine errors [28].


Subjects were asked to move a tactile cursor to a tactile target. Cursor and target were presented using the tactile display as described in the previous section. The target was continuously vibrating with on- and off times of 100 ms. The cursor was presented for 400 ms. Subsequently, subjects were presented with a visual cue indicating a movement direction (clockwise or counter clockwise). By pressing an 'accept' button or a 'reject' button they could either make the cursor move in the desired direction or not. In some conditions, the machine committed an error by moving the opposite direction of that indicated by the user. In other conditions, the visual cues were made more difficult to interpret, such that the users made relatively many errors. Figure 5 shows the averaged error potentials as found in this study. Interestingly, for self-generated errors, EEG traces between correct and erroneous trials already start to differ before the button has been pressed, indicating that the brain is aware it has initiated an erroneous movement before it is executed. This could potentially be very valuable information to be used by a BMI. Mean classification rate for both types of errors was around 70%, albeit with relatively many false alarms. This can most probably be improved by providing the classification model with more training data.
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Figure 5: Tactile error related EEG signals.


3.3 Operator State and adaptive interfaces

The ability to continuously monitor workload in a real-world environment would have important implications for the design of human machine interfaces as well as the real-time online improvement of interaction between humans and machines. For example, based on an online measure of operator state, one could adjust the task allocation between operator and machine during high workload, let the automatic pilot take over control during pilot spatial disorientation, or send a baggage inspector for a break when their visual attention is too low. Several studies showed that different frequency bands in the EEG power spectrum vary with workload [29, 30, 31], fatigue [32, 33, 34], or visual attention [35, 36].

NIRS (Near Infrared Spectroscopy) is a less investigated brain imaging technique that measures the relative concentration of oxyhemoglobin and deoxyhemoglobin within the cortex. There are indications that workload affects NIRS signals as well [37, 38]. Since EEG and NIRS measure different physiological signals and are susceptible to different noise sources, it is possible that a combination of both techniques will enhance our ability to distinguish between different levels of workload online. We investigated the effect of different workload levels on EEG and NIRS, and evaluated whether using both signals in a classification model will improve offline workload identification.


Workload was varied using the n-back task [39]. Ten subjects viewed a screen on which letters were presented successively. Their task was to indicate by button press whether or not the current letter was the same as the one presented just before (1-back) or the one before that (2-back). In the 0-back condition subjects judged whether the letter is an 'x' or not. EEG and NIRS signals were recorded simultaneously (Figure 6). 

[image: image7.emf]

Figure 6: Participant wearing a cap that contains both EEG and NIRS sensors. The three NIRS sensors are indicated by the three ovals.


Preliminary analyses (see also Figure 7) show that the EEG recordings generally resulted in good classification between the 2-back and both the 1-back (70.8%) and the 0-back (73.3%) conditions, but NIRS not (53.5% and 61.3%, respectively). Also, combining EEG and NIRS (56.5% and 61.1%, respectively) did not improve the classification results compared to EEG alone. The limited performance of NIRS as workload indicator may be due to the fact that we have not yet developed classifiers specifically for NIRS signals but used EEG classifiers for the both the EEG and the NIRS data. Further analyses should reveal whether NIRS signals can add to EEG in classifying levels of workload.

[image: image8.emf]

Figure 7: Example result for one participant in the workload study. Effect of task difficulty on the EEG power spectrum is given in panel a) and on the oxyhemoglobin level in panel b).

4.0
conclusions

We argued that current military operations not only challenge the physical capabilities of soldiers, but also their cognitive abilities. Performance enhancement should therefore also be focussed on cognitive performance and thus the brain. Or as Parasurman and Wilson [40] put it: to examine behaviour and the mind at work, one should study what makes work possible – the brain. The scientific discipline that studies the brain is neuroscience, and hence we should identify neuroscientific knowledge that is of relevance to the military domain. We have given an extended list of the possible neuroscientific contributions and zoomed-in in more detail to neuroergonomics and BMIs. Until today, the majority of applied neuroscience research is aimed at assisting people who suffer from a physical, perceptual or cognitive challenge and not at performance enhancement for healthy users. This situation opens up opportunities for spin-off and spin-in between advanced (military) Human System Interaction knowledge and the accomplishments in neurotechnology for patients. Currently, there is inadequate structural knowledge development
 for military specific fields while fundamental knowledge has limited value for applications, especially in the military domain. Several new challenges arise: how to build an application that is fast, accurate, easy to use, and that can be operated in strenuous environments and based on sensor systems (EEG, NIRS, or others) that are preferably portable, easy to don, and non-obtrusive. Also, low bitrates may be acceptable for patient applications, but may be of less interest to healthy users [41]. These issues add to challenges that have to be dealt with in applications for patients such as large differences between individuals and even BCI illiteracy. From a military perspective, knowledge development should focus on three transitions: 1) from clinical and patient applications to applications for healthy users, 2) from lab (or controlled) environments to the field, and 3) from fundamental knowledge to operational applications. These transitions will also involve ethical issues. Everyone will agree that personality, free will and mental abilities are interwoven with brain function, which become more important if we shift from therapeutic BMIs towards enhancement BMIs (see Figure 8). Therapeutic BMIs focus on people with degraded functioning (for example as a result of a stroke), while enhancement BMIs focus on expanding the capacities of normal functioning individuals which is an important difference from an ethical point of view, especially when medical risks are involved as with invasive sensor systems.

In conclusion

· Neuroscientific knowledge can contribute to the military domain in designing and evaluating equipment (neuroergonomics), selection and training of personnel, increasing resilience and in user system communication (BMI).


· Recent developments in neuroergonomics are concerned with the neural basis of cognitive functions (such as perception and decision making) and of physical performance (such as grasping and aiming). These developments are essential new ways to cope with increasing problems in human–system integration.

· BMIs carry with them the expectation of the future, they are among us and are here to stay. Tens of thousands of individuals already use a BMI for different therapeutic applications. Still, these BMIs are one-way tools to either actively send signals from the brain to a technical system or v.v. (including cochlear implants and deep brain stimulation for people suffering from tremors). Especially non-invasive BMIs are not yet capable of transferring information-bearing signals into the brain. Thus, pure interactive brain-machine communication is not viable yet
. 

· Generally speaking, one could say that as BMI qualities improve, the application of BMIs will no longer be limited to patients. Instead, the field may gain momentum at the moment the military, gaming, entertainment, and other industries get fully involved and BMIs will become available to an exponentially increasing set of patients and non-patient groups.

· We foresee that the first applications of BMIs will be passive systems for workstation operators in high-risk environments. Active systems still are still too slow in terms of precise intentional information transfer. In recent years, major steps have been accomplished in passive BMIs in lab environments for instance to implement adaptive automation. Also, applications for workstation operators do not depend on the development of wearable (sensor) systems.

· The thrust from technology with enablers like advanced materials, nanotechnology, microintegration etc. will open up possibilities to contact the brain in a more effective and gentle way, therewith paving the way for broader application of neurotechnology in the military domain.

[image: image9.emf]




Figure 8: Trends over the past few decades clearly show that technology and systems are coming closer to the human body and are nowadays often worn on the body. Next generation interfaces for healthy users may be partly inside the body. This step has already been taken for special patient groups. Although ethical questions will certainly play a role in this process, applications for healthy users are based on implanted chips are on the market, like VeriChip (Delray Beach, FL) implants to pay for drinks in a discotheques (picture from Baja Beach Club, Rotterdam, The Netherlands; www.baja.nl).
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� Please note that communication can also be from system to user, for instance cochlear implants for the hearing impaired and electrodes for deep brain stimulation for people suffering from tremors.



� Please note that this is a hypothetical example. As far as we know, no brain signal correlates of Spatial Disorientation have been identified yet.



� To date, motor imagery has been the most commonly used task. However, eventually other cognitive tasks may prove to be more effective [203].



� Several NATO countries have started research programs or feasibility studies into this matter, amongst others the UK, the US, Canada, Germany and the Netherlands.



� For healthy users, one could consider to use the peripheral nervous system to establish communication from system to the brain therewith bypassing the human senses with their shortcomings but without needing to contact the brain directly.
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Abstract

We discuss selected highlights of future human performance enhancement and their potential impact as for example envisioned by authors of Science Fiction and Fantasy literature, coming into reach of man now. With reference to a new taxonomy of ergonomics as introduced by Kenneth R. Boff, we discern “technointegration” and “stimulated bioenhancement” and allocate these to the realms of neural respectively biological ergonomics, i.e. ergonomics of generation 3 and 4. Tools of knowledge generation including the Disruptive Technology Assessment Game approach are addressed. A brief comment on the perceivable shift in human-machine-boundary by society is included.

1.0
Introduction

In recent years we have seen substantial evolutionary or even disruptive advancement in and interaction of various disciplines of science. Referring to this contribution, they are the likes of nanoscience and -technology, medical analytics and diagnostics, neurosciences, pharmacology, drug targeting, genetic engineering, microsurgery or replacement and regenerative medicine. In succession, a rapidly extending comprehension of psycho-physiological processes and underlying biochemical and electrical patterns increasingly allows for manifold directed interaction either with body and brain itself, or with advanced technology. Thus, humans with supernatural abilities like pre-eminent hard and soft tissue resilience and force, extra- and ultra-sensory perception, side-effect free 72-hours unbowed alertness, or brain-based augmented reality perception, become conceivable and increasingly within reach. A lot of these extraordinary abilities have been anticipated and described in non-scientific literature during the last 100+ years, esp. in science fiction. By this, they have turned from being unthinkable to being imaginable, and have inspired generations of researchers.

According to Boff, we see the emergence of two new fields in human factors and ergonomics research [1]. Asides the two classical generations “Physical Fit”, i.e. adaption of equipment, workplace and tasks to human capabilities and limits, and “Cognitive Fit”, i.e. harmonious integration of humans, technology and work to enable effective systems, he identifies the new generations “Neural Fit” and “Biological Fit”. Neural fit investigates into symbiotic coupling of man with technology to amplify human physical and cognitive capabilities. Biological fit addresses non-technological enhancement by biological modification of physical and cognitive capabilities to maximise human effectiveness.

These innovations might, medium-term as well as in the long run, necessitate a RMA 2.0 (RMA = revolution in military affairs), i.e. reconsideration of operational structures and strategies, deployment and command, armament planning and so forth. They will change the rules of the game, as they are disruptive in character. In the short to medium term, they significantly might enhance individual capabilities of the deployed soldier, like for example in MOUT or DDD missions. Thus, the R&D progress in these topics mostly still perceived as visionary or exotic, might severely impact NATO forces´ future performance. 

In addition, a shift in society´s perception of the parting rule between human and machine, the so called human-machine-boundary, as well as concerning associated ethics can be observed. This phenomenon can at least in part be ascribed to the self-perception and self-conception of younger generations that grew up embedded in a virtual gaming environment, with a surplus of high-tech SciFi movies and books at hands, and completely new ways of interaction and communication with humans and computers. Beyond this, subcultures emerged from the technoids and piercing scene that feature “functional” extremity implants like screws, pushbuttons or the like to “modify”, i.e. dress up themselves according to mood or theme party events. As vivid example from the scientific community may hold Prof. K. Warwick, University of Reading, who already performed several “upgrades” on himself that may be of generation 3 ergonomics, i.e. neural fit [2]. On the other hand, progress in replacement medicine and prosthetics added to the shift in perception by demonstrating a significant quality gain in life through high-tech support, e.g. by cochlear implants, pacemakers or deep brain stimulation. This in turn does not only provide for the impaired or disabled, but is of substantial interest for ageing societies.

To imagine new and amazing capabilities, SciFi may provide ample inspiration. However, only supported by elaborate methods of correlation of visionary capability requirements and emerging or prevalent technologies, inspiration will stand a chance to systematically turn into innovation. Thus, we introduce two methods from the innovation management set of tools that are notedly suited to enable visions turn reality. Finally, in order to assess visionary ideas in terms of military pros and cons, we allude to the recently developed NATO Disruptive Technology Assessment Game (NATO DTAG).

2.0
Inspiration: Science fiction


Quite frequently, the birth of todays literary genre “Science Fiction” is allocated to the book “Cinq Semaines en Ballon” by Jules Verne, first published in 1862. Its foundation lies in science and technology of the industrial age. However, there is ample evidence for much earlier SciFi, like Kepler´s novel “Somnium” (finished around 1610), that we just do not recognise as such due to our contemporary cultural background. From the 1930s, the term Science Fiction had been established, and soon next to literature bound in books also trashy dime novels and comic strips appeared. At that time, supernatural characters like Superman, The Fantastic Four, Hulk or Elongated Man were sketched. But also loads of exotic technologies like Joystick and Remote Displays (1903) [3], Telemedicine (1909) [4], the Toughtscreen to visualise thoughts (1931) [5], an electronic Invisible Cloak (1931) [6], a HMI Tactile Sensorium, directly projected to the brain (1932) [7], or the SERT-helmet to control space ships by simultaneous emotions and reactions transfer (1968) [8] were anticipated long before the enabling technologies appeared on the scene. 

A set of visualised concepts arrived in the 1960s with movies and television series like 2001: A Space Odyssey, or Star Trek, again presenting new technologies and abilities. Eamples are the laser gun Phaser, emotion-responding technologies like the computer HAL-9000 or the Tricorder medical diagnostics scanner.

A new quality was gained with the rise of Cyberpunk in the early 1980s, the name being a portmanteau of cybernetics and punk. The time frame of the story is usually near-future, the settings are often dystopian. Common technological themes include advances in information and communication, especially the Internet which visually is abstracted as cyberspace, artificial intelligence and neural as well as biological enhancement. Protagonists live and act part time in the virtual worlds of the cyberspace, but also feature implanted real-world upgrades like plug-and-play augmented reality interfaces to the brain, retractable mini-daggers under finger nails, high-resolution digital camera systems as eye replacements or biochips to enhance mental capabilities (1986) [9]. A first impressive visualisation of acting characters in the cyberspace was the movie “Tron” (1982).

With respect to modern military equipment, the novel “Starship Troopers” (1959) [10] popularised a number of concepts and innovations. The novel's most noted innovation is the powered armour exoskeleton used by the Mobile Infantry. This suit is controlled by the wearer's own movements, but significantly augments a soldier's strength, speed, weight carrying capacity, thus allowing much heavier personal armament, jumping ability - including jet and rocket boost assistance. It provides the wearer with improved senses via infrared and night vision, radar, and amplified hearing, a completely self-contained personal environment, sophisticated communications equipment, and a tactical map display.

3.0
Incubation: human enhancement


Technointegration, or neural fit, investigates the symbiotic coupling of humans with technology to amplify human physical and cognitive capabilities. Major stimulus still is restorative medicine and prosthetics, ranging from limb replacement to communication support for patients suffering locked-in syndrome. Within the last two decades, enablers like nanotechnology, advanced materials or microelectromechanical systems (MEMS) technology started to facilitate contacting soft and hard tissue on the scale of living cells permanently without destructively intervening biological processes. 


Stimulated bioenhancement, or biological fit, investigates methods and measures of non-technological enhancement by biological modification of physical and cognitive capabilities to maximise human effectiveness. Also here, within the last two decades major progress in R&D was and still is enabled by knowledge acquisition in disciplines like nanoscience and -technology, biochemistry, medical analytics and diagnostics, neurosciences, pharmacology, drug targeting or genetic engineering.

These developments address physical, physiological, psychological and perception capabilities. They affect all four domains of the HFM panel, i.e. Human Systems Integration, Human Effectiveness, Human Protection and in part Operational Medicine. 

3.1
Technointegration


Technointegration comprises all possibilities of a man-machine-communication without involving extremities. Information exchange options between man and machine can either be established invasively by directly contacting nerves in brain or body, or non-invasively by using indirect signals.


Neuroprostheses, or neural integration, are characterised by a direct interface between the nervous system and electronic components. Communication between human and machine then uses the efferent, i.e. motor, division of the nervous system to transfer information to technology and the afferent, i.e. sensory, division of the nervous system to collect technology-generated input. Up to now, mostly uni-directional data transfer is employed. 

In the first place, generation of electrical signals by the nervous system implies to use these for information transfer between man and machine. They can either be detected themselves or by measuring the corresponding electric or magnetic field. However, signalling via nerves involves electric impulses and chemical communication, the latter being rate limiting. Thus, two different kinds comprising four types of communication are possible. Up to now, chemical pathways utilising neurotransmitters and neuromodulators are not understood clearly enough to allow for directed communication purposes.

In the brain, mental processes come along with measurably increased physiological activity like higher oxygen consumption or slightly elevated temperatures. Also, the brain produces various types of waves in various states of coherence. This allows for non-invasive data transfer, though up to now on a very coarse level and mostly active, i.e. from the brain to technology.


To date, we are still very much in the infancy of neural integration. However, we can observe accelerated progress in all enabling fields of science and research, ranging from the understanding of the interplay of psycho-physiological processes and thoughts and emotions, to microsurgery, sensors technology and computer software, just to name a few. Today, invasive brain-machine-integration like Deep Brain Stimulation (DBS) and Cochlear Implant are “standard routines”, Auditory Brainstem Implant, Auditory Midbrain Implant or Retinal Implant in various states of clinical realisation. Also, additional benefits and functions of state-of-the-art implants are continuously revealed. For example, DBS aimed at relief for Parkinson patients, seems also to be beneficial in therapy of other forms of tremor (essential, multiple sclerosis), epilepsy, severe depression, cluster headache or obsessive-compulsive disorders like Tourette syndrome. Quite some of these “remedies” can be interpreted as measures enabling remote control of humans. Invasive BMIs allow for delay free information transfer.

Most non-invasive methods as EEG (Electro Encephalo Gram) or NIRS (Near Infrared Spectroscopy) still have the disadvantages of time delay, usually very low signal-to-noise ratio and compound nature of signals, of being very insensitive concerning accurate location of the signals origin, and so forth. However, for example fMRI (functional Magneto Resonance Imaging) can detect “decisions”, i.e. the initiation of intentional action, several milliseconds before the idea to act comes to consciousness and is transferred into brain impulses triggering physical action. Nevertheless, we already witnessed EEG-driven technology like wheelchairs, robots or artificial limbs.

NIRS, on the other hand, is at the moment the only non-invasive tool able to feed “information” into the brain. This is due to the functional principle of the NIRS interface. It emits sensor NIR-pulses into the brain tissue on a frequency that is not blocked by absorption through water. These NIR-pulses also could be used to selectively heat discrete areas of the brain e.g. by crossed beam method.

Since the entertainment industry discovered the opportunities of multimodal game controlling beyond plain “joystick” interaction, an additional acceleration of applied research into non-invasive technointegration can be expected. As example may be mentioned a game controller headset developed Emotiv Systems, called EPOC. Utilising 14 “strategically placed” sensors it detects neural signals (EEG) and signals from facial muscular movement. These signals are then narrowed down and interpreted in 30 possible ways. Asides actions in a way beyond the capabilities of a physical controller, they enable real-time intentions, emotions and facial expressions reflected in cyberspace avatars. This combination of signalling considerably accelerates information transfer and widens the spectrum of parallel communication signals at hands. Furthermore, it is a first step into a rudimental authentic interaction in cyberspace domains like Second Life.

Looking into the future, neural integration might quite soon enable functional coupling of the peripheral nervous system to advanced technology in a plug-and-play-like manner. According to experts interviewed in 2007, from then on in 5 to 10 years direct multifunctional coupling of nerves in extremities like an arm could be a standard surgery routine. Also, at that time all materials used in the respective HMIs should be substantially enhanced to provide at least one decade of smooth and failure-free service. The same holds true for BMI fixed on the surface of the cortex. Restorative surgery like technologically bridging lesions of the spinal cord or from there to the peripheral system could be routine in 10 to 15 years. With respect to multifunctional deep brain implant BMIs, the experts assumed a time horizon of 15 to 25 years to achieve standard routine status, depending on factors like robotic surgery assistance, visual high-resolution 3D-diagnostics of the brain and more precise allocation of brain functions to discrete regions (functional clusters of neurons). All these estimations did only account for technological and medical feasibility, free of ethical or political constraints. 

On the one hand, technointegration faces new challenges in functional materials, miniaturisation, computing power, software and energy supply. On the other hand, novel challenges appear through direct information input from various sensors working outside of human perception abilities. When thinking beyond classical prosthetics, as a fully functional hand with tactile sensory may represent, there still is a major lack of knowledge on how the human brain would process and interpret data from artificial extrasensory sources like UV- or IR-vision, ultrasound or magnetic field sensors. Thus, asides experimentation in processing of technology-generated data towards human requirements, research in perception modes and cognitive/mental training is still due. According to the experience of K. Warwick [11], the output of head-mounted ultrasonic sensors as substitute spatial orientation device when blindfolded worked very well after few minutes of accommodation to the new sensory input. He also reported that the input pulses where not witnessed as one of the normal five senses. Though only a one-off self experimentation, the results seem quite promising for utile invasive human-technology integration.

Once invasive technointegration provides rugged bi-directional multichannel interfaces, human enhancement will range from imaginable upgrades like “extra-sensorial” perception, superhuman physical capabilities like superstrength, superfastness, or superprecision by direct docking to and melting with an exoskeleton, superior artificial organ and limb substitutes, to the yet inconceivable. However, also for non-invasive technointegration extraordinary accomplishments as mental capabilities like pre-cognition and faster data processing lie ahead.

3.2
Stimulated Bioenhancement


Already today, bioenhancement knows a plethora of ways to enhance physiological and mental performance. Next to health care related research and development, doping in sports can be regarded upon as a main driver in this field. Interestingly though, according to a recent online poll academia seems to be a major consumer, or beneficiary [12].


Predominantly, effective interventions tackle elemental levels of live - the genetic code and the body´s biochemical processes. A major change in quality of enhancement is about to be gained through personalised pharmacological products with none or neglectable side effects, on the other hand through opportunities provided by stem cell “technology” and genetic engineering.

Optimisation of body and brain functions by neuroactive substances is well known for centuries and has also been employed on the battlefield. Traditional stimulants comprise caffeine, glucose, nicotine, but also a wide variety of plants and extracts, like henbane, poppy, Labrador tea or wormwood. Usually they work by increasing the amount of neuron activity or by releasing neuromodulators. Deeper understanding of neuro-biochemical processes is leading to a broad spectrum of controlled pharmacological pathways to selectively address and enhance various physiological capabilities, i.e. mental, cognitive and physical performance parameters. Asides this, pharmacological agents will be helpful in unlearning phobias and addictions, i.e. for a highly selective modification of ones own personal memory. Thus, the combination of different pharmacological agents administered at appropriate times might allow future users a fine-grained control of their learning process.

To begin with, a rather unspecific goal is to pharmacologically induce a state called Flow, also know as Runner´s High. Flow is a mental state of operation in which the person is fully immersed in what he or she is doing, with the respective action executed at much higher performance levels as usual. Its physiological counterpart is cardiac coherence, an optimum synchronisation of respiration, heartbeat and blood pressure. It seems proven that Anandamide (after Sanskrit ananda for “Bliss”), the body’s endogenous equivalent to THC in marijuana, enables this physiological state by transporting endorphins through the blood-brain barrier. However, Anandamide triggers short term memory loss, which still is an obstacle to be overcome before commercialisation of “Flow-Pills”. The state of flow also can be evoked deliberately by experienced (Buddhist, Transcendental Meditation, etc.) meditators practicing regularly.

In recent years, several commercial drugs like Provigil/Nuvigil or Ritalin have found alternative markets with the healthy far off their original target. The pharmacological substance modafinil and its enantiomer armodafinil are stimulant-like drugs for the treatment of narcolepsy, shift work sleep disorder, and excessive daytime sleepiness associated with obstructive sleep apnea. With the healthy, they are in use to significantly reduce performance lessening due to sleep loss with apparently none or neglectable side effects and risk of dependency. Furthermore, modafinil has been shown to enhance working memory in healthy persons. This makes it very promising for use in military operations, as unbowed vigilance, attentiveness and concentration can be kept up over 24 hours and extended towards 48 hours. Ritalin, an analeptic drug too, is indicated in the treatment of Attention-Deficit Hyperactivity Disorder (ADHD). Its psychoactive agent is methylphenidate, a potent central nervous system stimulant closely related to amphetamines. The most frequent off-label use is the enhancement of cognitive and learning processes. These findings successfully initiated research specialised into development of “steroids for the brain”, so-called Smart Pills to improve long-term memory. In a first step agents are developed that permanently increase the concentration of the respective neurotransmitters.

Turning towards physical body enhancement through pharmacological stimulation, as an outstanding example may hold the discovery of the growth factor protein Myostatin. Active Myostatin keeps muscle stem cells inactive as long as normal levels of physical load are applied to the body. Research in Bully- or Double-Muscle Whippets revealed, that with them Myostatin is switched off. These dogs show approximately doubled muscle mass as their regular siblings and, if trained properly, run close to the double speed of them. Myostatin-blocking agents already have been developed and successfully tested on animals. Their use by humans is assumed in isolated cases due to observed irregular gain in muscle volume. However, during the last decade also several human births with deactivated Myostatin were reported.

Stem cell therapy seems to introduce limitless therapeutic opportunities ranging from in-vivo regenerating or in-vitro grafting of individualised replacement organs, healing of cancer or neurological diseases to inversion of the aging process. Obviously, also the healthy body could be enhanced to perform superior, like by growing additional muscles, more resilient bones or enlarged lung volume. In theory, any human body may physically become prepared for or adaptable to specific tasks. Actual obstacles to progress are imposed by unsolved questions like how to reliably direct stem cells to their target region, how to fix them there, and how to activate them at the right moment to the desired expression.

Gene doping has in recent years come to public attention through doping related scandals in sports. Research is at the moment focused on treatment of degenerative diseases of the muscular system. Gene doping works by delivering a modified genetic code to the owner´s body through viral vectors. The modified code will activate a correct programme to restore or enhance physical body capabilities. Also here, the hows, whens and whys of code activation are not fully understood yet, but experts do not doubt a major breakthrough will happen.

4.0
Innovation: tools to guide and direct r&d

Innovation and Technology Management has developed a broad variety of tools to guide, accelerate and render more precisely innovation processes from early stages of identification of customer needs to design and experimentation of prototypes, production, marketing, and sales. These tools also can be used or adapted to assess future needs in security and defence, identify options and evaluate chances and risks of evolutionary as well as disruptive developments. Of course, they enable to analyse feasibility of SciFi inventions, or at least of one or alternate cascades of enabling knowledge and technologies to approach SciFi-ctional capabilities. In this section, we briefly introduce and discuss two important toolsets: House of Quality and TRIZ.

4.1
House of Quality


The House of Quality (HoQ) is the central function within the innovation management tool Quality Function Deployment (QFD) and quite flexible concerning the correlation of any “Whats” to “Hows”. QFD is an important communications and planning method in early stages of the innovation process. According to its inventor, Y. Akao, it is a method to transform user demands into design quality, to deploy the functions forming quality, and to deploy methods for achieving the design quality into subsystems and component parts, and ultimately to specific elements of the manufacturing process. The main task of HoQ is to link customer demands to respective technological requirements and solutions, to facilitate the assessment of the interaction of all identified technologies, competitor evaluation etc. (see Fig. 1). However, a much broader scope of applications for this method is obvious.
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Figure 1: House of Quality, basic general building blocks. A fully expressed HoQ 
provides several more units like cellar, mezzanine, or attached rooms.

4.2
TRIZ


The theory of inventive problem solving, TRIZ (from Russian Teoriya Resheniya Izobretatelskikh Zadatch), is a method based on the systematic analysis of tens of thousands of patents for their underlying design patterns and principles. It provides tools and methods for use in problem framing, system analysis, failure analysis, and patterns of systems evolution. From a methodological point of view, it is a combination of intuitive (like brainstorming) and discursive (like Osborn´s checklist) creativity methods. TRIZ is for example very helpful in answering to technological contradictions identified by the crosschecking process of the “Hows” in the roof of the HoQ. Over the last decade, lots of effort is put into transfer of TRIZ principles and approaches to other disciplines outside technology. TRIZ is made up of a broad variety of tools and methods to elaborate creative and effective solutions to all technology-based problems. It comprises four core elements: system, knowledge, analogies, and visioning.


The TRIZ process is initiated with a systematic analysis and the definition of the goal. Here, tools like the innovation checklist to collect all available information on the object/topic, including resources and prevalent knowledge, the Ishikawa diagram to identify causes of problems, the visualisation of the ideal state or solution, an analysis of the resources at hands, or the anticipating failure (mode and effects) analysis are employed.


Secondly, all available knowledge on the subject under investigation is collected. Tools like bibliometrics and patent analysis, but also managerial tools like an environmental analysis – what are the corresponding upstream, downstream, complementary and substituting technologies – are used.


The third element, creating analogies by abstraction, identification of typical solutions, and concretisation, is crucial core element and unique with TRIZ (see Fig. 2). Here, specific tools mostly developed by the inventor of TRIZ, G.S. Altshuller, are employed. These comprise the matrix of contradictions, the laws of technical systems evolution, the algorithm of inventive problems solving (ARIZ), the 76 standard procedures, or the four separation principles to solve physical contradictions.
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Figure 2: Core process in creative problem solving (http://en.wikipedia.org/wiki/TRIZ).

Finally, visioning should accompany the whole process of TRIZ to enable optimum efficiency and ideal solution finding during all stages of the process itself as well as with respect to the degree of maturity of technological solutions within a products live cycle.

5.0
evaluation: the NATO disruptive technology assessment game (dtag)

The NATO DTAG is a holistic approach to assess all facettes of foreseeable impact of emerging technologies and anticipated systems (ideas of systems) enabled by them. Special focus is on so-called disruptive technologies. 


The term “Disruptive Technology” was introduced to the business world in the context of innovations based on technological developments. It is aimed at sharpening the awareness of new technologies which could disrupt the economic context of a business, leading to the breakdown of companies [13]. The term Disruptive Technologies has also inspired other communities. One of these is the domain of international research and technology cooperation and technological forecasting for defence and security planning. In this context, a Disruptive Technology stands for a technology-based development that changes the conduct of operations including the rules of engagement significantly within a short period of time. Disruptive military technologies of the past are for example nuclear weapons, radar-stealth technology or precision-guided munitions. Technically and/or biologically enhancing humans as well is very likely to cause disruptions. 

The question of how to identify and evaluate possible disruptiveness of technologies for defence is challenging. The standard bottom-up approach is based on monitoring of emerging technologies and their course of development. The alternative option is a top-down approach, where presumably disruptive capabilities are identified and analysed for their underlying enabling and therefore potentially disruptive technologies. These pathways are typically chosen in national foresight activities. However, they can at best identify “candidates” with disruption potential. A content-oriented analysis of disruptiveness has to be performed to reveal helpful conclusions and recommendations for decision makers.

The NATO-SAS subgroup 062 has developed and tested a promising methodology, a process involving military staff in a wargame-like setting. First step is the identification of interesting technologies, performed by the participating nations, mainly based on evidence (e.g. literature scanning) and expertise methods (using skill and knowledge of experts). The relevant information about these technologies is extracted, consolidated and given a common two-page format, known as the Technology Card or T-Card. These T-Cards provide information about the technology, its possible applications, readiness, drivers/actors and relevance to defence. In a second, creative step a number of higher aggregate level “Ideas of System” (IoS) are generated, based on the identified technologies and condensed into IoS Cards. The rationale behind this is that it is hardly possible to directly assess the impact of technologies, but rather of the systems and capabilities that they enable. 

The third step and core of the methodology is the so-called “Disruptive-Technology Assessment Game” (DTAG) where the potential use of the IoS are explored in a military context, by interaction of military players, technologists and analysts. Every DTAG consists of a number of vignettes, each considering a different military task. The military tasks are placed within the same NATO scenario, but are independent of each other. For the game, military players are split into two teams, Red and Blue, with each team supported by technologists, an analyst, and a military controller. The DTAG activities demonstrated that relatively immature technologies still can be successfully assessed [14, 15].

6.0
Conclusions


Neglecting ethical and political issues, the future of human enhancement provides options that up to now at best can be imagined by inspiration from science fiction. Technological as well as bio-medical progress is on the way to acquire capabilities enabling permanent technointegration on the level of the nervous system as well as transient or permanent stimulated bioenhancement far beyond normal body functions and resources. This will change the rules and conduct of military conflicts and introduce a new quality of asymmetry to the battlefield. To prepare for this, anticipation of future capabilities of humans and human-machine systems as inspired by SciFi is necessary. As support, the tools House of Quality and TRIZ have been introduced. To evaluate the impact of the methodically derived future capabilities we referred to the recently established NATO Disruptive Technology Assessment Game.

As history proves, man frequently took advantage of novel technologies at the adversities of others. However, human enhancement has reached a quality affecting and conflicting with natural evolution. Thus it is on the verge to outbalance civilisation on a new level - as mankind is in a position whereby it has the potential to evolve its own destiny. Ethics and related issues will have to be discussed, probably against the interests of strong lobbying parties. Up to now, only actions to be interpreted as “preliminaries” have been taken, like the STOA workshop “A European Approach to Human Enhancement” in the European Parliament, 24th Feb. 2009.
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abstract

The United States’ Office of Naval Research (ONR) is investigating a wide variety of methods to improve human performance. ONR’s Force Health Protection program includes an emphasis on physically and psychologically prepared forces for enabling human performance enhancement. Efforts to develop psychological resilience are ongoing through identification of individuals at greatest risk for developing stress-based psychological disorders via personality and cognitive characteristics, identifying and understanding the features of the operational environment that contribute to stress-development (such as sleep-rest cycles, rules of engagement), and studying the traits of individuals who have successfully endured high-stress situations (such as SERE school). Training curricula and job placement based upon this knowledge will then be developed to imbue stress inoculation, improve performance in psychologically stressful environments, and reduce the risk of debilitating post-traumatic stress disorders.  

Modelling and simulation (M&S) is also being used to enhance human performance by aiding in the design of equipment such as head-mounted devices for minimizing the effects of fatigue and strain, the design of light armor for maximum protection and range of movement, the design of better hearing protection and capability in high-noise environments and modelling the impact of human injuries on shipboard operations in casualty and threat situations.


Pharmaceutical interventions are also under development to facilitate human performance. Research on perfluorocarbons (PFCs) is in progress to increase dive performance envelope and reduce the risk of decompression sickness and arterial gas embolism. PFCs act as a “nitrogen sponge” and prevent bubbles from developing in the blood stream. It also appears that perfluorocarbons may provide some insulation from chest and head injury due to blast exposure if administered prior to insult by mitigating the inflammatory responses to cell damage. Pain management pharmaceuticals that increase pain tolerance without cognitive or sensorimotor sequelae are also under development. The delivery of encapsulated oxygen in the blood or intestines will enable the warfighter to effectively “store” oxygen for extended periods of operation in oxygen-deficient environments facilitating greater warfighters performance. 

This combination of psychological, biochemical, M&S, and pharmaceutical approaches have provided a full range of opportunities to enhance human performance under Force Health Protection enabling the fielding of warfighters with great stress resiliency, highly-effective equipment and systems, and interventions for enhancing and protecting their performance and health. 

1.0
Introduction 

The United States Navy recognizes that for optimal mission success we need to do far more than just to man the equipment, but rather to equip the man; to prepare the women and men of the Navy and Marine Corps for the physical and psychological stressors of their duties, and to sustain them during and after deployment. It is the mission of the United States’ Office of Naval Research (ONR) to interact with the Fleet in order to identify gaps in the capabilities of the Navy to meet the needs of the Fleet. If a solution does not currently exist for meeting a Navy need, ONR will organize research programs to develop novel products that will fill these gaps. The Force Health Protection (FHP) Program within the Warfighter Performance Department of ONR has a portfolio of products currently under development that are designed to protect the physical and psychological health of deployed forces. Whenever possible, the products should enhance physical and mental capabilities, and maintain these warfighters at the peak of their abilities throughout deployment and for years to come despite the hardships of service. Current efforts to be presented here are FHP projects for reducing the risk or mitigating the impact of psychological stressors including post-traumatic stress disorder (PTSD); modelling and simulation to enhance personal protective equipment and to anticipate the impact of injuries on shipboard operations; and novel pharmacological approaches to protecting warfighters from hazardous conditions in extreme environments. 

2.0
Products 

2.1
Neuropsychological Health Strategies

2.1.1
Development of Psychological Resilience through Stress Inoculation

The pre-deployment stress inoculation training (PRESIT) program will design, develop, and evaluate a stress mitigation system that will utilize virtual reality coupled with simulated scenarios to help deploying personnel better cope with combat-related stressors and mitigate the negative behavioral effects of trauma exposure. This leverages ongoing efforts at understanding the stress resiliency afforded by SERE (Survival, Evasion, Resistance, Escape) training and protective factors gleaned from asymptomatic combat veterans. Once a more rigorous inoculation regimen has been developed, the program will determine the most effective training for the warfighter. The focus of this preventative stress inoculation will be to minimize the non-functional (negative) aspects of combat stress, namely those symptoms typically associated with post-traumatic stress disorder (PTSD); conversely, the functional (positive) aspects of combat stress, including team cohesiveness and heightened situational awareness, will be experienced earlier and thus enable sailors and marines to quickly acclimate themselves to the combat environment more effectively. 
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Figure 1: Virtual reality presentations of simulated battlefield 
scenarios for stress inoculation training.

2.2
Modelling and Simulation Efforts

2.2.1
Personal Protective Equipment for Hearing Protection


Reduced hearing impacts survivability and effectiveness in the field. Noise-induced hearing loss is one of the most common disabilities among United States Sailors and Marines and has substantial human, economic and readiness impact. Noise-induced hearing loss is largely preventable by limiting exposure. However, once hearing loss occurs, there is currently no medical treatment to reverse it. In order to preserve hearing, ONR is developing the capability to capture ear canal shapes that can be digitally shared, archived, accessed, and manipulated for the design and manufacture of deep-insert custom earplugs, which are far better protectors than outer ear covers or shallow ear canal plugs. This approach will replace the material costs and man-hours of solid ear canal impression-taking with modern digital efficiency and accuracy to enhance the effectiveness of hearing protection. Deployed on-ship digital ear canal scanning will produce data files that can be managed as part of U.S. Navy personnel records, thus enhancing the manufacturing efficiency of custom earplugs. An additional component of this program will develop the capability to measure personal noise exposure that easily integrates into common styles of hearing protection devices. Data storage and retrieval will capture both daily and peak noise exposures with the goal of tailoring hearing protection selection, improved understanding of operational noise exposures and ensured quality of fit. 
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Figure 2: Digitally captured images of ear canal shapes.

2.2.2 
Personal Protective Equipment for the Head and Neck

This effort will develop an integrated experimental human surrogate that will demonstrate the physical consequences of mechanical impact on the head, and relate it to pathophysiological changes of neural tissue. Since the relationship between kinetic input and resultant head injury cannot be described in simple cause-and-effect terms, this product will focus on the pressures and strains in compression, translation or rotation forces. This information has been represented in a finite element simulation of human spinal tissues (SPINE) and is currently being expanded to include a head/neck/brain complex to account for the impact of acceleration forces (crash and ejection) and blast (non-penetrating head/brain trauma). Additionally, the development effort for this product will produce an interactive hazard assessment tool that better relates bodily injury (from an anatomic perspective) to specific occupational disability that can be expected. These capabilities will then be applied toward the development of an informational (computational and physical) model with enhanced predictive capability that will be used to establish injury thresholds and assist in the design of protective equipment for warfighters and establish guidelines for equipment use.
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Figure 3: Modelling of head, neck, and spinal column to account for impact of acceleration 
and blast forces in the design of better personal protective equipment.


2.2.3
Modelling the Impact of Injuries on Shipboard Operations

The Human Injury and Treatment Model (HIT) will enable ship acquisition programs to assess ship performance in a range of casualty situations, including onboard personnel injuries and treatment capabilities. The resulting model will identify variation in personnel outcomes and ship effectiveness and recoverability resulting from proposed ship designs, manning and equipment configurations. Data derived from the model will support cost-benefit and return-on-investment assessments for medical equipment allowances, medical manning, automation augmentation of personnel, crew protection design features, etc. The data will also identify the capabilities required of shipboard mobile medical facilities. An integrated Navy approach for HIT assessments will ensure all aspects of shipboard injury and treatment are realistically addressed, including: the ability to locate injured personnel, transport them to shipboard treatment areas, provide life saving medical procedures, and/or evacuate personnel to shore-based facilities as well as the ship’s overall mission effectiveness in casualty situations. 

2.3
Pharmacological Approaches for Protection in Extreme Environments


2.3.1
Pharmacology for Reducing the Risk of Decompression Sickness Injury


The development of intravenous perfluorocarbon (PFC) emulsions holds great promise as a treatment for decompression sickness (DCS) and arterial gas embolism (AGE). Based on time and depth of exposure, divers are at risk for DCS when they breathe inert gases during in-water transportation or when operational conditions do not allow the safe use of 100% O2. Additional risk is anticipated in flying after diving and disabled submarine scenarios. When DCS occurs in remote areas, the U.S. Navy Diving Manual recommends considering measures such as in-water recompression when a chamber would not be available for 12 hours or longer. As a delay in recompression therapy is associated with worsened DCS outcomes and the risks for in-water decompression therapy are prohibitive, the need for effective adjunctive therapy is evident. The most promising candidate for adjunctive therapy is emulsified PFC. Two PFCs are being tested: Oxygent and dodecafluoropentan (DDFP). Their most valuable property for this use is that PFCs have an extremely high solubility for gases, thus acting as a “sponge” to hold in solution gases that would otherwise supersaturate the plasma and fall out of solution to form destructive intravascular bubbles. This product represents a multi-center design to address PFC use in DCS and AGE along with human safety studies in recompression therapy. The objective of this collaborative effort is to meet the necessary elements for U.S. Food and Drug Administration (FDA) approval of a PFC indication for DCS and AGE which will permit the operational use of PFC by the Fleet.
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Figure 4: Perfluorocarbon emulsion in the reduction of risk or severity of decompression sickness.

2.3.3
Next-Generation Pain Management Pharmacology


The standard-of-care on the battlefield for control of pain is morphine. However, morphine has the serious side-effects of respiratory depression and sedation, along with the potential for abuse. Casualties who are given morphine must be disarmed and monitored, which then results in reduced tactical strength in the field. The technical approach taken by ONR was to develop a drug known as endomorphin-1 that is based on the naturally occurring pain-control compound in the human brain, but with fewer of the side effects of morphine. Endomorphin-1 proved to be rapidly metabolized. Subsequently, an analog of endomorphin-1 was developed that has similar analgesic qualities, but is longer-lasting; with tests showing benefits for 4 h or longer. This analog has been shown to be virtually identical to morphine as an analgesic, at a quarter of the pharmacological dose of morphine in a mouse model. There was no evidence that the mice found the endomorphin analog rewarding, in contrast to morphine, indicating that there is lower potential for abuse. The objective of the work remaining is to determine the effect of the drug on cognitive functioning. 

2.3.4
Non-Pulmonary Oxygenation


The objective of this program is to develop a replacement non-pulmonary (casualty breathing not required) oxygenation strategy for use in traumatic shock, wounds, and other injuries. Hydrogen peroxide (H2O2) would be stored in microcapsules and injected into the blood where enzymes would break the H2O2 down into O2 and water. Some calculations of the amount of O2 that could be delivered by this approach indicated that a single injection treatment would produce and deliver enough oxygen to supply the majority of the metabolic needs of the body for at least one hour in the case of traumatic shock or potentially in oxygen-scarce extreme environments such as at altitude and under water. This concept is being further developed to use the H2O2 system in a mechanical device for creating a point-of-use low-pressure O2 generator that is more portable and sustainable than high-pressure cylinders of compressed O2.
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Figure 5: Schematic of a hydrogen peroxide delivery microcapsule. The poly(lactide-co-glycolide polymer microcapsule contains 100-500 nm urea hydrogen peroxide particles suspended in 
a biocompatible perfluorocarbon. The microcapsule shell is a 0.2 (m thick membrane. 

3.0
Conclusions 


The Force Health Protection Program’s neuropsychological, modelling and simulation, and pharmaceutical approaches have provided a range of opportunities to protect, enhance, and maintain the health and performance of our warfighters.  The ongoing Human Performance Optimization efforts at ONR strive to increase psychological stress resistance, provide improved personal protective equipment to increase performance and preserve effectiveness and functionality, and maintain performance in a variety of extreme environments. ONR aims to provide products that will send warfighters into the field with greater resiliency to the physical and mental stresses of their missions.
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Abstract

Introduction

Thermotolerance (intrinsic and acquired) is the ability of the body and its cellular structures to withstand severe destructive heat stress.  Acquired thermotolerance [adaptive] (ATT) is induced by pre-exposure to elevated but non-lethal temperatures and leads to enhanced cellular protection, synthesis of stress and heat shock proteins (HSPs), and reduced risk from subsequent heat injury.  Enhanced intrinsic [native] thermotolerance (ITT), which has been described in several non-human organisms (i.e., nematodes, yeast), has been demonstrated when these organisms are subjected to pre-lethal exposure during a variety of developmental stages. Furthermore, it has been suggested that the molecular mechanisms and signalling pathways for ITT and ATT may be different. 

Rationale

Given that novel interventions which may lead to enhanced ITT could play a role in human physical performance and adaptability to known lethal environments (i.e., radioactive, excessive heat), characterization of these biological pathways are warranted. The role and signalling pathways of ITT are relatively unknown in humans.  Moreover, whether or not subsets of the populations (i.e., East African runners) have greater native or induced thermotolerance remains controversial.  It is likely that individual thermoregulatory responses to exercise heat stress are due the combination of ITT and ATT; however, the focus of most studies has been on ATT.  


Methods

The question remains “can science and technology be exploited to make man more resistant to environmental stressors? Human's resistance to environmental heat stress by increased ITT could be achieved by either genetic or environmental manipulation during early development. However, the possibilities of such robust molecular manipulations could not be achieved with significant ethical considerations.  

Conclusions

By exploring the molecular mechanisms of ITT in humans, we could begin to understand how to tolerate higher body temperatures, increase physical performance, and reduce the risk of severe heat injury and death. 

1.0
Purpose

Thermotolerance (intrinsic and acquired) is the ability of the body and its cellular structures to withstand heat stress that exceeds the optimal temperature range of human performance.  Acquired adaptive Thermotolerance (ATT) is induced by pre-exposure to non-lethal temperature elevations and leads to enhanced cellular protection, synthesis of heat shock proteins (HSPs), and reduced risk from subsequent heat-induced injury.  Enhanced intrinsic Thermotolerance (ITT), which has been described in several non-human organisms (i.e., nematodes, yeast), has been demonstrated when organisms are subjected to pre-lethal exposure during developmental stages.  It has been suggested that the molecular mechanisms for ITT and ATT Thermotolerance may be different. The question remains whether or not thermotolerance can be modulated by low level stresses such as exercise or heat stress during early developmental stages?  This review will discuss how organisms have naturally evolved stress response networks and how these developed networks could potentially be manipulated by heat stress, exercise, and other mechanism to modulate thermotolerance and heat shock mechanisms. In addition, the relationship of the adaptation to heat shock and longevity of organisms will be explored.  The advancement of science and technology underlying the physiological aging process which involved stress proteins (i.e., heat shock) has the potential not only to extend natural life spans, but also simultaneously to postpone many of patho-physiological states.


2.0
OVERVIEW OF THERMAL TOLERANCE

Thermal Tolerance refers to cellular changes from a severe non-lethal heat exposure that allows the organism to survive a subsequent and otherwise lethal heat exposure.  Thermal Tolerance and heat acclimation are complementary; acclimation reduces the adverse effects of heat on physiology, whereas Thermal Tolerance increases survivability to a given heat load. Thermal Tolerance is associated with the production of specialized proteins that bind to various molecules to provide cellular protection and to accelerate tissue repair. In addition to the actions of heat shock proteins, other pathways and cellular systems likely contribute to Thermal Tolerance Thermotolerance is an increased resistance of cells, tissues, and organisms to elevated temperatures following a prior exposure to heat. 

Thermotolerance has been demonstrated in cell lines, tissue culture, and in several animal species. Thermotolerant cells induce the overexpression of a family of Hsps and are thereby protected from cell death caused by various stresses (Figure 1). This suggests that the chaperonic function of Hsps is associated with the development of thermotolerance. However, the details of the molecular events underlying heat shock responses are not well defined.  
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Figure 1: Physiological signals that activate HSP70 expression.

In nature, the majority of organisms are exposed continually to variable ambient temperature conditions and as a result have adapted a robust stress response network which encompasses Hsps that are activated during conditions of pathophysiological stress. HSPs are constituents of this response and typically function as molecular chaperones, which assist in maintaining cellular protein structure.  During heat stress, members of the Hsp70 family mitigate cellular damage in many organisms including humans and Drosophila (Georgopoulis and Welch, 1993). Heat shock cognate (HSC) 70 and Hsp 70 are the most abundantly expressed members of this family, and both have been implicated in tolerance to hyperthermia. HSC70 is expressed constitutively and is linked to basal thermotolerance, whereas the expression of Hsp70 is heat-induced and is linked to acquired thermotolerance (Georgopoulis and Welch, 1993).

3.0
ROLE OF HEAT SHOCK PROTEINS DURING EARLY DEVELOPMENT

Excessive heat shock is one of the significant teratogens in humans, animals, and insects. However, protection from teratogenic effects as is true for various aspects of the stress response, can be achieved with mild pretreatment and Hsp responses correlate with this tolerance.  In the developing embryo, the heat shock response is regulated and has been shown to be involved in the differential response of mammalian brain, germ cells, and specialized somatic cell types. However, whether or not the heat shock response and associated pathways could be regulated in a matter to enhance protection against subsequent heat or other stressors without any negative impacts in the developing embryos is largely unknown. Significant research has focused on the role, induction, and mechanisms of Hsps during developmental stages. Exposure to moderate to severe temperatures can induce synthesis of Hsp70. Induction of Hsp70 at high temperatures has been shown to adversely impact development and reduce reproductive capacity. In D. melanogaster, Hsp70 induction is implicated in reduced fecundity, and Hsp70 overexpression is associated with increased larval mortality (Krebs et al, 1994), retarded growth, and reduced egg hatching (Krebs, 1991). While these findings demonstrate the adverse effects of Hsp70 expression in D. melanogaster, beneficial effects of thermotolerance due to Hsp70 induction are also well-established. In heat-acclimated worms after being grown at 25 degrees Celsius, survival is significantly enhanced when compared to worms grown at 20 degrees Celsius during subjection to heat stress (35oC) (Figure 2). Therefore, the potential beneficial effects of stress proteins on thermotolerance when compared to any negative effects appear to be largely due to the timing, duration of stress exposure (i.e., heat, metabolic), and the species studied. More work is necessary to better understand if employing titrated heat shock during embryonic development is feasible as an instrument to confer better thermotolerance.  
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Figure 2: The heat-acclimated C. elegans phenotype: survival curves of adult wild-type worms grown 
at 20{degrees}C (control, C) and worms grown at  25{degrees}C, AC) during subjection 
to heat stress at 35{degrees}C. AC worms endured heat stress markedly better 
than control worms. Treinin, M. et al. Physiol. Genomics 14: 17-24 2003.

3.1
Can Exercise with Associated Heat Stress Confer Better Thermotolerance?

Developing mammalian temperature regulation is dependent on maternal temperature, metabolism, and uterine blood flow (Linddgvist et al, 2003). The maternal uterine environment establishes an ambient temperature, and excess fetal heat is dissipated through a fetal/maternal temperature gradient (Lotgering et al, 1983). During exercise, an increased maternal core temperature may compromise or possibly reverse this gradient (Lotgering et al, 1983). In effect, the developing fetus may become a partial recipient of the thermal energy generated during maternal exercise.

In the rat, a maternal body core temperature increase of 2.5°C was established as a threshold after which 9.5-day-old fetal rats developed abnormally (Germain et al 1985). The duration of the exposure required to induce fetal malformations declined as temperatures increased above this threshold. Temperature-induced fetal defects have been experimentally produced in chickens, rats, hamsters, guinea pigs, rabbits, sheep, pigs, and monkeys (Edwards et al 2003). However, the type and severity of the fetal defects were dependent upon the species, stage of development, and intensity of the heat stressor.

Without doubt the fetus is dependent upon the uterine environment for life, however, a certain level of autonomy is retained by the fetus. For example, Hsps may be important as a fetoprotective mechanism (Bae et al 2003).  It remains unclear whether a chronic maternal exercise program alters the maternal/ fetal heat gradient to a degree that would induce a fetal Hsp response, especially in humans working at 60–70% aerobic capacity ([image: image3.png]



O2max). Results from one animal study indicate that maternal core temperature did not reach the threshold that would induce either gross fetal abnormalities or a fetal heat shock protein response (Mottola et al, 2007). Therefore, it remains unknown whether or not maternal heat stress (passive or active) exposure plays a role in the thermal tolerance of offspring. 


4.0
ADAPTATION TO STRESS AND LONGEVITY 


Some technologies inherent in the extension of health and life span could find applications in the military framework. Currently, clinical developments of therapeutics that slow aging by mimicking caloric restriction are being explored. Interesting, caloric restriction evokes generic heat shock and stress proteins, suggesting that aging and stress related responses share many common molecular pathways. Recently, acute low level bouts of stress (i.e., caloric restriction, heat stress) has been demonstrated to elicit induction of Hsps and other stress genes, which may be beneficial for improving longevity. During sub-lethal stress levels, cells may attempt to survive and activate a stress response system that includes a rapid induction of Hsps. It appears that the developed resistance to stress is often related to longevity. Some scientists have advanced the hypothesis that the stress response may also counteract the negative effects of aging, and that exposing organisms to a mild, sublethal stress, inducing a stress response, may help them to live longer and improve survivability during traumatic injury including heat stroke. However, whether or not these mechanisms affect longevity in humans is currently under investigation. Several mild stresses have been reported to increase longevity (irradiation, heat and cold shock, hypergravity, exercise, etc.), and one of them, hypergravity, to decrease the rate of behavioral aging. Exposure to mild heat-stress (heat-shock) can significantly increase the life expectancy of the nematode Caenorhabditis elegans. More than 40 single-gene mutants in Caenorhabditis elegans have been demonstrated to lead to increased lifespan (a rigorous, operational test for being a gerontogene) and A single heat-shock early in life extends longevity by 20% or more (Wu et al, 2009). Repeated mild heat-shocks throughout life have a larger effect on life span than does a single heat-shock early in life. In mammals, both dietary restriction and hormesis are phenomena in which the endogenous level of resistance to stress has been upregulated; both of these interventions extend longevity, suggesting possible evolutionary conservation. Recently, Westerheide and colleagues showed that human heat shock factor (HSF)1 is inducible at a critical residue that negatively regulates DNA binding activity and provide a mechanistic basis for the requirement of HSF1 in the regulation of life span and establish a role for SIRT1 in protein homeostasis and the HSR (Westerheide et al, 2009). The mechanisms whereby these stresses increase longevity have not yet been elucidated.


5.0
SUMMARY

Thermal Tolerance refers to cellular changes from a severe non-lethal heat exposure that allows the organism to survive a subsequent and otherwise lethal heat exposure.  Thermal Tolerance and heat acclimation are complementary; acclimation reduces the adverse effects of heat on physiology, whereas Thermal Tolerance increases survivability to a given heat load. Thermal Tolerance is associated with the production of specialized proteins that bind to various molecules to provide cellular protection and to accelerate tissue repair.


Organisms have naturally evolved stress response networks that could be potentially manipulated by heat stress, exercise, and other mechanism to modulate thermotolerance and heat shock mechanisms. Thermotolerance is an increased resistance of cells, tissues, and organisms to elevated temperatures following a prior exposure to heat. It remains unknown whether or not maternal heat stress (passive or active) exposure plays a role in the thermal tolerance of offspring. 

The relationship of the adaptation to heat shock and longevity of organisms could have significant implications for combating the negative impacts of stress (i.e., heat stroke, combat stress) associated with being a Soldier.  Acute low level bouts of stress (i.e., caloric restriction, heat stress) has been demonstrated to elicit induction of Hsps and other stress genes, which may be beneficial for improving longevity. In the near term, identification of key longevity genes, development of anti-aging therapeutics, caloric-restriction strategies, and others may be key in understanding the relationships of DNA repair mechanisms and “enhanced stress tolerance” leading to enhanced thermal tolerance and human performance.   


The views expressed in this paper are those of the authors and may not necessarily be endorsed by the U.S. Army.
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Abstract


Human serum butyrylcholinesterase (Hu BChE) is currently under advanced development as a pretreatment drug for organophosphate (OP) poisoning in humans.  Toward this effort, a procedure for the large-scale purification of Hu BChE from Cohn fraction IV-4 was developed, its pharmacokinetic properties were established, its shelf life was evaluated at various temperatures, and its safety and efficacy were examined. It was shown to protect mice, rats, guinea pigs, and monkeys against multiple LD50 challenges of OP nerve agents by i.v. or s.c. bolus injections. Since inhalation is the most likely route of exposure on the battlefield or in public places, the aim of this study was to evaluate the efficacy of Hu BChE against whole-body inhalation exposure to sarin (GB) vapor.  The study was conducted in minipigs because the pig offers many similarities in anatomy and physiology to humans. Male Göttingen minipigs were subjected to one of the following treatments: (1) Air exposure; (2) GB vapor exposure; and (3) pretreatment with 7.5 mg/kg of Hu BChE followed by GB vapor exposure. Hu BChE was administered by i.m. injection, 24 h prior to whole-body exposure to GB vapor at a concentration of 4.1 mg/m3 for 60 min or 11.4 mg/m3 for 10 min. EEG, ECG, and pupil size were monitored throughout exposure, and blood drawn from a surgically implanted jugular catheter before and throughout the exposure period was analyzed for acetylcholinesterase (AChE) and BChE activities, and the amount of GB present in plasma. Baseline blood AChE and BChE activities were 2.5 ± 0.1 U/ml and 0.14 ± 0.01 U/ml, respectively.  Animals pretreated with 7.5 mg/kg of Hu BChE showed peak blood BChE activity of 41.2 ± 0.9 U/ml with a mean residence time of 287 ± 53 h.   Similar retention times of 225 ± 19 h for monkey BChE in macaques and 8-11 days for Hu BChE in humans reported previously suggest that there is a high homology between human and pig enzymes.  All animals exposed to GB vapor for 60 min showed signs of cardiac and neurological toxicity and died following exposure.  Animals exposed to GB vapor for 10 min also died, but showed signs of cardiac toxicity only.  All animals pretreated with 7.5 mg/kg of Hu BChE survived the GB exposure. Additionally, the amount of GB bound in plasma was 200-fold higher compared to that from plasma of pigs that did not receive Hu BChE, suggesting that Hu BChE was effective in scavenging GB in blood, and preventing it from inhibiting CNS AChE.  Pretreatment with Hu BChE prevented cardiac abnormalities and seizure activity observed in untreated animals.  These results provide convincing data that the use of Hu BChE would provide a capability for extended protection against a wide spectrum of nerve agents and would eliminate the need for extensive post-exposure therapy.  In addition, the objective force will be able to take the advantage of these technologies, which will provide sustained maximum protection to soldiers under the most adverse battlefield condition, without performance degradation or interruption of OPTEMPO.

1.0
INTRODUCTION

OP nerve agents such as soman (GD), GB, VX, and tabun, exert their toxicity by inhibiting acetylcholinesterase (AChE) in the central nervous system (CNS). The resultant increase in acetylcholine levels at cholinergic synapses, particularly in the brain and diaphragm, produces an acute cholinergic crisis characterized by miosis, increased tracheobronchial and salivary secretions, bronchoconstriction, bradycardia, fasciculations, behavioral incapacitation, muscular weakness, and convulsions, culminating in cardiorespiratory failure and death.  Current medical countermeasures against OP nerve agent poisoning include a combination of pretreatment with a carbamate, pyridostigmine bromide, to protect a fraction of AChE from irreversible inhibition by OPs followed by post-exposure treatment with anticholinergic drugs such as atropine sulfate, to counteract the effects of excess acetylcholine and oximes such as 2-PAM chloride, to reactivate OP-inhibited AChE.  Due to their inability to cross the blood-brain barrier, these antidotal regimens have met with limited success.  While successful in preventing fatality of animals from OP poisoning, they do not preclude post-exposure seizure activity and convulsions, which lead to long-term CNS damage [1-3].  In addition, the timely delivery of this treatment is critical to achieving maximal therapeutic effect, which makes its feasibility questionable under battlefield conditions.  These problems stimulated the development of enzyme bioscavengers, which prevent in vivo toxicity of OPs by sequestering them in circulation before they reach the CNS.


Among the enzymes that hold promise as scavengers of highly toxic OP nerve agents, cholinesterases (ChEs) have been extensively examined.  The exogenous administration of AChE from fetal bovine serum and BChE from equine and human (Hu) serum, has been successfully used as a safe and efficacious prophylactic treatment to prevent poisoning by OP compounds, in both rodent and non-human primate models [4].  Of the three ChEs evaluated so far, 'self' Hu BChE has the most advantages as a potential candidate for human use.  It provides a broad range of protection for all OP nerve agents, is readily absorbed from sites of injection, displays long-lasting stability in human circulation, and being from a human source the enzyme is not expected to produce any adverse immunological responses upon repeated administration into humans [5]. A dose of 200 mg of Hu BChE is envisioned as a prophylactic treatment in humans that can protect from exposure of up to 2 X LD50 of GD [5].  In addition to its use as a pretreatment for OP nerve agent toxicity, it also has potential use for treating pesticide overexposure, cocaine-overdose, or succinylcholine-induced apnea [5].  We recently developed a procedure for the large-scale purification of Hu BChE, which yielded 6 g of purified enzyme from 120 kg of Cohn fraction IV-4 paste [6].  Purified Hu BChE exhibited a remarkable shelf life, displayed long-lasting stability in the circulation of rodents and non-human primates, and was devoid of any toxic side effects [7].  The efficacy of the enzyme as a pretreatment against 5 X LD50 of GD and VX was demonstrated in guinea pigs [8].  Similarly, the enzyme was shown to protect cynomolgus monkeys against 3.5-5.5 X LD50 of GD.


In this study, we investigated the utility of Hu BChE as a prophylactic measure against inhalation toxicity of GB vapor, which is a more realistic simulation of battlefield exposure.  This study was conducted in the Göttingen minipig, which is widely accepted as a surrogate for cardiorespiratory physiology in man, and is an attractive animal model for investigating neurotoxicology.  Although, the ability of exogenously administered Hu BChE to alleviate toxicity due to intranasal exposure to GD vapor, was reported previously in guinea pigs [9], this is the first report examining the efficacy of this enzyme against whole-body inhalation exposure in a higher mammalian species.  The results of this study demonstrated that pretreatment with 7.5 mg/kg of Hu BChE alone increased survivability and prevented cardiac abnormalities and seizure activity in minipigs exposed to GB vapor (4.1 mg/m3 for 60 min).

2.0
MATERIALS AND METHODS


Research was conducted under protocols approved by the United States Army Edgewood Chemical Biological Center Institutional Animal Care and Use Committee, in compliance with the Animal Welfare Act and other federal statutes and regulations relating to animals, experiments involving animals, and adheres to principles stated in the Guide for the Care and Use of Laboratory Animals.


2.1
Preparation of Minipigs for Whole Body Exposure to GB Vapor

Sexually mature male Göttingen minipigs (Sus scrofa) were obtained from Marshall Farms USA (North Rose, NY) and maintained in a temperature and humidity controlled facility.  Surgeries to implant indwelling catheters into the external jugular veins of the minipigs were performed as described previously [10].   The minipigs were allowed to recover for at least three days before they were used for any exposures. During that time, the patency of the catheter was maintained by flushing with heparinized saline as needed.


2.2
Setup for Whole Body Exposure to GB Vapor


Whole body exposures were conducted in a 1000-l dynamic airflow inhalation chamber.  The vapor generation system was located at the chamber inlet and was contained within a stainless steel glove box maintained under pressure.  GB vapor was generated by delivering liquid agent into a spray atomizer using a gas-tight syringe.  The concentration of GB in the exposure chamber was determined by trapping vapor using solid sorbent tubes (Tenax/Haysep), followed by thermal desorption and gas chromatographic analysis.


Pigs were placed in a sling constructed of canvas (Lomir Biomedical, Inc., Malone, NY, or Canvas and Awning supplies, White Marsh, MD) and fitted to accept the animal through 4 leg holes. Pigs were gently restrained in the sling by two straps that secured over the shoulders and hips. A muzzle harness was placed over each animal's snout, and secured both laterally and ventrally to the stainless-steel framing, to prevent the animals from freely moving their heads. The jugular line was exteriorized from the exposure chamber, which allowed collection of blood samples throughout the exposure period.  Bipolar dermal electroencephalographic (EEG) and standard limb electrocardiographic (ECG) leads (I, II, and III) were attached and exteriorized from the chamber and utilized to continuously record tracings throughout the agent exposure period using a Bio-Logic headbox. The output was fed into a Dell personal computer at a sampling rate of 512 Hz. Infrared images of pupil were taken through the plexiglass walls of the exposure chamber.


2.3
Pharmacokinetics and Bioavailability of Hu BChE in Göttingen Minipigs


Minipigs (n=6) were administered Hu BChE at a dose of 3.0 or 7.5 mg/kg by i.m. injection. Blood samples were drawn at different time periods and assayed for BChE activity [11]. Data was processed by noncompartmental analysis of the residual BChE activity as a function of time following Hu BChE injection using PK Solutions 2000 software (Summit Research Services, Montrose, CO). The following pharmacokinetic parameters were determined: mean residence time (MRT), peak BChE activity in blood (Cmax), time to reach peak plasma level following i.m. load (Tmax), and area under the time course curve (AUC).


2.4
Efficacy of Hu BChE in Göttingen Minipigs


Minipigs were subjected to one of the following treatments: (1) saline injection followed by air exposure (n=9); (2) saline injection followed by GB vapor exposure (n=4); (3) pretreatment with 3.0 mg/kg of Hu BChE followed by GB vapor exposure (n=3); (4) pretreatment with 6.5 mg/kg of Hu BChE followed by GB vapor exposure (n=3); and (5) pretreatment with 7.5 mg/kg of Hu BChE followed by GB vapor exposure (n=5). Hu BChE or saline was administered by i.m. injection, 24 h prior to whole-body exposure to GB vapor.  The concentration of GB vapor used was 4.1 mg/m3 for 60 min or 11.4 mg/m3 for 10 min, doses that were estimated to be lethal to 99% of untreated exposed pigs. EEG, ECG, and pupil size were monitored throughout exposure, and blood drawn from a surgically implanted jugular catheter before and throughout the exposure period was analyzed for AChE and BChE activities, and the amount of GB present in red blood cells (RBCs) and plasma.


2.5
Data Analysis


ECG: ECG data were analyzed using ECG-AUTO software (Emka Technologies, Falls Church, VA) after conversion of data output into IOX format. Twenty to 70 waveforms were defined to build custom libraries for each subject, and analyzed in 3 min contiguous time blocks, with a minimum of 20 valid beats required to qualify the data block for statistical analysis. For each block, RR, PR, and QT intervals were quantified.


EEG: EEG data were analyzed using the Sleepscan II and Insight software modules of the Bio-logic system. The fronto-central montage was initially screened by visual inspection to disqualify regions of the tracing exhibiting electromuscular contamination or other artifact. Low- (<0.5 Hz) and high-band (>35 Hz) filters, as well as a 60 Hz notch filter were then applied to the tracings. Following acclimation of pigs to the inhalation chamber, a pre-exposure baseline and a 60 minute exposure period following introduction of agent were recorded. These were fragmented into 5 min bins, and a 60 second data block from each bin was then subject to spectral analysis after applying Fast Fourier Transformation. EEG power in each of the classical frequency bands was determined by integrating the resulting frequency spectrum using the following limits: delta = 0.5 – 4.5 Hz, theta = 4.5 – 8.5 Hz, alpha = 8.5 – 13.5 Hz, beta 1 = 13.5 – 21.5 Hz, and beta 2 = 21.5 – 35.5 Hz.


3.0
Results and Discussion


3.1
Pharmacokinetics and Bioavailability of Hu BChE


Minipigs that were administered Hu BChE by i.m. injection showed a rapid increase in BChE activity, which reached peak levels at ~24 h. Time courses for 3.0 and 7.5 mg/kg of Hu BChE, are shown in Figure 1(left panel). Purified Hu BChE exhibited circulatory stability profiles similar to those observed in mice, guinea pigs, and rhesus monkeys [7]. Baseline AChE and BChE activities in blood were 2.5 ± 0.1 and 0.14 ± 0.01 U/ml, respectively.  Doses of 3.0 and 7.5 mg/kg of Hu BChE resulted in peak BChE activities of 14.8 ± 2.1 and 41.2 ± 0.9 U/ml, respectively. Regardless of the dose of administration, the enzyme displayed a MRT of 287 ± 53 h.  Such long retention times were previously observed for homologous injections of monkey BChE into macaques (MRT=225 ± 19 h; [12]) and for Hu BChE into humans (8-11 days; [13, 14]).  As expected, the administration of Hu BChE did not affect the levels of circulating AChE (Figure 1, right panel).
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Figure 1: Average BChE (left panel) and AChE (right panel) levels in the 
blood of minipigs following i.m. injections of two doses of Hu BChE.

3.2
Dose of Hu BChE Needed for Protection


In the first study, minipigs were pretreated with saline, 3.0, 6.5, or 7.5 mg/kg of Hu BChE by i.m. injection and challenged with air or GB vapor (4.1 mg/m3 for 60 min) 18-20 h later.  All untreated control animals or those treated with 3.0 or 6.5 mg/kg of Hu BChE died following exposure to GB vapor, while all animals pretreated with 7.5 mg/kg of Hu BChE survived exposure to GB vapor. Circulating RBC AChE activity in untreated control animals was completely inhibited in <30 min into exposure to GB vapor.  On the other hand, in animals that were pretreated with Hu BChE, the complete inhibition of AChE occurred 40-60 min into exposure, depending on the dose of Hu BChE used. Results demonstrate that pretreatment with 3.0 or 6.5 mg/kg of Hu BChE did not provide complete protection to minipigs against an inhalation exposure to GB vapor.  However, pretreatment with 7.5 mg/kg of Hu BChE was effective in preventing toxicity due to GB vapor by sequestering it in circulation. This was also supported by the results of a fluoride ion-based regeneration assay that measured the amount of GB bound to RBCs and plasma at 60 min into exposure. The amount of GB detected in RBCs was similar in control and all Hu BChE pretreated pigs. However, the amount of GB detected in plasma increased with the dose of Hu BChE, and was 200-fold greater in pigs pretreated with 7.5 mg/kg of Hu BChE.

In the second study, minipigs were pretreated with saline or 7.5 mg/kg of Hu BChE by i.m. injection and challenged with air or GB vapor (11.4 mg/m3 for 10 min) 18-20 h later.  All untreated control animals died, while all animals pretreated with 7.5 mg/kg of Hu BChE survived exposure to GB vapor.  In animals that were pretreated with Hu BChE, 75 % of circulating AChE activity was inhibited at 10 min into exposure and a maximal inhibition of 85 % was observed at 2 h.  Results demonstrate that pretreatment with 7.5 mg/kg of Hu BChE was also effective in preventing toxicity due to an acute exposure to GB vapor.


3.3
Effect of Hu BChE Pretreatment on Sarin-Induced Cardiotoxicity

The present study also demonstrates that in addition to increasing survivability, pretreatment with Hu BChE was effective in preventing acute cardiac toxicity due to GB vapor.  The accumulation of acetylcholine at central as well as peripheral cholinergic synapses due to the inhibition of AChE by OP nerve agents, causes alterations in autonomic drive which produces cardiac pathophysiology. Three phases of cardiac OP intoxication have been described [15]: (a) An increase in sympathetic tone, presumably mediated by stimulation of sympathetic ganglionic receptors, is reflected in progressive sinus tachycardia. Tachycardia is also among the most common cardiac abnormalities observed in clinical cases of sub-lethal OP poisoning [16]; (b) Arrhythmia, most likely produced by alterations in AV conduction. Allon et al. [17] reported that AV conduction abnormalities were hallmarks of OP intoxication, and AV block was noted to occur in guinea pigs after upper airway inhalation of GD [18]. Arrhythmias were reported to be a consistent feature of GD intoxication in baboons, and could be the first indication of cardiac toxicity [19]; and (c) QT prolongation, ventricular tachycardia and fibrillation are reportedly observed immediately prior to cardiac death. QT prolongation is commonly reported in survivors of OP poisoning [16, 20].


Normal baseline data for cardiac heart rate, rhythmicity, RR, PR, and QT intervals were established using air-exposed control animals.  A comparison of these values with similar data from previously published data showed that the mean RR and QT intervals observed in this study were within the 95% confidence limits of referenced values. PR intervals for air-exposed pigs were also similar to reference values.  Upon exposure to GB vapor (4.0 mg/m3 for 60 min), untreated control animals exhibited a variety of cardiac abnormalities, starting with tachycardia and a corresponding shortening of QT intervals, followed by bradycardia, and ultimately death.  Pretreatment with Hu BChE delayed the onset of cardiac abnormalities in a dose-dependent manner, with 7.5 mg/kg preventing cardiac abnormalities observed in untreated animals and those treated with lower doses of Hu BChE (Figure 2).
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Figure 2: Effect of Hu BChE pretreatment on RR, QT, and PR intervals for minipigs exposed to GB vapor (4.0 mg/m3 for 60 min). Gottingen minipigs were treated with saline or Hu BChE 24 h prior 
to exposure to air or GB vapor. RR (A), QT (B), and PR (C) intervals were analyzed as a function 
of time relative to death. * indicates that treatment as a function of time is significantly different 
from saline-injected, air-exposed control animals. Gaps in the data prevented the 
calculation of variance estimates in the group that received 6.5 mg/kg 
Hu BChE. This group was therefore not included in the analysis.

In the second study, whole body inhalation exposure to GB vapor (11.4 mg/m3 for 10 min) also resulted in the rapid development of a variety of cardiac abnormalities in the minipig (Figure 3). Tachycardia began within several min of GB exposure. Heart rate accelerated throughout the 10 min exposure period, reaching nearly 200 beats/min.  PR and uncorrected QT intervals were largely unchanged during this time. This was followed by the development of a profound bradycardia between 10-20 min following exposure onset.  Interestingly, this period was associated with a slight shortening, rather than lengthening, of the PR interval suggesting the development of cardiac arrhythmia.  In the final phase of toxicity, heart rate dramatically slowed concomitant with a marked lengthening of the PR interval. QT intervals remained stable until the animals expired. A regular, but progressively slowing junctional or ventricular rhythm was observed immediately prior to complete cardiac asystole. Of note, neither QT prolongation nor end-stage tachycardia were features of acute GB intoxication in the minipig. It remains unclear whether these features, as reported in human survivors of OP poisoning, reflect a species difference, differential effect of GB versus other OP nerve agents and pesticides, or the post-exposure time course.  All animals (n=4) pre-treated with Hu BChE survived nerve agent exposure. Heart rate, PR intervals and corrected QT intervals remained unchanged from baseline levels throughout the nerve agent exposure and subsequent 50 min post-exposure monitoring period (Figure 3). Thus, pretreatment of minipigs with 7.5 mg/kg Hu BChE appeared to completely prevent acute cardiac intoxication following exposure to GB vapor. No changes in heart rate, PR and corrected QT intervals were observed for up to 1 week following GB vapour exposure, confirming protection against chronic cardiotoxic effects resulting from GB vapor exposure (data not shown).



[image: image5.emf]HR - Acute Exposure


-10 0 10 20 30 40 50 60


0


50


100


150


200


250


hBChE


Air


Veh


Minutes


HR (bpm)




 EMBED Prism4.Document  [image: image6.emf]PR Intervals - Acute Exposure


-10 0 10 20 30 40 50 60


0


50


100


150


200


Air


hBChE


No Drug


Time


PR Interval (mS)




 EMBED Prism4.Document  [image: image7.emf]QT Intervals - Acute Exposure


-10 0 10 20 30 40 50 60


0


100


200


300


400


500


Air


hBuChE


No-Drug


Time


QT (ms)




Figure 3: Effect of Hu BChE pretreatment on RR, QT, and PR intervals for minipigs exposed to GB vapor (11.4 mg/m3 for 10 min). HR, PR and non-corrected QT intervals for minipigs pretreated with 7.5 mg/kg Hu BChE or vehicle and exposed to GB vapor. Vehicle-treated, air-exposed pigs are included for reference. Grey bar indicates baseline. Time of agent exposure is indicated by red bar.

3.4
Effect of Hu BChE Pretreatment on Sarin-Induced Neurological Toxicity


Following OP exposure, the accumulation of acetylcholine in the CNS likely precipitates the development of seizure activity [21]. Focal spike and wave discharges are likely to initiate in particularly sensitive brain regions, for example the limbic telencephalon, generalize through recruitment of excitatory amino acid neurotransmission, and then rapidly progress to sustained convulsive seizures or status epilepticus [22]. A s.c. exposure of rats to GD was shown to produce alterations in EEG coincident with the development of convulsions, which were characterized by an increase in EEG amplitude from 300 to >900 µV, with an increase evident in all spectral bands [23].


Consistent with these observations, a typical EEG power spectrum obtained from an air-exposed minipig demonstrated low amplitude (peak<300 µV) and long wavelength energy predominantly within the delta and theta frequency bands. A published EEG spectrum for pigs was not available for comparison, but this spectrum was comparable to that published for rhesus monkeys [24]. EEG power spectra of control pigs were stable throughout the period of air exposure.  As expected, whole body exposure to GB vapor (4.1 mg/m3 for 60 min) resulted in the development of generalized tonic-clonic seizures in minipigs (Figure 4). Minipigs that received saline administration in lieu of Hu BChE exhibited a sharp increase in total power (peak amplitude of 500 μV) with the onset of generalized seizures 30-40 min into GB exposure. Seizure onset was associated with redistribution of the power spectra away from delta and into higher frequency bands. Notably, administration of 7.5 mg/kg Hu BChE completely prevented seizure activity (Figure 4).
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Figure 4: 3D plots of EEG power spectra as a function of time from onset of exposure (4.1 mg/m3 for 60 min). 
(A) Saline-injected, air-exposed control pigs feature stable low amplitude, long wavelength energies. (B) Untreated pigs exposed to GB vapor exhibit marked increases in EEG power concurrent with onset of 
seizure activity. Minipigs pretreated with 3.0 (C) and 6.5 (D) mg/kg Hu BChE also exhibited seizure 
activity, although high amplitude EEG energy was dose-dependently delayed in onset. 
Pretreatment with 7.5 mg/kg Hu BChE (E) prevented the manifestation of high amplitude 
EEG energy, and baseline spectra were similar to saline injected animals. Spectra 
were also normal 1 week after pretreatment and GB exposure (F).

In the second study, minipigs were exposed to substantially higher GB vapor concentrations (11.4 vs. 4.1 mg/m3) albeit over a shorter time frame (10 vs. 60 min).  As indicated above, all vehicle-treated, GB-exposed minipigs rapidly succumbed to the nerve agent. During this time however, EEG spectra remained relatively normal (Figure 5). There was a slight increase in overall power over baseline with the onset of vapor exposure in both Hu BChE and vehicle-treated animals. Peak power, however, remained predominantly in the delta frequency band, below 400 µV, and on par with the spectral distribution of air-exposed pigs. Thus, it does not seem likely that the observed increase in spectral power reflects a nerve agent-specific event, but perhaps is related to stimulus presentation, e.g. airflow changes in the inhalation chamber. In light of the rapid development of cardiac toxic signs and the rapid demise of the untreated animals, it is clear that the lack of EEG findings is not related to an issue with agent exposure. Moreover, real-time monitoring of the chamber atmosphere confirmed the concentration of GB vapor as 11.4 mg/m3, approximately three times that which produced seizures. Thus, it seems most likely that the untreated animals in this study simply succumbed to intoxication prior to the onset of seizure activity. Because of the absence of seizures in the untreated group, the present study does not directly address protection of the CNS under these exposure conditions. It is, however, encouraging to note that despite an otherwise lethal GB exposure, Hu BChE-treated minipigs failed to develop abnormal EEG signs at any point during the post exposure period or in a 1 week follow-up examination.
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Figure 5: EEG spectral analysis of minipigs treated with vehicle (A, B) or 7.5 mg/kg Hu BChE (C) 
and exposed to air (A) or GB vapor (B, C). Although there is an increase in delta band power 
in GB-exposed minipigs, peak voltage is indistinguishable from air-exposed controls.


3.5
Effect of Hu BChE Pretreatment on Sarin-Induced Miosis


It was reported that a direct effect of OP nerve agent exposure is miosis [25].  Consistent with this report, all untreated control minipigs exposed to GB vapor had pinpoint pupils 5-6 min into exposure (Figure 6 A).  The onset or magnitude of the miosis observed upon exposure to GB vapor was not altered by pretreatment with Hu BChE (Figure 6 B). A similar time course of miosis in both treated and untreated pigs suggests that miosis could be used as a biomarker of exposure in Hu BChE pretreated individuals.
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Figure 6: Representative tracings showing the change in pupil size in (A) a minipig 
exposed to GB vapor alone, and (B) a minipig pretreated with 7.5 mg/kg 
of Hu BChE by i. m. injection prior to GB vapor exposure.

4.0
CONCLUSIONS


The results of this first report examining the utility of Hu BChE as a prophylactic measure against whole-body inhalation exposure demonstrate that pretreatment with Hu BChE alone was sufficient to protect Göttingen minipigs not only from lethality due to GB vapor, but also against cardiac and neurological toxicity.  Although the pharmacokinetic behavior of Hu BChE in minipigs was similar to that reported in mice, rats, guinea pigs and monkeys, it displayed a much longer MRT in minipigs.  As with s.c. and i.v. exposures in rodents and non-human primates, the protection of minipigs against inhalation exposure could be easily followed by monitoring blood ChE levels.  Pretreatment with Hu BChE delayed the inhibition of RBC AChE by GB in a dose-dependent manner. A dose of 7.5 mg/kg of Hu BChE was sufficient to completely sequester GB, and protect minipigs from toxicity due whole body exposure to GB vapor. This study not only highlights the universal applicability of protection by Hu BChE against OP toxicity regardless of the route of exposure, but will aid the reliable prediction of protective dose in humans.  
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Summary


Physical training and avoidance of injury is critical to maintaining the health and performance of soldiers.  Anecdotal reports from United States (US) Army unit leaders and healthcare providers suggest deployed soldiers experience losses in fitness and muscle mass and have higher injury rates compared to those experienced prior to deployment.  Confirming or countering these reports is particularly important since soldiers are called upon for repeated deployments.   

Rationale

The purpose of this paper is to report on studies examining changes in physical fitness and injury incidence following US Army combat deployments.   

Methods

Body composition, physical fitness, and injury incidence were evaluated before and after deployments of US Army combat soldiers to Afghanistan (AF) and Iraq (IQ). Injury incidence was determined from a review of Soldier’s medical records. 

Results

Fitness measures obtained immediately before and after 9 months deployment to AF (n=110) demonstrated a decline of 5% in treadmill VO2peak (pre=50.8±6.1, post=48.5±5.7 ml·kg-1·min-1, <0.01), and medicine ball put performance (pre=679±80, post=645±73 cm, p<0.01), while vertical jump performance and lifting strength were unchanged.  Body fat, measured by dual X-ray absorptiometry, increased 8% (pre=15.1±7.5, post=16.3±7.5 kg, p<0.01) while fat-free mass declined 4% (pre=62.8±7.3 kg, post=60.6±6.9 kg, p<0.01).  Injury incidence for the full battalion of Soldiers deployed to AF (n=505) was identical  in two consecutive 90-day pre-deployment periods (14.1% and 14.1%), but elevated in the two consecutive 90-day post-deployment periods (16.4% and 23.4%). Among Armored Cavalry Soldiers deployed for 13 months in IQ (n=73), there was a post-deployment decline of 13% in 2-mile run time (pre=15.7±1.4, post=17.7±2.5 minutes, p<0.01), but post-deployment increases in strength of 7% for bench press (pre=79±17, post 85±21 kg, p<0.01) and 8% for squat (pre=100±21, post=108±23 kg, p<0.01).  Bench press power increased 9% post-deployment (pre=526±137, post=572±143 watts, p<0.01), but squat jump power was unchanged.  Body fat increased 9% (pre=13.4±5.3, post=14.5±5.6 kg, p<0.01) while fat-free mass increased 3% (pre=58.3±5.8, post=60.1±6.2 kg, p<0.01).  Of 3,242 soldiers deployed to IQ, injury incidence was elevated in both of the two consecutive 90-day post-deployment periods (35.4% and 43.4%, respectively) when compared to the two consecutive 90-day pre-deployment periods (15.1% and 12.4%, respectively).   

Conclusions


These results suggest that the deployments decreased aerobic fitness and increased body fat, likely due to decreased aerobic training.  Strength was differentially affected by the AF and IQ deployments possibly reflecting differences in physical training habits or mission requirements in-theater.  The soldiers returning from both deployments showed increased injury incidence, although the pattern and magnitude of the increases differed.   Elevated injury rates may be associated with a variety of intrinsic factors (e.g., post-traumatic stress, unhealthy coping behaviors, or increased risk taking) or extrinsic factors (e.g., physical training, seasonal differences,  or exposures in-theater).  Soldiers returning from deployment in these combat settings did not demonstrate deleterious changes in strength and only marginal reductions in aerobic performance with concomitant increases in fat mass.  These negative changes will likely be ameliorated with a directed PT program upon return from deployment. The elevated post-deployment injury incidence should be examined further to determine the etiology.  

1.0
Introduction

United States (U.S.) Army physical training is designed to prepare a Soldier for the physically demanding tasks performed during military operations.  Physical training in a non-deployed setting is considered a job requirement and time is set aside during the day for mandatory exercise sessions.  In deployed combat environments the variability of mission requirements may prevent consistent exercise practices from being established and maintained.  Lack of routine exercise, may in turn diminish components of fitness required for optimal job performance and may increase the risk of injury. Lower physical fitness has been shown to be a risk factor for injury and improving physical fitness lowers injury risk (1-3).   On the other hand, the physical requirements of the deployment (e.g., load bearing patrolling, convoys, preparing forward operating camps, lifting and carrying equipment) may offset some of the deleterious effects associated with the lack of scheduled exercise. 

There is limited data available to describe the effects of a land-based combat deployment on body composition and physical fitness in military personnel (4,5).  Individual U.S. Army units have reported concerns over increases in body fat mass, decreases in lean body mass, and decreases in strength following deployment; however these potential changes not been systematically evaluated.  Loss of lean mass, muscle strength and endurance could negatively affect mission performance and military readiness.  These changes may also negatively affect performance during training and other missions and increase the risk for injury upon return from deployment.   The purpose of this paper is to describe the effects of combat deployments of US Army Soldiers on physical fitness, body composition and injury incidence.


2.0
METHODS

2.1
Subjects

For the detailed physiological and performance measurements, two samples of U.S. Army Soldiers were studied:  135 Infantry Soldiers who were deployed to Afghanistan (AF) for 9 months and 73 Armored Cavalry Soldiers who were deployed to Iraq (IQ) for 13 months.  Soldiers were briefed on the requirements and risks of the respective studies and provided written informed consent.  The AF Soldiers were members of the 2nd Battalion, 4th Infantry Regiment, 10th Mountain Division.  Pre-deployment measurements were made in January and February 2006, prior to the battalion’s deployment in March 2006.  Post-deployment measurements were made as soon as possible upon redeployment and took place during December 2006.    The IQ Soldiers were members of the 4th Heavy Brigade Combat Team, 1st Cavalry Division Soldiers.  Pre-deployment measurements were made in September 2006, prior to the brigade’s deployment in October and November of 2006. Post-deployment measurements were made within two weeks of the participants’ return from the theatre of operations and took place during December 2007.  Table 1 outlines the specific measures made with each unit.  The injury data and Army Physical Fitness Test (APFT) data included the entire battalion and were collected from existing records after the units returned.  

Table 1:  Measurements made and data collected for the Infantry unit deployed 
to Afghanistan (AF) and the Armored Cavalry Unit deployed to Iraq (IQ).


		

		Infantry soldiers

		Armored Cavalry soldiers



		Dual Energy X-ray Absorptiometry  Body Composition Measures

		Hologic model QDR 4500W 

		Lunar model DPX-IQ



		Strength

		Incremental lifting strength

		1-Repetition Maximum (1-RM) bench press, 1RM squat



		Power

		Vertical Jump, medicine ball put

		Bench throw, Squat Jump



		Aerobic Fitness

		Treadmill VO2max

		2 mile run



		Physical Activity Questionnaire

		X

		X 



		Injury* 

		2 consecutive 90-day periods pre-deployment and 2 consecutive 90-day periods post-deployment

		2 consecutive 90-day periods pre-deployment and 2 consecutive 90-day periods post-deployment



		Army Physical Fitness Test*

		4-6 months pre- and 5-6 months post-deployment

		4-6 months pre- and 5-6 months post-deployment  





* These data were collected from existing records for the entire unit, not just those Soldiers who volunteered for pre and post-deployment physical fitness testing.


2.2
Measurements

All Soldiers reported for testing wearing standard Army physical fitness shorts, t-shirts, socks and self-selected running shoes.  The test battery was completed in approximately 3 hours.  Physical testing was not conducted in a standardized order; however, a station requiring minimal physical exertion (body composition or questionnaires) was interspersed between stations requiring greater physical exertion (strength testing, running, and power testing).  To control for order effects, each Soldier followed the same order of active events pre- and post-deployment.  

Height (cm) was measured using a stadiometer (Portable Height Rod, Seca Scales, Hamburg, GE) and body weight (kg) was measured using a digital scale (Seca Alpha Model 770, Seca Scales, Hamburg, GE).  Body composition was measured using Dual-Energy X-Ray Absoptiometry (DXA).  For the AF Soldiers, a Hologic model QDR 4500W DXA densitometer (Hologic Inc., Bedford, MA)  and Hologic software algorithms were used.  For the IQ Soldiers, a Lunar model DPX-IQ DXA densitometer (Lunar Corp, Madison, WI) and Lunar algorithms were used.  Both software systems   provide estimates of percent body fat, absolute body fat, total fat-free mass, bone mineral content and bone mineral density.  Soldiers were positioned supine on the DXA table with arms at their side.  The feet were strapped together to maintain the correct position.  The scanner head moved side to side across the body moving downward from head to toe.  The precision of this measurement has been reported to be ±1% (6).


2.3
Strength and Anaerobic Power

The lifting strength of the AF Soldiers was measured using an incremental lifting machine.  The test simulates lifting a box with handles from ground level onto the bed of a 5 ton military truck (175 cm final handle height).  The weight carriage of the machine moves vertically between two guide rails.  The weight carriage was accelerated upward by straightening the legs and pulling up on the handles until the load was pressed to the 175 cm mark on the vertical guides.  The initial load was 18.2 kg and was increased in 9.0 kg or 4.5 kg increments until the Soldier was unable or unwilling to complete the lift.  The last weight successfully lifted with correct form was recorded as the lifting strength (7,8).  


The IQ Soldiers upper body strength was assessed using a 1-RM bench press lift of free weights (York Barbells, York PA).  Lower body strength was assessed using a 1-RM squat lift of free weights (York Barbells, York PA) (9).    Each volunteer performed a warm-up of 5-10 repetitions with a load of at least 40% of their perceived maximum.  Subsequently, each subject performed repeated bouts of single repetitions at progressively greater loads until they were unwilling or unable to complete the lift through a full range of motion using proper form.  Two spotters were used to ensure proper lifting technique and subject safety.  All subjects were provided a 3-5 min rest between lifts (10).  Proper form of the bench press was achieved when the bar was maintained parallel to the chest throughout the lift and was lowered from an elbow extended position to the level of the chest and returned to the elbow fully extended position.  Proper form of the squat was achieved when the subject held the bar across his shoulders and, maintaining proper spinal mechanics, lowered himself by bending the knees to 90o of flexion and then returning to the standing position.  


The upper body explosive power of the AF Soldiers was measured using a two-handed medicine ball put (similar to a basketball push-pass).  The Soldier sat in a chair placed against the wall, with his back pushed firmly against the chair back.  A two-kg medicine ball was held in both hands.  The Soldier touched his chest with the ball, paused, and pushed the medicine ball away as forcefully as possible.  The final score was the average of the two furthest distances (in cm) thrown of three trials (11).  The lower body explosive power of Infantry Soldiers was measured with a vertical jump using  a Vertec™ device (12,13). Vertical jump height was recorded as the distance from standing reach height to peak jump height to the nearest 1.3 cm (0.5 inch).  The best of three trials was recorded as the vertical jump height. 


Upper and lower body explosive power of the IQ Soldiers was assessed using a bench-throw and squat-jump, respectively, using a Max Rack (Max Rack, Inc. Columbus, OH) interfaced with a ballistic measurement system (Optimal Kinetics, Muncie, IN) (14). These movements were performed in a ballistic, explosive manner with a load equal to 30% of the 1-RM  (15,16).  The bench throw was performed by having the subject lower the bar to his chest and then throw it upward as fast as possible.  The squat-jump was performed by having the subject hold the bar across his shoulders, lower his body by bending his knees to 90o of flexion and jumping upward as fast as possible.  Three measurements were obtained from which the average power (W) from each trial was calculated and averaged across all trials for analysis.


2.4
Aerobic Power/Endurance

Peak oxygen uptake (peak VO2) of the AF Soldiers was measured using a continuous, uphill, treadmill running protocol (5,17).  The Soldier breathed through a mouthpiece connected by a flexible hose to a ParvoMedics TrueMax 2400 metabolic measurement system (Salt Lake City, UT), which monitored oxygen uptake.  A Polar Heartwatch was used to monitor heart rate.  A 5 minute warm-up was run at 0% grade and 2.68 m.sec -1 (6 mph).  If the heart rate was less than 150 beats.min -1 by minute five of the warm-up, treadmill speed was increased to 3.13  m.sec -1 (6.5 mph) for the remainder of the test.  Following the warm-up, the treadmill grade was increased by 2.5% every 2 minutes until voluntary exhaustion.  The Soldier was considered to be at peak VO2 if oxygen uptake did not increase by at least 2 ml(kg-1(min-1 1 minute after a grade increase.  If the test was terminated due to volitional exhaustion, or if a plateau in oxygen uptake was not achieved, criteria for assessing peak VO2 was: (1) heart rate in excess of 90% age-predicted maximum heart rate; and (2) respiratory exchange ratio in excess of 1.0.

Aerobic endurance of the IQ Soldiers was assessed by time to complete a maximal effort 2 mile run.  Additionally, maximal aerobic capacity (VO2 max) was estimated based on participant’s run times using the equation VO2max = 99.7 – 3.35 x 2 mile run time (min) – 0.25 x body weight (kg) (18). 


2.5
Physical Activity Questionnaire

Soldiers completed a questionnaire concerning their customary level of physical activity and provided self-ratings of four components of physical fitness (endurance, sprint speed, strength and flexibility) (19).  The questionnaire completed pre-deployment referred to the previous year, while the questionnaire completed post-deployment referred to the time deployed.  

2.6
Army Physical Fitness Test

Semiannual Army Physical Fitness Test (APFT) data (including heights and weights) were provided by the units.  Data were obtained for tests taken by Soldiers about 4 to 6 months prior to deployment and about 5 to 6 months after deployment.  The APFT consisted of three events: the maximum number of push-ups completed in 2 minutes, the maximum number of sit-ups completed in 2 minutes, and a 2-mile run for time.  A total age-adjusted “score” is also derived from performance on the 3 events (20).  


2.7
Injury Data Collection

A list of deployed personnel was obtained from the Personnel Offices of the units shortly after they returned from their deployments.  The list included those who were provided the physiological and performance testing pre- and post-deployment.  For the AF cohort, this included four rifle companies (n=505 men).  For the IQ cohort, the list included all personnel (combat and support) who deployed with the unit (n=3,242 men).  Medical data of the deployed personnel were requested from the Armed Forces Health Surveillance Center (AFHSC) for two consecutive 90-day periods just before the deployment (Periods 1 and 2) and two consecutive 90-day periods just after returning to the United States (Periods 3 and 4).  The AFHSC returned visit dates and International Classification of Diseases, Revision 9 (ICD-9) codes for all outpatient medical visits within the four time periods.  Cumulative injury incidences were compared across the four periods.  An injury case was identified if a Soldier had a specific ICD-9 code that was included in the Installation Injury Index.  The Installation Injury Index (III) has been used to compare injury rates among different military posts and is reported on a monthly basis at the Armed Forces Health Surveillance Center website (http://afhsc.army.mil/) where the specific ICD-9 codes used in the index are also provided.  The first four diagnoses for each visit were considered, although a single visit usually included only one diagnosis.  

2.8
Data Analysis


Physical fitness and body composition changes from pre- to post- deployment were analyzed using paired t-tests.  Analyses of covariance (ANCOVA) were run to examine the effect of time between redeployment and testing on physical fitness and body composition.  A Wilcoxon test was used to look at pre- to post-deployment changes in the distribution of responses to self-assessed physical fitness on the questionnaire.  

Cumulative injury incidence for each of the Installation Injury Index was calculated for each of the four, 90-day periods as:







[(∑Soldiers with ≥1 injury visits / (∑of all Soldiers)] X 100%.


Comparisons of cumulative injury incidence between each of the four periods were determined by the McNemar Test.  The McNemar Test allows for comparison of frequency data involving repeated measures on the same individuals (21).   


3.0
results


3.1
Descriptive Measures Pre- to Post-Deployment


The 110 Infantry soldiers included in the analyses were deployed to Afghanistan 258 ± 18 days (mean ± SD).  The deployment times ranged from 208 days (7 months) to 318 days (10 months), but the majority of AF Soldiers (89%) were deployed between 8 and 9 months.   The average time between redeployment and testing was 18 ± 14 days.   At the pre-deployment measurement, the AF Soldiers ranged in age from 18 to 43 years, with an average of 23 ± 5 years.  The height ranged from 160 to 201 cm, with an average of 178± 7 cm. 

The 73 Armored Cavalry soldiers who completed testing had been deployed to Iraq between 376 days (13 months) and 411 days (14 months) with an average of 404 ± 6 days (14 months).  Post-deployment, all returning IQ Soldiers were tested within 11 days of their return (mean 6 ± 2 days) and 85% were tested within 7 days of their return. They were between 18 and 39 years old (mean 24 ± 5 yrs).  Their height ranged from 157 cm to 191 cm (mean 174 ± 7 cm). 


Body mass and composition are shown for AF and IQ Soldiers from pre- to post-deployment in Table 2.  Body mass and fat free mass decreased from pre- to post-deployment in the AF Soldiers, while body fat (percent and kg) increased.  In IQ Soldiers there was a small, but significant increase in body mass during deployment due to increases in lean mass and fat mass.  Bone mineral content decreased in AF and increased in IQ, but the changes were minimal.

Table 2: Body mass and composition changes from pre- to post-deployment.

		

		Cohort

		Pre-Deployment

		Post- Deployment

		Change (%)a



		Body Mass (kg)  

		AF

		83.3 ± 14.7

		81.7 ±13.2

		-1.91



		

		IQ

		76.6  ± 10.2

		78.8 ± 10.6

		+2.91



		Fat Free Mass (kg)

		AF

		62.8 ±7.3

		60.6 ±6.9

		-3.51



		

		IQ

		58.3 ± 5.8

		60.1 ±6.2

		+3.11



		Body Fat (%)

		AF

		17.7 ±6.4

		19.5 ±6.5

		+10.21



		

		IQ

		18.9 ±5.5 

		19.9±5.6

		+5.3



		Body Fat (kg)

		AF

		15.1 ±7.5

		16.3 ±7.5

		+7.91



		

		IQ

		13.4 ±5.3

		14.5±5.6

		+8.21



		Bone Mineral Content (g)

		AF

		3550 ± 475

		3423 ± 468

		-3.6



		

		IQ

		3371 ± 481

		3449  ± 493

		+2.31





a (Post-Pre)/Pre x 100,  1  Significant change pre- to post deployment (P<0.01)


3.2
Physical Fitness and Performance Pre- to Post-Deployment


The results of the pre- and post-deployment physical fitness measurements are listed in Table 3 for both samples of Soldiers.  A repeated measures analysis of covariance was conducted using the number of days between redeployment and physical performance testing as the covariate.  The covariate did not reach statistical significance for any of the measures. This indicates that time lag between redeployment and testing did not have a strong influence on the changes in body composition or physical fitness measurements.  Both groups exhibited a decline in aerobic power or aerobic performance from pre- to post-deployment.  Using the Mello et al (18) equation to predict VO2max  from run time,  the predicted VO2max of IQ Soldiers decreased 6.6 ml.kg-1.min-1 .  The decrease in the IQ Soldiers tended to be greater than that of the AF Soldiers.  


There was no change in lifting strength of AF Soldiers from pre- to post-deployment.  In contrast, upper and lower body strength increased in IQ Soldiers by 7% and 8% respectively.  Upper body power decreased 5% from pre- to post-deployment for the AF Soldiers and increased 9% in the IQ Soldiers.  Lower body power was unchanged in both groups. 

Table 3: Physical fitness measured pre- and post-deployment to Afghtanistan (AF) and Iraq (IQ).

		 

		AF

		IQ



		 

		Strength



		 

		Lifting Strength (kg)

		Bench Press 1RM (kg)

		Squat 1RM (kg)



		Pre (SD)

		74.6 ± 12.9

		79.1 ± 17.4

		99.7 ± 20.9



		Post (SD)

		74.6 ±12.9

		84.9 ± 20.9

		107.8 ± 23.4



		% Change

		0.0

		7.31

		8.11



		 

		Power



		 

		Ball Put (cm)

		Vertical Jump (cm)

		Bench-Throw (W)

		Squat-Jump (W)



		Pre (SD)

		67.9 ±80

		51.2 ± 9.0

		526  ± 137

		1856  ± 272



		Post (SD)

		645 ±73

		51.7 ± 8.3

		572  ± 143

		1857 ± 333 



		% Change

		-4.91

		0.1

		8.71

		0



		 

		Aerobic Performance



		 

		Peak VO2

(l·min-1)

		VO2 max

(ml.kg-1.min-1)

		2-mile run time (min)

		Estimated VO2max

(ml.kg-1.min-1)



		Pre (SD)

		4.22 ± 0.53

		50.8 ± 6.1

		15.7 ± 1.4

		48.6 ± 5.1



		Post (SD)

		3.94 ± 0.50

		48.5 ± 5.7

		17.7 ± 2.5

		42.6 ± 7.9



		% Change

		-6.61

		-4.51

		12.71

		-12.31





1  Significant change pre- to post deployment (P<0.01) based on paired samples t-test.


3.3
Physical Activity Questionnaire 

Soldiers were asked to report the frequency (days/week) and duration (min/session) with which they performed aerobic exercise, strength training and/or sports activities for one year prior to deployment and during deployment.  These data are in Table 4 for frequency and Table 5 for duration.  AF and IQ Soldiers performed aerobic exercise at a lower frequency and duration during deployment than in the year prior to deployment.  Pre-deployment, 80% of the AF Soldiers and 88% of the IQ Soldiers performed aerobic exercise three or more days/week. During deployment the percentage was only 35% for AF Soldiers and 29% for IQ Soldiers.  In the year prior to deployment 78% of AF Soldiers and 85% of IQ Soldiers performed aerobic exercise for more than 30 min/session.  During deployment this figure was only 57% for AF Soldiers and 41% for IQ Soldiers.  The AF Soldiers’ responses to the frequency of strength training and sports activities tended to show a slight decline, but this was not a significant  change from pre- to during deployment.  The IQ Soldiers reported fewer strength training days and fewer sports participation days.  Surprisingly few Soldiers in the AF cohort (35%) reported participating in sports activities at least one day per week pre-deployment.  Sixty percent of the IQ cohort participated in sports activities at least one day per week pre-deployment, but this decreased during deployment to only 14%.  The duration of strength training did not change significantly during deployment for either group, but the time allotted for sport activities by the IQ Soldiers declined during deployment. 


Table 4: Distribution of responses (%) for aerobid training frequency, strength training 
frequency and sports participation pre-deployment and during deployment 
in Soldiers deployed to Afghanistan (AF) and Iraq (IQ).


		

		Unit 

		Frequency (days/week)

		None

		<1

		1 to 2

		3 to 4

		5 to 7

		Wilcoxon p-value



		Aerobic Training

		AF

		Pre-deployment

		0.0

		0.0

		20.0

		58.2

		21.8

		<0.01



		

		

		During deployment

		13.0

		24.1

		27.7

		25.0

		10.2

		



		

		IQ

		Pre-deployment

		1.4

		1.4

		6.8

		46.6

		41.1

		<0. 01



		

		

		During deployment

		26.0

		21.9

		21.9

		21.9

		6.9

		



		Strength Training

		AF

		Pre-deployment

		0.9

		0.9

		40.0

		41.8

		16.3

		0.85



		

		

		During deployment

		6.5

		13.0

		25.0

		26.9

		28.7

		



		

		IQ

		Pre-deployment

		1.4

		4.1

		30.1

		37.0

		26.1

		<0. 01



		

		

		During deployment

		12.3

		17.8

		24.7

		27.4

		16.4

		



		Sports Participation

		AF

		Pre-deployment

		40.9

		24.5

		23.6

		8.2

		2.7

		0.65



		

		

		During deployment

		39.8

		30.6

		21.3

		4.7

		3.7

		



		

		IQ

		Pre-deployment

		11.0

		28.8

		43.8

		9.6

		5.5

		<0. 01



		

		

		During deployment

		56.2

		30.1

		8.2

		1.4

		2.7

		





Table 5: Distribution of responses (%)for duration of aerobic training, strength training, 
and sports participation pre- deployment and  during deployment in 
Soldiers deployed to Afghanistan (AF) and Iraq (IQ).

		

		Unit 

		Duration (min/session)

		None

		<15 min

		16-30

		31-45

		46-60

		>60

		Wilcoxon p-value



		Aerobic Training

		AF

		Pre-deployment

		0.0

		0.0

		21.8

		37.3

		22.7

		18.2

		<0.01



		

		

		During deployment

		15.7

		2.8

		25.0

		32.4

		16.7

		7.4

		



		

		IQ

		Pre-deployment

		2.7

		0.0

		11.0

		24.7

		50.7

		9.6

		<0. 01



		

		

		During deployment

		27.4

		6.8

		23.3

		15.1

		16.4

		9.6

		



		Strength Training

		AF

		Pre-deployment

		0.0

		2.7

		7.3

		40.0

		30.0

		20.0

		0.14



		

		

		During deployment

		6.5

		3.7

		15.7

		24.1

		27.8

		22.2

		



		

		IQ

		Pre-deployment

		1.4

		1.4

		16.4

		34.2

		41.1

		5.5

		0.35



		

		

		During deployment

		12.3

		4.1

		13.7

		16.4

		28.8

		23.3

		



		Sports Participation

		AF

		Pre-deployment

		39.1

		0.0

		7.3

		15.5

		19.1

		19.1

		0.83



		

		

		During deployment

		38.9

		2.8

		5.6

		9.3

		19.4

		24.1

		



		

		IQ

		Pre-deployment

		8.2

		1.4

		5.5

		19.2

		42.5

		23.3

		<0.01



		

		

		During deployment

		57.5

		1.4

		5.5

		11.0

		8.2

		15.1

		





3.4
Self-Rating of Physical Fitness Components Pre- vs. Post-Deployment

The frequency distribution of AF & IQ Soldiers’ self-ratings of physical fitness components are presented in Table 6.  Compared to pre-deployment, AF Soldiers reported lower self-ratings for each component of physical fitness following deployment.   IQ Soldiers reported lower self-ratings for endurance, sprint speed, and flexibility, but there was no significant change in the distribution of self-rated strength.

Table 6: Percentage distribution of self-ratings of endurance, sprint speed, strength, and flexibility pre- and post-deployment in Soldiers deployed to Afghanistan (AF) and Iraq (IQ).


		

		Compared to others how would you rate your:

		Far less than average

		Less than average

		Average

		Greater than average

		Far greater than average

		Wilcoxon p-value



		Endurance

		AF

		Pre

		1.8

		13.6

		50.0

		30.9

		3.6

		0.05



		

		

		Post

		5.6

		16.7

		48.1

		27.8

		1.9

		



		

		IQ

		Pre

		0.0

		8.2

		47.9

		34.2

		9.6

		0.01



		

		

		Post

		1.4

		19.2

		47.9

		27.4

		4.1

		



		Sprint Speed

		AF

		Pre

		0.9

		10.9

		50.0

		31.8

		6.4

		0.01



		

		

		Post

		3.7

		18.5

		50.0

		22.2

		5.6

		



		

		IQ

		Pre

		0.0

		4.1

		47.9

		42.5

		5.5

		0.01



		

		

		Post

		4.1

		21.9

		42.5

		27.4

		4.1

		



		Strength

		AF

		Pre

		0.0

		5.5

		55.5

		31.8

		7.3

		0.03



		

		

		Post

		0.9

		11.1

		54.6

		25.9

		7.4

		



		

		IQ

		Pre

		0.0

		6.8

		65.8

		21.9

		4.1

		0.24



		

		

		Post

		1.4

		15.1

		52.1

		28.8

		2.7

		



		Flexibility

		AF

		Pre

		4.6

		20.2

		48.6

		23.9

		2.8

		0.05



		

		

		Post

		3.7

		25.0

		56.5

		13.9

		0.9

		



		

		IQ

		Pre

		1.4

		20.8

		51.4

		25.0

		1.4

		0.06



		

		

		Post

		5.5

		28.8

		42.5

		21.9

		1.4

		





3.5
Army Physical Fitness Test (APFT) Performance Pre- to Post-Deployment

The units provided matched pre- and post-deployment APFT data for 35% of the 2nd Battalion, 4th Infantry Regiment, 10th Mountain Division  deployed to Afghanistan (n=178) and 3% of the Brigade Combat Team, 1st Cavalry Division deployed to Iraq (n=84).  These data are presented in Table 7.  There were no significant differences in APFT scores pre- to post-deployment in the AF group.  In the IQ group, there was little difference in the pre- and post-deployment push-up and sit-up scores but run times averaged 0.7 minutes slower in the post-deployment period (5%), and APFT score was 6 points lower (3%) as compared to pre-deployment.  


Table 7: Army Physical Fitness Test (APFT) scores pre- to post-deployment 
in Soldiers deployed to Afghanistan (AF) and Iraq (IQ). 


		Variable

		N

		Pre-deployment (mean±SD)

		Post-deployment (mean±SD)

		p-valuea



		AF Push-Ups (repetitions)

		178

		64±13

		66±13

		0.15



		IQ Push-Ups (repetitions)

		84

		60±14

		62±18

		0.06



		AF Sit-Ups (repetitions)

		178

		68±11

		68±11

		0.26



		IQ Sit-Ups (repetitions)

		83

		65±11

		63±14

		0.28



		AF 2-Mile Run Time (min)

		178

		14.7±1.2

		14.6±1.6

		0.61



		IQ 2-Mile Run Time (min)

		76

		15.0±1.4

		15.7±1.7

		<0.01



		AF Total Score (points)

		178

		250±30

		250±38

		0.83



		IQ Total Score (points)

		75

		236±38

		230±45

		0.17





 aFrom paired t-test


3.6
Injury Incidence Pre- and Post-Deployment

The injury incidence before and after the deployment of the AF and IQ cohorts are listed in Table 8.  For the AF cohort, there was no significant difference in injury incidence between the two pre-deployment periods (Periods 1 and 2) and little difference when either of the two pre-deployment periods (Periods 1 and 2) were compared to the first post-deployment period (Period 3).  The second post-deployment period (Period 4) had a higher injury incidence than the other 3 earlier periods (Periods 1, 2, or 3).  


The IQ cohort also had an increased injury incidence following deployment, but the pattern was different from the AF cohort.  The injury incidence was slightly lower in Period 2 than in Period 1.  In the post-deployment periods, injury incidence was higher in Period 4 than in Period 3.  Injury incidence was more than twice as high in the first post-deployment period compared to the first pre-deployment period (Period 3 versus Period 1).   Injury incidence was almost three times as great in the second post-deployment period compared to the first pre-deployment period (Period 4 vs Period 1).  


Table 8: Injury Incidence before and after deployment to Afghanistan (AF, n=505) and Iraq (IQ, n=3242).

		Cohort

		Injury Incidence

		p-value (McNemar Test)



		

		Pre Deployment

		Post-Deployment

		



		

		Period 1

		Period 2

		Period 3

		Period 4

		Period1 vs Period2

		Period3 vs Period4

		Period1 vs Period3

		Period1 vs Period4

		Period2 vs Period3

		Period2 vs Period4



		

		n

		%

		n

		%

		n

		%

		n

		%

		

		

		

		

		

		



		AF 

		63

		12.5

		65

		12.9

		75

		14.9

		100

		19.8

		0.91

		0.01

		0.26

		<0.01

		0.38

		<0.01



		IQ 

		444

		13.7

		355

		11.0

		1052

		32.4

		1307

		40.3

		<0.01

		<0.01

		<0.01

		<0.01

		<0.01

		<0.01





4.0
discussion


Anecdotally, there has been concern among Army units that soldiers may be returning from combat deployments with lower fitness levels and higher body fat, and that these changes may contribute to injury risk.  These data illustrate the changes that occurred in physical fitness, body composition and injury rates after a 9 month deployment to Afghanistan and a 13 month deployment to Iraq. The decreased aerobic power in the IQ group (12%) was more than twice that of the AF group (5%) and may be the source of greatest concern in terms of performance.  The measurements made to assess aerobic fitness were different for the two groups.  The treadmill VO2 max test (AF group) is a highly controlled laboratory measure as compared to the 2 mile run test (IQ group), which is more variable and motivationally dependant.  A group of Finnish Soldiers who were deployed to Kosovo on a one year peacekeeping mission reported training an average of 117 ± 77 min/week during 1.8 training sessions/week, with large variations from month to month (22).  Although more than 70% of the training time was dedicated to strength training, Finnish Soldiers only had a 2.5% decrease in treadmill VO2max and a 5% decrease in 3 km run time.  The authors attribute the small decreases in aerobic capacity to high intensity interval running conducted prior to and during the deployment.  More than 70% of the Soldiers in deployed to IQ and AF reported a decrease in the frequency of aerobic training during deployment on the post-deployment questionnaire. The decrease in aerobic power in both groups was likely due to this decrease in aerobic training.  

Lifting strength (AF group) and lower body strength (IQ group) did not change pre- to post-deployment.  Upper body anaerobic power decreased approximately 5% in the AF group, but increased 9% in the IQ group along with an increase in bench press strength of 7%.  The increase in strength and upper body anaerobic power in the IQ group is surprising considering 54% of IQ Soldiers reported a decrease in the frequency of strength training during deployment as compared to pre-deployment.  It is possible that the duty tasks performed by the IQ Soldiers provided an adequate training stimulus to improve both upper body strength and power.  


Finnish Soldiers performed a fitness test consisting of a 3 km run, sit-ups, push-ups and chin-ups (22) prior to and at the end of a peacekeeping deployment to Kosovo (22).  The pre- to post-deployment fitness test changes in the Finnish Soldiers were similar to the changes in APFT performance for the US Soldiers.  The  sit-up and push-up performance was not changed and run time was most affected.  There was an increase in run time of nearly 5% in Finnish Soldiers, which is similar to the change in APFT run time for the larger cohort of IQ Soldiers (see Table 7).  The AF Soldiers did not demonstrate a decrease in 2 mile run time, but the APFT tests were conducted several months before and after the deployment period and the loss in aerobic power may have been recovered at that point. 


The changes in body composition from pre- to post-deployment were not large and the two deployment groups differed in the pattern of the changes.  In AF Soldiers there was a small decrease in body mass following deployment, which was comprised of a decrease in lean mass and an increase in body fat. In contrast, IQ soldiers gained 3% body mass, which is similar to the 3.5%  increase in body mass reported for Finnish Soldiers deployed to Kosovo (22).  The IQ Soldiers gained both fat mass and lean body mass.  Using Spearman’s Rank-Order Correlation coefficient, a positive relationship (p<0.05) was found between changes in lean mass and strength training frequency (AF r=0.35, IQ r=0.34) and duration (AF r=0.34, IQ r=0.25) during deployment.  Soldiers who participated in strength training more frequently and for longer periods of time during deployment tended to have increases in lean mass. The increase in fat mass in both samples may be associated with the reduction in aerobic exercise frequency and duration during deployment.  Additionally, previous studies have demonstrated that among individuals who run as their primary means of aerobic training, steady state training results in a weight-stable condition, while an inverse, nonlinear relationship exists such that decreasing running mileage results in increases in body fat and is most pronounced when training is stopped (23).  Dyrstad (22) reports that the Finnish Soldiers who increased VO2max during deployment trained for longer time periods and did not gain body mass from pre- to post-deployment to Kosovo.


Both groups experienced a post-deployment increase in injuries, but the two groups differed in terms of pattern and size of the increase.  The AF cohort showed very little immediate post-deployment rise in injury incidence (Period 3) but a larger increase later (Period 4); the IQ cohort showed an immediate post-deployment increase (Period 3) and a larger increase later (Period 4).  The absolute increase in the post-deployment injury incidence in the AF group was less than half that of the IQ cohort. 

The lower overall post-deployment injury incidence in the AF cohort could be due to a number of factors, among which might be 1) the time of year when the first post-deployment period occurred, 2) the physical training program the unit was using, 3) the differences in the occupational tasks of the Soldiers, and/or 4) in-theatre differences.  With regard to the time of year, the AF cohort returned from deployment in December and there was little field training at this time.  Soldiers also had 2 weeks of block leave during the holiday season at the end of December and there were generally few visits for injuries over block leave period (4).  The IQ cohort post-deployment period began on 3 January and thus the holiday block leave period was not included.  


In addition to the time of year, we observed that the AF deployed units had implemented the new Physical Readiness Training (PRT) program prior to deployment and continued to use the PRT program after deployment (24).  PRT is the new US Army physical training doctrine designed by the US Army Physical Fitness School to improve Soldiers’ physical capability for military operations.  In both Basic Combat Training and in Ordnance Advanced Individual Training, PRT has been shown to substantially reduce the overall incidence of injury (25-27) and it is possible that it reduced the injury incidence in the AF cohort.  The IQ cohort was using the more traditional physical training doctrine as described in Army Field Manual 21-20 (28).


It is possible that differences in the occupational tasks of the Soldiers may have influenced differences in the pattern and magnitude of the post-deployment injury rates.  We requested from the AFHSC the military occupational specialties (MOSs) of the Soldiers involved in the project.  There were 401 of the 505 Soldiers in the AF group (79%) that had an (infantry specialty), with the remainder having specialties that included artillery (n=32), signal (n=23), medical (n=24) and other (n=25).  Only 626 of the IQ cohort (19%) had an infantry specialty with a wide variety of other specialties, as would be expected since the cohort was comprised of an entire brigade.  Thus, occupational tasks differed in the two cohorts.


Overall, the Soldiers returning from deployment did not demonstrate large changes in strength, aerobic performance or body composition.  The negative changes will likely be ameliorated with a directed physical training program upon return from deployment.    The elevated post-deployment injury incidence is a concern and deserves further study to identify risk factors and implement injury interventions.

NOTE:  The opinions or assertions contained herein are the private views of the authors and are not to be construed as official or as reflecting the views of the Army or the Department of Defense. 
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Abstract


Introduction

The load of personal protective equipment (PPE) body armor affects physical performance of trained military personnel. A balanced effect of injury prevention and performance optimization is desired.  


Rationale

To assess PPE on physical performance by cardiovascular, balance, strength, and functional field tests. 


Methodology

Twenty-one physically active U.S. military volunteers on active duty (19 males, 24.2±3.7yr, 180.1±5.4 cm, 82.9±11.0 kg; 2 females 23.0±0 yr, 161.3±14.4 cm, 56.1±6.7 kg) participated in an experimental repeated measures counter-balanced design study. All subjects completed a battery of physical performance tests with and without a PPE system of Kevlar® front and back plates and an unlined combat helmet.  The average mass of the PPE system was 9.8 + 0.9 kg. Aerobic capacity (VO2max) was measured using a metabolic cart (SensorMedics Vmax 29c, Yorba Linda, CA) while subjects performed a specific treadmill test of fast walking up steep grades. Upper extremity climbing strength was evaluated using a BTE Primus RS dynamometer (BTE Technologies Inc, Hanover, MD) measuring work output over a 30 second maximal effort with analysis of joules and repetitions. Balance was assessed in four different postural conditions immediately before and after the treadmill (exercise) test.  All participants stood on a Bertec force platform (Model BP5050) with their arms on their hips.  Each subject’s motion was determined by examining changes in the anterior-posterior and medial-lateral center of pressure (COP).  Functional field tests assessed anaerobic running (300 yard shuttle run), agility (box agility), and upper extremity power (rope pull and dummy drag) on a separate testing session.  Separate repeated measures analysis of variance tests were conducted for each dependent measure (alpha level .05 set a priori).  


Results

Treadmill time was significantly reduced by PPE from 16.4 + 1.6 min to 14.4 + 1.5 min; p < 0.001. PPE also resulted in a significant decrease in aerobic capacity from 48.3 + 5.7 ml.min-1.kg-1 to 42.9 + 4.9 ml.min-1.kg-1; p < 0.001. Analysis of upper extremity climb data showed a significant effect of PPE on the number of repetitions (p=.001), but no significant differences in work (joules) as a function of PPE (p=.18).  Individuals completed five more climbing repetitions while not wearing the PPE (Control = 51.3 reps ± 11.2 vs. PPE = 46.38 reps ± 11.1). Analysis of COP data demonstrated significant changes in mean COP motion in both the anterior-posterior (AP) and medio-lateral  (ML) directions as a function of fatigue and PPE (all p’s<0.05).   Postural sway in both the AP and ML directions increased after fatigue and when the subject was wearing PPE.  Analysis of field tests revealed significant differences between PPE and control conditions for the shuttle run (p<.001), but no significant differences for the box agility test (p=.28) or upper extremity power rope pull and dummy drag test (p=.42).

Conclusions


PPE was associated with decrements in cardiovascular, balance, strength, and functional field test performance.  Future research is required to evaluate the effects of PPE specific training programs to reduce performa performance decrements and to determine PPE optimal weight and configuration.


Introduction


Soldiers are faced with a great number of hazards during combat, training, and completing other tasks in the workplace. Musculoskeletal injuries are the most common type of injuries in military personnel during training [1].  Noncombat musculoskeletal injuries are not as well documented in theater but account for a significant operational burden.  Body armor and other personal protective equipment (PPE) provides a level of protection from penetrating trauma [2].  The deleterious effects on the musculoskeletal system have been documented [2].   PPE adds additional weight, creating a load carriage system that as such can inhibit the soldiers’ mobility and have a physiological effect on the body. PPE is associated with increased heart and respiratory rates and cause muscle fatigue and injuries [2]. The amount of energy used for walking increases as the amount of load carriage increases, speed increases, or terrain changes [3]. The biomechanical effects of load carriage systems, including but not limited to personal protective equipment, have been investigated.  Load carriage systems have been found to increase knee range of motion, forward lean of the body and increased moments at the head and trunk to counterbalance the weight of the load [4].  During 6 km/hour marches for 40 minutes on a treadmill at 0, 15 and 30% body weight, physiological responses (i.e., oxygen consumption, carbon dioxide production, expired ventilation, respiratory exchange ration and heart rate) increased proportionally as the load increased as well as of peak stance knee flexion [5].  


While several studies have been completed on the effects of load carriage on physiological, kinematics and kinetics 


[4, 6, 7] ADDIN EN.CITE , there have been no comprehensive studies examining the effects of personal protective equipment (i.e., body armor and a helmet) on cardiovascular, postural control, reaction time and functional field tests on physical performance in a military population (REFS).  Therefore, the purpose of this study was to investigate the effects of PPE on physical performance based on a physical performance assessment developed for a military population at Old Dominion University.  


Methods   


Twenty-one physically active volunteers from various U.S. military commands [(19 males, 24.2±3.7yr, 180.1±5.4 cm, 82.9±11.0 kg, 2 females 23.0±0 yr, 161.3±14.4 cm, 56.1±6.7 kg)], who had experience wearing PPE participated in this study. Volunteers were tested with and without a PPE system, which consisted of a helmet and a vest with chest and back ceramic plates. The vest came in different sizes (small and large) to provide an appropriate fit so the PPE mass varied slightly among subjects. The average weight of the PPE system was 9.8kg ± 0.9kg.  The volunteers wore their military issued battle dress uniforms, including military boots and socks which were also worn during postural control testing. The subjects were tested on two different days (with and without PPE) with a minimum of three days in between testing sessions.  Cardiopulmonary, postural control, and functionally relevant tests were administered.  All subjects were in good physical health and had no current history of injury or illness that would preclude participation in performing physical performance tests in the study. Prior to participation, all subjects were required to sign an informed consent form that was approved by two different institutional review boards (Old Dominion University and Naval Medical Center Portsmouth).  


Cardiopulmonary Testing

Cardiopulmonary testing included a maximal incremental treadmill test. The treadmill test was specifically designed to present a functional challenge of practical warfighting significance, carrying a load up a steep hill as opposed to unloaded running. Stages were three min each in duration, beginning at 3 mph (4.8 kph) and 0% grade, then 4 mph (6.4 kph) and 0% grade, followed by 5% increases in grade each three min until reaching 20% grade. A planned increase to 4.5 mph (7.2 kph) and 20% grade was not attained by any subject in this study. For the treadmill test, subjects were fitted with a mouthpiece for collection of expired gases and a chest strap heart rate monitor (Polar, Kempele, Finland). Gases were analyzed by the Vmax metabolic cart, which was calibrated with known concentrations of O2 and CO2 prior to each test. Maximum oxygen consumption (VO2max) was determined as the highest VO2 over three consecutive 20-sec periods. Subjects were verbally encouraged to exercise as long as possible.

Balance Testing

Static forceplate tests, Star Excursion Balance Test (SEBT), Balance Error Scoring System (BESS), NeuroCom Smart Balance Master Sensory Organization Test (SOT) were administered with and without PPE gear. Static forceplate balance was assessed in four different postural conditions immediately before and after the treadmill (exercise) test.  All participants stood on a Bertec force platform (Model BP5050) with their arms on their hips.  Each subject’s motion was determined by examining changes in the anterior-posterior and medial-lateral center of pressure (COP).   During the SEBT, the volunteers were asked to stand in the middle of the testing grid while keeping their hands on hips and their stance heel on the floor throughout testing. While maintaining this position, the subjects were asked to reach with their reach leg along the tape and tap their toe lightly on the furthest point that they could before returning to the starting position. Subjects had 4 to 6 practice trials until comfortable performing the task appropriately in each direction before 3 trials for each were recorded for analyses. Both dominant and non-dominant legs were tested. The Balance Error Scoring System (BESS) required the volunteers to perform three positions (double leg, single leg, and tandem) both on the floor and on a foam surface. Subjects were instructed to stand quietly with their hands on their hips and their eyes closed. Each trial lasted 20 seconds, and during that time, the number of errors was counted. Errors included lifting hands off the hips, stepping, stumbling, or falling, lifting the forefoot or heel, opening eyes, moving hips into more than 30 degrees of flexion or abduction, and remaining out of the testing position for more than 5 seconds.  For the NeuroCom SOT, subjects were asked to stand on the force plate with the lateral aspects of their feet lined up according to the manufacturer’s standardized height scale. Subjects were asked to stand quietly with their arms by their sides and head facing forward, while performing three trials of each of the six testing conditions; each trial lasted 20 seconds. The 6 testing conditions were: 1) normal vision, fixed surface; 2) eyes closed, fixed surface; 3) sway referenced vision, fixed surface; 4) normal vision, sway referenced surface; 5) eyes closed, sway referenced surface; and 6) sway referenced vision, sway referenced support. Prior to each testing condition, the subject will be instructed that his/her surroundings and/or support may or may not move.

Functional Testing

Strength, power, agility and speed assessments included an upper extremity climbing assessment and field-based testing tasks.  Upper extremity climbing strength was evaluated using a BTE Primus RS dynamometer (BTE Technologies Inc, Hanover, MD) measuring work output over a 30 second maximal effort with analysis of joules and repetitions. Field-testing included a 300-yd (274-m) shuttle run using 25-yd (23-m) repeats, and a 4 by 10-yd (9.1-m) box drill (sprint forward, side shuffle, run backwards, carioca), and upper extremity power (rope pull and dummy drag).

Statistical Analysis

Separate repeated measures analysis of variance tests were conducted for each dependent measure.  The alpha level was set at 0.05. 

Results


Analysis of treadmill time was significantly reduced by PPE from 16.4 + 1.6 min to 14.4 + 1.5 min; p < 0.001.  PPE also resulted in a significant decrease in aerobic capacity from 48.3 + 5.7 ml.min-1.kg-1 to 42.9 + 4.9 ml.min-1.kg-1; p < 0.001. Analysis of upper extremity climb data showed a significant effect of PPE on the number of repetitions (p=.001), but no significant differences in work (joules) as a function of PPE (p=.18).  Individuals completed five more climbing repetitions while not wearing the PPE (Control = 51.3 reps ± 11.2 vs. PPE = 46.38 reps ± 11.1). 

Balance testing showed mixed results. Analysis of COP data demonstrated significant changes in mean COP motion in both the anterior-posterior (AP) and medio-lateral  (ML) directions as a function of fatigue and PPE (all p’s<0.05).   Postural sway in both the AP and ML directions increased after fatigue and when the subject was wearing the PPE.  Analysis of field tests revealed significant differences between PPE and control conditions for shuttle run (p<.001), but no significant differences for box agility test (p=.28) or rope pull and dummy drag test (p=.42).

Discussion 


The most important finding of this study was that PPE resulted in changes of cardiovascular, postural control, upper extremity functional strength and functional field test performance.   Surprisingly, PPE was associated with a significant decrease in aerobic capacity.  In this cohort of healthy and fit subjects, the expected result would be an increase in heart and respiratory rates with maintenance or increase in the aerobic capacity.  The decrements in the upper extremity function and the possible restriction by the PPE vest of chest wall motion may be the cause or have contributed to this result.  Future studies should be conducted on the stationary effects of the PPE vest on aerobic capabilities.


PPE also has an effect on the COP measurement during postural sway, but no statistically significant effect on the BESS, SOT or SEBT.  This suggests that the BESS, SOT and SEBT, typical clinical measures used in a sport and rehabilitation environment, were not sensitive enough to detect the effects of PPE.  Balance tests on subjects wearing weighted vests in studies specifically designed to evaluate the effect of added weight on balance demonstrate a decrease in clinical balance (altered jump landing or abnormal compensation to perturbed gait) related to the amount of weight (REFS). That our study did not reflect such differences is most likely a function of the test sensitivity. The amount of gross body movement required in the BESS and SEBT is relatively minimal compared to normal military function.  Additionally, the Neurocom SOT only stresses the anterior-posterior direction of postural control during a stationary stance on a double-limb support that may not be sensitive enough to detect changes relative to PPE gear.  Future studies should evaluate more dynamic postural control tasks (e.g., jump-landing stability) to assess the effects of PPE gear relative to dynamic tasks. 


Wearing body armor has been shown to increase the amount of energy the body requires9 and  physiological responses (including O2 consumption, CO2 production, and heart rate) increased proportionally as the weight of the load increased [5]. These findings are supported by the decrement in cardiovascular performance measured in this study.  Additionally, load carriage has been shown to reduce work performance and increase fatigue [3],  which is also supported by the decrement in the upper extremity work test and the functional field tests.  


Conclusions 


The use of body armor was associated with decrements in cardiovascular, balance, strength, and functional field test performance.  The decrease in aerobic capacity was not expected. Future research is required to evaluate the effects of PPE specific training programs to reduce the performance decrements armor and to determine the optimal weight and configuration of PPE.  We are currently investigating PPE with respect to aerobic capacity, balance, combat related tasks (including sprinting and a fatigue march), and cognition as a function of fatigue.
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Abstract


Introduction/Relevance 


Current theatres of military operations involve exposure to high ambient temperatures while wearing protective clothing such as fragmentation vests and/or the use of biological and chemical ensembles. Under conditions of uncompensable heat stress, aerobic fitness is a critical factor in explaining the higher core temperature (Tc) that can be tolerated by endurance trained (TR) versus untrained (UT) individuals. Tolerating higher Tc not only extends exposure time but it ensures that individuals can safely continue to be mobile while carrying their own weight and additional loads. 

Rationale 


The purpose of the current research was to examine whether differences in the immuno-inflammatory activation existed between TR and UT that might help explain the different Tc tolerated at exhaustion (EXH). 

Methods 


Twelve TR (24 ( 1 y, 73.3 ( 2.2 kg, 9.6 ( 1.0 %fat, 62 ( 2 ml/kg/min VO2peak) and eleven UT (23 ( 1 y, 78.7 ( 2.7 kg, 15.8( 1.7 %fat, 42 ( 1 ml/kg/min) walked at 4.5 km/h and a 2% grade to EXH in 40˚C and 30% RH while wearing a biological and chemical protective overgarment. Blood was sampled at 0.5˚C increments until Tc reached 40.0˚C or the trial was terminated due to high heart rates, nausea, dizziness or volition. Plasma endotoxin and serum lipopolysaccharide binding protein (LBP) were determined as were intracellular pro- and anti-inflammatory cytokines and heat stress protein (HSP) in circulating monocytes using flow cytometry. Blood volume (BV) was determined before the heat stress trial using indocyanine-greenTM. 

Results 


There were no differences between groups in the rate of Tc increase (1.2 ( 0.1˚C/h). Thus, the significantly longer tolerance time for TR (163 ( 11 min) vs UT (106 ( 10 min) reflected the differences in Tc tolerated at EXH (39.7 ( 0.1˚C vs 39.1 ( 0.1˚C for TR and UT, respectively). BV was significantly increased for TR (104 ( 6 mL/kg) vs UT (84 ( 3 mL/kg) but these differences were not related (r = 0.35) to the differences in Tc tolerated. Exercise and heat stress invoked significant increases in plasma endotoxin and LBP but the increase was greater for UT vs TR. Plasma endotoxin was more than 2-fold greater for UT than TR at 39.0˚C and at EXH. Pro-inflammatory cytokines TNF-( and IL-1β in inflammatory monocyte subsets increased for both groups with increasing Tc yet values were greater for TR compared with UT. However, at higher Tc these cytokine expressions decreased for TR but continued to increase for UT. Anti-inflammatory cytokines IL-6 and IL-1ra were also increased for TR vs UT. Intracellular HSP expression increased with increasing Tc for TR only. At EXH, the percentage of spontaneous apoptotic cells were significantly increased for UT whereas no change was observed for TR compared to baseline. 

Conclusion 


These findings suggest a reduced intracellular inflammatory activation in TR, and an impaired HSP induction and increased heat-induced cellular apoptosis in UT providing a connection between molecular protein expression and enhanced thermotolerance with endurance training.


1.0
Introduction


Current military deployments involve exposure to hot environments together with the requirement to wear protective body armour and/or additional clothing layers to protect against the threat of exposure to biological and chemical (BC) agents. Although the garments confer protection for the soldier from the hazards of their operating environment, the clothing together with the hot temperatures creates a condition of uncompensable heat stress [for review see 5] where thermoregulation is not possible and where the continued rise in core temperature places the soldier at an increasing risk of becoming a heat casualty.  


The pathophysiology of exertional heat illness (EHI) is not fully understood, but due to a number of similarities between the symptoms of heat stroke and those of endotoxic shock, a common belief has developed that gut-derived endotoxins are a primary mediator of heat stroke [2, 9].  Heat stress exposure involves redistribution of blood flow away from the splanchnic tissues to assist with the transfer of internal heat to the skin surface [16]. As core temperature continues to rise, so does the redistribution of blood away from the splanchnic area leading to an eventual break down in the intestinal barrier integrity and leakage of endotoxin from the gut into the portal and systemic circulations. There is a strong contention that endotoxemia is a key mediator driving the systemic inflammatory response-related progression of EHI at temperatures greater than 41°C [2].  However, whether these mechanisms are also occurring during exertional heat stress (EHS) and are responsible for the progressions of EHI severity at core temperatures below 40°C are less conclusive.

It is now well documented that endurance trained (TR) individuals can safely tolerate higher core or rectal temperatures (Tre) than their untrained (UT) counterparts [4, 14, 18, 19], thus extending their heat storage capacity and their range of thermotolerance before succumbing to exertional heat injury. The increased blood volume that accompanies aerobic training [8] enhances cardiovascular stability at any given level of thermal strain, which by itself might explain the ability to tolerate higher Tre.  However, animal models suggest that endotoxemia also plays an important role [17]. Thus it is possible that the improved cardiovascular stability associated with aerobic training impacts endotoxin translocation, inflammatory activation and heat tolerance.  Therefore, the purpose of the present study was to examine whether there is evidence for immuno-inflammatory activation due to endotoxin leakage that is consistent with a continued increasing level of thermal strain during EHS and that is consistent with the proposed cytoprotective effects conferred by an increased level of aerobic fitness.


2.0
methods


2.1 Subjects 


Following approval by the Defence Research and Development Canada (DRDC) and York University Human Research Ethics Committees, 23 healthy males were recruited from surrounding universities and running clubs in the greater Toronto area.  All subjects were medically screened and a full explanation of procedures, discomforts, and risks were given prior to obtaining written informed consent.  Potential subjects were excluded if they did not fit the grouping criteria described below or if they were taking any medications.  In addition, subjects were screened for a history of allergy to iodides, and/or sensitivities to penicillin and sulfa drugs, a contraindication for ICG dye injection.    All testing was performed in an exercise laboratory or a climatic chamber at DRDC Toronto.  

2.2 Determination of VO2peak

VO2peak was determined on a motor-driven treadmill using open-circuit spirometry [12] before the series of experiments in the climatic chamber. Following three minutes of running at a self-selected pace, the treadmill grade was increased 1%/min until subjects were running at a 10% grade. If necessary increases in treadmill speed of 0.22 m/s and grade of 1% were alternated each minute until the subject could no longer continue. 
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 was defined as the highest oxygen consumption (
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) observed during the incremental test. Heart rate (HR) was monitored throughout the incremental test from a telemetry unit (Polar Electro PE3000, Stamford, CT). The HR value recorded at the end of the exercise test was defined as the individual's peak value (HRpeak). Body fatness was calculated using body density determined using underwater weighing, and a residual lung volume determined using body plethysmography. Lean body mass (LBM) was calculated by subtracting body fat from the total body mass.  

2.3 Grouping Criteria


Subjects were divided into two groups of endurance TR (n=12) or UT (n=11) individuals based on 
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 expressed relative to LBM and activity profiles.  TR were defined as actively participating in a cardiovascular training program more than 3 times per week and having a 
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 greater than 65 mL·kgLBM-1·min-1.  UT were defined as being minimally active (less than 2 times per week) and having a 
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 below 50 mL·kgLBM-1·min-1.

2.4 Experimental Design 


All subjects participated in both a familiarization and experimental EHS session, which began at ~8:00 am.  Familiarization sessions involved exposure to all dressing procedures (including venous catheter and rectal temperature probe insertion) as well as a brief heat exposure while walking in the climatic chamber.  Each familiarization session was performed at least 10 days prior to the experimental trial to limit the acute effects of heat acclimation.  In addition, the familiarization heat exposure was limited to 30 minutes in order to maintain a Tre below 38.0(C.  These restrictions on increases in Tre were primarily for UT subjects, since TR subjects continued their regular training regiments leading up to the experimental EHS. Subjects refrained from strenuous exercise (running, swimming, cycling, weight lifting, etc.), alcohol, and the use of nonsteroidal anti-inflammatory drugs for 24 hours before and the use of caffeine for 8 hours before each session.  

2.5 Exertional Heat Stress Model


During the familiarization session and EHS trial, subjects walked on a motorized treadmill (4.5 km(h-1, 2% incline, wind speed <0.1 m·s-1) in an environmental chamber (40(C, 30% R.H.) while wearing the Canadian Forces NBC protective garment over combat clothing, shorts, and a T-shirt.  The intensity of exercise was selected such that the elevated metabolic rate, together with the clothing ensemble, created an uncompensable EHS condition and produced exposure times of approximately two and three hours for UT and TR, respectively.  Exhaustion (EXH), which was defined by specific end-point criteria for the EHS, included an ethical Tre cut-off of 40.0(C, HR reaching or exceeding 95% of maximum for three consecutive minutes, EXH/thermal discomfort, dizziness or nausea precluding further participation, and/or subject or experimenter termination.  Tolerance time (TT) was defined as the elapsed time from the beginning of walking on the treadmill to the attainment of one or more of the end-point criteria that resulted in termination of the EHS trial.


2.6 Physiological Measurements


Heart rate was monitored using a transmitter attached with an elasticized belt fitted around the chest and taped in place.  The receiver was taped to the outside of the clothing, allowing for a continuous HR display. Open-circuit spirometry was used to determine expired minute ventilation,
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, and carbon dioxide production at each Tre increment from values averaged over a 2-min sampling period. Tre was measured using a flexible vinyl-covered rectal thermistor inserted approximately 15 cm beyond the anal sphincter. Mean skin temperature (Msk​​) was obtained from seven temperature thermistors taped to the head, abdomen, medial deltoid, hand, anterior thigh, shin, and foot, respectively.  Mean values over 1-min periods for Tre, and a 7-point weighted Msk were calculated as described previously [12], recorded, and printed by the computerized data-acquisition system. Subjects received 5 mL·kgLBM-1 of warm water (37(C) prior to entering the climatic chamber and following metabolic measurements approximately every 30 minutes during the trial in order to limit heat-sink effects, reduce circulatory instability produced by progressive dehydration, and to increase the level of Tre  tolerated at EXH.  Sweat rate (SR) was calculated using values for nude masses pre and post-exposure, fluid administered, and TT; SR values were corrected for respiratory and metabolic mass losses as described previously [12].  Hematocrit and hemoglobin values were determined using a hematology analyzer and used to correct circulating concentrations for changes in blood and plasma volumes using equations from Dill and Costill [6]. 

2.7 Blood Collection and Storage 


Venous whole blood was collected at 6 sampling times during the experimental EHS session, if available, using an indwelling venous catheter and a 24-inch extension which protruded from the sleeve of the protective ensemble.   Following catheter insertion, subjects remained standing for 20 min to obtain postural stability prior to the baseline sample.  Subsequent samples were taken during the experimental heat stress trial at specific Tre intervals (38.0°C, 38.5°C, 39.0°C, 39.5°C and 40°C/EXH) rather than at specific time periods.  Catheter patency was maintained by injecting 3 mL of a sterile saline solution between sampling intervals.  Blood samples were drawn into sterile syringes and immediately transferred into corresponding vacutainers containing sodium heparin for flow cytometry analyses and K2EDTA for hematology analyses.  K2EDTA plasma samples for endotoxin determination were always collected first under strict aseptic techniques with certified endotoxin free tips and storage containers. The remaining supernatants were then transferred into polypropylene Eppendorf tubes.  Samples were frozen and stored at -70°C until assayed.

2.8 Determination Blood and Plasma Volumes


Blood (BV) and plasma volumes (PV) were determined prior to the familiarization and experimental EHS trials using standard laboratory dilution techniques with indocyanine-greenTM (ICG) [13]. Blood flow was occluded for 2 min prior to infusion of 0.25 mg·kg-1 ICGTM into one arm followed by repeated sampling from the other arm from minutes 2 to 11. Individual ICGTM dye dilution curves were constructed and extrapolated back to time 0 to calculate PV from measured Hct. 

2.9 Chromogenic Limulus Amebocyte Lysate and Lipopolysaccharide Binding Protein Assays 


Circulating plasma levels of endotoxin were measured using a Limulus Amebocyte Lysate Chromogenic Assay (LAL; Associates of Cape Cod, Inc., East Falmouth, MA).  Maximum sensitivity of the chromogenic assay was 0.005 Eu·mL-1.  All labware and storage containers were periodically tested for endotoxin absorption and assay enhancement/inhibition.

Lipopolysaccharide binding protein (LBP) was measured using a chemiluminescent immunometric assay performed on an IMMULITE( system (Diagnostic Products Corp., Los Angeles, CA, USA).  The detectable limit of the assay was 0.2 (g·mL-1.

2.10 Intracellular Cytokines, HSP72 and Apoptosis


Brefeldin A-treated and nontreated heparinised whole blood samples were analyzed immediately using flow cytometric techniques for spontaneous intracellular cytokine (TNF-α, IL-1β, IL-6, IL-1ra, and IL-10) and HSP72 production as well as surface staining for apoptotic markers as previously described [20]. In addition, at baseline and EXH blood was in vitro heat shocked in a water bath at 42ºC for 2 h for HSP72 production and cellular apoptosis.

2.11 Flow Cytometry


All samples were acquired on a FACSCalibur flow cytometer calibrated for four-colour analyses and analyzed using Cell Quest Pro software (Becton Dickinson Biosciences, San Jose, CA).  Quadrant markers and analysis gates for delineation of positive and negative regions were based on isotype-matched or negative controls. Additional dot plots gating on CD14+ monocytes were used to delineate classic (CD14++CD16-) and inflammatory monocyte (CD14+CD16+) subsets (Figure 1).
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Figure 1:  Flow cytometric dotplots representing sequential gating for CD14++CD16-/ CD14+CD16+ and CD14Bri/CD14Dim subsets of total CD14+ monocytes in lysed whole blood. Subsequent analyses utilized dual-color dotplots for cellular apoptosis and fluorescence histograms 
for intracellular HSP72 in CD14Bri/CD14Dim and intracellular cytokine 
staining in CD14++CD16-/ CD14+CD16+ (data not shown). 


2.12 Data Analyses


An ANOVA with one repeated factor (temperature) and one between factor (fitness) was calculated on the various immunologic and physiologic dependent measures sampled during EHS as well as a separate ANOVA comparison between baseline and EXH measures. In addition, a one-factor (fitness) ANOVA was used to compare physiologically dependent measures, such as Tre tolerated at EXH, TT, rate of Tre increase, and anthropometric data.  An ANOVA with two repeated factors (temperature and stimulation or shock or subset) and one between factor (fitness) was calculated on baseline and EXH measures, in vitro samples stimulated with LPS, or heat shocked (HS), respectively.  For all analyses, unless otherwise specified, subject numbers were as follows:  Baseline to 38.5ºC and EXH n=TR (12), UT (11); 39.0ºC n=TR (12), UT (9); 39.5ºC n=TR (11).  To correct for violations in the assumption of sphericity with the repeated factors, we applied the Huynh-Feldt correction to the F-ratio.  Post-hoc comparisons were performed using a Newman-Keuls procedure to isolate specific between-group mean differences at each Tre interval and within-group differences over temperature.  For all analyses, an alpha level of 0.05 was used.

3.0
results

3.1 
Group Characteristics
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 expressed per kg of LBM (70 ± 2 vs 50 ± 1 ml·kgLBM-1·min-1) and per kg of total body mass (62 ± 2 vs 42 ± 1 ml·kg-1·min-1) as well as body fatness (9.6 ± 1.0 vs 15.8 ± 1.7 %), BV (104.2 ± 5.7 vs 84.0 ± 3.1 ml·kg-1), and PV (64.4 ± 3.6 vs 51.0 ± 1.9 ml·kg-1) were significantly different between groups (TR vs UT, respectively). 

3.2 
Physiological Responses to EHS


Tre tolerated at EXH was higher in TR (39.7 ± 0.1 ºC) compared with UT (39.1 ± 0.1 ºC), which produced significantly longer TT in TR (162.5 ± 11 min) compared with UT (106 ± 10 min). However, despite the longer TT for TR, the rate of increase in Tre (1.2 ± 0.05ºC·h-1) and time between Tre sampling intervals were not significantly different between groups up to 39.0ºC. Although HR was lower throughout the EHS for TR, values at EXH were not different between groups at 160 ± 3 b·min-1 or 81 ± 1 % of HRpeak. The absolute metabolic cost of walking at 4.5 km·h-1 and 2% incline was not different between groups at 15.2 ± 0.1 ml·kg-1·min-1, however, this value represented a greater relative exercise intensity for the UT (35.9 ± 1.3 %
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) compared with the TR (24.8 ± 0.9 %
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). Individual differences in BV were not related to differences in Tre tolerated (r = 0.35, p > 0.05).

3.3 Plasma Endotoxin and LPB


Plasma endotoxin and LBP levels were not significantly different between groups at baseline, however a significant group effect (UT > TR) was observed throughout the EHS as depicted in Figure 2. Significant increases in plasma endotoxin were first observed at a Tre of 38.5ºC for UT and a greater than 2-fold increase in plasma endotoxin was observed for UT compared with TR at a Tre of 39.0ºC. 
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Figure 2: Circulating plasma endotoxin and serum LPS binding protein (LBP) concentrations 
in trained (TR) and untrained (UT) during exertional heat stress. Values are mean ± SE. 
* UT p < 0.05 from baseline (B), ‡ UT p < 0.05 from 38.5ºC, † TR p < 0.05 
from baseline, § between-group significance.


3.4 Intracellular Cytokine Production


Intracellular changes in the percentage of cytokine-positive and protein content (MFI) for inflammatory monocyte subsets are shown in Figure 3. EHS produced a temperature-dependant increase in TNF-α and 
IL-1β expression and protein content. Of note, was the significant within-group difference in cytokine-positive cells at 39.0ºC, yet MFI increases in TNF-α (at 39.0ºC) and IL-1β (at EXH) were observed only in UT. In contrast, MFI was greater for TR for TNF-α and IL-1β compared with UT and TNF-α actually decreased from 39.0 to 39.5ºC for TR. IL-6 and IL-1ra expression were elevated in TR with a temperature-dependent reductions observed during EHS in TR and UT, respectively. MFI for IL-10 decreased during EHS for UT.
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Figure 3: Intracellular changes in the percentage (%) of cytokine-positive cells and mean fluorescence 
intensity (MFI; in arbritrary units, a.u.) in TNF-α, IL-1β, IL-6, IL-1ra, and IL-10 by inflammatory 
monocytes during exertional heat stress between trained (TR) and untrained (UT) groups. 
Values are mean ± SE. * UT p < 0.05 from baseline (B). † TR and UT p < 0.05 from 
baseline. ‡ TR p < 0.05 from baseline. § between-group significance. a, 
main effect of temperature. b, main effect of group.

3.5 Intracellular HSP 72 


EHS produced a temperature-dependant increase in MFI for intracellular HSP72 in circulating inflammatory monocytes in TR subjects only (Figure 4). Intracellular HSP72 protein content was also significantly greater for TR compared with UT both with EHS and with in vitro heat shock (data not shown). 



[image: image13]

Figure 4: Changes in HSP72 intracellular expression and MFI by circulating inflammatory monocytes during exertional heat stress between trained (TR) and untrained (UT) groups. Values 
are mean ± SE. *, TR p < 0.05 from baseline (B). § between-group significance.


3.6 Cellular Apoptosis


A significant increase in the percentage of spontaneous apoptotic cells was observed only in UT subjects with EHS, whereas in vitro heat shock significantly increased the percentage of apoptotic cells in both groups at baseline but only in TR with the blood sample obtained at EXH (Figure 5). 
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Figure 5: Changes in % of apoptotic cells in inflammatory monocytes at baseline (B) and at EXH after EHS and following in vitro heat shock (HS) between trained (TR) and untrained (UT). Values are mean ± SE. *, p < 0.05 from baseline (B). †, p < 0.05 from EXH. §, between-group significance.

4.0
DISCUSSION


This study presents an overview of some recent novel experiments by Selkirk et al. [19, 20] that demonstrated for the first time that endotoxin leakage can occur at core temperatures well below those typically associated with pathological conditions of a systemic inflammatory response and heat stroke [2]. Our findings suggest, therefore, that a continuum of inflammatory activation exists as body core temperature increases above 38.5ºC during exertional heat stress as has been suggested by others [10, 21]. Our findings have further demonstrated that sedentary individuals are at risk of a breakdown of gut barrier integrity at lower core temperatures due to the required redistribution of blood away from the splanchnic area in their attempt to transport body heat from the core to the skin surface [16]. In addition to an increase in core temperature [2], adequate blood supply is critical for the maintenance of the gastrointestinal barrier [7, 17]. It is interesting to note, however, that heart rates for both UT and TR approximated 75-80% HRpeak at the core temperature (38.5ºC and 39.0ºC for UT and TR, respectively) where plasma endotoxin concentrations were first noted to increase (see Figure 1). Clearly, the  almost  25%  greater  blood  volumes  for  our  TR  subjects  were  an important factor for maintaining gut barrier integrity to higher core temperatures. However, this difference between groups was, by itself, unable to account for a significant proportion of the variability in thermotolerance among subjects. 

There is increasing evidence that translocation of small amounts of endotoxin into the circulation occurs in healthy individuals during conditions such as heat stress, which can stimulate host defences [11]. This suggests that individuals participating in regular aerobic training may develop an improved endotoxin tolerance [3, 22] due to small, repeated exposure to LPS that results in a type of self-immunization [1]. It is also possible that this transient endotoxin translocation and the subsequent induction of the stress response may be the key cellular mediator of antioxidant and anti-inflammatory cytoprotective changes that accompany regular aerobic training. Certainly the enhanced intracellular production of anti-inflammmatory cytokines IL-1ra and IL-6 and the decrease in TNF-α at higher core temperatures (Figure 2), the elevated intracellular HSP72 response (Figure 3) and the reduced percentage of apoptotic cells at exhaustion (Figure 4) provide direct cellular evidence of these cytoprotective changes for our endurance trained subjects. In addition, the observed impairment of HSP72 induction in the UT coincided with increased heat-stress-induced cellular apoptosis and lower Tre tolerated, providing an additional cross-sectional link for the benefits of endurance training, the maintenance of gut barrier integrity, and thermotolerance.


4.1
Operational Significance


Allied Forces are currently involved in theatres of operation that require the donning of protective clothing such as body armour as well as exposure to ambient temperatures that can reach or exceed 50ºC. These conditions together with the requirements to maintain moderate to heavy work efforts for prolonged periods of time can create uncompensable heat stress where body temperature and heat storage continue to rise to dangerously high levels. The data presented here clearly reveal the advantage and importance of maintaining a high level of aerobic fitness for sustaining one’s operational effectiveness for longer periods of time as core temperature increases. Thus the aerobically fit soldier will be able to march further, fight longer, and make better decisions than the unfit soldier in these extreme environments. However, our findings raise as many questions as they appear to answer. For example, will the endurance trained soldier be at risk for exertional heat injury sooner if fluid replacement can not match their elevated rates of fluid loss? Some of our additional data analyses, which are not presented here, indicate that this may be the case. Is there a threshold level of aerobic fitness associated with enhanced thermotolerance or is some regular physical activity, regardless of intensity, beneficial? Our theory regarding the importance of self-immunization with a small amount of endotoxin leakage with regular exercise implies that a certain redistribution of blood flow away from the gut is required before this leakage occurs. Our data suggest that heart rates around 75-80% of peak values must be attained before endotoxin leakage is present. In reality, it is likely that leakage occurs at somewhat lower heart rates but nevertheless these findings imply that low to moderate levels of exercise in a normothermic environment would not be sufficient to promote this self-immunization. Could the benefits of this self-immunization occur with repeated exposure to passive heating, albeit probably to higher core temperatures, and could this serve as an alternate strategy for adaptation? Perhaps the best adaptive strategy would be repeated exercise exposure in a hot environment, a process commonly referred to as heat acclimation. Those that are less aerobically fit would probably demonstrate the greatest benefits and cellular adaptations with this approach since the endurance trained individual is already considered partially heat acclimated [15]. We are currently examining these possibilities.


5.0 
conclusion


In summary, the present findings have provided evidence to substantiate the importance of gut barrier integrity for explaining differences in thermotolerance between TR and UT. The data show the functional link between the cardiovascular adaptations that occur with endurance training and the resultant anti-inflammatory cytoprotective changes. For the soldier, maintaining a high level of aerobic fitness enables them to maintain their operational state of readiness for longer periods of time when exposed to high environmental temperatures while wearing protective clothing and carrying heavy loads.

6.0 references

[1] Bosenberg AT, Brock-Utne JG, Gaffind SL, Wellls MT, Blake GT. Strenuous exercise causes systemic endotoxemia. J Appl Physiol 1988; 65: 106-8.


[2] Bouchana A, Knochel JP. Heat stroke. New Eng J Med 2002; 346: 1978-88.


[3] Chen HI, Hsieh SY, Yang FL, Hsu YH, Lin CC. Exercise training attenuates septic responses in conscious rats. Med Sci Sports Exerc 2007; 39: 435-42.


[4] Cheung SS, McLellan TM. Heat acclimation, aerobic fitness and hydration effects on tolerance during uncompensable heat stress. J Appl Physiol 1998; 84: 1731-9.


[5] Cheung SS, McLellan TM, Tenaglia SA. The thermophysiology of uncompensable heat stress: physiological manipulations and individual characteristics. Sports Med 2000; 29: 329-59.


[6] Dill DB, Costill DL. Calculation of percentage change in volumes of blood, plasma, and red cells in dehydration. J Appl Physiol 1974; 37: 247-8.


[7] Hall DM, Baumgardner KR, Oberley TD, Gisolfi CV. Splanchnic tissues undergo hypoxic stress during whole body hyperthermia. Am J Physiol Gastrointest Liver Physiol 1999; 276: G1195-203.


[8] Hopper MK, Coggan AR, Coyle EF. Exercise stroke volume relative to plasma volume expansion. J Appl Physiol 1988; 64: 404-408.

[9] Lambert GP. Role of gastrointestinal permeability in exertional heatstroke. Exerc Sport Sci Rev 2004; 32: 185-190.

[10] Lim CL, Mackinnon LT. The roles of exercise-induced immune system disturbances in the pathology of heat stroke: the dual pathway model of heat stroke. Sports Med 2006; 36: 39-64.

[11] Marino A, Pellegrini F, Lucchesi AM, Roncucci P, Cosimi A, Logi G. Multiorgan damage in exertion heatstroke. Minerva Anestesiol 1992; 58: 393-395.


[12] McLellan TM, Pope JI, Cain JB, Cheung SS. Effects of metabolic rate and ambient vapour pressure on heat strain in protective clothing. Eur J Appl Physiol 1996; 74: 518-527.

[13] Mitra S, Chamney P, Greenwood R, Farrington K. Serial determinations of absolute plasma volume with Indocyanine Green during hemodialysis. J Am Soc Nephrol 2003; 14: 2345-2351.


[14] Morrison SA, Sleivert GG, Cheung SS. Aerobic influence on neuromuscular function and tolerance during passive hyperthermia. Med Sci Sports Exerc 2006; 38: 1754-61.

[15] Pandolf KB, Burse RL, Goldman RF. Role of physical fitness in heat acclimatization, decay and reinduction. Ergonomics 1977; 20: 399-408.


[16] Rowell LB. Human cardiovascular adjustments to exercise and thermal stress. Physiol Rev 1974; 54: 75-159.

[17] Sakurada S, Hales JR. A role for gastrointestinal endotoxins in enhancement of heat tolerance by physical fitness. J Appl Physiol 1998; 84: 207-214.

[18] Selkirk GA, McLellan TM. Influence of aerobic fitness and body fatness on tolerance to uncompensable heat stress. J Appl Physiol 2001; 91: 2055-2063.

[19] Selkirk GA, McLellan TM, Wright HE, Rhind SG. Mild endotoxemia, nuclear factor (NF)-{kappa}B translocation and cytokine increase during exertional heat stress in trained and untrained individuals. Am J Physiol Regul Integr Comp Physiol 2008, 295: R611-623.

[20] Selkirk GA, McLellan TM, Wright HE, Rhind SG. Expression of intracellular cytokines, HSP72, and apoptosis in monocyte subsets during exertional heat stress in trained and untrained individuals. Am J Physiol Regul Integr Comp Physiol 2009; 296: R575-586.

[21] Sonna LA, Sawka MN, Lilly CM. Exertional heat illness and human gene expression. Prog Brain Res 2007; 162: 321-346.

[22] Starkie RL, Hargreaves M, Rolland J, and Febbraio M. Heat stress cytokines, and the immune response to exercise. Brain Behav Immun 2005; 19: 404-412.


B    







Rectal Temperature (ºC)







TR







UT







38  







§







Exh







39.5        







38.5 39  















§







§







§







* 























































TR







UT







UT           TR







B























*







*







†







30







10







20







40







Apoptotic Cells (%)







EXH    







EXH-HS























*







*







§







†







0







B-HS











RTO-MP-HFM-181
P3 - 1

P3 - 12
RTO-MP-HFM-181

RTO-MP-HFM-181
P3 - 11



_1257670585.unknown



_1305458622.unknown



_1202202872.unknown



_1257670543.unknown




[image: image1.png]T INJURY ]

Physical Trauma Ischemia Exercise

L Watrix disruption —— |





[image: image5.wmf][image: image6.jpg]}
A NATO
\4% OTAN




[image: image7.png]Fold Change vs. Uninjured Leg

40

30

20

10

-
5

A. Metallothionein mRNA

A3 Group Placebo Group








[image: image8.png]Protein Content (au)

400

300

200

100

B. Metallothionein Protein Content

Uninjured
LegA3
Group

I/RLeg A3 Uninjured I/RLeg

Group

Leg Placebo Placebo
Group Group




Minimizing Skeletal Muscle Injury to Ischemia/Reperfusion with
Adenosine A3 Receptor Agonists: Role of Matrix Metalloproteases







Minimizing Skeletal Muscle Injury to Ischemia/Reperfusion with
Adenosine A3 Receptor Agonists: Role of Matrix Metalloproteases 



Minimizing Skeletal Muscle Injury to Ischemia/Reperfusion with Adenosine A3 Receptor Agonists: Role of Matrix Metalloproteases 

Maria L. Urso, Edward J. Zambraski


U.S. Army Research Institute of Environmental Medicine (USARIEM)

42 Kansas St., Natick, MA 01760

USA


Maria.urso@us.army.mil


Bruce T. Liang

Pat and Jim Calhoun Cardiovascular Center, University of Connecticut School of Medicine

263 Farmington Avenue, Farmington, CT 06030

USA

Abstract 


Introduction

Today’s Warfighter is subject to traumatic injuries to skeletal muscle. Tourniquet use for hemorrhage control is common, as well as in surgical situations requiring the restriction of blood flow to an extremity. The reperfusion period following prolonged tourniquet use results in skeletal muscle damage, making ischemia/reperfusion (I/R) injury a concern for military personnel. In regards to acute injury, 63% of injuries sustained in combat are the result of explosive munitions that produce traumatic injury in skeletal muscle. 


Rationale

Work from our laboratory has determined that Adenosine A3 receptors are a novel therapeutic target in attenuating I/R injury in skeletal muscle. Administration of A3 receptor agonists prior to I/R resulted in a striking reduction in gastrocnemius muscle injury in mice. The data on A3 protection in skeletal muscle provide important evidence of a cytoprotective role of the adenosine A3 receptor.  How adenosine A3 receptors act to reduce skeletal muscle injury is not well understood.  Given the importance of metallothioneins (MTs) and matrix metalloproteases (MMPs) in skeletal muscle remodelling, questions arise as to whether A3 receptor intervention would modulate the MT and MMP response, subsequently minimizing skeletal muscle damage and facilitating a more rapid recovery/return to duty. The purpose of this work was to extend previous studies to elucidate the mechanisms associated with A3 agonist muscle protection and to define the role of the MT/ MMP pathway. 


Methods

Mice were pre-treated with the A3 receptor agonist or a vehicle 2 h prior to ischemia. Ligation of the hindlimb was performed in all mice for 2 h followed by 24 h of reperfusion and tissue collection.  Evans blue dye staining, which quantifies the number of injured muscle cells, and serum creatine kinase (CK) levels were used to assess muscle damage. qRT-PCR, immunoblotting, and zymography were used to quantify the effect of I/R injury on transcription, translation, and activity, respectively, of the MTs and MMPs. 


Results

Adenosine A3 receptor agonist pre-treatment reduced skeletal muscle injury with a significant 20 % decrease in Evans blue dye staining and an 85% decrease in serum CK. A3 receptor agonist pre-treatment also increased transcription of MT mRNA and reduced MMP mRNA following injury.  The anti-inflammatory molecule MMP-9 increased with A3 receptor agonist treatment. 


Conclusion

A3 receptor agonist pre-treatment may be an important intervention to minimize skeletal muscle damage in response to I/R injury. I/R injury results in significant increases in transcription of the MTs and MMPs, and treatment provides protection at the transcriptional level within 24 h of injury. It will be important to determine if A3 receptor agonists can also mitigate muscle damage associated with other types of muscle injury such as blunt trauma, burn or cold stress. Development of an A3 receptor agonist intervention that could be administered in the acute phase of injury may be an important means of reducing traumatic muscle injury in the operational setting.


1.0
INTRODUCTION


Sixty-three percent of injuries sustained by today’s Warfighter are the result of explosive munitions (Scarborough 2007). The force of these explosions and fragmented debris from the device itself and nearby structures produce traumatic injury to skeletal muscle and surrounding tissues. Tourniquet use for hemorrhage control is mandatory in theater, as well as in surgical situations that require the restriction of blood flow to an extremity. Often, upon removal of the tourniquet, the subsequent reperfusion of blood to previously ischemic tissue induces inflammation, morphological abnormalities and tissue necrosis (Carmo-Araujo et al. 2007). As the most vulnerable tissue in the extremities, ischemia/reperfusion (I/R) can cause significant injury to skeletal muscle, exacerbating pre-existing injury, resulting in loss of function, delayed healing, and incomplete rehabilitation. Prolonged hospitalization as a result of delayed recovery of skeletal muscle function and integrity severely impacts the number of active duty and reserve personnel available for combat and military missions.  

Thus, protection of skeletal muscle from I/R injury is an important therapeutic goal directed toward ameliorating muscle and organ injury in military populations. Although various measures such as a tissue-preserving solutions and cold immersion are used to preserve intact organs and skeletal muscle (Southard and Belzer 1995; Tsuchida et al. 2003), an effective method or agent to protect skeletal muscle from I/R injury is lacking. Recent data have demonstrated that adenosine receptor agonists and ischemic preconditioning can provide potent protection of the heart muscle when administered prior to a myocardial infarction (Mozzicato et al. 2004).  As a result, interest is emerging to study whether manipulation of adenosine receptors can also induce protection of skeletal muscle.  

1.1
The Role of Metallothioneins and Matrix Metalloproteases


Metallothioneins (MTs) are small (12-14 kDa), ubiquitous, cysteine-rich, zinc-binding proteins which are primarily produced in the liver and released into the circulation (Tapiero and Tew 2003). Upon release into the circulation metallothioneins play a pivotal role in cellular processes that render protection to all tissues of the body. In skeletal muscle, MTs initiate anti-inflammatory and anti-apoptotic signalling cascades, reduce reactive oxygen species (ROS)-induced cytotoxicity, protect against ROS-induced DNA degradation, and maintain zinc homeostasis (Feng et al. 2006; Tapiero and Tew 2003). Marked induction of MT mRNA is evident in skeletal muscle of animals and humans under conditions that promote oxidative stress such as I/R and traumatic injury (Kondo et al. 1992; Lecker et al. 2004; Penkowa et al. 2005). 


While the specific role of MT is to neutralize ROS, MMPs contribute directly to tissue remodelling in both healthy and pathological muscle (Birkedal-Hansen et al. 2008). MMPs process extracellular matrix proteins, cytokines and growth factors, and optimal remodelling of the extracellular matrix is contingent on tightly regulated MMP activity (Kjaer 2004). Induction of the MMPs is largely dependent on the substrate affected, as specific MMPs are activated to degrade collagens (MMP-1, -8, -13, and -18), gelatins (MMP-2, and -9), stromelysins (MMP-3, -10, and -11), and membrane-type proteins (MMP-14, -15, -16, and -17).   


Several lines of evidence suggest an involvement of ROS in the cascade of events initiating skeletal muscle remodelling, particularly following I/R injury when skeletal muscle cells are more susceptible to oxidative stress (Jagoe et al. 2002; Lecker et al. 2004; Warren et al. 2007).  Concomitant increases in the expression of MT and metalloproteases (MMPs) has been reported in response to skeletal muscle injury and during the remodelling phase (Lecker et al. 2004; Warren et al. 2007). These findings imply that the signalling cascade connecting injury, I/R, the release of ROS, MT induction, and MMP-induced remodelling is a prime candidate for pharmacological intervention.


Pharmacological attenuation of MMP induction and downstream proteolytic cascades, or stimulation of MMP inhibitors such as TIMP-1 and TIMP-2, has the potential to prevent additional injury, while reducing the time to recovery post-trauma (Hnia et al. 2007). Moreover, pharmacological agents designed to reduce ROS-induced membrane damage by enhancing antioxidant molecules such as MT, may mitigate the increase in proteolytic signalling following injury in skeletal muscle.


1.2
Adenosine A3 Receptor Agonists: Mechanism of Action


Adenosine A3 receptors were recently identified as a novel therapeutic target in attenuating I/R injury in cardiac muscle (Zheng et al. 2007). Thus, the A3 receptor agonist is a prime candidate for pharmacological intervention in skeletal muscle based on several working hypotheses regarding its mechanism of protection in response to injury. First, previously published data suggest that the activation of A3 receptors is capable of inducing potent anti-ischemic protection of skeletal muscle (Zheng et al. 2007). Potentially, A3 receptor activation can induce a greater induction of MT following injury, providing the muscle with a greater antioxidant defense system subsequently suppressing oxidant-induced proteolytic signalling cascades. A second working hypothesis regarding the mechanism of protection by the A3 receptor agonist involves its anti-inflammatory properties. The primary event linking skeletal muscle injury to intracellular proteolytic events is the infiltration of inflammatory cells in the hours and days post-injury. It has been suggested that this inflammatory reaction may produce additional damage, increasing the possibility for muscle fibrosis, scarring, and subsequent injury (Tidball 1995).Thus, limiting certain aspects of inflammation through A3 receptor modulation may reduce muscle degeneration as well as signalling mechanisms for muscle scarring (Sicard 2002). Finally, the role of the A3 receptor agonist in mitigating Ca2+ influx and overload, through its effect on Phosphokinase-C (PKC) signalling, has the potential to decrease the activation of MMPs and the subsequent increase in proteolytic cascades. Essentially, the mechanism for this protective response involves the injury-induced disturbances in Ca2+ homeostasis resulting in elevated intracellular Ca2+. This increase in cellular Ca2+activates the cysteine protease calpain which plays a critical role in triggering skeletal muscle protein breakdown, inflammatory changes, and regenerative processes (Inserte et al. 2006; Stracher 1999).  Figure 1 illustrates how these proposed mechanisms are involved in reducing skeletal muscle injury following A3 receptor agonist treatment. 
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Figure 1: Model of adenosine A3 receptor signalling mechanism in cytoprotection of skeletal muscle: Working model of the relationship between skeletal muscle injury, intracellular signalling, and potential modes of A3 receptor activation on these pathways.  The left panel depicts the natural pathology associated with 
skeletal muscle injury (solid lines).  The right panel illustrates the proposed signalling pathways 
affected by A3 receptor agonist treatment (dashed lines).  Arrows represent actions that 
promote the activity of downstream molecules, while flat lines indicate mitigation 
or inhibition. MMP-matrix metalloproteinase, MT-metallothionein, ROS-reactive 
oxygen species, TIMP-tissue inhibitor of metalloproteinase.

Based on these working hypotheses, we investigated the effects of pre-treatment with the A3 receptor agonist in skeletal muscle of mice following 2 h of ischemia. Our goal was to characterize the effect of A3 receptor agonist treatment on transcription and translation of MT, MMPs, and TIMPs, as well as markers of skeletal muscle damage 24 h post-reperfusion. 


2.0
METHODS

Twenty (N=20: 10 A3 Group, 10 Placebo Group), three-month old, wild-type C57BL6 mice, weighing ~23-25g were anesthetized with phenobarbitol sodium (50 mg/kg/ip). Mice received two injections 2 h prior to the start of ischemia. The first was an ip injection (0.07 mg/kg) of the A3 receptor agonist (Cl-IBMECA) or a placebo (PBS) in DMSO. The second was the Evans Blue Dye (1% wt/vol solution, 1mg EBD/10g body wt) in PBS.  Two hours after the injection, the right hindlimbs of the mice were elevated to minimize retained blood and ligation was performed using a constrictor band placed above the greater trochanter using a McGivney Hemorroidal Ligator (7 in long, Miltex). Following 2 h of ischemia (37C) the constrictor was removed and the limb reperfused for 24 h. Twenty-four hours post-reperfusion, serum was collected from a tail vein for creatine kinase (CK) analysis. Mice were then given an anesthetic overdose, and the gastrocnemius muscles of the injured and uninjured leg were harvested and snap frozen in liquid nitrogen. The gastrocnemius was used because of its high proportion of fast twitch muscle, which is highly prone to I/R injury. Evans blue dye staining (EBD), a dye which is taken up by muscle cells that have been injured, and serum CK levels were used to quantify skeletal muscle injury. Quantitative real time polymerase chain reaction (qRT-PCR), immunoblotting, and zymography were used to quantify the effect of I/R injury on transcription, translation, and activity, respectively, of MT and the MMPs. All data from I/R legs were normalized to data from the uninjured leg in the same animal. Statistical analysis was conducted using the SPSS statistical package (v.13.0, SPSS Inc., Chicago, IL). An ANOVA followed by a Tukey’s post-hoc was used to analyze the statistical significance of mRNA, protein, EBD and CK data between the A3 and Placebo Groups. Alpha was set at 0.05. All data are presented as means ± SE. 

3.0 
RESULTS

3.1
Markers of Muscle Injury 

A3 receptor agonist treatment protected against CK release and resulted in a significant reduction in serum CK. Serum CK levels in A3-treated mice were 1,840 ± 910 U/L versus 12,600 ± 3,300 U/L in the Placebo Group (P<0.05). Histochemical analysis of EBD staining compliments CK data, demonstrating a reduction in skeletal muscle injury post-I/R in A3-treated mice versus those in the Placebo Group. Average EBD staining of skeletal muscle sections following I/R injury and A3- or Placebo- treatment were quantified in the uninjured and injured legs. The uninjured leg, which was not subjected to I/R, showed no EBD staining. A3-treated mice had a significant, 20% decrease in the percent of EBD positive cells as compared to Placebo-treated mice. In the A3-treated mice, EBD staining was evident in 5.4 ± 2.6% of the analyzed cells, while in the Placebo-Group, EBD staining was present in 28.0 ± 6% of the analyzed cells, confirming the efficacy of the A3 treatment in protecting skeletal muscle cells from I/R injury (Figure 2). 
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Figure 2: Cytoprotective action of Adenosine A3 receptor agonist treatment in skeletal muscle: Evans Blue Dye (EBD), a stain which is taken up by injured cells, was absent in uninjured leg muscles from the A3-treated and Placebo Groups. In the I/R injured leg, the number of positive cells for EBD staining was significantly reduced in the inured leg of the A3-treated Group as compared to the Placebo Group (*p<0.05).

3.2
MT mRNA and Protein

Following I/R injury, MT mRNA expression in the Placebo Group was significantly reduced 2.3-fold in the injured leg. Treatment with the A3 receptor agonist promoted a 26- fold increase in MT mRNA in the injured leg versus the uninjured leg. Interestingly, despite this robust difference in mRNA, while protein levels of MT increased approximately 87% in the injured leg, there were no differences in MT protein levels between the A3 Group and the Placebo Group. These robust increases in mRNA were not accompanied by changes in metallothionein protein levels in the A3 or Placebo Group (Figure 3). 
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Figure 3: Metallothionein mRNA and Protein Expression: A. mRNA expression of Metallothionein increased significantly in the I/R leg of the A3-treated mice. mRNA expression in the I/R leg was significantly higher in the A3 Group versus the Placebo Group (*p<0.05). B. Metallothionein protein content was significantly higher in I/R injured leg versus the uninjured leg, 
regardless of treatment group. *p<0.05 vs. Uninjured Leg.

3.3
MMP and TIMP mRNA and Protein Levels


Our data show that transcription of MMPs is significantly inhibited by A3 receptor agonist treatment. MMP-2 expression increased 18.4- fold in the I/R leg of the Placebo Group, while A3 treatment blunted this increase resulting in a modest, 4.5-fold increase in MMP-2 mRNA in the I/R leg (p<0.05). Similar results were seen for MMP-3 and MMP-14 with mRNA levels increasing 11.9- and 51.8-fold, respectively, in the I/R leg in the Placebo Group (p<0.05). With A3 receptor agonist treatment, however, MMP-3 and MMP-14 mRNA levels were only upregulated 1.8- and 16.0- fold, respectively in the I/R leg versus the uninjured leg (p<0.05). Interestingly, MMP-9 mRNA was decreased 1.9- fold in the I/R leg of the Placebo group, but significantly upregulated 5.6- fold in the I/R leg of the A3 Group (p<0.05). 

TIMP-1 and TIMP-2, the inhibitors of the metalloproteases, were also evaluated to understand their response to I/R injury and the effect of A3 treatment on mRNA expression. Data indicate that pre-treatment with the A3 receptor agonist promotes enhanced MMP inhibition, with TIMP-1 mRNA expression increasing 9.1-fold in the I/R leg of the A3 Group, significantly higher than the 3.9-fold increase observed in the Placebo Group (Figure 4). There were no significant differences in TIMP-2 expression between Groups, with TIMP-2 expression levels increasing approximately 2- fold in the I/R leg, regardless of treatment (Figure 4). 
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Figure 4: mRNA Expression of the MMPs and their inhibitors, the TIMPs: mRNA expression of MMP-2, -3, 
and -14 was significantly lower in the I/R leg of the A3 Group versus the Placebo Group (*p<0.05). 
MMP-9, which possesses anti-inflammatory properties, exhibited increased mRNA expression 
in the I/R leg of the A3 Group versus the Placebo group. TIMP-1 mRNA activity was increased 
in the A3 Group, suggesting enhanced protection in the A3 Group. *p<0.05 vs. Placebo Group.

There were no significant differences in protein levels of the MMPs (-2, -3, -9, and -14) or the TIMPs 
(-1 and -2) in the I/R leg versus the uninjured leg 24 h post-reperfusion. Thus, at this time point post-reperfusion, there were no detectable differences in protein levels as a result of A3 receptor agonist treatment. Gelatin zymography was also performed to assess MMP-2, -3, and -9 activity. In contrast to western blotting results, MMP-3 activity was increased in the I/R leg as compared to the uninjured leg, with no significant differences in MMP-3 activity in the I/R leg between the A3 and Placebo Groups. 

4.0
DISCUSSION AND CONCLUSIONS

The data presented here indicate that A3 receptor agonists play an important role in modulating the MT, MMP and TIMP response in skeletal muscle. Work from our laboratories confirms that mRNA alterations in MT, the MMPs and the TIMPs are truly robust in response to I/R injury and A3 receptor agonist treatment affects transcriptional activity of these molecules. Indeed, we did not detect differences in protein levels in response to A3 agonist treatment. Thus, we cannot conclude with absolute certainty that A3 agonist treatment will provide protective benefits in skeletal muscle following I/R injury.  However, based on skeletal muscle translational efficiency, it is possible that A3-induced alterations in the protein levels of MT, MMPs, and TIMPs may be modulated several days post-injury, rather than within the first 24 h when the muscle is reaching a new steady state. Overall, these preliminary data suggest that pharmacological activation of the adenosine A3 receptor may modulate MT, MMPs and TIMPs in skeletal muscle following I/R injury, providing benefit to skeletal muscle in regards to remodelling and regeneration. 


For example, our observed increase in MT post-I/R injury in the group receiving the A3 receptor agonist suggests that treatment renders protection to skeletal muscle against inflammation, apoptosis and ROS (Feng et al. 2006; Tapiero and Tew 2003). Marked induction of MT mRNA post-I/R injury in the treated animals is thought to counteract the infiltration of inflammatory molecules and the upregulation of proteolytic cascades which is common post-I/R injury. Reduction of inflammatory molecules and ROS is particularly important in promoting regeneration in skeletal muscle, as excessive infiltration of inflammatory molecules combined with ROS-induced proteolysis delays healing and results in an overall loss in skeletal muscle tissue. In some cases when this response is extreme, healthy tissue is also degraded in addition to damaged tissue. Instances like these critically impact the rate and degree of healing post-injury. Ultimately, the integrity of tissue subjected to robust increases in inflammatory molecules is compromised and more susceptible to future injury (Lecker et al. 2004; Penkowa et al. 2005; Scheede-Bergdahl et al. 2005). Thus, improving the MT response in skeletal muscle post-injury is paramount and A3 receptor treatment appears to be a promising countermeasure to regulate MT induction in skeletal muscle. 


Similarly, our work demonstrates that A3 receptor agonist treatment manipulates MMP and TIMP transcription in skeletal post-I/R injury. Indeed, MMPs contribute to skeletal muscle tissue remodelling through extracellular matrix degradation and repair (Birkedal-Hansen et al. 2008), however, the presence of exceedingly high levels of MMP mRNA and protein has led to the suggestion that in addition to degrading damaged tissue post-injury, the MMPs degrade healthy, strength-giving extracellular matrix components. Therefore, A3 receptor agonist treatment, which we have shown reduces the expression of MMPs within the first 24 h post-injury, may increase the stability of regenerating skeletal muscle tissue. Additionally, MMP-9 which was the sole MMP demonstrating an increase in expression as a result of A3 receptor treatment, serves an important role as an anti-inflammatory molecule when released in injured tissues (Kjaer 2004; Ogawa et al. 2005; Rossignol et al. 2007). Thus, A3 treatment-induced increases in the expression of MMP-9 may further minimize inflammatory cascades that lead to additional tissue destruction and necrosis. Collectively, this response accelerates the time to recovery. 


Finally, although modest, our use of A3 agonist treatment resulted in an increase in mRNA expression of TIMP-1 following I/R injury. This increase is important as TIMP-1 is a natural inhibitor of the MMPs (Gomis-Ruth et al. 1997; Lluri and Jaworski 2005). Furthermore, in addition to its inhibitory role against the MMPs, TIMP-1 promotes cell proliferation and has anti-apoptotic functions in skeletal muscle. Therefore, through manipulation of TIMP-1 expression via A3 receptor agonist treatment, skeletal muscle is further protected against apoptosis of healthy cells. Additionally, migration of quiescent cells necessary for regeneration, such as satellite cells, is facilitated. 


In summary, our work demonstrates the efficacy of A3 receptor agonist treatment in protecting skeletal muscle from I/R injury within the first 24 h post-injury. We have demonstrated that A3 receptor agonist treatment can manipulate MT, MMPs, and TIMPs, groups of molecules critical for initiating antioxidant defences and skeletal muscle remodelling, respectively, post-injury. The results of our work presented here emphasize the need for additional research that focuses on the efficacy of A3 receptor agonists: in the days post-injury; on skeletal muscle function; and in response to various military-relevant injuries such as burn, trauma, and overuse injury. We are currently conducting research to establish the efficacy of A3 receptor agonist treatment on MT, MMP, and TIMP expression in skeletal muscle post-traumatic injury using a model that mimics blunt-force injury sustained by troops in theatre. This work focuses on the acute and chronic efficacy of A3 treatment in manipulating proteolytic pathways, as well as the implications of treatment in preserving skeletal muscle function and expediting the time to recovery post-injury. 

5.0
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ABTRACT

Exertional rhabdomyolysis (ER), or breakdown of skeletal muscle during exercise, is a potentially life-threatening event. ER can affect Warfighters in multiple settings, yet approaches for identifying persons susceptible to or at risk for ER have not been identified. Despite marked variability in baseline serum creatine kinase (CK), individual CK values are typically used to both diagnose and manage ER. Factors that may affect CD include ethnicity, gender, and genetics. One candidate gene for CK levels is the interleukin-6 (IL-6) gene, which codes for the cytokine, IL6. The purpose of this study was to investigate the contributions of ethnicity, gender, and genetics, in particular the IL-6 polymorphism, to variability in baseline CK.


Baseline blood samples were obtained for measuring serum CK and genomic DNA was extracted from peripheral blood leukocytes to genotype participants for the C-174G IL-6 polymorphism. Among the cohort of 841 men and women, 610 were Caucasians/CA; 44 African Americans/AA; 17 Asians/AS; and 36 Hispanics/HI, with a mean age of 22.8(4.9 years. Mean baseline CK for this population was 212±546 (SD) U/L, with a minimum of 20 and maximum of 9,500 U/L. Mean CK was significantly higher in African Americans (p<0.01; 665(1,482 U/L) compared to CA (180±367 U/L), AS (254(870 U/L) and HI (214±115 U/L), and lower in women (133±118 U/L) than men (234(615 U/L). Interestingly, those with the GG genotype had significantly higher baseline CK levels relative to the C+ group (C+: 165(141 U/L vs. GG: 294(874 U/L; p < 0.05). Finally, the distribution of the IL-6 polymorphism differed by ethnicity: 77.3% of AA had the GG genotype as compared 34.7%, 60.4%, and 55.6% of CA, AS, and HI, respectively (p=0.001).


In conclusion, baseline CK levels vary significantly depending on ethnicity, gender, genetics, and body mass index. Laboratory upper limits of normal should be developed to account for ethnic and gender differences. Importantly, ethnic- and gender-specific ranges for CK may assist operational medicine in the diagnosis of ER and safely returning Warfighters to duty. Lastly, the C-174G IL-6 polymorphism influences baseline CK, such that the GG genotype is associated with higher baseline CK values than the CC and CG genotypes. Whether the GG genotype predisposes to ER is unknown. It is also interesting that AA, with a preponderance of the GG genotype, have higher baseline CK levels than other ethnic/racial groups. Further research will be required to address a causal relationship and the implications of these findings.


INTRODUCTION

The enzyme, creatine kinase (CK), a clinical indicator of muscle damage, is essential for maintaining intracellular ATP levels, as it reversibly catalyzes the transfer of phosphate between ATP and creatine phosphate (3). This enzyme and its product/substrate, creatine phosphate, have a rich history dating back to 1909. Thonberg first identified creatine in 1911, and in 1928 Fiske and Subbarow (10) showed that creatine phosphate was critical for permitting skeletal muscle to contract. CK has five functional forms or isoenzymes, three are cytosolic and two are mitochondrial. The cytosolic forms are composed of two subunits, muscle (M) and brain (B), which dimerize to form CK-MM, CK-MB, and CK-BB isoforms (5). The CK enzyme is most abundant in muscle, brain, and heart (26), with the CK-MM isoform specific to striated muscle (36). In 1973, Turner et al. demonstrated that CK-MM is localized to the M-line of skeletal muscle (33). Both mitochondrial isoenzymes, non-sarcomeric and sarcomeric, are octamers consisting of four dimers each (5).


The use of serum CK as a diagnostic tool in human disease was introduced by Okinaka et al (24) in 1959. Henson and Rao (14) reported that serum CK was the most specific biochemical test for muscle damage with confirmation  and validation in 2008 by Kumbhare et al. (18). Typical measures of CK in serum include all five isoenzymes. Serum fractionation, or analysis of isoenzyme distribution, provides specific diagnostic information. Elevation in levels of isoenzymes are indicators of diseases and/or injuries in specific tissue: CK-MM for muscle, CK-MB for heart (38) and cerebrospinal fluid, CK-BB for  brain injury (13). Total serum CK from normal individuals is primarily the cytosolic skeletal muscle CK-MM isoform, and fractionation is not routinely carried out. Despite the many years of research on serum CK and its close association with muscle damage, most clinical laboratories have a narrow range of normal values, without always making adjustments for gender or ethnicity. Likewise, other factors that may contribute to variation in CK values have received limited attention, despite the widespread use of CK levels clinically.


Within the military, exertional rhabdomyolysis (ER), or breakdown of skeletal muscle during exercise, is a potentially life-threatening event that occurs due to rigorous physical training, particularly in the first two weeks after inititating training. The level of CK is typically used to diagnose ER, but without knowledge of baseline values, this can be problematic. The present study was conducted to explore various factors that may influence baseline CK values. In particular, we were interested in potential ethnic and gender differences, anthropometric factors, and the role of genetics. Specifically, we were interested in the interleukin-6 (IL6) gene, because it is produced by skeletal muscle during physical activity (27) and serves a pivotal role in the acute phase inflammatory response (31). The IL6 gene, which is mapped to chromosome 7p21–24, has a common G>C polymorphism in its upstream promoter at position -174. The GG genotype of this polymorphism has been shown to influence IL-6 release 


(35) ADDIN EN.CITE .


MATERIALS AND METHODS


Subject Population

The participants included men and women from three different study populations, all of which were conducted to examine potential determinants of baseline CK levels. The first study population consisted of 141 men and women who underwent testing in a laboratory setting to monitor CK responses to exercise. Most were active duty men and women (75%), but some were civilian who met military entrance standards. Study population two consisted of 191 basic trainees beginning basic military training at Ft Benning, Georgia and population three consisted of 449 men and women starting basic Marine training at Quantico Virginia. All participants were informed of the purposes and procedures and provided written consent prior to participation. All three studies were approved and monitored by the Uniformed Services University of the Health Sciences Institutional Review Board (IRB), and both the Quantico and Ft. Benning studies were approved by the National Naval Medical Center IRB and the Eisenhower Army Medical Center IRB, respectively. Participant assessments consisted of weight and height, and obtaining fasting blood draws for CK and DNA analyses. Body mass index (BMI) was calculated as weight in kg divided by height2 in meters.

Procedures/Measurements


Blood samples were collected between 0700 and 0900 h coagulant free-tubes for CK analysis and EDTA-containing tubes for DNA analyses. EDTA samples were centrifuged at low speed to separate the cells and plasma and DNA was extracted from the buffy coat by using the QIAamp DNA mini kit 250 (Qiagen, Valencia, CA). Serum CK samples were analyzed in CLIA certified laboratories by a Vitros 250 Chemistry System (Ortho-Clinical Diagnostics, Johnson and Johnson Company, Rochester, NY, USA).

Genotyping Methods for the IL6 C-174G Polymorphism


The IL6 C-174G single nucleotide polymorphism (SNP; rs1800795) in the 5’ untranslated promoter region was analyzed. Genomic DNA was prepared and polymerase chain reactions were performed as described by (8) to amplify the region of interest. The primers used were 5′-TGACTTCAGCTTTACTCTTTG T- 3' (forward) and 5’-CTGATTGGAAACCTTATTAAG-3' (reverse). Each reaction contained 50 ng of genomic DNA, 300nM of each primer, 7.5 μl of Biochain Pro QPCR SuperMix, (Hayward, Ca., USA), and PCR Grade Water (Fisher BioReagents, Fairlawn, NJ. USA) to a final volume of 15 µl. Thermocycler conditions included an initial denaturization at 95°C for 3 minutes followed by 35 cycles of 95°C for 1 minute, 55°C for 95 seconds, and 72°C for 1 minute. This concluded with a final extension at 72°C for 4 minutes. This results in an amplicon of 198 base pairs (bp) in length.


The PCR products were subjected to SfaN1 restriction enzyme digestion. The 25 µl digestion reaction, which contained 5 µl of PCR product, 0.5 µl (1 unit) SfaN1, 2.5 μl NEB buffer #3 (New England Biolabs, Ipswich, MA, USA), and 17 µl PCR Grade Water (Fisher BioReagents, Fairlawn, NJ, USA), was incubated overnight in a 37°C water bath. Polymorphisms were identified by the presence or absence of the restriction site as displayed in Figure 1. The C allele lacks the digestion site and is 198 bp in length, whereas the G allele is recognized by the enzyme and is cut to produce two bands 140 and 58 bp in length. Amplicons and their digestion products were detected by 2% agarose gel electrophoresis. Subsequent documentation was performed with the Molecular Imager Gel Doc XR System (Bio-Rad, Hercules, CA, USA).
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Figure 1: Photograph of the digestion products for the IL6 C-174 G polymorphism: GG, CG, and CC.

Statistical Analyses

Frequency distributions and descriptive analyses were conducted first, and selected variables were dichotomized for bivariate analyses: BMI was dichotomized as <25 or ≥ 25 and CK values were dichotomized as ≤ 150 or > 150 U/L based on the upper limit of normal for the laboratory. Likewise, the IL6 genotypes were dichotomized by combining the CC and CG as C+ versus the GG. Analysis of variance (ANOVA) techniques were used to examine differences by ethnicity, gender, and genotype and Chi Square analyses were used to examine bivariate associations among genotypes, CK, and BMI. The statistical significance level was set at p< 0.05, and data are presented as mean ± standard deviation. Data were analyzed using SPSS statistical package (SPSS, version 16.0.1; SPSS, Inc., Chicago, IL).

RESULTS


CK in the General Population


Overall, 781 persons (695 men and 86 women) participated in the study to include 610 Caucasians (CA), 
44 African Americans (AA), 91 Asians (AS), and 36 Hispanics (HI). The mean age of the group was 22.8 ( 4.9 years, with average weight, height, and BMI of 77.6 ( 10.3 kg, 1.79 ( 0.18 m, and 24.7 ( 3.1 kg/ht2, respectively. Over 40% of the total sample had BMI values ≥ 25. The mean CK for the entire sample was 212 ( 546 U/L (Range: 20 to 9500) and the median was 137 U/L: CK was positively skewed (skewness = 13.2) with large positive kurtosis (kurtosis = 197.3). Natural logarithmic transformation of CK resulted in a normal distribution with a mean of 4.89 ( 0.8, a skewness of 0.36 and a kurtosis of 3.4. Untransformed data are provided in all graphs and tables.


CK by Ethnicity and Gender


Table 1 presents the general characteristics of the sample by ethnicity. Overall, AA were older and AS were shorter than the other ethnicities. The sample of HI had a significantly higher BMI than CA, AA, or AS. Importantly, CK levels were significantly higher in AA as compared to CA, HI and AS, as shown in Table 1. Because CK values are non-normally distributed, the median values for CA, AA, AS and HI were 127, 222, 143, and 178 U/L, respectively.


Table 1:  General Characteristic and Creatine Kinase Levels by Ethnicity (Mean ( SD).

		

		CA (n=610)

		AA (n=44)

		AS (n=91)

		HI (n=36)



		Age (yrs)

		22.6 ( 4.8

		25.1 ( 6.2*

		22.6 ( 3.6

		23.6 ( 6.6



		Weight (kg)

		78.0 ( 10.2

		78.1 ( 11.0

		75.6 ( 9.2

		78.1 ( 10.4



		Height (m)

		1.81 ( 0.18

		1.79 ( 0.27

		1.73 ( 0.12*

		1.80 ( 0.31



		BMI (wt/ht2)

		24.6 ( 3.1

		24.9 ( 3.2

		24.5 ( 2.4

		26.1 ( 4.3*



		CK (U/L)

		180 ( 367

		665 ( 1,482**

		254 ( 870

		214 ( 115





*p < 0.05


In addition to ethnicity, a gender effect was noted for CK. Table 2 presents the population characteristics by gender. Because of the small number of AA (n=9) and HI (n=2) women, the sample could not be analyzed by both gender and ethnicity. However, CK levels were significantly lower in women than men (P<0.01) with median values of 140 and 90 U/L, for men and women respectively.

Table 2: General Characteristic and Creatine Kinase Levels by Gender (Mean ( SD).


		Measures

		Women (n=86)

		Men (n=695)



		Age (yrs)

		24.7 ( 4.9

		22.8 ( 5.1



		Weight (kg)

		68.8 ( 7.6

		79.1 ( 10.1



		Height (m)

		1.60 ( 0.16

		1.82 ( 0.18



		BMI (wt/ht2)

		22.9 ( 2.4

		25.0 ( 3.2



		CK (U/L)

		122 ( 118

		234 ( 615





Figure 2 presents the distribution of CK as a function of gender: over 50% of women had CK values less than 100 as compared to 25% of men. For men and women, the percent with CK values over 400 U/L was less than 8%.
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Figure 2: Distribution of baseline CK by gender.

Levels of CK were also associated with BMI, such that 48.3% (168/320) persons with a BMI ≥ 25 (overweight) had CK >150 U/L compared to 34.5% with a BMI < 25 (Chi Square = 1.54; p < 0.001). Thus, persons with a BMI ≥ 25 were 1.4 times more likely to have a CK value above the upper limit of normal in our laboratory.

CK and Genetics: IL6


All samples were genotyped for the IL6 C-174G polymorphism. Overall, the genotypic frequency was 41.0% GG, 43.3% GC, and 15.7% CC; the frequency of the C allele was 0.37. The genetic distributions for the entire sample population and each of the four ethnic groups were in Hardy-Weinberg equilibrium. Figure 3 presents the genotype distributions by ethnicity: the percentage of CC genotypes was significantly higher in CA than AA, AS, and HI (p < 0.001). Likewise, the frequency of the C allele differed, with frequencies of 0.42 for CA, 0.12 for AA, 0.21 for AS, and 0.25 for HI.
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Figure 3: Genotype frequency for the IL6 C-174G polymorphism for Caucasians (CA), 
African Americans (AA), Asians (AS) and Hispanics (HI).

Concentrations of CK differed by genotype. Figure 4, presents CK values by genotype: when the entire population was examined CK levels were significantly higher in GG as compared to CC and CG genotypes. When the analyses were conducted for CA alone, given the larger sample size, and the finding was maintained. CK levels were 159 ( 133 U/L for C+ genotypes and 220 ( 598 U/L for the GG genotype (p < 0.05). In contrast, when the data for AA, AS, and HI were combined, CK differences by genotype were not significant, in part because of the small number of CC genotypes. Although combining the CC and CG resulted in higher CK values for the GG genotype (435 ( 1,236 U/L; median 171) than the C+ genotype (206 ( 182 U/L; median = 158), the results were not significant (p=0.15). However, our sample sizes for the AA and HI are small, and an ethnic difference in genotype frequency may exist that we were not able to detect.
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Figure 4: Serum CK levels by IL6 genotype for all ethnicities (*p< 0.01 and **p<0.01).

Interestingly, the IL6 -174 GG genotype was also associated with higher BMI, such that 46.3% (99/214) of persons with the IL6 GG genotype had a BMI ≥ 25 compared with 34.7% and 35.1% of persons with the CC and CG genotypes, respectively (p = 0.02). When the CC and CG genotypes were combined, similar findings were noted: 46.3% of those with the GG genotype had BMI ≥ 25 compared with only 35% (141/403) of the other genotypes (p = 0.006).  Thus, persons with the IL6 GG genotype are 32% more likely to have a BMI ≥ 25 than persons with other genotypes. When ANOVA was used to analyze differences in BMI by genotype, the BMI means (( SD) were 24.4 ( 2.6, 24.6 ( 3.2, and 25.0 ( 3.4 for CC, CG, and GG, respectively (p=0.235). However, our range of BMI was limited and the 90th percentile was 28.5. Thus, the distribution of BMI was weighted to BMI < 25.


DISCUSSION


Serum levels of CK have been and continue to be used widely by physicians to assess various aspects of health and disease 


(4, 7, 14, 15, 18, 21, 23) ADDIN EN.CITE . In particular it is used in the military setting to diagnose and manage muscle damage, exertional rhabdomyolysis, and to detect various myopathies. However, the large variability in baseline levels may reflect prior exercise (23), muscle damage 


(7, 18) ADDIN EN.CITE , a metabolic myopathy (34), or any number of other factors. The present study provides support for differences in CK levels at baseline to reflect ethnicity, gender, BMI, and genetics, in particular, the IL6 GG genotype of the C-174G polymorphism. These findings indicate that the military might consider developing different normal ranges based on ethnicity, gender, and BMI. Further when CK is used for a clinical diagnosis, these factors need to be considered.


Although it has been known for years that CK levels vary among the population, the clear recognition of ethnic and gender differences has only been recent 


(6, 21) ADDIN EN.CITE . Interestingly Olerud et al. (25) investigated Marine recruits and reported higher CK levels among AA, but the findings had minimal impact on the range of normal values. Recently Brewster et al. (6) noted that an upward adjustment of the reference interval was necessary for the entire population, with median values of 110 and 72 U/L for CA men and women, respectively and medians of 213 and 124 U/L for AA men and women, respectively. Interestingly, their medians for South Asian men and women were 143 and 87 U/L; our values were 154 and 96 U/L. Thus our values are consistent with their data. Neal et al. (21) also reported significant ethnic and gender differences in CK levels and that levels for young AA men exceeded the upper limit of normal. Again our findings in a young military population are consistent with theirs and indicate that medical providers must use caution when interpreting elevated CK levels, particularly in AA men.


In addition to ethnicity and gender, we found that persons with a BMI of 25 and over were more likely to have high baseline CK levels. Although BMI is used to classify persons as normal weight, overweight, and obese, having a BMI of 25 or more does not imply excess body fat, and in fact may be associated with muscle bulk and more lean body mass. Swaminnathan et al. (32) had earlier reported a significant association between lean body mass and CK levels in health men and women, but since measures of lean body mass were not available, we cannot assume our BMI association with baseline CK reflects more lean muscle mass. It is, however, a reasonable explanation for the finding. In addition to body mass, others have noted that CK levels are influenced by age 


(5, 32) ADDIN EN.CITE , but our limited age range prohibited any such analyses.


Of great interest was the finding of an association between the IL6 C-174G polymorphism and baseline CK. In particular, we found that persons with the GG genotype had significantly higher baseline CK values than either the CC or the CG genotypes. However, this finding was strongest among CA. A significant ethnic difference in genotype distribution was noted, with CA having significantly more CC alleles than either AA, AS or HI. Our frequency data are consistent with the literature: our C allele frequency of 0.42 is comparable to others for CA 0.36 (1), 0.41 (22), 0.40 


(9) ADDIN EN.CITE , 0.42 


(35) ADDIN EN.CITE  and 0.40, (30). Likewise, our allele frequency for AA of 0.12 is consistent with the literature, despite our small (n=44) sample size. Others have reported frequencies of the C allele as 0.09 (22), 0.05 


(9) ADDIN EN.CITE , and 0.09 


(35) ADDIN EN.CITE . Importantly all of our genotyping data were in Hardy-Weinberg equilibrium. Although Yamin et al. recently reported that the CC genotype was associated with exaggerated CK responses to exercise 


(37) ADDIN EN.CITE , inspection of their data and a letter to the editor (19) suggest potential technical problems with their genotyping of the IL6 C-174G polymorphism: the C allele frequency in their Israeli Caucasian sample was only 0.20 and the percentage of GG was 63%. Their frequency data are not consistent with either our data or the published literature 


(35)


(1, 9, 22, 30,  ADDIN EN.CITE )
.


Our finding that the association between this IL6 SNP and baseline CK was significant for the entire population and for CA, but not for AA, AS, and HI is of interest. The total sample for the non-Caucasians was certainly smaller (n=171) than the total sample of CA (n=610), so the lack of significance may reflect sample size limitations. The findings may also reflect true ethnic differences, but AA do have significantly higher baseline CK levels than the other ethnic groups, and the frequency of the G allele and GG genotype was highest among this sample. A larger sample size would be required to address whether or not the GG genotype can account for a certain percentage of variability in CK levels.


The IL6 C-174G polymorphism was of particular interest because this inflammatory cytokine may have multiple biologic implications in diverse conditions, including cardiovascular disease, glucose intolerance, and transcription of inflammatory mediators 


(35) ADDIN EN.CITE . Additionally, IL6 levels increase significantly in response to strenuous exercise and have been associated with muscle soreness and swelling (20). Thus, it was a plausible candidate gene to examine with respect to CK. Although several studies have found that the GG genotype is associated with higher IL6 levels, 


(16)


(9, 11,  ADDIN EN.CITE )
 and appears to modulate the inflammatory response to surgeries 


(11) ADDIN EN.CITE , this finding is not consistent. Sie et al. (30) in a study of over 3,800 persons did not find any difference in baseline IL6 levels. Thus, the complex interactions between the promoter region polymorphism of the IL6 gene, ethnicity, gender, age, body composition, other genes, as well as other potential mediators remain to be uncovered.


Our finding of an association between BMI and IL6 genotype was significant, but the strength of the association is unclear. A number of studies have shown that the IL6 C-174G polymorphism is related to obesity 


(2, 12, 17, 28) ADDIN EN.CITE , but the data are inconsistent. Riikola et al. (29) recently reported that men, but not women with the CC genotype have the highest BMIs, whereas Klipstein-Grobusch et al. noted the association was stronger in women (17). Recently, a large study conducted by Huth et al. 


(16) ADDIN EN.CITE  concluded the association between IL6 C-174G and BMI or interleukin-6 levels were only evident in some subgroups.  Finally, Qi et al. (28) reported that although variability of the IL6 gene was related to adiposity, it was unlikely the associations were a result of the IL6 C-174G polymorphism.


Several limitations to this study must be addressed. First, the data were derived from three independent study populations. However, this should not have affected any of the variables of interest. Secondly, exercise levels were not carefully controlled because most of the participants were beginning military training, which is intense physically. Thus the baseline values may not be true “baseline” samples. However, all were taken early in the morning, prior to any exercise. Another limitation mentioned earlier is our sample size for AA and HI; both were less than 50.  However, our data for the AA are consistent with the literature, both with respect to CK levels and allele/genotype frequency. Thus, we are comfortable with our conclusions.


In summary, although CK is used for various clinical diagnoses, interpretation of the results requires careful consideration of a number of factors: gender, ethnicity, body mass index, prior physical activity, and perhaps in the future, genetics. It is very clear that CK levels in AA are significantly higher than those found in CA, AS, or HI, and that women have lower values than men. Thus, ethnic- and gender-specific ranges for CK may assist operational medicine in the diagnosis of ER and potentially susceptibility to ER. Although routine genotyping for the IL6 C-174 G polymorphism is not currently conducted, our data indicate this polymorphism influences baseline CK, such that persons with the GG genotype have higher baseline CK values than those with CC or CG genotypes. It is also interesting that AA, with a preponderance of the GG genotype, have higher baseline CK levels than other ethnic/racial groups. Whether the GG genotype predisposes to ER is unknown. Further research will be required to address a causal relationship and the implications of these findings. Lastly, our data suggest that a combination of factors interact to account for the variability in baseline CK values.

Acknowledgments


This project was funded by USUHS Projects HU91CK and RO91DK, and the Comprehensive Neuroscience Program Project G192FPX. 


The authors would like gratefully acknowledge the contributions of MAJ Rodney Gonzalez, Ms. Laurie Hoover, R.N., CAPT Julie Hundertmark, Bradley Revenis, Christopher Hapner, Dr. Andrei Blokhin, Preetha Abraham, Selasi Attipoe, Sareena Kaushal, and Eric Sigmon for their technical assistance.

REFERENCES

[1] Belfer, I., B. Buzas, H. Hipp, M. Dean, C. Evans, I. Lorincz, M.B. Max, and D. Goldman. Haplotype structure of inflammatory cytokines genes (IL1B, IL6 and TNF/LTA) in US Caucasians and African Americans. Genes Immun. 5:505-512, 2004.


[2] Berthier, M.T., A.M. Paradis, A. Tchernof, J. Bergeron, D. Prud'homme, J.P. Despres, and M.C. Vohl. The interleukin 6-174G/C polymorphism is associated with indices of obesity in men. J Hum Genet. 48:14-19, 2003.


[3] Bessman, S.P., and P.J. Geiger. Transport of energy in muscle: the phosphorylcreatine shuttle. Science. 211:448-452, 1981.


[4] Brancaccio, P., N. Maffulli, R. Buonauro, and F.M. Limongelli. Serum enzyme monitoring in sports medicine. Clin Sports Med. 27:1-18, vii, 2008.


[5] Brancaccio, P., N. Maffulli, and F.M. Limongelli. Creatine kinase monitoring in sport medicine. Br Med Bull. 81-82:209-230, 2007.


[6] Brewster, L.M., G. Mairuhu, A. Sturk, and G.A. van Montfrans. Distribution of creatine kinase in the general population: implications for statin therapy. Am Heart J. 154:655-661, 2007.


[7] Clarkson, P.M., and C. Ebbeling. Investigation of serum creatine kinase variability after muscle-damaging exercise. Clin Sci (Lond). 75:257-261, 1988.


[8] Fernandez-Real, J.M., M. Broch, J. Vendrell, C. Gutierrez, R. Casamitjana, M. Pugeat, C. Richart, and W. Ricart. Interleukin-6 gene polymorphism and insulin sensitivity. Diabetes. 49:517-520, 2000.


[9] Fishman, D., G. Faulds, R. Jeffery, V. Mohamed-Ali, J.S. Yudkin, S. Humphries, and P. Woo. The effect of novel polymorphisms in the interleukin-6 (IL-6) gene on IL-6 transcription and plasma IL-6 levels, and an association with systemic-onset juvenile chronic arthritis. J Clin Invest. 102:1369-1376, 1998.


[10] Fiske, C.H., and Y. Subbarow. The Isolation and Function of Phosphocreatine. Science. 67:169-170, 1928.


[11] Gaudino, M., F. Andreotti, R. Zamparelli, A. Di Castelnuovo, G. Nasso, F. Burzotta, L. Iacoviello, M.B. Donati, R. Schiavello, A. Maseri, and G. Possati. The -174G/C interleukin-6 polymorphism influences postoperative interleukin-6 levels and postoperative atrial fibrillation. Is atrial fibrillation an inflammatory complication? Circulation. 108 Suppl 1:II195-199, 2003.


[12] Goyenechea, E., D. Parra, and J.A. Martinez. Impact of interleukin 6 -174G>C polymorphism on obesity-related metabolic disorders in people with excess in body weight. Metabolism. 56:1643-1648, 2007.


[13] Hans, P., J.D. Born, J.P. Chapelle, and G. Milbouw. Creatine kinase isoenzymes in severe head injury. J Neurosurg. 58:689-692, 1983.


[14] Henson, J.B., and R.R. Rao. A comparison of serum creatine phosphokinase and serum glutamic oxalacetic transaminase in skeletal muscle necrosis. Can J Comp Med Vet Sci. 30:157-159, 1966.


[15] Hess, J.W., and R.P. Macdonald. Serum Creatine Phosphokinase Activity. A New Diagnostic Aid in Myocardial and Skeletal Muscle Disease. J Mich State Med Soc. 62:1095-1099, 1963.


[16] Huth, C., T. Illig, C. Herder, C. Gieger, H. Grallert, C. Vollmert, W. Rathmann, Y.H. Hamid, O. Pedersen, T. Hansen, B. Thorand, C. Meisinger, A. Doring, N. Klopp, H. Gohlke, W. Lieb, C. Hengstenberg, V. Lyssenko, L. Groop, H. Ireland, J.W. Stephens, I. Wernstedt Asterholm, J.O. Jansson, H. Boeing, M. Mohlig, H.M. Stringham, M. Boehnke, J. Tuomilehto, J.M. Fernandez-Real, A. Lopez-Bermejo, L. Gallart, J. Vendrell, S.E. Humphries, F. Kronenberg, H.E. Wichmann, and I.M. Heid. Joint analysis of individual participants' data from 17 studies on the association of the IL6 variant -174G>C with circulating glucose levels, interleukin-6 levels, and body mass index. Ann Med. 41:128-138, 2009.


[17] Klipstein-Grobusch, K., M. Mohlig, J. Spranger, K. Hoffmann, F.U. Rodrigues, A.M. Sharma, S. Klaus, A.F. Pfeiffer, and H. Boeing. Interleukin-6 g.-174G>C promoter polymorphism is associated with obesity in the EPIC-Potsdam Study. Obesity (Silver Spring). 14:14-18, 2006.


[18] Kumbhare, D., W. Parkinson, and B. Dunlop. Validity of serum creatine kinase as a measure of muscle injury produced by lumbar surgery. J Spinal Disord Tech. 21:49-54, 2008.


[19] Lappalainen, J. IL6 genotype and creatine kinase response to exercise. Eur J Appl Physiol. 106:315, 2009.


[20] Miles, M.P., J.M. Andring, S.D. Pearson, L.K. Gordon, C. Kasper, C.M. Depner, and J.R. Kidd. Diurnal variation, response to eccentric exercise, and association of inflammatory mediators with muscle damage variables. J Appl Physiol. 104:451-458, 2008.


[21] Neal, R.C., K.C. Ferdinand, J. Ycas, and E. Miller. Relationship of ethnic origin, gender, and age to blood creatine kinase levels. Am J Med. 122:73-78, 2009.


[22] Ness, R.B., C.L. Haggerty, G. Harger, and R. Ferrell. Differential distribution of allelic variants in cytokine genes among African Americans and White Americans. Am J Epidemiol. 160:1033-1038, 2004.


[23] Nicholson, G.A., J.G. McLeod, G. Morgan, M. Meerkin, J. Cowan, A. Bretag, D. Graham, G. Hill, E. Robertson, and L. Sheffield. Variable distributions of serum creatine kinase reference values. Relationship to exercise activity. J Neurol Sci. 71:233-245, 1985.


[24] Okinaka, S., H. Sugita, H. Momoi, Y. Toyokura, H. Kumagai, S. Ebashi, and Y. Fujie. Serum creatine phosphokinase and aldolase activity in neuromuscular disorders. Trans Am Neurol Assoc. 84:62-64, 1959.


[25] Olerud, J.E., L.D. Homer, and H.W. Carroll. Incidence of acute exertional rhabdomyolysis. Serum myoglobin and enzyme levels as indicators of muscle injury. Arch Intern Med. 136:692-697, 1976.


[26] Oliver, I.T. A spectrophotometric method for the determination of creatine phosphokinase and myokinase. Biochem J. 61:116-122, 1955.


[27] Pedersen, B.K., and M.A. Febbraio. Muscle as an endocrine organ: focus on muscle-derived interleukin-6. Physiol Rev. 88:1379-1406, 2008.


[28] Qi, L., C. Zhang, R.M. van Dam, and F.B. Hu. Interleukin-6 genetic variability and adiposity: associations in two prospective cohorts and systematic review in 26,944 individuals. J Clin Endocrinol Metab. 92:3618-3625, 2007.


[29] Riikola, A., K. Sipila, M. Kahonen, A. Jula, M.S. Nieminen, L. Moilanen, Y.A. Kesaniemi, T. Lehtimaki, and J. Hulkkonen. Interleukin-6 promoter polymorphism and cardiovascular risk factors: The Health 2000 Survey. Atherosclerosis. 2009.


[30] Sie, M.P., F.U. Mattace-Raso, A.G. Uitterlinden, P.P. Arp, A. Hofman, H.A. Pols, A.P. Hoeks, R.S. Reneman, R. Asmar, C.M. van Duijn, and J.C. Witteman. The interleukin-6-174 G/C promoter polymorphism and arterial stiffness; the Rotterdam Study. Vasc Health Risk Manag. 4:863-869, 2008.


[31] Signorelli, S.S., M.C. Mazzarino, D.A. Spandidos, and G. Malaponte. Proinflammatory circulating molecules in peripheral arterial disease. Int J Mol Med. 20:279-286, 2007.


[32] Swaminathan, R., C.S. Ho, and S.P. Donnan. Body composition and plasma creatine kinase activity. Ann Clin Biochem. 25 ( Pt 4):389-391, 1988.


[33] Turner, D.C., T. Wallimann, and H.M. Eppenberger. A protein that binds specifically to the M-line of skeletal muscle is identified as the muscle form of creatine kinase. Proc Natl Acad Sci U S A. 70:702-705, 1973.


[34] van Adel, B.A., and M.A. Tarnopolsky. Metabolic myopathies: update 2009. J Clin Neuromuscul Dis. 10:97-121, 2009.


[35] Walston, J.D., M.D. Fallin, M. Cushman, L. Lange, B. Psaty, N. Jenny, W. Browner, R. Tracy, P. Durda, and A. Reiner. IL-6 gene variation is associated with IL-6 and C-reactive protein levels but not cardiovascular outcomes in the Cardiovascular Health Study. Hum Genet. 122:485-494, 2007.


[36] Wilson, I.A., K.M. Brindle, and A.M. Fulton. Differential localization of the mRNA of the M and B isoforms of creatine kinase in myoblasts. Biochem J. 308 ( Pt 2):599-605, 1995.


[37] Yamin, C., J.A. Duarte, J.M. Oliveira, O. Amir, M. Sagiv, N. Eynon, and R.E. Amir. IL6 (-174) and TNFA (-308) promoter polymorphisms are associated with systemic creatine kinase response to eccentric exercise. Eur J Appl Physiol. 104:579-586, 2008.


[38] Zaninotto, M., M.M. Mion, E. Novello, E. Delprete, M. Moretti, and M. Plebani. Creatine-kinase MB mass: age and sex-associated reference limits in two different platforms that use the same method. Clin Chim Acta. 401:162-164, 2009.













































RTO-MP-HFM-181
P5 - 1

P5 - 12
RTO-MP-HFM-181

RTO-MP-HFM-181
P5 - 11




[image: image1.emf] 


[image: image2.wmf]

 TITLE   \* MERGEFORMAT 
A Review of the US Army Experience Using

Selective Serotonin Reuptake Inhibitors in Aircrew

 TITLE   \* MERGEFORMAT 
A Review of the US Army Experience Using

Selective Serotonin Reuptake Inhibitors in Aircrew



A Review of the US Army Experience Using Selective 
Serotonin Reuptake Inhibitors in Aircrew


Joseph F. McKeon, MD, MPH


Commander, US Army Aeromedical Research Laboratory


6901 Farrel Road


Fort Rucker, Alabama 36362


USA


joseph.mckeon@us.army.mil

James L. Persson, MD, MPH

Director, US Army Aeromedical Activity

5700 Novosel Street, Room 220


Fort Rucker, AL 36362
USA


james.persson@us.army.mil

 

James McGhee, MD MPH

Consulting Flight Surgeon

US Army Aeromedical Activity

5700 Novosel Street, Room 220


Fort Rucker, AL 36362
USA


James.mcghee@amedd.army.mil 


 Martin Quattlebaum

Chief, Epidemiology Branch

US Army Aeromedical Activity

5700 Novosel Street, Room 220


Fort Rucker, AL 36362
USA


Martin.quattlebaum@amedd.army.mil 

Abstract 

As many as 300,000 soldiers may suffer from post traumatic stress disorder (PTSD), depression, or anxiety and less than half of them seek care, citing adverse career implications and stigmatization.  Aircrew members are particularly prone to under-reporting illness, especially mental health issues, for fear of losing their flight status.  Currently the US Army is the only US DoD service that allows aircrew diagnosed with PTSD, anxiety, and/or depression to perform aircrew duties while taking selective serotonin reuptake inhibitors (SSRI).  Such use has been allowed with waiver since 2004.  The purpose of this investigation was to review the US Army’s experience in allowing aircrew to take SSRIs.  The US Army Aviation Epidemiology Data Registry (AEDR), a family of databases storing medical and occupational history as well as medical and flight physical information on Army aircrew members, was queried for Army aviators with PTSD, anxiety, and/or depression, or who took SSRIs between 2004-2009.  The particulars of the Army’s policy, including mandatory grounding times when initiating treatment; the implications of SSRI dosing changes; psychiatric evaluation requirements; and waiver policies will be discussed.  Recognizing that mental health concerns are greatly under-reported by aircrew, and that the diagnosis, treatment, and waiver of such disorders remain a relatively rare event, we provide our analysis of current trends.  We also provide insight into how the aggressive diagnosis and treatment of PTSD, depression and/or anxiety, in a select population such as aviators, can have far-reaching effects in enhancing the human performance and resilience of soldiers exposed to the trauma of war and the stressors of military life in the 21st century.


INtroduction


Recent studies have consistently shown that military service members returning from combat operations in Iraq and Afghanistan have a high incidence of mental health problems (2,3,4,7).  In a cohort of over 88,000 US soldiers returning from Iraq, more than 1-in-5 active duty soldiers, and over 40% of reserve component soldiers were identified as requiring mental health treatment (7). Early in the war in Iraq, researchers identified significant risks of mental health problems, but also reported reluctance to seek help due to barriers to care, especially the perception of stigma among those most in need of care (3). Combat duty in Iraq was also associated with high utilization of mental health services and attrition from military service after deployment (2). Aircrew, by the nature of their business, have less exposure to direct ground combat than their combat arms colleagues, yet they are not without behavioral health issues, and they are much more costly to replace.  The cost to train a new flight school graduate qualified to fly the CH-47 Chinook, the Army’s workhorse in both Iraq and Afghanistan, was over $508,000 in 2005 (9). Currently, training can take more than 2 years, and further training is required in the unit to reach full mission qualification as a co-pilot. Standardization instructor pilots require over a decade to develop.  This tremendous investment in human resources can evaporate with a diagnosis of depression, anxiety or PTSD, as these diagnoses have long been deemed inconsistent with service on flight status in both civil and military aviation (5).  


Military aviators as a population tend to be well educated, health conscious and have higher income (due to aviation career incentive pay) than their non-rated contemporaries.  Their flight pay is contingent upon maintaining a valid flight physical, and this presents a strong motivation to avoid a diagnosis which is cause for medical grounding.  Flight surgeons are taught early in their training that aviators (and flight school applicants) commonly minimize their symptoms, or deny them entirely, a phenomenon known as reverse malingering (6).  It is well known that aviators sometimes seek care outside the military medical system, especially when negative consequences attend such care (e.g. venereal diseases in years past), and behavioral health issues unfortunately are still often associated with stigma.  Pilots are disinclined to reveal such problems to their flight surgeons.  In their 2003 study of fatal civilian aviation accidents, Akin and Chaturvedi described 61 pilot fatalities where post-mortem blood samples tested positive for SSRIs (1).  Subsequent analysis found that past SSRI use was found in the medical histories of only seven of the 61 pilots (8).  This is noteworthy since flying while taking SSRIs has never been approved by the Federal Aviation Administration (FAA). SSRIs (with or without other drug[s] and/or ethanol) were determined to be a contributing factor in only nine of the 61 fatal accidents.  Today’s aviator faces a behavioral health conundrum.  He must decide whether or not to seek treatment for complaints that may result in a diagnosis such as anxiety, PTSD and depression, with the possibility of losing his medical clearance to fly.  Some aviators seek behavioral health care outside the military system, and hide their medical problems from their flight surgeons, as the civilian aviators did in Sen’s FAA fatal accident study (8).  Historically, a handful of Army aviators have obtained waivers for a history of reactive depression or some other time-limited behavioral health disorder.  But psychotropic medications have not been allowed.  Flight surgeons desire to use every tool in their medical arsenal to help their patients, but flying while taking SSRIs has been forbidden by virtually all aeromedical waiver authorities (US Army, Navy, Air Force, FAA).  Exhaustive (and expensive) in-flight research on SSRIs to prove their aeromedical safety has not yet been accomplished, yet there is a large and growing behavioral health problem impacting aircrew.  The risk/benefit decision is whether to carefully waive and observe select aircrew, allowing SSRIs, or to continue to disallow such treatments, with the likely consequence of pushing aviators toward unsanctioned healthcare options.  Or worse yet, the prospect of being grounded may cause aircrew to forego treatment entirely, and quietly suffer with their disease when effective and safe remedies exist. 


background


The US Army Aeromedical Activity (AAMA) is the tertiary central aeromedical review authority for all Army aircrew members worldwide.  The aeromedical physician consultants assigned to AAMA review all flying duty medical exams for rated aircrew and air traffic controllers (ATC) for the Army, to include Department of the Army Civilians who fly and control Army aircraft.  This allows for standardization and central collection and storage of all rated aircrew and ATC physicals and waiver requests.  AAMA also informs policy with regard to aeromedical waivers for medical conditions and therapies which may present unacceptable aeromedical risk.  


The first waiver for SSRI use in US Army aircrew was granted in 2004 for a diagnosis of chronic pain.  The aerospace medicine specialists at AAMA were very aware that new and safer pharmacologic agents were available to treat various mental health disorders, but also realized that waiving SSRI use for behavioral health issues could not be done in a cavalier fashion.  In 2005, after extensive research into the safety and efficacy of SSRIs, and the similar class, selective monoamine reuptake inhibitors, (SMRIs), AAMA drafted its first SSRI (SMRI) Aeromedical Policy Letter.  In June of that year, the policy letter was presented to the Aeromedical Consultant Advisory Panel, a review board of senior aerospace physicians and rated Army aviators, who are charged with rendering aeromedical dispositions on complicated or contentious waiver cases, as well as providing input into recommended aeromedical policy changes.  The consensus opinion, and subsequent US Army policy, was that psychiatric conditions such as PTSD, major depression, generalized anxiety disorder and similar diagnoses would continue to be disqualifying for all classes of aviation duty.  However, waivers may be considered if specific conditions were met.  These conditions include:  a detailed clinical interview by a psychiatrist or a psychologist, to include narrative treatment records; a neuropsychological assessment which includes cognitive domains and motor skills testing (e.g. CogScreen®) in order to demonstrate preservation of functional ability; and operational and command endorsement, with the requirement that rated personnel demonstrate proficiency on an in-flight performance evaluation (which may be performed in an aircraft simulator).  The in-flight evaluation will not take place prior to at least 3 months on a stable medical regimen.  Finally, medication use must be at a stable dose, without aeromedically significant side effects, for at least 4 months prior to waiver submission.  When a waiver is recommended and granted, the aviator will continue to follow-up with the treating behavioral health provider as clinically indicated.  Waiver follow-up requirements include repeat psychological evaluations at 6-month intervals, for the duration of treatment, to include a 6-month exam after cessation of medication.  Additionally, the flight surgeon shall note mental health status on an annual basis to continue the waiver, annotating results on the annual flight physical.  Relapse, change in mental health, or return to medication after cessation is disqualifying and will require a new aeromedical summary for assessment and disposition (10).


methods

AAMA maintains an exhaustive database known as the Aviation Epidemiology Data Register (AEDR).  The AEDR archives the medical history, physical exam and aeromedical board documents of aircrew members and training applicants dating back to the early 1960’s, and contains records on over 160,000 individual aircrew and flight school applicants. The AEDR was queried for all aircrew with a history of, or current use of SSRIs (to include SMRIs) from the date of the first granted waiver in January 2004 through March 2009.  Demographic data was collected, (e.g., age, gender, aircrew status), and the date and type of the last flight physical, as well as the medical diagnosis for which the SSRI was prescribed, were recorded.  These data were gathered without personal identifiers to ensure patient confidentiality.  


results

A total of 195 aircrew records were identified as having a history of use, or current use, of SSRIs (or SMRIs).  Of those considered for waiver, 112 (57.4%) were denied.  Of the 83 (42.6%) waivers granted, 16 (19.3%) were for initial training applicants.  The bulk of the waivers granted (63.9%) were for a history of SSRI use, not current usage.  Only 30 of the 195 waiver requests were approved for current SSRI use.  Sixty-seven males received waivers, compared to 16 females, a ratio of 4:1.  The most common diagnosis for which aircrew received a waiver was depression/dysthymia, with 33 cases.  Of these waivers, only seven were current cases, and 26 were granted for a history of depression/dysthymia.  Similarly, there were 24 adjustment disorder waivers granted, with six being actively treated, and the remaining 18 being recorded as a previous history.  The most active current diagnosis was anxiety, with 10 current cases and three recorded as a previous history.  There were five waivers granted for currently treated PTSD, with two cases of previous PTSD.  Fourteen (16.9%) of the waivers were granted for aviation medicine providers, 12 of whom were flight surgeons and two were aeromedical physician assistants.  The average age of a waiver recipient was 35.8 years.


Discussion

While the Army remains the only branch of the US military to allow treatment with SSRIs in its active aviators, SSRI use remains a relatively rare condition.  Of the 195 waiver requests considered, 83 waivers were granted.  Only 30 (15.4%) were for current use of SSRIs; the remaining 53 waivers were for a history of SSRI use.  The most common diagnoses for which the 30 aircrew have been granted a waiver for current SSRI usage are anxiety (n = 10), depression (n = 7), adjustment disorder (n = 6), and PTSD (n = 5).  Only three initial applicants received a waiver for current use of SSRIs.  Less than one in five of all waivers granted were for initial applicants, reinforcing the concept that waivers for SSRI use (or history of SSRI use) tend to be preferentially granted to trained aircrew, where significant resources have already been invested.  The average age of all waiver recipients was relatively high, at 35.8 years, again reflecting a bias toward granting waivers to trained and seasoned aircrew. 


The male to female ratio of 4:1 is lower than expected, as females make up less than one-sixth of the aircrew population.  However, females in this study received waivers for post-partum depression, dysmenorrhea, and pre-menstrual dysphoric disorder, conditions unique to female reproductive health.


A surprising number of waivers were granted to aviation medicine practitioners, 14 of 83 granted waivers, or 16.9%.  This may represent a more permissive application of the waiver process given that flight surgeons no longer enjoy much opportunity to fly at the aircraft controls in modernized aircraft requiring two rated aviators at the controls.


SSRI use among US Army aviators remains uncommon, and waiver requests for current SSRI use remain rare.  However, the number of waiver requests for a history of PTSD, depression or anxiety is not trivial, and is growing.  Aviators who fear aeromedical grounding for such diagnoses are often reluctant to share psychological symptoms to their provider.  However, having treatment options consistent with continued aviation service is likely to reassure those aircrew who struggle with behavioral health issues and may encourage them to come forward for treatment instead of seeking care outside of the aviation medicine system, or worse yet, foregoing needed care.  As more aircrew are treated, and barriers to care (e.g. stigmatization, fear of permanent grounding) are eliminated or lessened, aircrew retention and readiness should improve.  An additional benefit could well be the positive impact on other, non-aviation, military personnel as they see their aviation comrades being positively impacted by improvements in mental health access and outcomes.


future research

Additional research is necessary to ensure that those aircrew with a history of PTSD, depression, anxiety and other behavioral health issues are adequately diagnosed and treated without undue aeromedical risk, and that those who meet appropriate criteria are afforded the opportunity to return to the cockpit and control towers to perform aircrew and controller duties.  The US Army will continue to longitudinally monitor the flight status and career outcomes of those aircrew who have been granted waivers.  The US Army Aeromedical Research Laboratory is conducting additional research on SSRIs and their impact on sleep architecture and performance. Future articles should address military Class A-C accidents, and any role mental health diagnoses or treatment might have played as evidenced by investigation using the Human Factors Analysis and Classification System (HFACS).  Finally, further work needs to be done to better elucidate why waivers are denied (e.g. failure to perform well on CogScreen®, continuing behavioral health issues, adverse reactions to medications) so that waivers (and denied waivers) can be consistently and fairly issued, and future behavioral health initiatives can effectively benefit aircrew without compromising aviation safety.
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Summary


Physical fitness is often divided up into skill-related fitness and health-related fitness. Health-related fitness in its turn is often subdivided into three components that together determine overall health status: cardiorespiratory fitness, musculoskeletal fitness, and body composition. For military personnel, HRF can be seen as the foundation on which general fitness, task-specific fitness, and, eventually, physical preparedness for unit missions can be built. Moreover, a sufficient level of health-related fitness is a prerequisite to prevent from disease. Two of the main health-related fitness issues that the Royal Netherlands Army is currently dealing with are musculoskeletal injuries and lifestyle-related health problems. Research efforts, intervention activities, and policies within the Dutch Army on each of these two issues are reviewed and examplified in this paper.


1.0
defining health-related fitness in the military


The Army is well known for its demanding and rigorous physical training. Despite continuing mechanization and automation of warfare, a high level of physical fitness is still a critical aspect of military preparedness. In the military context, physical fitness is defined as the physical capacity to perform physical demands of one‘s occupation or unit missions. [1] 


Being a broad term and complex subject, physical fitness is often divided up into skill- or performance-related fitness and health-related fitness.[2] Skill-related fitness is integral to success in specific physical tasks that  require one or more of the following skill components: speed, reaction time, agility, balance co-ordination, and power. These components do not necessarily contribute to health and disease prevention. In the literature, health-related fitness (HRF) has been defined as “a state characterized by an ability to perform daily activities with vigor and a demonstration of traits and capacities that are associated with low risk of premature development of the hypokinetic diseases (i.e., those associated with physical inactivity).” [3] 


HRF can be subdivided into three components that together determine overall health status: cardiorespiratory fitness, musculoskeletal fitness, and body composition. Cardiorespiratory (or aerobic) fitness is the ability to continue or persist in strenuous tasks involving large muscle groups for extended periods of time. Musculoskeletal fitness is determined by the individual’s muscular strength (i.e., the maximal one-effort force that a muscle can extert against a resistance), muscular endurance (i.e., the ability of the muscle to supply a submaximal force repeatedly), and flexibility (i.e., the ability of the joints to move through a full range of movement), respectively. Body composition comprises the relative amounts of body fat and lean-body tissue or fat-free mass such as muscle, bone, and water.


For military personnel, HRF can be seen as the foundation on which general fitness, task-specific fitness, and, eventually, physical preparedness for unit missions can be built. Moreover, a sufficient level of HRF is a prerequisite to prevent from disease. See Figure 1. 
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Figure 1: Model of physical fitness in the military.

In modern society, where technology and mechanization have taken the place of physical labor and where physical education has been de-emphasized, military personnel are exposed to the same negative trends in lifestyle behavior and health status that affect civil populations. For example, an older active duty member that has not adequately adapt his/her lifestyle (e.g., nutritional behaviour, level of physical activity) to the transition of a physically demanding occupation as an operational commander to a more sedentary job as a staff executive, may be confronted with the consequences of overweight and other cardiovascular risk factors. Moreover, a young recruit may suddenly meet physical demands that are far above those previously exposed to, eventually leading to musculoskeletal injuries. 

Generally, the downsize of military forces in the last decade means the readiness of every RNLA member becomes even more important. Two of the main HRF issues that the Royal Netherlands Army (RNLA) is currently dealing with are musculoskeletal injuries in military training settings and lifestyle-related (cardiovascular) health problems. Research efforts, intervention activities, and policies within the RNLA on each of these health problems will be reviewed and examplified in this paper.


2.0
musculoskeletal injuries


2.1
Introduction


Early withdrawal of recruits in basic military training programs is a major problem for Western military forces that depend on volitional service members. In recent years, the RNLA has frequently been confronted with vacancies, especially for the infantry. In the three school batallions of the RNLA, musculoskeletal injuries are a major reason for recruits to withdraw from the training. Overload injuries of the lower extremities (knee, lower leg, ankle) together make as high as 75% of the total amount of injuries in basic infantry training that is registered by the medical officer. On average, one out of ten Dutch recruits ends up in a remedial platoon, in which custom physical training programs are provided that aim at a quick return of the injured recruits to the regular military training. Only half of this group completes the regular program successfully. 


A number of preventive measures have been taken in the last few years to diminish the injury rate, amongst other things, in the Dutch armed forces. Several of these measures will be addressed here, clustered into recruitment & selection measures, education & training measures, and health care measures.

2.2
Recruitment & Selection


Baseline fitness is a well-recognized determinant of injury risk during basic training. Improving the fitness of low-fit recruits before exposing them to basic training may, therefore, be a promising approach. In recent years, civil vocational training institutes in the Netherlands have introduced an annual educational program, the so-called ‘Orientation Year Dutch Army’, aimed at preparing potential recruits, i.e., students who are interested for a military job, for the armed forces. This training also includes a thorough physical exercise program aimed at increasing the  chance of passing the initial RNLA examination. 


The RNLA examination comprises both psychological and physical tests. The physical examination has been validated against major military tasks that involve phsyical labour (e.g., marching, carrying) and consists of:


· An evaluation of the individual’s carrying capacity  by means of isokinetic upper body measurements; 


· The individual’s marching capacity by means of bicycle ergometry and isokinetic lower body measurements; and

· The individual’s body composition by means of skinfold measurement. 


Moreover, sollicitants who have passed the initial military examinations are given tailorized information - based on their physical scores - on how to maintain their level of fitness until the actual start of the basic training. 


2.3
Education & Training


In recent years, basic RNLA training regimes on (speed) marching with/without loads have been modified to reduce the frequency of overuse injuries without adverse effects on fitness levels. On the basis of literature and field research, the Physical Education & Sports Organization of the RNLA has recently updated its training manuals on (speed) marching with, amongst others, the following guidelines: 


· More gradual progression in training load (e.g., speed marching only starts after several weeks of basic training, use of periodization-model); 


· Week cycles in which marching and speed marching are alternated; and

· Lowering the total marching distance in training regimes by introducing training sessions in which less kilometres are marched with more load.

Since 2000, agreements on the preparation, execution, and evaluation of annual physical training programs per RNLA unit are embedded in a ‘physical education & training’ document. This document is a co-production of the unit’s physical education & sports department and the unit commander. 


For over a decade now, the RNLA operates a so-called ‘boot protocol’ which allows fresh recruits to gradually get used to walking on their boots by interspersing with their sports shoes.


2.4
Health Care

Since the mid 90s, military health care professionals from the RNLA have been co-operating in so-called Sports Medical Advice Teams (SMAT). These local committees, consisting of military GPs, company medical officers, physiotherapists, and fitness instructors, meet on a regular basis to discuss casuistry and injury trends within units, and to advice unit commanders. Recently, the working procedures for these SMATs have been updated, in a sense that the unit commander has become a key player in the team. Partly on the advice of the health care professionals, the unit commander decides whether an injured recruit is transferred to the SMAT for a rehabilitation program. At this stage, the recruit is formally out of the regular unit program. He or she will go through two rehabilitation phases: a ‘physio-fit’ phase co-ordinated by the physiotherapist PT, and a ‘sports-fit’ co-ordinated by the fitness instructors. After this, the recruit returns to the unit for the last (‘job-fit’) phase, in which the unit commander is responsible for the individual’s work up to the a necessary level of physical readiness.


There is inconsistent evidence that the use of custom insoles or specific types of running shoes during basic training will reduce injuries in military recruits. Specialists and researchers from the RNLA are planning to investigate the potential of a dynamic footscan system (RS Scan International®) at the entry of the basic military training for predicting lower limb injuries in recruits during the training. This research is expected to start in the second half of 2009.


Several measures for the secondary prevention of injuries in the RNLA have been investigated or will be investigated in the near future. In the last few years, RNLA clinical researchers have studied the potential of a sports medicine based training approach in service members with nonspecific low back pain, named ‘isolated lumbar extensor training’. Several randomized clinical trials were performed on, in total, 273 service members with back pain. All trials showed concordance in their outcomes, in the sense that specific back training gave no clearly favorable results in restoring back function compared to usual (military) care. [4-6]

Currently, a study is performed at the school batallion of the RNLA Air Mobile Brigade that aims to reduce the early withdrawal of recruits in basic military training due to injuries. The predictive value is evaluated of a physical fitness profile of each recruit,  based on both physical tests and a brief survey with items on, among other things, sports history and injury history. Moreover, the effectiveness as well as the applicability of individualized and differentiated training regimes are assessed in this project.


For the near future, RNLA clinical researchers are evaluating the possibilities of studying two potentially promising techniques in overuse injuries: autologous platelet-rich plasma application in traumatic tendon injuries, [7] and collagen hydrolysate in joint pain [8].

3.0
Lifestyle-related health problems


3.1
Introduction


Concordant to the increasing interest in health surveillance in society, the RNLA recognizes the need to monitor fitness and health of its service members. The focus of monitoring has generally been on performance standards for maintaining personnel readiness rather than on health risks. Consequently, existing data resources and collection procedures within the RNLA have not been designed to provide comprehensive epidemiologic data on health and health-related fitness issues. 


Until now, the need for RNLA health monitoring has been met incidentally through ad hoc studies conducted within specific populations. These one-time assessments, apart from being labor-intensive, have been not proved efficient as ongoing tracking systems to evaluate the efficacy of health promotion efforts, but they at least gave a broad idea about the health status of the army personnel. A short overview of health assessments within the RNLA in this last decade is given below.


3.2
Health Assessments in the RNLA


In the mid 90s, two health assessments among military personnel from the RNLA have been conducted. One study population comprised 277 male participants (mean age 38 yr, range 21-54 yr) of a medical screening as part of a job rotation procedure. The other study population consisted of 284 male participants (mean age 35 yr, range 27-47 yr) of career courses for NCO’s and officers. Both studies had similar outcomes. Comparison with a limited number of other studies among men in The Netherlands showed that the prevalence of several risk factors for cardiovascular disease (overweight, cholesterol level, blood pressure) were unfavourable. The most prominent increase in risk factors was seen in military service members under 40 years of age. It was concluded that health policy should be directed at the prevention in younger populations and at the lowering of risk factors in the over 40 population, by measures directed at physical activity and nutrition. 


In 2006, lifestyle behavior was examined in a group of 110 male Air Mobile Brigade recruits (age 19-26 yr), before and after their basic military training. Baseline and post-training results are presented in Table 1. 


Table 1: Lifestyle behaviour AMB recruits during basic military training.

		Start of basic military training

		End of basic military training



		90% involved in sports activities

		100% involved in sports activities



		50% used tabacco on a daily base

		40% used tabacco on a daily base



		90% did not meet nutritional standards 1

		60% did not meet nutritional standards



		25% skipped breakfast

		5% skipped breakfast





1 Dutch nutritional standards: 2 pieces of fruit plus 200 grams of vegetables a day


The frequency of junk food (fried products) had increased dramatically during this period, likely due to the fact that these products were available at the military mess on a large scale and at low prices. It was concluded that health promotion activities for this target group were beneficial, but only in concordance with a  health-stimulating environment. Therefore, changes in price setting and product range in military messes were advised.


In 2008 and 2009, a wide range of health and fitness parameters were examined in two RNLA subpopulations: staff from an education and training unit for logistic personnel (163 male, 2 female) and staff from the RNLA commanding staff (88 male, 9 female), both representing a relatively old age-group and the latter also with relatively high psychological job demands/responsibilities. The results from these studies are summarized in Table 2. It was concluded that overweight percentages in these military populations are similar to reference groups of Dutch adults (approx. 50%), obesity percentages are even 5-10% higher than in Dutch adults. As far as tobacco use is concerned, the training unit staff scored similar to civilian references (approx. 30%), the commanding staff scored much healthier (8%). The majority of the commanding staff personnel (approx. 60%) did not meet Dutch standards for physical fitness and healthy food, almost half of this group (45%) did not meet the Dutch health standard.


Table 2: Health and fitness parameters of two RNLA military populations.

		

		Staff Education &Training Unit          (N =165)

		Commanding Staff      (N = 97)



		Mean age (range)

		44 years (24-57)

		46 years (26-57)



		Overweight 1

		44%

		51%



		Obesity 1

		15%

		19%



		Unhealthy waist circumference 2


Action level 1



Action level 2

		34%


20%

		28%


28%



		Tobacco use

		27%

		  8%



		Does not meet Dutch health standard 3

		-

		60%



		Does not meet Dutch fitness standard 4

		-

		45%



		Does not meet Dutch nutritional standard 5

		-

		63%



		Does not meet basic HRF Test standards 6

		-

		53%





1  Measured with body mass index (BMI): healthy weight; BMI < 25,5; overweight,  BMI 25,5-29,5; obesity, BMI ≥ 29.5.


2  Action level 1, overweight without abnormal abdominal fat distribution; Action level 2, overweight with abnormal abdominal fat distribution.


3  Basic HRF Test: performances on 4 strength devices (leg press, chest press, shoulder press, vertical traction) and cardio-stepper (progressive protocol), according to gender- and age- specific standards.


Conclusively, these one-time assessments indicate that despite the fact that the military population is not demographically representative of the civilian work force (e.g., most are male), poor health habits of military members are quite similar and often are more prevelant. Therefore, health risk management and health promotion activities are of current interest for RNLA policy makers.


3.3
Physical Fitness and Cardial Screening 

Mandatory medical checks as part of a job rotation procedure within the RNLA were abolished in the mid 90s. Instead, the RNLA medical officer has been using a system of multi-staged cardial screening ever since. This screening is linked to the annual army Physical Fitness Test (PFT), a mandatory test for basic (health-related) fitness for all military army personnel, consisting of a 12-minute run, push-ups, and sit-ups, each with gender- and age-specific standards. Military service members of 40 years and more are obliged to undergo the multi-staged screening every other year before participating in the PFT. 


In this screening, individual cardiovascular risk profiles are using the SCORE-system. [litt.] If cardiovascular complications are found in the screening, individuals are not allowed to participate in the PFT. The medical officer will, then, refer the individual to either a RNLA sports physician or cardiologist, depending on the problem. The multi-staged medical check is not mandatory for personnel under the age of 40. Instead, a checklist has to be filled in (items on physical activity and medical complaints) to see whether it is recommended to visit a medical officer before participating in the PFT. In 2011, the army PFT will serve as an annual basic fitness test for the entire Dutch defence organization. A different screening method before entering the PFT will be used, based on checklists in which suitability for participation is assessed by the individual him- or herself. 


Besides, RNLA policy makers are currently considering the installation of a routine examination setting that is required for all RNLA active duty members, aimed both at the screening of cardiovascular risks and health-related occupational hazards by the medical officer. Certain behavioral risk factors for cardiovascular disease can be examined, such as alcohol consumption, physical activity, information on smoking prevalence, back problem prevalence, height, weight, body fat composition, hypertension prevalence, elevated cholesterol levels etcetera. Occupationals factors such as work satisfaction, level of stress or several determinants of work ability (e.g., working pace, variation, independency) may be assessed as well in this periodic check. Both self-reported data and information from the attending health care provider can be obtained, for example comprising a brief survey completed by the service member and medical examiner at the time of the periodic physical examination This routine health check may be of value for collecting health promotion information. Because the periodic examination is required for all service members, specific populations (e.g., older service members, women, lower pay grade) can be reached. Obtaining reliable data for these special subgroups is important in light of the fact that morbidity and lifestylle behavior may vary substantially by age, sex, and socioeconomic status.[9] As said, the content of such periodic health is currently under debate, as well as the the boudary condition for assuring the collection of reliable, accurate health promotion information for the RNLA. Alternatives need to be investigated regarding the periodicity of survey administration and duration of data collection. Computerized systems may be needed to collect service members’ physical examination data by attending medical personnel.


3.4
Health Promotion Interventions

So far, health promotion efforts within the RNLA have been basically decentralized, with services provided by a variety of organizations as part of their many responsibilities. The majority of activities have been on a local scale, taking place at military installations, and were integrated with the medical or personnel functions. Some examples of initiatives within the RNLA since the mid 09s:


· A health promotion campaign on three major military locations, comprising health classes on the beneficial effects of physical activity and nutrition, day campaigns on healthy food issues in the military mess, and individual/group counseling by professional dieticians, respectively;


· Development and implementation of WeightCo@ch, an interactive computer program aimed at weight management, which is freely available for all service members that have an defence intranet account;


· Other nutritional campaigns have recently been organized at the military messes of the Dutch military academy and the RNLA commanding staff location; information stands on healthy food issues were installed, dieticians could be counseled, and fruits and healthy snacks/sandwiches were offered for free or at a discount; and

· Beside the aformentioned health and fitness assessments in a staff group of an education and training unit and in the RNLA commanding staff, respectively, participants were offered tailorized fitness programs using the Technogym Welness System® and accompanied by fitness instructors, as well as dietican counseling and counseling by sports physicians and manual therapists.


Clearly, in developing intervention programs, the barriers to health promotion must be considered, many of which are habitual unhealthful lifestyles. For example, despite the fact that fresh recruits come from the age group which already exhibits increased risk with respect to several health practices,[10] the urge to actually worry about chronic disease following these practices is often lacking. Therefore, messages for this target group should aim for the beneficial influence of a healthy lifestyle on military readiness and appearance, rather than on the prevention of chronic disease. 


Besides, the military has more control over behavior in some health practices than others. For example, organizational policy mandates service members to abide fitness standards and to refrain from smoking in military buildings. Policies for shaping other health practices are less stringent (e.g., alcohol use, weight management) and need different ways to motivate members in changing unhealthy habits.


4.0
Future research efforts


In this paper, an overview has been given of the research efforts, intervention programs and policies within the RNLA concerning musculoskeletal injuries and lifestyle-related cardiovascular health problems. Other topics that currently have special attention are health issues in specific subpopulations such as older service members (e.g., osteoporotic problems), women (e.g., female athlete triad), and frequently deployed personnel 
(e.g., underrecovery symptoms). Together with the Dutch research institute TNO, the Dutch Defence Organization (DDO) are aiming for a 4-year research program, starting 2011, on these health-related fitness issues. An integral approach is used to address longitudinal surveillance of these health problems, to scrutinize the (cost-) effectiveness of the current DDO health care system, and to develop, implement and evaluate interventions. 


Parallel to this program, a NATO Research Task group has recently been installed to specifically focus on the impact of (unhealthy) lifestyle on military fitness. Main objective of this research task group is to scrutinize the implications of lifestyle-induced societal health changes for recruitment, education & training, sustainability, medical care, and public health in the military. Moreover, efforts are made to define a common core set of data  that can be obtained from long-term routine surveillance. The research group includes representatives from Germany (chair), USA, Canada, United Kingdom, Austria, Czech republic, Georgia, Estonia, and The Netherlands. Deliverance of a technical report is planned for 2012.
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Abstract 

An international comparison of armed forces personnel reveals that military use of alcohol exceeds civilian rates. In this perspective, air force personnel do not tend to consume as much alcohol as personnel from other armed services. From a 2006 survey of perceptions of unwanted behaviours it appears that 15% of the Netherlands armed forces personnel reports misuse of alcohol in their units. Misuse of alcohol appears to increase the likelihood of bullying and harassment. It also has a negative relationship with military performance as risks of mistakes increase. In a 2008 sample of this study twenty- seven percent of this these respondents agreed or strongly agreed to the item that in their unit too much alcohol was consumed. Respondents who deployed reported less misuse of alcohol, compared to respondents who never deployed. Deployments decrease the use of alcohol, but before and after deployments this use seems to increase. Recommendations are made for further research and more accurate measurements to detect the misuse of alcohol.  

1.0
Introduction and research questions


In this paper we describe the use of alcohol by armed forces personnel and its relationship with military performance. Health promoting behaviours can help to prevent ill health and disease and can help improve military performance. Health promoting behaviours, such as a reduction in substance use, maintaining a healthy diet and  engaging in physical exercise are strongly associated with morbidity and mortality. Tobacco use was the single most important preventable cause of death and disease in the United States for many years
.  It has also been shown that lifestyle factors involve habitual modes of behaviour and thinking, which are difficult to change
. Understanding how specific health behaviours co-vary,  possesses implications for designing effective health promotion programs. From a longitudinal study of a United States Navy cohort of n = 1,019 active duty military personnel it appeared that there is very little overlap among changes in health behaviours and that health promotion interventions should be behaviour-specific
. Among military personnel, progress has been made in reducing illicit drug use and smoking, although the prevalence of both heavy alcohol use and smoking among those 18 to 25 years of age remains higher than for civilians
. From 1998 through 2005 alcohol consumption in the US military increased, most likely induced by the stress of the 9/11 attacks and the 2003 Iraq war
. Deployment experience accounts for an increase of alcohol use and alcohol dependence, which has negative implications for military readiness and the safety of personnel
. Heavy drinkers among United States Army personnel were 66% more likely to be spouse abusers than were abstainers
. Even after three decades, combat experiences account for an increase in smoking and a decrease in general life satisfaction of United States Vietnam veterans
. 
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Figure 1: Percentages in US Civil and Military Populations of heavy alcohol users Source: Department of Defense Survey on Health Related Behaviours of Active Duty Military 
Personnel. Research Triangle Institute International. Research Triangle 
Park, North Carolina, December 2006, p 87.


From Figure 1 it appears that in the United States, the age group 18-25 years has more heavy alcohol users than the age group 26-55 years.  Among US armed forces personnel heavy use of alcohol  are more frequent than among US civil populations. Within the US Armed Forces the Marines Corps and Army personnel have more heavy drinkers than the Navy and Air Force.


In the United Kingdom, excessive alcohol consumption in the Armed Forces is more common than in the general population. This alcohol use is strongly related to smoking and being single
. In addition to the previous review of alcohol use in the United States and United Kingdom Armed Forces  the questions raised is how do military personnel in the Netherlands Armed Forces perceive the use alcohol in their unit and how does their alcohol use relate to their deployment experiences?  


2.0
Method and subjects


In 2006 a study was conducted by a research and investigation team (RIT), which was tasked by the State Secretary of Defence to study the extent to which unwanted behaviours take place in the Netherlands Armed Forces. The trigger for this study was a case of sexual harassment in the Royal Netherlands Navy
. The RIT expanded their survey to all military personnel of the Netherlands armed services. In the military total force of 46,259 military personnel, 13,000 received a questionnaire, of which 3,800  completed and returned the questionnaire, which is a response percentage of 29%. The survey contained one item on the perceptions of alcohol misuse, by measuring the compliance with the statement ‘in our unit too much alcohol is used’. In the RIT report (2006) 15%  of the respondents  reported  that they agreed or strongly agreed with this statement. Those respondents also reported a higher degree of bullying and harassment in their units. However, the RIT did not analyse the data in terms of the personal or professional career of the respondents, e.g. like being deployed or not being deployed. In our study we used the same item on the perception of alcohol misuse, but combined this with questions on the personal and professional career of the respondents. Subjects completed the questionnaire from across a variety of situations, such as initial officer training, officer career training, pre-deployment training or re-deployment decompression. The overall compliance to complete the questionnaire was good, which resulted in a response rate of 94%. Table 1 presents an overview of the personal data and career data of the respondents.


Table 1: Career data and personal background of respondents (n=636) in a survey 
on unwanted behaviours in the Netherlands Armed Forces 2008/2009.


		Armed Service

		280 army, 224 navy, 101 air force, 31 military police


Army (n = 280)


Navy (n = 224)


Air Force (n = 101)


Military Police (n = 31)



		Sex

		Male (n = 542) 


Female (n = 94)



		Mean Age

		30



		Meam years of Service

		10



		Number of Deployments

		0 (n = 323)


1 (n = 109)


2 (n = 83)


3 (n = 50)


≥4 (n = 65)



		Marital status

		 Single, unmarried (n = 396)


Married (n = 214)


Divorced (n = 26)





From table 1 it appears that the majority of respondents originate from the Army, which is the largest armed service on the Netherlands Forces. As the Navy and the air force are half as large as the army in the Netherlands Armed Forces, it appears that the navy is overrepresented in this sample. Most likely this is due to the fact that all members of two marine corps companies, which deployed to Chad in Africa, participated in this survey in their downtime before their deployment. All other subjects were recruited from various units, in which all armed services personnel were represented. More than half of the respondents never deployed, a third had deployed once or twice and the remainder had  deployed three times or more. As the Netherlands Armed Forces consist of almost 12% female personnel, female respondents are slightly overrepresented in this sample. The average age of the respondents was 30 years and their average time of service was ten years. Almost 400 respondents were single, over 200 were married and 26 were divorced. Compared to the 33% average divorce rate in the Netherlands national population, military marriages in this sample appear to last longer.  


3.0
Results

Figure 2 represents the sample’s scores, and to which extent the respondents in our survey agreed to the item ‘in our unit too much alcohol is used’. Respondents are grouped by sex and by career history, e.g. ever deployed versus never deployed. 
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Figure 2: Percentages of respondents who agreed or strongly agreed 
on the item ´in our unit, too much alcohol is used´ (N=573).


From Figure 2 it appears that 27% of the respondents in our survey agreed or strongly agreed to the item ‘in our unit too much alcohol is used’. In the 2006 RIT survey, only 15% of the respondents agreed or strongly agreed to this item. Among the male respondents in our sample, 25% agreed or strongly agreed to this item. Among the female respondents 42% agreed or strongly agreed to this item. Thirty-five percent of the respondents who have never been deployed agreed or strongly agreed to this item, whereas 20% who have been deployed once or more agreed or strongly agreed to the item. 


4.0
Discussion

Compared to the 2006 RIT survey results, in our survey more respondents agreed or strongly agreed to the item ‘in our unit too much alcohol is used’. This increase can be interpreted in at least three different ways. Firstly, the increase of respondents who perceive too much use of alcohol in their unit might be explained by higher levels of alcohol consumption in their particular unit. However, this explanation is not vey likely, as  a code of conduct was established in 2007 for all military personnel, which strictly forbids the use of alcohol when it might affect military performance. Secondly, their perception on what is too much can vary, which directly influences their answers. This explanation is more likely, as the 2007 code of conduct might have raised the awareness and judgement concerning the use of alcohol.  Thirdly, the group of respondents in our survey could differ from the respondents in the 2006 RIT survey. The fact that a much better response was established in our survey (94%), compared to the 29%  response rate in the 2006 survey, adds to the likelihood of this explanation, especially when we assume that a low response on a socially undesirable item adds to an underestimation of the problem. 


The result finding that female respondents in our survey perceive more alcohol misuse than male respondents might have similar explanations. Considering the three aforementioned explanations, again the second explanation appears to be most likely, in which the perception of alcohol use and misuse by females differs from the male perception of the same amount of alcohol. 


Our result that military personnel who have previously  deployed perceive less misuse of alcohol in their units than those who have never before deployed may be due to the fact that previously deployed personnel have undergone alcohol prohibition at some stage, therefore alcohol misuse is less important as they have been familiar with no alcohol situations; whereas the never deployed group have most likely always been in situations where alcohol is available and therefore open to continued use and abuse. Assuming that previously deployed personnel have served for longer and are older than non-deployed personnel, this might help explain the results, especially when one considers that younger personnel appear to use more alcohol than older personnel, as shown in figure 1. 


A  clearer interpretation of the results of our survey will be possible when more light is shed on the actual amounts of alcohol used, in addition to our results on the perception of this use. From the item ‘in our unit too much alcohol is used’ it is not possible to make a difference between respondents thinking that their consumption might not be too much and their perception that others in their units are consuming too much. This is called optimistic bias, or a bias in their reporting. So another study is needed in which questions on their own consumption level allows an equation with their unit members' consumption rates.


Last but not least it is worth mentioning that a considerable percentage of the Netherlands armed forces personnel perceive the use of alcohol in their unit as too much. This group, or their unit members are a target group for interventions, which aim to reduce this misuse of alcohol.


5.0
Conclusions and recommendation

Military populations in some countries appear to consume more alcohol than their civil population. In the United States military, deployments experiences seem to increase the consumption of alcohol, although during deployments this use is strictly forbidden.. From studies among military personnel of the Netherlands Armed Forces it can be concluded that a considerable percentage of these personnel agree or strongly agree that too much alcohol is consumed in their unit. Female personnel and deployed personnel  perceive higher usage than male personnel and non-deployed personnel. From this study it cannot be concluded that this perception reflects their own alcohol consumption, so  the actual use of alcohol by  all personnel remains unknown. Therefore it is recommended to include items of actual use of alcohol by deployed personnel in future research on the relationship between alcohol use and deployment experiences.
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Abstract


Although research reveals that smoking prevalence has in general stabilized or is even decreasing among military personnel, this trend does not ultimately apply. Being young, being deployed, or being a member of Army personnel, for instance, is proven to increase the risk of being or beginning to be a tobacco user. There are not immediate observable links between tobacco habits and the serious health-related consequences found during the service period because of the long time lag between tobacco use and its consequences. Also the impact of smoking on military performance can be defined rather more indirectly than directly. However, findings in the Estonian military sample (n=135) indicate that an increase in smoking behaviour while on deployment not only corresponds with poorer psychological wellbeing and general health, but also with being forced to stay away from duty because of physical aches. These results can be taken as indicators that smoking behaviour decreases fitness for military operations and should be targeted by performance enhancement activities. The role of the military culture of smoking behaviour and the arguments for an effective strategy for tobacco use cessation among military personnel are discussed.


1.0
TRENDS IN TOBACCO USE


Considering the direct and indirect costs related to consequences of tobacco habits, high importance has been attributed to this behaviour in health policies. Tobacco use is known as the single largest cause of preventable death in the world today, killing a third to a half of all users. Projecting into the future, the total tobacco-attributable deaths will account for almost 10% of all deaths worldwide in 2030.
 In the WHO European Region, smoking is blamed for about 18.6 million years of life lost.
 


The financial costs caused by tobacco-related illnesses and medical care are remarkable. The direct and indirect costs of smoking in the EU, for instance, were estimated to range from 1.04% to 1.39% of the EU Gross Domestic Product, exceeding even 3% of it in some new member countries.
 


Some pessimistic prognoses show that the worldwide number of smokers continues to increase
 and that the deaths caused by tobacco will double over the next few decades
. However, the trends of tobacco- related habits in the Western world are constantly decreasing. According to the latest health surveys in the US and in Europe, smoking prevalence among men and women has in general stabilized or is even decreasing. For example, in the US, the past month use of tobacco products was 29.4 % in 2005, while it was 30.4% in 2002
; in the WHO European Region, smoking prevalence was estimated around 28.6% in 2005 but 28.8% in 2002. Falling death rates due to tobacco- related illnesses imply that trends in smoking prevalence have been curbed at least since the early eighties.
 


Findings from Western military surveys show similar trends and indicate overall declines in smoking as well. For example, in the total military population, the prevalence of any smoking in the US declined from 51.0% in 1980 to 32.2% in 2005.
 In the Canadian Forces, everyday smoking has decreased from 24% in 2000 to 20% in 2004; the latter figure is declared to be even lower than in the civil population.
 However, low smoking rates in the armed forces are not the case in every country, and cannot be generalized to all tobacco products or age groups.9 In Estonia, for instance, we can observe the same smoking prevalence as elsewhere in Europe (i.e. 27.8%) in the general population
 , but the prevalence is as high as 41.1% in the military population.
 Recent findings also reveal that military personnel are more than twice as likely as civilians to use smokeless tobacco
 and also indicate an increasing rate of tobacco use among young military members.
 


Inside the military, tobacco use rates and initiation or cessation related aspects are widely explored, especially in relation to the extra stress or excessive boredom military personnel might have experienced on duty. Being deployed has been found to be associated with higher rates of cigarette use
. There is an increasing number of regular smokers (including relapse and new initiation) of approximately 10% as well as an increase in daily consumption from an average of 15 cigarettes to 21 cigarettes.
 The main reasons for increased smoking during deployments that have been cited are: (1) stress, boredom, anxiety, and sleep deprivation; (2) lack of alternate activities and privileges; (3) the perception that dangers in the field trump the negative health impact of smoking; and (4) a permissive military culture toward tobacco use.
 With respect to managing stress, however, the research findings indicate that tobacco use is more likely to perpetuate a stress response rather than to suppress it, and that nicotine consumers are overall less effective in dealing with combat stress.
 Unfortunately, not much can be found about the lastingness of post-deployment changes in smoking behaviour. One survey where the persistence of this behaviour is described indicates noticeable differences among subgroups: a larger percentage of Army personnel began or increased their cigarette smoking one year after having deployed than stopped or reduced, whereas the opposite was reported for the other services.9.

2.0
TOBACCO USE AND MILITARY FITNESS


Clinical studies have reported that cigarette use is associated with a lower functional status
 and a lower exercise tolerance among young adult people.
 
 Smoking has also been found to be a consistent and strong predictor of the lack of fitness for military duty, operationalized e.g. in measures of physical health, mental health, substance abuse, and legal problems and of the occurrence of medical problems in training. It is even suggested that smoking be considered as a negative marker of readiness and be included in the services' fitness evaluations.
,
 Considering the frequency of injury incidents in training
 and in infantry duties
 related to cigarette smoking, it has been cited as an independent risk factor for both men and women.
 Similar findings about the harmful effect of cigarette smoking on physical fitness and readiness are described among U.S. Navy personnel.


Despite the findings that cigarette smoking adversely impacts troop readiness and increases time off from duty
, the decreased fitness during a military exercise, even in harsh environments and in combination with poor dietary habits,
 is not clearly identified. Study results are controversial about the harmful effects of smokeless tobacco as well. On the one hand, there are results showing that using smokeless tobacco is an independent risk factor for injury proneness
, that it has a detrimental effect on visuo-motor performance
, and that it is associated with hypercholesterolemia 
 and higher blood pressure.
  On the other hand, results indicate that even long-term use of smokeless tobacco does not significantly influence exercise capacity.
 However, even while physical performance may remain unaffected, there is an increased risk of all kinds of oral problems for users
,
 and a negative effect on performance caused by deprivation symptoms, such as increased reaction time, self-rated withdrawal and decreased heart rate.
 


Military fitness is not only about physical health and hardiness. Several studies have reported the association between cigarette smoking and psychiatric illnesses. For currently enlisted personnel, smoking is found to be one of the factors predictive of hospitalization for mental health disorders.
 Regarding psychiatric illness research, in the target group with posttraumatic stress disorder (PTSD) or major depression, there is a higher prevalence of smoking. It refers to possible self-medication caused by the alleviating effect of nicotine on some symptoms like arousal, numbness, or detachment, which are related to these disorders.
 The fact that poor mental health relates to failures in smoking cessation
 indicates that for those people, quitting is even more difficult than for healthy people. It has also been shown that the overall quality of life among veterans is affected by poor health behaviours, even after controlling for the impact of co-morbid medical conditions.
 Taking a closer look at the average level of self care among PTSD veterans, one can also observe quite low frequencies of preventive health behaviours and increased risks for non-fatal strokes and myocardial infarctions.


3.0
INTERVENTION OPPORTUNITIES


Often there is more than one health risk behaviour or kind of substance in use involved simultaneously
,
 and it is difficult to detect which of them is responsible for the given disease or harm. The fact that usually several risky behaviours are concurrently present is observable among teenagers in the civil population
,
 as well as among the adult population in a military environment (e.g. high-risk drinkers use seatbelts less frequently, are more likely to exceed speed limits while driving and smoke more than 20 cigarettes per day). Therefore, intervention programs should be implemented for all those behaviours (safe driving habits, smoking cessation, high-risk drinking) and to be tailored to the specific needs of the group at highest risk. 
 However, when expecting a positive change, one should be aware that people do not alter several behaviours at the same time and efforts to modify one kind of unhealthy behaviour into a healthy one will not necessarily affect other risky behaviours.
 


The struggle for a healthy lifestyle in the military is far from hopeless as tobacco interventions aimed at smoking cessation have proven to be effective among veterans
 as well as active duty military personnel.
  Still, more needs to be done to change the military culture, which has been invoked as a kind of excuse for tobacco consumption (i.e. a means for enhancing comfort or as a morale booster) in almost every article or health report dealing with this population. It has been proven that social influence encourages tobacco use
, and role models of smoking behaviour in the military are strongly associated with the initiation and resumption of smoking, even after adjusting for other known risk factors.
 Consequently, intervening with empty slogans or vague efforts is ineffective.  Without trying to modify the organisational culture, a persistent change in behaviour can hardly be reached.


As an additional hidden menace to the culture of the Armed Forces, military personnel form an attractive market segment for tobacco producers. Manufacturers’ business interests are expressed in manipulative messages, openly directed to military members with high effectiveness.
 This should be taken into account when trying to protect military members from (re)starting tobacco use and when elaborating the strategy for tobacco use cessation. To reduce existing perverse incentives that lead to increased tobacco consumption, an effective tobacco control policy in the Armed Forces requires explicit implementation instructions and high-level organisational support.
 Extra attention should be paid to formulate segment-specific messages for military members that counteract effectively with industry messages. Research has shown that, instead of pointing to the manipulations by the tobacco industry or to the unhealthy effects of tobacco use, there are four promising themes for tobacco control efforts in the military. Messages to this population should emphasise that: (1) smoking decreases one’s ability to positively influence others; (2) smoking increases the chance that a military member will be discharged from the military prematurely; (3) smoking lowers the readiness to fight and to win wars; and (4) smokers are not as productive as other military personnel
.


4.0
RECENT FINDINGS


A survey
 was conducted among two rotations of Estonian soldiers deployed into Afghanistan to figure out the change in their perceived general health and smoking behaviour during the first three months of deployment as well as to explore the relations between declared changes in behaviour and the level of psychological well-being reported. The use of other tobacco products like snuff was not explored in this research. All respondents were white males.


Soldiers (n=135) were asked if they had noticed a change in their (1) general health; (2) seeking help from a physician; (3) being forced to stay away from duty because of aches; (4) smoking behaviour; and (5) frequency of physical fitness training compared with the period before deployment. The questions of being a smoker versus non-smoker, and – if yes - the number of cigarettes smoked per day were not explicitly asked for. Nevertheless, the smokers could be distinguished from the non-smokers through item x shown below. Participants had three choices to answer an item indicating a change: 1) negative change, 2) positive change, or 3) no changes in the health related aspect considered. Examples of items: 


x. Compared with the period before deployment my smoking behaviour did … 


(1) Increase; 


(2) Decrease; 


(3) Not change (did not start if non-smoker) 


xx. Compared with the period before deployment my general health is … 


(1) Worse; 


(2) Better; 


(3) Unchanged


To assess psychological well-being, we asked them to fill out the well-being questionnaire World Health Organization-Five Well-Being Index (WHO-5)
. For both rotations, a survey was administered in the middle of their deployment (being May and August 2008 respectively) on their way to Rest & Recuperation
 in Estonia. 


Most participants declared no changes in assessed health related aspects in the middle of deployment (Fig. 1). Some negative trend was found in all health related aspects but the second highest for Smoking behaviour (n=29) after frequency of Fitness training (n= 40). In terms of positive change, we observed the highest change for the General health which was evaluated more positively (better general health) at the mid deployment as compared with the period before deployment.


The odds ratios in change (positive against negative changes) are also very informative.  If the number is higher than 1 than there are proportionally more positive changes than negative ones; and if the number is lower than one, then there are more negative changes as compared to the positive ones. The odds ratio for General health is 3.55; this means that there are approximately 3.5 times more positive changes than negative ones. On the contrary, the odds ratio for Smoking behaviour is .30; in other words, there are about three times more negative changes than positive ones.
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Figure 1: Dynamics of self-reported changes in health related aspects in the middle of deployment.

The matrix presented in Table 1 shows correlations between health-related aspects measured among all respondents (n=135).  Higher scores on the scales indicate a positive change: better psychological well-being, better general health, fewer visits to a physician, less excessive aches, decreased smoking, and more physical fitness training. Hence, higher positive correlations have a positive connotation. Results reveal that the correlations between Smoking behaviour and Psychological well-being (r=.31), General health (r=.36), and Aches (r=.28) are positive and significant (p < .01). Notwithstanding the fact that correlations do not allow for any causal relationship between the variables, the results show that the observed negative changes in tobacco use (thus more smoking- see Figure 1) and in general health is correlated with poorer psychological well-being during the first three months of deployment.


Table 1: Correlations between psychological well-being and health aspects.

		

		Psy.WB

		Gen.Hlth

		Seek.Phy

		Ex. Aches

		Smoking



		Psychological WB

		-

		

		

		

		



		General health

		.33*

		-

		

		

		



		Seeking a physician

		.11

		.38*

		-

		

		



		Excessive aches

		.25

		.31*

		.14

		-

		



		Smoking behaviour

		.31*

		.36*

		.05

		.28*

		-



		Fitness training 

		.04

		.37*

		.21

		.14

		.21





Note. Psy.WB – Psychological Wellbeing, Gen.Hlth – General Health, Seek.Phy – Seeking a physician, Ex.Aches – Excessive aches, Smoking – Smoking behaviour

* p < .01 


To have a clue about the causal relationships, a regression analysis was performed at first with Psychological well being as criterion and General health related aspects as predictors.  The solution reveals that Psychological well- being is significantly (p= .00014) predicted in the first place by General health (( = .263) and in the second place by Smoking behaviour (( = .200) (see Table 2). The full model accounts for 18% of the total variance. 

Table 2: Multiple regression results: predicting Psychological well-being.

		

		β

		t (126)

		p



		General health

		.263

		2.636

		.009*



		Seeking physician

		.005

		0.056

		.955



		Excessive aches

		.131

		1.507

		.134



		Smoking behaviour

		.200

		2.243

		.027*



		Fitness training

		.121

		-1.378

		.171



		*R= .422 R²= .178 F(5.126)=5.451 p = .00014





Another regression analysis was conducted with Smoking behaviour as criterion and Health related aspects as predictors.  We found that Smoking behaviour is significantly (p= .00003) predicted by perceived state of General health (β = .312) and being forced to stay away from duty because of Excessive aches (β = .212) (see Table 3). The full model described 18% of total variance of Smoking behaviour.


Table 3: Multiple regression results: predicting Smoking behaviour.

		 

		β

		t(130)

		p



		General health

		.312

		3.371

		.001*



		Seeking physician

		-.158

		-1.850

		.067



		Excessive aches

		.212

		2.564

		.011*



		Fitness training

		.077

		0.894

		.373



		*R= .424 R²= .179 F(4.130)=7.108 p = .00003





5.0
DISCUSSION


Findings from empirical part of the review concur with the line of previous research indicating that on deployments smoking behaviours is increase. Together with the perceived state of general health, smoking impacts soldiers’ psychological well-being. It is shown that soldiers who experience problems with their general health and whose smoking behaviour become more frequent are more vulnerable to mental distress. On the other hand smoking behaviour itself is predicted by the state of general health and presence of aches. It seems to be a closed circle of afore mentioned self medication where one problem is cured with the other and no easy solution is available. Military personnel on deployments are relatively young. Considering the remarkable time lag between tobacco use and its consequences, we might expect the harm to become more disturbing among older soldiers and among retired military members and veterans in terms of restricting their everyday activities, impairing quality of life, and reducing life expectancy.


6.0
CONCLUSIONS and recommendations


General decrease in smoking behaviours of Western population, however, elevated smoking in military increase during deployment. Different from alcohol consumption or risky driving, there is not such an immediate impact of tobacco habits and the harm caused by those bad habits like increased death, premature deceases, serious injury rates or severe diseases found during the active duty service period. In active duty the impact of tobacco use on general health and specifically on military performance can be defined rather more indirectly. However, this indirect impact (e.g. injury proneness, deprivation symptoms, higher blood pressure) of tobacco related behaviour may still decrease troops’ fitness for military operations and should be the target of performance enhancement activities. Based on research a recommended interventions include: (1) working out an intervention programs tailored to the specific needs of the group at highest risk; (2) elaborating the strategy to modify the military culture which encourage tobacco use; (3) developing an effective tobacco control policy in the Armed Forces with explicit implementation instructions and high-level organisational support; (4) formulating segment-specific messages for military members that are able to counteract effectively with messages from tobacco industries. 
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Abstract


Manual work (e.g. operating machinery or installation and assembly tasks) are of great importance in civilian everyday life and military standard duties. However, numerous circumstances (carrying loads, exposure to cold etc.) may lead to restrictions in manual dexterity or coordination and reduction in hand grip strength. Thus, suitable assessment methods are needed to quantify such effects. A steadiness test to quantify hand-steadiness (Leyk et al. 2006) and a method to measure hand-grip strength (Leyk et al. 2007) have been successfully deployed to assess changes in hand tremor as well as in force-time courses of hand-grip strength before and after stretcher carriage (Leyk et al. 2006). In this study, both methods were tested for their suitability to detect changes in hand tremor and manual work performance while the hands were exposed to cold. Additionally, a screw/bolt skill test was modified to represent common construction and assembly tasks. 


16 male subjects were exposed to cold (1 h) in a climate chamber (-5 °C, vair <1 m/s). Subjects were moderately physically active and adequate thermal insulation of the body (approx. 2 clo) was provided. Before and during cold exposure, the screw/bolt skill test and the hand-steadiness test were administered and measurements of hand-grip strength were taken. The study included two different conditions (bare hands all the time vs. gloves, removed after the screw/bolt skill test).


Due to mechanical and haptical encumbrance, time to completion (Mean ± SD) was significantly longer with gloved hands compared to bare, cold hands in the screw/bolt skill test (220±52 s vs. 134±25 s; p<0.001). This test appears suitable to determine the extent of encumbrance caused by gloves. 


The hand-steadiness test showed an increased number of wall contacts and duration time of wall contacts between the warm hands (controls) and exposed cold hands (both conditions). However, changes were not statistically significant, because adequate thermal insulation of the body prevented cold induced tremor or shivering which would have affected hand-steadiness. Thermal insulation of the forearm muscles also prevented the loss of hand-grip strength in cold hands.


1.0
Introduction


Manual work (e. g. operating machinery or installation and assembly tasks) are of great importance in civilian everyday life and military standard duties. However, numerous demanding situations (carrying loads, repairing of wheel and tracked vehicles, etc.) may lead to restrictions in manual dexterity or coordination and to reduction in hand grip strength. 


Thus, suitable assessment methods are needed to quantify such effects, for example to devise ergonomic countermeasures. A steadiness test to quantify hand-steadiness (Leyk et al. 2006) and a method to measure hand-grip strength (Leyk et al. 2007) have been successfully deployed under moderate climatic conditions to assess changes in hand tremor as well as in force-time courses of hand-grip strength before and after stretcher carriage (Leyk et al. 2006). 


During cold exposure restrictions in manual dexterity are also to be expected. They may result either from cold hands or are caused by wearing gloves, which restrict the execution of delicate manual tasks. Therefore methods are also needed, in order to quantify the restrictions under these conditions.


In this study, both methods, the hand-steadiness test and the measurement of hand-grip strength, were tested for their suitability to detect changes in hand tremor and manual work performance while the hands were exposed to cold. Additionally, a screw/bolt skill test (Glitz et al. 1996) was modified, to represent common construction and assembly tasks with or without gloves during cold exposure.


2.0
Methods


2.1
Subjects and Study Design

A group of 16 healthy male volunteers, all acclimatized to cold conditions, took part in the study. All volunteers were informed about aim, scope and risks of the study and gave their written consent. Prior to the tests each person underwent medical examination, including measures to obtain anthropometry and body composition. Subjects were familiarized with the tests procedures and baseline measurements of all tests (screw/bolt skill test, hand-steadiness, hand-grip strength) were obtained under room temperature. Baseline measures of hand-steadiness and maximal grip strength were taken twice and pooled before their use as comparison for the statistical analysis. The study was approved by the Ethics Committee of the medical association of the federal state Rhineland-Palatinate, Germany.


Table 1: Anthropometry of the 16 volunteers (Mean ± SD).

		Age (year)

		22.2 ± 4.8



		Weight (kg)

		74.5 ± 8.5



		Height (cm)

		177.9 ± 6.4



		Body Mass Index (kg/m2)

		23.5 ± 1.9



		Body-Fat (%)

		19.2 ± 3.7






The volunteers were exposed to cold in a climatic chamber twice (-5 °C, vair <1 m/s). During each one‑hour exposition, they were moderately physically active and adequate thermal insulation of the body (approx. 2 clo) was provided. 


The study included two different conditions: “bare hands” (“B”) or wearing military five-finger gloves (“G”). Under both conditions, the screw/bolt skill test was conducted after minute 26. Gloves were removed after minute 43 and under both conditions the effects on manual coordination were assessed by means of the hand-steadiness device. Finally, maximal isometric hand-grip forces of both hands were also recorded under both conditions. 


The military five-finger gloves are equipped with a three-layer laminate insert. The back of the gloves is made from five-colour camouflage fabric, the palm is goat leather. The thermal comfort range of the gloves had been described recently (Zimmermann et al. 2008).



[image: image1]

Figure 1: Military five-finger gloves.

2.2
Heart Rate, Body Temperatures and Self-Perceived Thermal Sensations

Heart rate, mean body skin temperature according to Ramanathan (1964) and hand skin temperature (dominant hand: little finger) were measured continuously. Temperatures were supervised on-line to prevent cold induced injury. Tympanic membrane temperature was taken directly before and immediately after cold exposure. 


Self-perceived thermal sensation ratings of the body [comfortable (0) - icy (6)] were ascertained at the beginning and in the end of cold exposure.


2.3
Manual Tests

2.3.1
Screw/Bolt Skill Test

Effects on manual coordination were assessed by means of a screw/bolt skill test (Glitz et al. 1996), which was modified to represent common construction and assembly tasks: In a standing position, both hands were used to fasten five nuts (galvanized steel, DIN 934) onto five corresponding bolts (galvanized steel; length: 50 mm; core diameter: 10 mm; M 10 x 50; DIN 933). All bolts had to be inserted into bores on a wooden board (thickness: 16 mm) before tightening the nuts. Measurement criterion was time to completion of the task. 
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Figure 2: Screw/bolt skill test.

2.3.2
Hand-Steadiness Test

Effects on manual coordination were assessed by means of a previously described (Leyk et al. 2006) hand-steadiness test (Steadiness panel, ZInstSanBw KOB, Koblenz, Germany). Using their dominant hand, the sitting subjects had to hold a pencil (diameter: 1 cm) with a metal pin (diameter: 2 mm) as steady as possible in a bore of 3.8 mm diameter. About 5-10 mm of the pin´s length had to remain inserted into the bore. During the test period of 32 s the number of wall contacts and the duration time of wall contacts were measured. No hand or arm support was permitted. 
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Figure 3: Hand-steadiness test.

2.3.3
Maximal Isometric Hand-Grip Strength

Maximal isometric hand-grip strength was recorded over 15 s using a handheld grip ergometer (Leyk et al. 2007). Device dimensions are shown in Fig. 4. Force was measured by a strain gauge sensor (K-2565, Lorenz Messtechnik Ltd., Alfdorf, Germany; measuring range 1500 N, accuracy: 0.1 %) at a sampling rate of 50 Hz, yielding 750 data points. During measurement, upper arm and forearm were supported in a way that a 90° flexion of the elbow joint was achieved without additional effort. Maximal isometric hand grip strength was derived from the 15 s force-time courses. After correction for obvious outliers the maximum value of all 750 data points was defined as maximum handgrip force for each test. 
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Figure 4: Measurement of hand-grip strength.

2.4
Statistical Analysis


Statistical analyses were performed using SPSSTM 14.0.1 and STATISTICATM 8.0. Data were analysed by one-way ANOVA or two-way ANOVA (factors: “climate” and “hand clothing”, respectively). The Newman-Keuls-Test was used for post-hoc-comparisons. Differences were regarded as statistically significant for p<0.05. Unless otherwise noted, data are given as means (M) and standard deviation (SD) in tables and text or means (M) and standard error (SE) in figures.


3.0
Results


3.1
Heart Rate, Body Temperatures and Self-Perceived Thermal Sensations

Mean heart rates (M±SD) were similar under both conditions (p>0.05): 84±9 b/min (“B”) and 85±8 b/min (“G”). 


Neither core nor mean body skin temperatures showed statistical differences between the two conditions. Under both conditions, significant reductions of tympanic membrane temperature and mean body skin temperature could be observed between begin and end of cold exposure: Tympanic membrane temperature (M±SD) decreased from 37.0±0.5 °C to 35.9±0.6 °C (p<0.001) under “B” and from 36.7±0.4 °C to 35.9±0.7 °C (p<0.001) under condition “G”. Mean body skin temperature (M±SD) fell from 33.8±0.4 °C to 32.3±0.6 °C (“B”, p<0.001) and from 33.8±0.7 °C to 32.4±0.9 °C (“G”, p<0.001). 


Figure 5 presents the skin temperature of the little finger from the dominant hand. Temperature fell below 15 °C in minute 8 under condition “B” and in minute 43 under condition “G”. After removing the gloves (“G”), the temperature rapidly decreased below 10 °C and reached the level of condition “B”. In the end the temperatures (M±SD) reached comparable levels 7.3±1.8 °C (“B”) and 7.3±2.0 °C (“G”). 
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Figure 5: Skin temperatures of the little finger of the dominant hand (values are means, n=16) with bare hands (“B”) or wearing thick gloves for about ¾ of the time (“G”). The screw/bolt 
skill test was performed after minute 26. Gloves were removed after minute 43 and the 
hand-steadiness test was administered. Finally, maximal isometric 
hand-grip force of the dominant hand was recorded.


Self-perceived thermal sensation of the body remained steady and at a comfortable level (between 0 and 1) under both conditions (p>0.05): Under condition ”B” (M±SD) mean scores of 0.1±0.2 at the beginning and 0.5±0.7 in the end of cold exposure were recorded. Under condition “G” the ratings were 0.1±0.2 at the beginning and 0.6±0.8 in the end.


3.2
Manual Tests

3.2.1
Screw/Bolt Skill Test

In the screw/bolt skill test time to completion (M±SD) with bare hands (“B”) was 123±26 s in the control and 134±25 s in the cold (p>0.05). With gloves (“G”) there was a statistically significant increment (p<0.001): Time to completion was 187±64 s in the control and 220±52 s in the cold (p<0.01).
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Figure 6: Times to completion (values are means±SE, n=16) in the screw/bolt skill test with bare hands (“B”) or gloves (“G”) under control or cold conditions. With bare hands (“B”) there was no statistically significant difference (M±SD) between control (123±26 s) and cold (134±25 s). With gloves (“G”) there was a statistically significant increment compared with “B” (p<0.001): Time to completion was 187±64 s in the control and 220±52 s in the cold (p<0.01).


3.2.2
Hand-Steadiness Test

The hand-steadiness test showed an increased number of wall contacts and duration time of wall contacts between the warm hands (controls) and exposed cold hands (conditions “B” and “G”). However, changes were not statistically significant (p>0.05).


Table 2: Number of wall contacts and duration time of wall contacts in the hand-steadiness test of the 16 volunteers (M±SD); “B”: bare hands during the whole time; “G”: gloves were 
removed before the test. No statistically significant differences were found (p>0.05).


		

		Controls

		B (bare hands)

		G (gloves removed)



		

		

		

		



		wall contacts (n)

		14.6 ± 11.7

		25.4 ± 25.5

		24.4 ± 26.0



		

		

		

		



		contact duration (s)

		0.72 ± 0.57

		2,85 ± 3.35

		2,53 ± 4.23





3.2.3
Maximal Isometric Hand-Grip Strength

Maximal isometric hand-grip force of the dominant hand showed minor differences: Hand-grip force of dominant hand was 500±83 N (M±SD) in the controls and remained at this level with 500±79 N (“B”) and 526±83 N (“G”) in the end of cold exposure. Although this last result led to statistically significant differences between the two conditions in the cold (p<0.05), the absolute difference was less than 6 % between „B” and “G” in the end of cold exposure. For the non-dominant hand no statistically significant differences were found. 


Table 3: Maximal isometric hand-grip force of the 16 volunteers (M±SD). Hand-grip force of the dominant hand was the same in the controls and under “B” (bare hands during the whole time). There was a statistically significant difference between “B” and “G” (gloves were removed 
after minute 43). Hand-grip force of the non-dominant hand showed less differences.


		

		Controls

		B (bare hands)

		G (gloves removed)



		

		

		

		



		dominant hand (N)

		500 ± 83

		500 ± 79*

		526 ± 83*



		

		

		

		



		non-dom. hand (N)

		478 ± 76

		473 ± 93

		490 ± 78





* p<0.05, statistically significant between B and G


4.0
Discussion


In spite of the low metabolic rates – illustrated by the heart rates – the thermal insulation provided by the clothing was sufficient to maintain the thermal comfort of the body.


In the screw/bolt skill test restrictions in manual dexterity due to mechanical and haptical encumbrance of the gloves were significant. Time to completion was longer with gloved hands during the controls and even in the cold compared to bare hands. Thus, this test appears suitable to determine the extent of encumbrance caused by gloves. It remains unclear why there was a difference between times to completion in the cold compared to the control. The temperature of the gloved hands could not be the reason because of the unrestricted performance of the much colder bare hands.


The hand-steadiness test showed an increased number of wall contacts with cold hands and duration time of wall contacts between the warm hands in the controls and under both cold exposed conditions. However, changes were not statistically significant. This result demonstrates the methodical difficulties in assessing the hands during cold exposure in an isolated manner without taking into account the heat content of the whole body. In our study, there was an adequate thermal insulation of the body, so that core and mean body skin temperature didn´t show any indications of hypothermia. This fact prevented cold induced tremor or shivering which would have affected hand-steadiness. 


The influence of the body heat content (Brajkovic et al. 2001, Flouris et al. 2006) has been underestimated in many studies of manual dexterity. This fact, however, explains the difficulties to define a limit for the occurrence of manual restrictions during cold exposure (Glitz et al. 2007, Glitz et al. 2008). In literature, 15 °C for the local skin temperature of the hand is mentioned (Heus et al. 1995). In our study, skin temperature of the little finger reached the 15 °C limit even with gloves and the remaining benefit of the thermal insulation of the hands was rapidly lost when gloves were removed. Despite of decreasing hand skin temperatures, the effects of cold hands on manual dexterity or coordination were not as pronounced as expected by such low local skin temperatures. This could be attributed to heat content of the whole body.


The measurement of maximal isometric hand-grip strength took place at the end of cold exposure. At this time, differences in skin temperature of the fingers were negligible between the two conditions and had reached their lowest levels. However, baseline maximal isometric strength was reached or exceeded even slightly, but kept in the range of biological fluctuations. The reason was the thermal insulation of the forearm, which kept the muscles warm and prevented the loss of hand-grip strength in cold hands. 


To estimate the suitability of hand-steadiness test and the measurement of hand-grip strength to detect changes in hand tremor and manual work performance while the hands were exposed to the cold it is necessary to take the whole body content (i. e. core and mean body skin temperature) in consideration, too. The isolated testing of cold hands is not sufficient while there is no great heat loss of core and muscle, and isolated hand temperature measurements are not a good predictor of manual performance. The additional screw/bolt skill test appears suitable to determine the extent of encumbrance caused by gloves.
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Abstract


Spatial orientation is critical for air operations. Perception of orientation is continuously maintained by accurate information from the visual, vestibular, and somatosensory systems in daily terrestrial activities. The various contributions of these senses can be significantly altered in variable gravitoinertial environments, or when one of the sensory cues is markedly reduced. The visual orientation system can be compromised during low visibility, or as a result of sudden loss of visual cues during ‘brownout’ while flying/landing in the desert or during ‘whiteout’ while flying/landing in snowy terrains. Current desert operations have led to an unacceptable number of terminal area aborts, mishaps and fatalities involving rotary wing aircraft throughout NATO due to "brownout". The use of a tactile interface as a “more natural” approach to convey position and motion perception was proposed some years ago [1]. Proof of concept studies has been conducted [2]. However, it is known that human perception of motion in 3 dimensional space involves roll, pitch, yaw, heave, sway and surge. Specifically, our ability to detect roll, pitch and heave are less sensitive. This study is to investigate if tactile cueing can enhance the detection and/or correction of roll, pitch and heave movements in degraded visual environments. A six degrees-of-freedom motion platform (MOOG 6DOF2000E) was used to generate the requisite motion in roll, pitch and heave separately. The tactile display system consists of a torso vest with a 3 rows by 8 columns array of tactors (EAI Inc C2 model), and tactors on two shoulder and two thighs straps respectively. Based on tactile cueing, blind-folded subject were to 1) indicate motion perception when devoid of all visual, auditory and artificial tactile cues, 2) return to vertical from an offset, 3) maintain straight and level while the platform is continuously in motion. The first study examines the effects of tactile cues along the spinal axis (heave motion) and a second study examines the effects on the roll and pitch axes separately. The experimental design is a within subjects repeated measures. The variables are: with and without tactile cues and the axis of motion. In this manuscript, we will present the data on the effects of tactile cueing in detecting heave motion only. Results showed that the tactile navigation system improves subjects’ performance in the ability to maintain neutral position along the spinal axis in the absence of visual and auditory cues. Tactile cueing also improves the subjects’ confidence in being able to return to the original position from an offset and that tactile cues were rated to be useful consistently. In conclusion, it appears that tactile cueing in the absence of auditory and visual cues; was useful in providing situation awareness and limits the amount of error made in the roll, pitch and heave axes. Future studies are required to study its effectiveness under simultaneous motion from all three axes.


1.0
Introduction


Rotary wing (RW) operations are a critical part of mobility (insertion and extraction) and rescue missions.  Several NATO countries are performing RW operations in Afghanistan and Iraq and are coping with dusty landing conditions. Desert operations have led to an unacceptable number of terminal area aborts, mishaps and fatalities involving rotary wing aircraft and warriors throughout NATO due to "brownout".  Brownout is the condition in which sand (or snow - "whiteout") stirred up by the “rotor downwash” and renders out-the-cockpit visibility impossible. There have been various technology evaluations in rotary wing with emphasis on new radars, ladars, flight control systems, advance technology for the pilot-vehicle interface, display symbology, mathematical modelling, dust abatement, crew coordination techniques, simulation and development of tactile cueing systems to avoid potential mishaps due to brownouts.


A tactile cueing system uses the sense of touch to provide spatial orientation and situational awareness information to pilots. In general, such system contains tactile stimulators called “tactors” that are embedded in a garment (e.g., vest) worn by the pilot. When activated, these tactors will vibrate (buzz or tap) to warn the pilots when they need to change the aircraft position because of a potentially dangerous drifting or manoeuvre. For example, in many situations, a helicopter pilot does not have any visual cues and can not watch the helicopter instruments because he/she is task-saturated. When the helicopter inadvertently begins banking to the right, the tactile system in the garment starts to warn the pilot on the right side of his/her torso so he/she instinctively corrects the helicopter position by moving the control column to the left. Furthermore, if the helicopter is going too far forward, the system is going to buzz the pilot on the front of his/her chest, the pilot, then, instinctively pulls back.

The use of tactile cues to convey position and motion perception and to overcome inadequacies of other sensory systems is based on the fact that the tactile system is the first sense to develop in a human fetus. The tactile system exploits the sensitivity of the body's largest organ, the skin, for providing continuous feedback signals from the skin to the central nervous system (i.e., brain). The total surface area of the human skin is about 1.8 square metres. It contains a variety of sensory organs called receptors and has about 1.1 million axons (nerves) terminating in the central nervous system [3]. In addition, the tactile system has a well-defined midbrain architecture, fast robust responses, and minimal demands on cognition.


There have been a number of demonstrations and proof of concept studies on using tactile cues in navigation (Cheung et al. 2004). Human perception of motion in 3 dimensional space involves roll, pitch, yaw, heave, sway and surge. Specifically, our ability to detect heave motion is less sensitive. For example, it has been well documented by Malcolm and Melvill-Jones [4] and Melvill-Jones and Young [5] that oscillatory gravitational acceleration along the spinal (z) axis of the body, which primarily stimulates the hair cells of the saccule, leads to uncertain and usually erroneous perception of the direction of motion. In this study, the tactile system will be assessed for performance benefit along the spinal (z) axis, i.e. heave motion, by human subjects using a six degree-of-freedom motion platform. An ultrasonic distance sensor was used to determine the subject’s ability to return from an off-set to initial “zero” position and to maintain a pre-determined level position during constant oscillation.


2.0 method


2.1
Subjects


Twelve male and female volunteers (military/civilian) between the ages of 18 and 55 were recruited from DRDC Toronto and the surrounding university communities with the aid of a call for subjects. Subjects were informed fully of the details, discomforts and risks associated with the experimental protocol and were required to sign the Consent Form before their participation.

2.2 
Tactile Orientation System

The tactor used was a vibro-mechanical electromagnetic tactor (C2 model from Engineering Acoustics, Inc (EAI)). These tactors are essentially acoustic transducers that transmit 200 to 300 hertz (Hz) sinusoidal vibration onto the skin. The mass of each tactor is 17 grams. For this experiment, these C2 tactors were used at a frequency of 250 Hz, a value that exploits well skin sensitivity and that creates good perception with sine waves. A nylon canvass vest lined with three strips of Velcro that hold 8 x 3 matrixes of vibrotactile tactors served as the tactile orientation system. There was one tactor located under each thigh strap and shoulder strap. The 24 tactors were in a chest-distributed arrangement (Figure 5). Each group of 8 tactors (i.e., each row of the 8 x 3 matrix) were wrapped around the participant’s chest in a horizontal line. The 3 front-middle tactors (first column of the matrix) were placed vertically in line with the belly button while the back –middle group of tactors (fifth column of the matrix) was vertically in line with the spine. The right and left groups of tactors (third and seventh column of the matrix) were located on the right and left sides of the ribcage, at an angle of 90º and 270º from the first column respectively. The other four columns of tactors were placed at an equal distance between the first four columns, at 45º, 135º, 225º and 315º from the first column respectively. The shoulder tactors were located on the vest straps, and the thigh tactors were located on thigh straps. The thigh tactors were located on back of the thigh, between the subject’s legs and the pilot seat. 
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Figure 1: Tactors arrangement (Chest-distributed).

2.3
Motion Platform

An aircraft seat, with a five-point harness to secure the subject, was mounted on a six-degrees-of-freedom motion platform (MOOG 6DOF2000E motion system, MOOG, New York). The platform is equipped with a control column and a collective (similar to the basic helicopter flight control system) so that the subject can control the motion of the platform in the heave (using the collective), roll and pitch axes (using the control column). The following figure illustrates the subject wearing the tactile vest and controlling the motion platform. The motion of the platform can also be controlled independently by the experimenter.


[image: image2]

Figure 2: Subject wearing the tactile vest and controlling the motion platform.

2.4 
Procedure

As indicated above, in this manuscript only heave motions will be reported. The subjects wearing the tactile system, a blindfold, earplugs and earmuff were exposed to three different manoeuvres in a random order. Prior to the trials, subjects were given opportunities to become familiar with the motion platform and the control column and the collective. Upon activation, the resting motion platform will reach a “zero position” from which further off-set for the particular manoeuvre will be adjusted.


2.4.1 
Manoeuvre 1 – Perception of Heave, Roll and Pitch Motion

The sensitivity of the subject in detecting heave, roll and pitch motion was investigated separately. During the trial, the subject was fitted with a blindfold, earplugs, hearing protection device but without the tactile system. At the start of each trial, prior to the onset of motion, the subject was signalled (by a light tap on the knee by the investigator) to indicate that he or she must start a stopwatch in order to record the time that it took to perceive the movement of the platform in each of the axes of motion presented randomly. Once the subject was certain of the movement and the direction, he was instructed to stop the timer and immediately reported the direction of motion that he/she experienced. Each of the manoeuvres was repeated with five different motion frequencies at 0.001 Hz, 0.005 Hz, 0.01 Hz, 0.025 Hz, and 0.05 Hz presented randomly.


2.4.2
Manoeuvre 2 – Performance of Return to Zero Position from a Heave Offset Using Tactile Cues

This manoeuvre begins with the motion platform reaching a pre-defined offset (either in the up or down direction) from the zero position along the heave axis. Once the platform stops moving, the subject was instructed to return the platform back to the zero position using the collective. In one trial, the tactors were activated and the goal for the subject is to stop the tactors from vibrating by using the collective to control the position of the motion platform and bring it to the zero position. As the frequency of the tactor vibration increases, the farther the subject is to return to their original zero position. The manoeuvre lasted for a maximum of five minutes, with a cut-off time being ten minutes. The subject's path with and without tactile cues will be recorded and then compared.


2.4.3
Manoeuvre 3 – Maintaining Level at the Zero Position Using Tactile Cues while the Platform is in an Oscillating Heave Motion

The motion platform will follow a predefined profile that changes the heave position continuously; it oscillates up and down from the offset position. The subjects were instructed to maintain the zero position while the motion platform is oscillating. The manoeuvre was repeated with five different motion frequencies presented randomly at 0.001 Hz, 0.005 Hz, 0.01 Hz, 0.025 Hz, and 0.05 Hz with resting period in between. The maximum duration of each test was 5 minutes. The subject completed a 2.5 minute profile without tactile cueing first, and then completed the same task (2.5 minutes) with tactile cueing enabled. This manoeuvre lasted for a maximum of one hour.


2.5
Objective and Subjective Measurements

An ultrasonic distance sensor attached to the platform was used to measure the subject’s vertical motion trajectory. The sensor is a TS-15s model from Senix Corporation. The output signals (voltages) from the two devices were sent to a computer running MS Windows XP. A Labview program converts the data to distance in both centimetres and inches. The values of the voltage and distance can be viewed in real-time. In addition, each subject was given a subjective rating questionnaire at the end of the three manoeuvres where they can rate various criteria on a scale from 1 to 10. These factors include: vest and tactor vibration discomforts and workload using the NASA Task Load Index (TLX) Questionnaire [6]. The NASA TLX rating provides an overall workload score based on the relative importance of six dimensions: Mental Demands; Physical Demands; Temporal Demands; Own Performance; Effort and Frustration. In addition, subjects were asked to express their opinion on the design of the tactile system and possible improvements.


3.0
results


The effects of tactile cueing and frequencies of motion on the position accuracy, duration and subjective rating for the tactile system, vibration discomforts and workload was analyzed using a repeated measures analysis of variance (ANOVA) for any significant differences in the dependant variables. When statistical significance is obtained, Tukey’s HSD post hoc analyses were used to assess main effects and interactions. Statistical significance was accepted at p < 0.05 level. The results in the text and figures are means ± standard error of the means (SEM).

3.1
Manoeuvre 1 – Perception of Heave, Roll and Pitch Motion

The latency in detecting the movement of the platform across frequencies and axes of motion is illustrated in Figure 3 (left). 
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Figure 3: Effect of motion frequency and motion direction on the latency in 
detecting movement (left) and the correct guess of motion direction (right).


With the exception of 0.001 Hz, the latency in detecting motion was significantly higher (p < 0.001) for the heave-up or heave-down motion than pitch and roll. 


A post-hoc test for direction revealed that the latency was significantly longer for heave-up vs. pitch (p < 0.001), heave-up vs. roll (p < 0.001), heave-down vs. pitch (p < 0.001), heave-down vs. roll (p < 0.001). Overall, there were no significant differences between the latencies in the two heave directions and the latencies between pitch and roll motion, regardless of the motion frequency.  Similarly, post-hoc test for motion frequency showed that there were no significant differences between the latencies at 0.025 and 0.05 Hz, regardless of the direction.


The number of correct guess of motion direction by the subjects is illustrated in Figure 3 (right). For all motion frequencies with the exception of 0.001 Hz, the heave movement in the up direction generates significantly higher mistakes number than any of the other three directions (p<0.001). There were no significant differences between the numbers of correct response in heave-down and pitch or roll. However, the number of correct guess was lower in the heave down direction.


3.2
Manoeuvre 2 – Return to Zero from Offset


For the heave movement in the up direction, the subjects obtained an average final displacement of 0.67±0.13 cm with the use of tactile cues, and an average final displacement of 2.54 ± 0.65 cm without the use of tactile cues. In other words, subjects performed better with tactile cues (Fig. 4). The final displacement is defined as the distance from the zero position at the time when the subject stopped moving the motion platform. Similarly, for the heave movement in the down direction, the subjects obtained an average final displacement of 0.83 ± 0.17 cm with tactile cues, and an average final displacement of 5.83 ± 1.05 cm away from the zero position without tactile cues. The increased accuracy for the with tactors condition over without tactors condition was statistically significant (p<0.001). In addition, the increased accuracy for heave up movements over heave down movements was statistically significant with a p-value of 0.026. However, a post-hoc test for the interaction between direction and tactors revealed that there were no significant differences between the displacements in the two heave directions when the tactors were ON.
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Figure 4: Final displacement with and without tactors in the two heave directions.


Based on subjective reports where 100% would indicate the highest confidence and 0% would indicate the lowest. The average confidence level for the heave motion in the up direction was 91.3 ± 2.2% with tactile cues and 44.4 ± 7.3% without tactile cues. The average confidence for the heave motion in the down direction was 87.9 ± 2.8% with tactile cues and 50.9 ± 7.2% without tactile cues. The difference in confidence level between the two directions was not statistically significant, nor was the interaction between the direction and the presence of tactile cues.  However, there is a significant difference (p < 0.001) with and without tactile cues. 


3.3
Manoeuvre 3 – Maintaining a Level Position while the Platform is in Motion

The displacement root mean square error (RMSE) was calculated for each trial (i.e., over 2.5 minutes) and averaged across subjects. For each of the five different frequencies of vertical motion: 0.001 Hz, 0.005 Hz, 0.01 Hz, 0.025 Hz, and 0.05 Hz, there is a significant (p < 0.001) improvement in the displacement RMSE with tactile cues (Figure 5). The displacement was calculated as the distance of the platform position from the “zero” position. There were no significant differences between the frequencies of motion nor were there any interaction between the state of the tactors and the direction of motion.
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Figure 5: RMSE of the displacement with and without tactors as a function of the motion frequency.


3.4
Questionnaire Results


The results of the questionnaire are shown in the following figure. The vertical axis shows the weighted TLX subjective workload rating, a value which varied from zero to one hundred, zero being the lowest workload rating and one hundred being the highest workload rating. An overall workload score was computed using a weighted average of ratings on six dimensions: Mental Demands; Physical Demands; Temporal Demands; Own Performance; Effort and Frustration level. 
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Figure 6: Weighted average workload ratings with and without tactors.


A paired t-test was used to test the significance of these results for each of the six dimensions as well as for the overall workload. The factor tested was the tactor condition. The computed overall workload of 27.2 ± 3.8 with the use of tactile cues was significantly lower than 62.8 ± 5.4 without the use of tactile cues (p < 0.001). With the exception of the physical demand and the temporal demand, the difference between the tactile conditions was significant with a p-value lower than 0.001 for the mental demand, p = 0.011 for performance, p = 0.043 for effort, and p = 0.003 for the frustration item. 

4.0
discussion


Posture maintenance and the perception of self-motion are based on the simultaneous stimulation of the visual, vestibular, and somatosensory systems, and to a lesser extent, the auditory system.  The somatosensory system refers to non-vestibular proprioceptors (muscle, tendon, joint sense) and tactile mechanoreceptors.  Early studies [7-8] suggested that there is an influence of touch and pressure cues on spatial orientation. A more recent study showed that tactile mechanoreceptors could indicate the direction of gravity via patterns of pressure within and at the surface of the body [9]. Recent study by Cheung and Hofer [10] suggested that tactile cueing delivered by a tactile garment provides a sense of direction, but it does not affect any concomitant vestibular responses.


Our results are consistent with earlier studies suggesting that human motion perception along the spinal (z) axis is poor and ambiguous with longer latency in perceiving heave motion. The results also indicate that with the activated tactile system, all subjects performed better in returning to the initial “zero” position and were able to maintain level position while the platform is in constant oscillation along the spinal (z) axis, which suggested that the tactile stimulus serves as an excellent directional cueing.  The sensation of touch has a well-defined midbrain architecture, fast robust responses, and minimal demands on cognition. It might be an ideal candidate to provide continuous, intuitive veridical (true vertical) orientation information. There are many potential application of tactile cueing in operational environments. For example, in environments that demand high levels of information transfer, increased workload and situational awareness (SA), visual and auditory pathways may be easily overloaded and significantly altered. For example, in a search and rescue (SAR) mission at sea during poor weather, the helicopter pilot is unable to maintain visual sighting of the survivor. In addition, the constantly changing wind and water currents will cause both the helicopter and the survivor to drift in different directions. The pilot is required to be in continuous communication with the flight engineer and SAR Technicians, and in the same time make constant flight control changes and position adjustments to maintain hover or attempt to follow the drifting survivor. As a result it takes longer than necessary to rescue survivors, which put them to greater risk and injuries such as severe seasickness, excessive loss of fluid and potential hypothermia.  An alternative orientation and navigation system such as a tactile cueing system can supplement the auditory and visual input to provide continuous, intuitive and true orientation and SA information to pilots during high workload and time sensitive SAR missions such as whiteout/brownout landing and rescue at sea.
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Abstract

We simulated a military tank environment and examined the performance of the combined position of gunner and robotics operator and how aided target recognition (AiTR) capabilities with imperfect reliability (i.e., miss-prone or false-alarm-prone) for the gunnery task might affect the concurrent robotics and communication tasks. Specifically, we investigated whether performance was affected by individual differences in attentional control and spatial ability. Results showed that when the robotics task was simply monitoring the video, participants had the best performance in their gunnery and communication tasks and the lowest perceived workload, compared with the other robotics tasking conditions. There was a strong interaction between the type of AiTR unreliability and participants’ perceived attentional control. Overall, for participants with higher perceived attentional control, false-alarm-prone alerts were more detrimental; for low attentional control participants, conversely, miss-prone automation was more harmful. Consistent with previous findings, low spatial ability participants preferred visual cueing, and high spatial ability participants favored tactile cueing. 

1.0
Introduction

In this study, we simulated a military tank environment and examined the performance of the combined position of gunner and robotics operator and how aided target recognition (AiTR) capabilities with imperfect reliability for the gunnery task might affect the concurrent robotics and communication tasks. Specifically, we investigated whether performance was affected by individual differences factors such as perceived attentional control (PAC) and spatial ability (SpA). We followed the paradigm of Chen and Terrence [1] and manipulated the reliability of the AiTR cueing system (i.e., false-alarm [FA] and miss rates). Based on the data from Wickens, Dixon, Goh, and Hammer [2], we expected that the operator’s gunnery (automated) task performance would degrade if the FA rate of the AiTR for the gunnery system was high because of reduced compliance with the automation. Conversely, if the cueing was miss-prone (MP), the operator’s robotics (concurrent) task performance would be affected more than the gunnery task because of reduced reliance on the automation. More mental and visual resources would be devoted to checking the raw data for the automated task, and therefore, the performance of the concurrent task would be degraded. On the other hand, there was evidence that FAP automation was more detrimental to both the automated and concurrent tasks than MP automation [3]. Therefore, it is likely that false-alarm-prone (FAP) automation would have a more negative impact on the overall performance than would MP automation. In other words, there have been conflicting results in the literature regarding the independence of the effects of FAP and MP automation on operator compliance and reliance. It is possible that individual differences may be responsible for some of the observed differences in the literature. Therefore, we investigated the effects of individual differences on FAP and MP conditions as a possible explanation for the discrepancies. 


In the current study, we sought to investigate the effects of individual differences in SpA and PAC on the operators’ concurrent performance. Several studies show that there are individual differences in multitasking performance, and some people are less prone to performance degradation during multitasking conditions [4][5]. There is some evidence that attention-switching flexibility can predict performance of such diverse tasks as flight training and bus driving [6]. There is also evidence that people with better attention control can allocate their attention more flexibly and effectively [7][8], and this was partially confirmed by Chen and Joyner [9]. It is likely that operators with different levels of attention switching abilities may react differently to automated systems with FAs and misses. In other words, operators’ compliance and reliance behaviors may be altered based on their ability to effectively switch their attention among the systems. For example, the complacency effect may be more severe for poor attentional control individuals compared with those with better attentional control. The current study sought to examine if the compliance vs. reliance effects reported in the literature might be moderated by individual attentional control.


In addition to PAC, we also examined the relationship between operators’ SpA and their performance as well as the ways they interact with the AiTR cueing system. Chen and Terrence [1] observed that low SpA operators indicated a preference of visual cueing display over tactile display, while high SpA operators showed the opposite preference. The current study provided an opportunity to examine if this finding could be replicated. Additionally, Lathan and Tracey [10]  demonstrated that people with higher SpA performed better in a teleoperation task through a maze. They finished their tasks faster and had fewer errors. Lathan and Tracey suggested that military missions can benefit from selecting personnel with higher SpA to operate robotic devices. Our previous studies also found SpA to be a good predictor of the operator’s robotics and gunnery task performance [1][9][11]. 

2.0
method


2.1
Participants

Twenty-four college students (4 females and 20 males, mean age = 22.3) participated in this study, and they were compensated $15/hr or with class credit for their participation.


2.2
Apparatus


2.2.1
Simulators

The experiment was conducted using Tactical Control Unit (TCU) developed by the U.S. Army Research Laboratory’s Robotics Collaborative Technology Alliance for the robotics control tasks. The TCU is a one-person crew station from which the operator can control several simulated robotic assets, which can either perform their tasks semi-autonomously or be teleoperated. The operator switched operation modes and display modes through the use of a 19 in. touch-screen display. A joystick was used to manipulate the direction in which the robot moved when in Teleop mode. The robot simulated in our study is the eXperimental unmanned vehicle (XUV) developed by the Army Research Laboratory. The simulation program used in this study was rSAF, which is a version of OneSAF for robotics simulation. The gunnery component was implemented using an additional screen and controls to simulate the out-the-window view and line-of-sight fire capabilities. The interface consisted of a 15 in. flat panel monitor and a joystick. Participants used the joystick to rotate the sensors 360˚, zoom in and out, and engage targets. Figure 1 shows the user interface of the TCU and the gunnery station.
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Figure 1: Gunnery station (right) and TCU (left).

To augment target detection in the gunnery component, visual and tactile alerts were used to cue the participant to the direction of a target as determined by the AiTR. Visually, the targets consisted of icons presented around the overhead view diagram of the participant vehicle in the lower right area of the screen. The target icon appeared in one of eight possible locations around the gunner, corresponding to 45 degree increments along a 360˚ azimuth. As the gunner rotated the view, the turret portion of the vehicle diagram moved along the eight possible orientations to allow the gunner to place his/her field of view on the cued target. Tactually, target positions relative to the gunner were presented using eight electromechanical transducers known as ‘tactors.’ The eight tactors were arranged equidistantly on an elasticized belt worn around the abdomen just above the navel.

The reliability level of the FAP and MP alerts was both 60%. The low reliability level was deliberately chosen to investigate if the compliance vs. reliance effects as well as the individual differences reported previously in the literature would be amplified in the high workload multitasking environment in the current study. The FAP condition consisted of ten hits (i.e., alerts when there were targets), eight FAs (i.e., alerts when there were no targets), no misses (i.e., no alerts when there were targets), and two correct rejections (CRs) (i.e., no alerts when there were no targets). The MP condition consisted of two hits, no FAs, eight misses, and ten CRs. Additionally, only hostile targets were cued, not the neutral targets. The participants were instructed to detect the neutral targets independently. The alerts (either true or false) did not occur when neutral targets appeared in the environment.

2.2.2
Communication Task Materials


The communication task was administered concurrently with the experimental scenarios. The questions included simple military-related reasoning tests and simple memory tests. The inclusion of these cognitive tasks was for simulating an environment where the gunner was communicating with fellow crew members in the vehicle. Test questions were delivered by a synthetic speech program, DECTalk®. The questions were pre-recorded by a male speaker and presented at the rate of one question every 33 seconds.

2.2.3
Questionnaires and Spatial Tests


A questionnaire about attentional control [8] was used to evaluate participants’ PAC. The attentional control survey consists of 21 items and measures perceived attention focus and shifting. The scale has been shown to have good internal reliability (( = .88). In our previous studies [9], we observed a positive, although somewhat weak, relationship between attentional control survey score and some multitasking performance measures. The Cube Comparison and the Hidden Patterns tests [12] as well as the Spatial Orientation Test [13] were used to assess participants’ SpA. Participants’ workload was evaluated using the computer-based version of NASA-TLX questionnaire [14]. A usability questionnaire was used to assess participants’ reliance on tactile and/or visual cueing for the gunnery task. Participants rated their preference on a 5-point scale (from 1 to 5: entirely visual- predominately visual- both visual & tactile- predominately tactile- entirely tactile). Participants were also asked to evaluate their trust in the AiTR system using a modified survey by Jian Bisantz, and Drury [15].

2.2.4
Experimental Design


The overall design of the study is a 2 x 3 mixed design. The between-subject variable is AiTR type (FAP vs. MP). The within-subject variable is Robotics Task type (Monitor vs. Auto vs. Teleop) (see Procedure).  

2.3
Procedure

After the informed consent process, participants were administered the attentional control survey and the spatial tests. After these tests, participants received training, which was self-paced and was delivered by PowerPoint® slides showing the elements of the TCU, steps for completing various tasks, and exercises for performing the robotic control tasks. After the tutorial on TCU, participants were trained on the gunnery tasks. The entire training session lasted about 2.5 hr.


In the experimental trials, participants’ tasks were to use their robot to locate hostile targets in the remote environment and also find targets in their immediate environment. The tank was simulated as traveling along a designated route, which was approximately 4.3 km and lasted about 15 min. There were 10 hostile and 10 neutral targets along the route in each gunnery scenario. Hostile targets were enemy soldiers dressed in military uniform and carrying a gun; neutral targets were civilians dressed in typical Middle Eastern attire without any weapons. Participants were instructed to engage the hostile targets and verbally report spotting the neutral targets. In total, there were three 15-min scenarios, corresponding to the three robotics tasking conditions, the order of which was counterbalanced across participants.  


There were three types of robotics tasks: Monitor, Auto, and Teleop. The Monitor task required the operator to continuously monitor the video feed as the robot traveled autonomously and verbally report detection of targets. There were 20 targets (5 hostile and 15 neutral) along the route. The Auto control task required the operator to monitor the video feed as the robot traveled autonomously, examine still images generated from the reconnaissance scans, and detect targets. The Teleop task required the operator to manually drive the robot (using a joystick) along a predetermined route and detect targets. For both the Auto and Teleop tasks, there were 2 to 4 targets (1 hostile plus 1 to 3 neutral targets) at each checkpoint. There were 5 checkpoints along the designated route. Upon detecting a target, participants needed to place the target on the map, label the target, and then send a spot report.  


While the participants were performing their gunnery and robotics control tasks, they simultaneously performed the communication task by answering questions delivered to them via DECtalk®. There were 
2-min breaks between experimental scenarios. Participants assessed their workload using the NASA-TLX after each scenario. They also evaluated their perceived utility of and trust in the AiTR at the end of the experiment. The entire experimental session lasted about 1 hr. 


The dependent measures include mission performance (i.e. number of targets detected in the remote environment using the robot and number of hostile/neutral targets detected in the immediate environment), communication task performance, and perceived workload. 

3.0
results


3.1
Gunnery Task Performance

A mixed analysis of variance (ANOVA) was performed to examine the effects of the concurrent robotic control tasks on the gunnery task performance (percentage of hostile targets detected), with the AiTR condition (FAP vs. MP) being the between-subject factor and the Robotics Task condition (Monitor vs. Auto vs. Teleop) as the within-subject factor. The analysis revealed that Robotics condition significantly affected number of targets detected, F(2, 15) = 4.6, p < .05 (Fig 2). Post hoc (least significant difference [LSD]) tests showed that target detection in the Monitor condition was significantly higher than in the Auto and Teleop conditions. 
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Figure 2: Gunner’s target detection performance (hostile targets).

Participants were classified as high or low SpA based on their composite scores of the spatial tests (median split). Participants with higher SpA had significantly higher gunnery task performance than did those with lower SpA, F(1, 16) = 6.3, p < .05. Participants were classified as high or low PAC based on their attentional control survey scores (median split). There was also a significant AiTR x PAC interaction, F(1, 16) = 7.4, p < .05 (Fig 3, upper left). Those with lower PAC performed better with the FAP cueing, whereas those with higher PAC performed at a similar level regardless of the AiTR conditions. 

In order to further examine the effect of task load on reliance of AiTR, the data of the MP condition were analyzed separately. Due to the small sample size (N = 12), no significant differences were found between those with high vs. low PAC, F(1, 10) = 1.4, p > .05. However, the trend was evident that, while those with high PAC maintained a fairly stable level of reliance throughout the experimental conditions, those with low PAC became increasingly reliant on the AiTR, as task load became heavier  (i.e., Teleop > Auto > Monitor, based on Chen and Joyner [9]) (Fig 4). For the low PAC participants, the difference between the Monitor and Teleop conditions was statistically significant, F(1, 6) = 7.1, p  < .05. 
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Figure 3: Interaction between PAC and AiTR unreliability.
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Figure 4: Effects of PAC on gunnery task performance (Miss-prone condition).

Participants’ detection of neutral targets was also assessed. Since the AiTR only alerted the participants when hostile targets were present, the neutral target detection could be used to indicate how much visual attention was devoted to the gunnery station. A mixed ANOVA revealed a significant main effect for Robotics, F(2,15) = 4.4, p < .05. Post hoc tests (LSD) showed that neutral target detection in the Teleop condition was significantly lower than in the Auto condition. The main effect for AiTR failed to reach statistical significance, F(1, 22) = 3.3, p > .05. There was a significant AiTR x PAC interaction, F(1, 16) = 3.6, p < .05 (Fig 3, upper right). Those with lower PAC performed at about the same level, regardless of the AiTR type, while those with higher PAC had a better performance with the MP cueing than with the FAP cueing.

3.2
Robotics Task Performance

A mixed ANOVA revealed that there was a significant main effect for Robotics, F(2,15) = 25.4, p < .001. The Monitor condition was significantly higher than both the Auto and the Teleop conditions, in terms of percentage of targets detected. The main effect for AiTR was not significant, p > .05. There was a significant Robotics x AiTR interaction, F(2,32) = 4.0, p < .05. The Monitor task performance stayed at the same level regardless of the AiTR types. The Auto task performance was slightly higher with the MP cueing (although the difference failed to reach statistical significance), while the Teleop task performance was significantly higher with the FAP cueing (p < .05). There was also a significant AiTR x PAC interaction, F(1,16) = 4.8, p < .05 (Fig 3, lower left). Those with lower PAC had a better performance with the FAP cueing, while those with higher PAC performed better with the MP cueing.


3.3
Communication Task Performance

A mixed ANOVA revealed that there was a significant main effect for Robotics, F(2,44) = 3.2, p < .05. Monitor was significantly higher than Teleop, F(1,22) = 5.5, p < .05. Neither the main effect for AiTR nor the Robotics x AiTR interaction was significant (Fig 3, lower right). 


3.4
Operator Perceived Workload


Participants’ self-assessment of workload (weighted ratings of the scales of the NASA-TLX) was significantly affected by Robotic condition, F(2,15) = 25.1, p < .001. The perceived workload was significantly higher in the Teleop condition (M = 77.7) than in Auto (M = 69.6) and Monitor (M = 61.1). The difference between Auto and Monitor was also significant. The main effect for AiTR was not significant, p > .05. There was a significant Robotics x AiTR interaction, F(2,15) = 5.5, p < .05.


3.5
AiTR Display Usability Assessment


Following their interaction with the AiTR systems, 41% of participants responded that they relied predominantly or entirely on the tactile AiTR display, while 36% responded that they relied predominantly or entirely on the visual AiTR display. AiTR preference was also significantly correlated with SpA (composite spatial test scores) (r = .51, p < .01). Those with higher SpA tended to prefer tactile cueing over visual cueing. Conversely, those with lower SpA favored visual cueing over tactile cueing. We also evaluated participants’ self-assessed trust in the AiTR system and compared those with higher and lower PAC. There was no significant difference between these two groups, p > .05. 

4.0
discussion


In this study, we simulated a military tank environment and examined the performance and workload of the combined position of gunner and robotics operator. More specifically, we investigated the effects of AiTR with imperfect reliability (FAP vs. MP) on operator’s performance of the automated (i.e., gunnery) task as well as the concurrent tasks (i.e., robotics and communication). Our results showed that the operator’s gunnery task performance in detecting hostile targets was significantly better in the Monitor condition than in the other two robotics task conditions, consistent with the findings of Chen and Joyner [9]. In both Chen and Joyner [9] and the current study, the workload associated with the Monitor condition was significantly lower than the other robotics conditions. These results suggest that the operator had more visual and mental resources for the gunnery task when the robotics task was simply monitoring the video feed, compared with the other two robotics conditions. 

Also consistent with the previous findings [1][9], participants’ SpA was found to be an accurate predictor of their gunnery performance. Thomas and Wickens [16] showed that there were individual differences in scanning effectiveness and its associated target detection performance. However, Thomas and Wickens did not examine the characteristics of those participants who had more effective scanning strategies. The findings of the current study along with the previous two studies indicate that SpA may be an important factor for determining scanning effectiveness.


Our results also showed that there was a significant interaction between types of unreliable AiTR and participants’ PAC. Taking the three main performance measures together (i.e., Gunnery- Hostile, Gunnery- Neutral, and Robotics), it appears that overall, for high PAC participants, FAP alerts were more detrimental than MP alerts. FAP alerts not only affected their automated task but also the concurrent task. This finding is consistent with the conclusion of Dixon, Wickens, and McCarley [3] that FAP degraded overall performance more than MP automation. However, it is worth noting that for low PAC participants, we observed the opposite pattern: MP automation was more harmful than FAP automation. Based on Figure 3, it is evident that high PAC participants did not comply with alerts in the FAP condition. Since the FAP AiTR had a 0% miss rate, a full compliance should result in a detection rate over 84%, as reported in Chen and Terrence [1] (in which a perfectly reliable AiTR was used). As predicted, Figure 3 shows that in MP conditions, high PAC participants did not rely on the AiTR and detected more targets than were cued. However, an examination of the data for the low PAC participants revealed a completely opposite trend. Specifically, with the FAP condition, low PAC participants showed a strong compliance with the alerts, which resulted in a good performance in target detection (at a similar level as in Chen & Terrence [1]). With the MP condition, however, low PAC participants evidently overly relied on the automation and therefore had a very poor performance. Indeed, Figure 4 shows that as task load became heavier, those with low PAC became increasingly reliant on the AiTR, while those with high PAC maintained a fairly stable level of reliance throughout the experimental conditions. According to Biros, Daly, and Gunsch, [17], higher task loads tend to induce a higher level of reliance on automated systems. Our present data suggest that this heightened level of reliance is also moderated by PAC. More specifically, only those with low PAC tend to exhibit over-reliance on automation (i.e., complacency) under a heavy task load. 


The overall data suggest that low PAC participants had a higher trust in the automation system than did high PAC participants. It is likely that low PAC participants had more difficulty in performing multiple tasks concurrently and had to rely on automation when available. High PAC participants, in contrast, tended to rely on their own multitasking ability to perform the tasks. It is interesting to note that there was no significant difference in the participants’ self-assessment of their trust in the AiTR system between high PAC and low PAC groups. This suggests that the participants’ self-assessed trust in automation may not truly reflect their actual use (i.e. actual trust) of automation. Our results are consistent with past research [18][19] that self-confidence is a critical factor in moderating the effect of trust (in automation) on reliance (on the automatic system). Lee and Moray [19] found that when self-confidence exceeded trust, operators tended to use manual control. When trust exceeded self-confidence, automation was used more. Our present data suggest that, this relationship between self-confidence and level of reliance is also moderated by operator’s PAC. 


Participants’ communication task performance was significantly better when their robotics task was Monitor than when it was Teleop. This finding is consistent with Chen and Joyner [1]. Participants’ perceived workload was found to be affected by the type of concurrent robotics task. The workload was significantly higher in the Teleop condition than in the Auto condition, which in turn was significantly higher than in the Monitor condition. These results are consistent with Mitchell’s [20] analysis and with the findings of Chen and Joyner [9], Chen and Terrence [1], and Schipani [21], which evaluated robotics operator workload in a field setting. 


The significant positive correlation of AiTR preference with SpA indicated that as AiTR ratings tended toward considerable reliance on the tactile display, there was a concurrent shift with higher SpA. This confirmed a trend that was first observed in Chen and Terrence [1]. Perhaps those with higher SpA can more easily employ the spatial tactile signals in the dual task setting and therefore have a stronger preference for something that makes the gunner task easier to complete. Individuals with lower SpA, on the other hand, may have not utilized the spatial tactile cues to their full extent and therefore continued to prefer the visual AiTR display. According to Kozhevnikov, Hegarty, and Mayer [22], visualizers with lower SpA tend to rely on iconic imagery while those with higher SpA tend to prefer using spatial-schematic imagery while solving problems. Therefore, it is likely that in our study, those who preferred visual AiTR displays might be more iconic in their mental representations. However, this preference may have caused degraded target detection performance due to more visual attention being devoted to the visual AiTR display, not to the simulated environment. In contrast, those who were more spatial relied on the directional information of the tactile display to help them with the visually demanding tasks, resulting in a more effective performance. 
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ABSTRACT

During training and operations, soldiers are exposed to a number of factors that influence their physical and cognitive performance. These factors are induced by the environment (e.g. heat, altitude, dust, wind, rain), physical job requirements (e.g. carrying loads, walking, sleep deprivation) and mental stress (e.g. decision making, exams, combat stress). The majority of these factors have a negative impact on the operational readiness of soldiers. In 2008 a 4-year research program called ‘Military Performance and Health Monitoring’ was started. One of the goals of this program is to test or develop devices for ambulatory monitoring of environmental, physical and mental factors. In this paper, we describe three separate studies that focus on the quality of measuring devices.


Studies

1. Validity of the Sensewear Pro3 Armband in estimating energy expenditure and sleep duration. The validity of the Sensewear Pro3 armband towards energy expenditure was measured on a treadmill. Ten healthy subjects performed a series of tests. Variations were made in walking speed (4, 7 and 10 km/h), load (0 and 23 kg), arm position (with and without arm swing), slope (0% and 10%) and clothing (with or without additional clothes). Energy consumption was measured by indirect calorimetry (Metamax 3b, Cortex). The ability of the Sensewear to measure sleep duration was measured over 5 days in 4 subjects. Sleep duration was also monitored by use of a log.


2. Qualifying load, speed and slope by use of accelerometry. In this study the influences of variations in speed (3, 5 and 7 km/h), load (11, 24 and 36 kg) and slope (0% and 5%) on the output of a tri-axial accelerometer (Spi-Elite, GPSports) was measured. Eight subjects participated in this study.


3. Quality of GPS signals in measuring distances. GPS data is known to be less accurate in urban areas or in forests. In this study, different GPS systems were compared in open terrain, forests and during a zigzag track. 

1.0
Study 1: Validity of the Sensewear Pro3 Armband in estimating energy expenditure and sleep duration


1.1
Introduction


The Sensewear Pro3 Armband is a new energy expenditure testing device, available since 2007. This ambulant instrument gathers raw physiological data, including movement, heat flux, skin temperature, near body temperature and galvanic skin response. The battery lasts approximately 14 days when worn continuously. It stores approximately 10 days of continuous physiological and lifestyle data with default configuration. Sensewear software calculates energy expenditure without measuring heart rate.


In this study the reliability and the validity of the Sensewear Pro3 armband towards energy expenditure was measured. Also was looked at the ability of the Sensewear to measure sleep duration


1.2
Methods


1.2.1
Design


Validity: 10 subjects (average age 40 yrs ± sd 11.9) performed a series of tests on a treadmill (Woodway -  ELG70). Variations were made in walking speed (0, 4, 7 and 10 km/hr). Energy consumption was measured during 15 minutes by Sensewear Pro3 armband (BodyMedia, Pittsburgh) worn on the right upper arm (on triceps). Indirect calorimetry (Metamax 3b, Cortex) served as the criterion measure in this study.

MetaMax results are calculated to energy expenditure (kcal.min-1) by multiplying oxygen uptake (L.min-1) by caloric equivalent based on the RER. The Sensewear results (kcal) are calculated to kcal.min-1.


Reliability: Test-retest reliability is calculated using the results of 8 subjects who walked with 4 km/hr during 15 minutes with no load.


Sleep duration: The ability of the Sensewear to measure sleep duration was measured over 5 days in 4 subjects. They put on the Sensewear armband 1 hour prior to sleep, during sleep and for 10 minutes after awakening. Sleep duration was also monitored by means of a log (own perception).


1.2.2
Statistical Analysis

Statistical analysis was performed using SPSS (version 15.0). Data were analyzed for each test protocol using Student t-test (statistical significance was defined p ≤ 0.05) to compare both techniques, and Pearson correlation coefficient (correlation was defined high r ≥ 0.90,  good 0.80 ≤ r < 0.90, sufficient 0.70 ≤ r < 0.80 and poor r< 0.70) to test predictability. Reliability was analyzed using coefficient of variation.


Coefficient of variation (cv) is calculated by:
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1.3
Results


1.3.1
Validity


Table 1 and figure 1 show the mean energy expenditure (kcal/min) measured by Sensewear and by Metamax at walking speed of 4, 7 and 10 km/hr during 15 minutes and during being seated for 15 minutes. Sensewear data were used to predict Metamax values by calculating regression equations.


Table 1 shows also these regression equations.

Table 1: Energy expenditure measured by Sensewear and by Metamax 
during sitting and at walking speed of 4, 7 and 10 km/hr.


		

		Sensewear (SW)

		Metamax (MM)

		Regression equation

		SEE

		R²-adjusted



		

		Mean kcal/min

		sd

		Mean kcal/min

		sd

		

		

		



		Seated

		1.18

		0.12

		1.78

		2.60

		MM = 1.28*SW + 0.27

		0.23

		0.25



		4 km/hr

		4.95

		0.86

		4.10

		0.55

		MM = 0.53*SW + 1.45

		0.35

		0.61



		7 km/hr

		8.68

		1.96

		8.93

		1.96

		MM = 0.74*SW + 2.48

		0.91

		0.71



		10 km/hr

		11.58

		1.98

		13.80

		2.48

		MM = 1.08*SW + 1.26

		1.31

		0.72
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Figure 1: Energy expenditure measured by Sensewear and by Metamax 
during sitting and at walking speed of 4, 7 and 10 km/hr.


0 km/hr (sitting)


Sensewear measurements show lower values compared to Metamax. The Sensewear underestimated 33% on average. There is a significant difference between Sensewear and Metamax (p=0.000). A correlation was found of 0.574.


Walking 4 km/hr


When walking at 4 km/hr Sensewear shows higher energy expenditure than Metamax. The Sensewear has a larger spread, compared to sitting. The Sensewear overestimated 20 % on average. The correlation is higher, r=0.822, and between the two sets the difference is significant (p=0.001).

Walking 7 km/hr


At 7 km/hr there is no significant difference between both measurements (r=0.862, p=0.438).

Walking 10 km/hr


At 10 km/hr Sensewear shows lower energy expenditure than Metamax: an underestimation of 16 %. A correlation was found of 0.868 and there is a significant difference between both measurements, p=0.000.


1.3.2
Test-Retest Reliability

Eight subjects performed the 4 km/h walking test twice. Table 2 shows the test-retest reliability results for Sensewear and Metamax.


Table 2: Test (mean 1, sd1) and retest (mean 2, sd 2) energy expenditure 
results (kcal/min) for Sensewear and MetaMax at walking at 4 km/hr.

		

		mean 1 (kcal/min)

		sd 1

		mean 2 (kcal/min)

		sd 2

		SE mean

		cv



		SenseWear

		5.08

		0.832

		5.10

		0.733

		0.88

		12.2%



		MetaMax

		4.21

		0.440

		4.31

		0.454

		0.29

		4.2%





Both the SenseWear and Metamax data show no significant differences between the first and the second test. Sensewear (poor reproducibility) shows a larger coefficient of variation (cv) than Metamax (good reproducibility). 


1.3.3
Sleep Detection

The ability of the Sensewear to measure sleep duration was measured over 5 days in 4 subjects. Sleep duration was also monitored by means of a log (own perception).  Table 3 presents the results of sleep detection.

Table 3: Results of sleep detection by Sensewear and by own perception (log).

		

		Own perception

		Sensewear

		Difference

		



		

		Mean (min)

		sd

		Mean (min)

		sd

		Mean (min)

		sd

		Corr.

		Sig.



		In bed (lying)

		470

		65

		476

		70

		-6

		15

		0.98

		0.12



		In bed (sleeping )

		418

		75

		402

		68

		17

		42

		0.83

		0.10





High correlations were found between own perception and Sensewear for lying in bed (r=0.98) and sleeping in bed (r=0.83). Neither lying nor sleeping show a significant difference between Sensewear measurements and own perception.

1.4
Discussion

1.4.1
Validity


The overall results of measuring energy expenditure by Sensewear in relation to the criterion measure (oxygen uptake) show conflicting results. Measurements reveal an underestimation at rest and at 10 km/hr, an overestimation at 4 km/hr and a fairly good estimation at 7 km/hr. Because of these conflicting results the use of one single regression equation for different walking speeds is not an option.


At rest (0 km/hr) Sensewear measurements show a energy expenditure with a 33 % underestimation compared to Metamax. Other studies are not clear about the performance of the Sensewear during rest. Baldini et al (13) indicate a 4 % underestimation during rest, while Deemer (14) measures an overestimation of 25 %.  However, during rest energy expenditure is so low that the error in measuring total energy expenditure will be negligible.

This is also the case because the underestimation is compensated by the overestimation at 4 km/hr, or low activity level. Sensewear measures are too high on low activity level and are not valid for this activity. The results of this study are convergent with other studies.  Fruin & Rankin (16) found percentages overestimation of 13 – 27 %. Calabro (2) showed a large overestimation on different low walking velocities.


At 7 km/hr, the marching speed of military, Sensewear data seems valid: results of Sensewear and Metamax agree. Few studies are done at this speed. Somewhat comparable is the Baldini study at 8 km/hr: a 2 % overestimation. 


At 10 km/hr Sensewear underestimates energy expenditure. Similar studies were not found. 


The fact that measurements were taken only over a period of 15 minutes may cause the conflicting results. Recent research (measurements over days) indicates better results in estimating energy expenditure.


1.4.2
Test-Retest Reliability

Test-retest measurements show poor reproducibility for Sensewear for measurements of short duration (15 minutes). No literature was found on test-retest reliability of Sensewear. Metamax measurements correspond with earlier research looking at test-retest reliability (12). Mean coefficient of variation values of 5.5% were found on four different working loads.
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2.0
Study 2: Qualifying load, speed and slope by use of accelerometry


2.1
Introduction

One of the parameters that affect the physical load of military is the weight of the backpack that is worn. In this study a tri-axial accelerometer (SPI-Elite, GPSports, Australia) is used to estimate whether load and velocity can be calculated by using impact peaks, step frequency and step size.


The SPI Elite is a small device worn in a specially designed mini back pack. It records position, time, body movements, impacts and heart rate continuously.

2.2
Methods

Eight healthy male subjects participated in this study (age 39±8.6 year; length 182±9.0 cm; weight 78±10.8 kg). The subjects performed a test protocol on a treadmill (Woodward – ELG70), carrying a backpack (untrained in carrying backpacks). Variations are made in velocity (3, 5 and 7 km/hr), load (0, 11.4, 23.9 and 36.4 kg) and slope (0 and 5 %).


2.2.1
Data Processing

Impact


The Accelerometer measures acceleration in three orthogonal directions, expressed in gravitational acceleration (g). These vectors are combined using vector analysis. Peaks in the combined signal are selected and divided in 6 zones in terms of size. The number of spikes in each zone is visible. These zones are manually set.


The SPI Elite software was not sufficient to determine the impact of each step. To assess the value of the impact of each step, a special software program was written, using MATLAB software. This program loads the SPI Elite data. Data blocks of the different load steps are split. To obtain reliable data the first and last 15 seconds of each block are cut out. The remaining blocks for analysis are therefore 2.5 min. Subsequently, this signal was filtered and the highest impact peak of each step was saved. By counting the number of peaks the number of steps is known. Because the distance covered was also known (5 km/hr during 2.5 min = 208 m), the average step size could be calculated.


Body Load

In addition to impact SPI Elite calculates “Body Load”, a standard for the load on the subject during the measurement. Body Load is the sum of all forces on the subject and can be calculated by multiplying the weight of the subject by the gravitational acceleration (g).


2.2.2
Statistical Analysis

Statistical analysis was performed using SPSS (version 15.0) One-way ANOVA is used to show differences between workloads steps, both of impact measurements as well as the step frequency and step size. When data analyses revealed a significant difference, a Tukey Honest Significant Difference (HSD) post hoc analysis was used for post hoc comparisons. Correlation is expected between velocity and impact measurements. Pearson’s correlation coefficient is calculated and, using linear regression, an equation is made.


2.3
Results

Table 4 presents impact, step frequency and step size for all different conditions (speed, slope and load backpack).


Table 4: Impact force (g), step frequency (n/min) and step size (cm) for 9 workload steps.



[image: image3]

Table 5 shows significance for impact force, step frequency and step size between workload steps.


Table 5: Significance between different workload steps.
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2.3.1
Impact


The results of the mean impacts show (fig 2) that when velocity increases, the average impact also increases both with and without the influence of a slope. Additionally, this slope of 5 % did not affect the impact. When increasing the load of the backpack, the value of the average impact slightly increases. It is striking that in load carrying the impact on average is smaller than during walking without load (both with and without slope).


One-way ANOVA for impact measurements (table 5) shows an F-value of 33.442 (P<0.05) meaning there is a difference between workload steps. Tukey HSD post hoc analysis indicates a significant difference between the velocities, but not for influence of slope or weight.


[image: image5.emf]1,000


1,200


1,400


1,600


1,800


2,000


2,200


2,400


3km/h 5km/h 7km/h 3km/h - 5% 5km/h - 5% 7km/h - 5% 5km/h -


11,4kg


5km/h -


23,9kg


5km/h -


36,4kg


Workload step


Mean impact (g)


Subject 1


Subject 2


Subject 3


Subject 4


Subject 5


Subject 6


Subject 7


Subject 8


Mean




Figure 2: Mean impact (g) for all subjects and for the mean for 9 different workload steps.

2.3.2
Step Frequency

Step frequency (fig 3) shows the same pattern as impact. Step frequency sharply increases as velocity increases. An increase in backpack load results in slightly higher step frequency values.


One- way ANOVA for step frequency shows an F value of 79.962 (P< 0.05). Tukey HSD post hoc analyses indicate statistical differences between the velocities, but not for slope or backpack load.
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Figure 3: Mean step frequency (n/min) for all subjects for 9 different workload steps.

2.3.3
Step Size

Step size data are presented in figure 4. Step size increases by increasing velocity. Slope seems to have a small effect on step size. Step length slightly decreases when the backpack load increases.


One- way ANOVA for step size shows an F- value of 176.265 (P<0.05). Post Hoc analysis (Tukey HSD) indicates a significant difference between velocities, but not for the influence of slope or backpack load.
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Figure 4: Mean step size (cm) for all subjects and for the mean for 9 different workload steps.

2.3.4
Regression Analysis (Velocity)


As expected (fig 2) impact correlates with velocity: Pearsons R = 0.878 (p<0.05). Regression analysis reveals an equation to calculate velocity when average impact is known:


v= I * 5.395 – 3.569


v = velocity (km/hr) and I is the average impact in g


This regression equation has an SEE of 0.648 and R2-adj=0.767. This means that almost 77% of the velocity can be predicted on the basis of an impact measurement. This estimate has a probability of 95% to be correct (± 1.27 km/hr).


Other variables are added to the regression equation to make a better estimate. Step frequency appears to be a good addition. The new regression equation has an SEE of 0.397 and a R2-adjusted of 0.913. This means that no less than 91.3 % of the velocity can be predicted from impact and step frequency:


v= I * 1.812 + SF * 0.072 – 5.729


v = velocity (km/hr), I = mean impact, SF = step frequency (steps/min).


For example, when the estimated velocity is 5 km/hr, with 95% certainty the actual velocity is between 4.22 and 5.78 km/hr.


2.4
Discussion

This study indicates that impact measurements are not predictive enough to calculate backpack weights. This is surprising because in previous studies (8) there was a significant difference between accelerations, measured on the backpack with different loads. Apparently it matters where the acceleration sensor is placed. When placed on the backpack, it follows the movements of the backpack. It is expected that this movement causes larger signal peaks with higher loads.


Impact measurements and step size can predict velocity. As previously demonstrated, GPS receivers are not reliable in urban and forest area (13).  These results can help to increase accuracy. For example, with poor GPS connection (less than 4 satellites) velocity can be calculated using the accelerometer values. SPI Elite (GPSports) claims this too, but the results of the measurements show it does not.


Moreover it is debatable whether the GPS tool is necessary with an explained variance of 91 %. Further investigation is needed including more subjects and velocities.
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3.0
Study 3: Quality of GPS signal in measuring distances and velocity

3.1
Introduction

GPS data are known to be less accurate in measuring distance in urban areas or in forests. In this study, different GPS systems (SPI Elite, GPSports, Australia and FRWD, FRWD systems, Oulu Finland) were compared in forest and urban areas. GPS systems use the Doppler frequency shift method to calculate velocity. It is doubtful whether this instantaneous velocity is also true when it is averaged over a longer period. 


In addition the SPI Elite uses an accelerometer to correct the distance measured using GPS positions. The distance measured by GPS and the corrected distance will therefore be compared.


3.2
Methods


Four subjects tested 8 SPI Elite systems and 4 FRWD systems simultaneously. They walked a track twice under two different conditions: urban area and forest.  In urban areas the track was curved and non- curved. In the forest the subjects walked one track back and forth because there was no curved track. A measuring wheel was used to calibrate the track. The average number of active satellites was counted.


3.3
Results

Table 6 presents GPS data in urban area for a straight and curved track. Results are presented for SPI Elite and for FRWD.


Table 6: Distance, speed and active satellites in urban area for a straight and curved track.
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1


SPI 2 988,6 983,3 09:27 5,5 6,3 6,2 3,1 1379,4 1379,3 10:04 5,8 8,2 8,2 3,5


2


SPI 3 1074,6 1073,6 09:28 5,1 6,8 6,8 3,6 1080,6 1080,2 09:59 5,2 6,5 6,5 4,4


3


SPI 4 997,3 995,2 09:23 5,1 6,4 6,4 3,2 1080,9 1079,9 09:36 5,2 6,8 6,7 3,2


4


SPI 5 1052,2 1051 09:33 5,1 6,6 6,6 3,3 1125,0 1123,8 09:43 5,2 6,9 6,9 4,1


4


SPI 7a 980,9 979,5 09:36 5,1 6,1 6,1 3,4 1204,7 1203,9 09:43 5,2 7,4 7,4 3,7


3


SPI 8a** 696,8 695,3 07:11 5,4 5,8 5,8 3,2 1162,1 1159,6 09:54 5,5 7,0 7,0 3,2


2


SPI 9a** 756,4 755,8 07:11 5,3 6,3 6,3 3,5 948,8 948,8 08:24 5,4 6,8 6,8 3,5


1


SPI 10a 987,7 981,4 09:33 5,6 6,2 6,2 3,8 1127,8 1127,4 09:54 5,4 6,8 6,8 4,5


1


FRWD 1 1027,0 09:13 4,8 6,7 1046,0 10:01 5,1 6,3


2


FRWD 2 897,0 09:27 4,8 5,7 1318,0 10:18 6,2 7,7


3


FRWD 4 933,0 09:09 5,3 6,1 945,0 10:57 3,3 5,2


4


FRWD 5 986,0 10:09 4,4 5,8 1024,0 09:00 3,9 6,8


Mean SPI 941,8 939,4 5,3 6,3 6,3 3,4 1138,7 1137,9 5,4 7,1 7,1 3,8


SD SPI 137,9 137,4 0,2 0,3 0,3 0,2 123,0 123,0 0,2 0,5 0,5 0,5


Mean FRWD 960,8 4,8 6,1 1083,3 4,6 6,5


SD FRWD 57,3 0,4 0,4 162,4 1,3 1,0


Urban area


straight curved


917,2 5,8 1001,4 6,1




x* = corrected distance using accelerometer and GPS data

Vdop = velocity based on GPS data (Doppler method)


v and v* = calculated velocity (x resp. x* divided by t)


Sats = number of active satellites

** = missing data

Table 7 shows GPS data in forest for a straight and curved track. Results are presented for SPI Elite and for FRWD.


Table 7: Distance, speed and active satellites in forest for a straight and curved track.
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SPI 7a 1019,4 1018,2 10:40 4,9 5,7 5,7 5,3 1011,4 1006,3 10:29 4,7 5,8 5,8 5,3


3


SPI 8a** 768,0 767,7 07:38 4,9 6,0 6,0 4,1


2


SPI 9a 1020,1 1020,1 10:36 5,1 5,8 5,8 4,1 1067,1 1057,6 10:35 4,8 6,0 6,0 4,4


1


SPI 10a 999,4 998,6 10:37 5,0 5,6 5,6 6,6 1000,0 991,8 10:31 4,8 5,7 5,7 6,5


1


FRWD 1 1042,0 11:02 4,6 5,7 979,0 11:03 4,5 5,3


2


FRWD 2 1145,0 12:30 4,2 5,5 992,0 10:51 4 5,5


3


FRWD 4 908,0 09:54 3,7 5,5 1003,0 10:42 3,5 5,6


4


FRWD 5 1092,0 12:33 3,1 5,2 1063,0 12:53 3,1 5,0


Mean SPI 980,3 979,6 4,9 5,8 5,8 5,0 1034,6 1027,7 4,6 5,9 5,8 4,7
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x* = corrected distance using accelerometer and GPS data

Vdop = velocity based on GPS data (Doppler method)


v and v* = calculated velocity (x resp. x* divided by t)


Sats = number of active satellites

** = missing data

3.3.1
Distances


The SPI Elite differs in urban area on the calibrated straight track on average 24.6 m (2.7%) and on the curved track on average 137.3 m (13.7%) and in forest respectively – 20.6 m (2.1%) and 34.3 m (3.4 %).


The FRWD differs in urban area on the calibrated straight route on average 43.6 m (4.8%) and on the curved route 81.9 m (8.2 %) and in forest respectively 45.9 m (4.6 %) and 9.0 m (0.9%).


3.3.2
Velocity


The velocity measured by the Doppler method (SPI Elite) underestimated velocity in urban area by 0.6 km/hr. In forest the underestimation is 1 km/hr.


The FRWD (Doppler method) overestimated in one case (FRWD 2: Forest) the actual velocity. In all other cases the FRWD underestimated the average velocity: 1.3 km/hr (urban) and 1.9 km/hr (forest).


3.3.3
Satellites


Figure 5 shows the number of linked satellites and the absolute difference in distance between the calibrated distance and distance measured by SPI Elite. It is clear that the greater the number linked satellites, the lesser the error in measured distance. Keep in mind: SPI Elite stops measuring when the connection is weak. 



[image: image10.emf]0,0


50,0


100,0


150,0


200,0


250,0


300,0


350,0


400,0


2,5 3,0 3,5 4,0 4,5 5,0 5,5 6,0 6,5 7,0


Satellites (n)


difference in distancel (m)


urban-area - straight


urban area - curved


forest - forth


forest - back




Figure 5: Number of satellites and difference in distance (m).

3.4
Discussion


The measured distances of the SPI Elite show a relatively large deviation in urban area (2.7 % and 13.7 %) and a lesser in forest (2.1% and 3.4%)


Regarding the SPI Elite velocities the following conclusions can be drawn:


· In both urban area and forest the SPI Elite underestimates velocity (Doppler method): mean difference: 0.6 km/hr and 1.0 km/hr.


· The calculated velocity (distance divided by time) is overestimated in urban area (mean difference 0.8 km/hr and 0.8*km/hr). In forest however velocity is fairly accurate (mean difference 0.2 km/hr and 0.1*km/hr).

Data of the FRWD show a larger spread than the SPI Elite (3 out of 4 measurements). However, SPI Elite measurement 1 shows a large spread because two systems (8a and 9a) did not measure the whole distance. Furthermore, the FRWD velocity (Doppler method) underestimates velocity even more than the SPI Elite does.


This shows that velocity according to the Doppler method is not suitable to estimate average velocity over a certain period (SPI elite and FWRD). The Doppler method is more suitable for measuring instantaneous velocities because it is less sensitive to outliers of distance determination using GPS.


Furthermore, it appears there is a relationship between the accuracy of the measured distance and the number of satellites which are linked. When connected to an average of 4.5 satellites, the difference in distance is less than 50 m /1000 m (5%).


The effect of accelerometer correction on the measured distance is minimal and has no effect on the average velocity. It also shows that this correction reduces the measured distance, in contrast to the manual. It says that it only adds extra distance.
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						meetwiel			917.2															09:30			5.8												1001.4															09:48			6.1


			Bertil			SPI 2			988.6			983.3			13:04:15			13:13:42			66.1			09:27			5.5			6.3			6.2			3.1			1379.4			1379.3			13:16:03			13:26:07			377.9			10:04			5.8			8.2			8.2			3.5


			Menno			SPI 3			1074.6			1073.6			13:04:13			13:13:41			156.4			09:28			5.1			6.8			6.8			3.6			1080.6			1080.2			13:16:05			13:26:04			78.8			09:59			5.2			6.5			6.5			4.4


			Wiliam			SPI 4			997.3			995.2			13:04:14			13:13:37			78.0			09:23			5.1			6.4			6.4			3.2			1080.9			1079.9			13:16:07			13:25:43			78.5			09:36			5.2			6.8			6.7			3.2


			Gerard			SPI 5			1052.2			1051			13:04:14			13:13:47			133.8			09:33			5.1			6.6			6.6			3.3			1125.0			1123.8			13:16:12			13:25:55			122.4			09:43			5.2			6.9			6.9			4.1


			Gerard			SPI 7a			980.9			979.5			13:04:12			13:13:48			62.3			09:36			5.1			6.1			6.1			3.4			1204.7			1203.9			13:16:34			13:26:17			202.5			09:43			5.2			7.4			7.4			3.7


			Wiliam			SPI 8a			696.8			695.3			13:04:11			13:11:22			221.9			07:11			5.4			5.8			5.8			3.2			1162.1			1159.6			13:16:00			13:25:54			158.2			09:54			5.5			7.0			7.0			3.2


			Menno			SPI 9a			756.4			755.8			13:04:11			13:11:22			161.4			07:11			5.3			6.3			6.3			3.5			948.8			948.8			13:16:07			13:24:31			52.6			08:24						6.8			6.8			3.5


			Bertil			SPI 10a			987.7			981.4			13:04:12			13:13:45			64.2			09:33			5.6			6.2			6.2			3.8			1127.8			1127.4			13:16:08			13:26:02			126.0			09:54			5.4			6.8			6.8			4.5


			Gerard			FRWD 1			1027.0												109.8			09:13			4.8			6.7									1046.0												44.6			10:01			5.1			6.3


			Bertil			FRWD 2			897.0												20.2			09:27			4.8			5.7									1318.0												316.6			10:18			6.2			7.7


			Menno			FRWD 4			933.0												15.8			09:09			5.3			6.1									945.0												56.4			10:57			3.3			5.2


			Wiliam			FRWD 5			986.0												68.8			10:09			4.4			5.8									1024.0												22.6			09:00			3.9			6.8


						GEM SPI			941.8			939.4															5.3			6.3			6.3			3.4			1138.7			1137.9															5.4			7.1			7.1			3.8


						SD SPI			137.9			137.4															0.2			0.3			0.3			0.2			123.0			123.0															0.2			0.5			0.5			0.5


						GEM FRWD			960.8																		4.8			6.1									1083.3																		4.6			6.5


						SD FRWD			57.3																		0.4			0.4									162.4																		1.3			1.0


									Forest


									forth																														back


									Δx (m)			Δx* (m)			start			eind			verschil (abs)			t (min)			vdop			v			v*			Sats			Δx (m)			Δx* (m)			start			eind			verschil (abs)			t (min)			vdop			v			v*			Sats


			subj			distance:			1000.9															10:34			5.7												1000.3															10:28			5.7


			1			SPI 2			987.9			987.9			13:32:31			13:43:03			13.0			10:32			5.0			5.6			5.6			4.9			1007.4			1000			13:45:33			13:56:02			0.3			10:29			4.8			5.8			5.7			5.1


			2			SPI 3			1005.6			1003.3			13:32:28			13:43:02			2.4			10:34			4.6			5.7			5.7			5.6			1052.6			1049.7			13:45:34			13:56:06			49.4			10:32			4.7			6.0			6.0			3.4


			3			SPI 4			1029.8			1029.4			13:32:32			13:43:07			28.5			10:35			4.9			5.8			5.8			4.0			1087.9			1081.5			13:45:34			13:56:08			81.2			10:34			4.3			6.2			6.1			3.0


			4			SPI 5			1012.5			1011.6			13:32:29			13:43:06			10.7			10:37			4.8			5.7			5.7			5.3			1015.6			1006.9			13:45:32			13:56:09			6.6			10:37			4.2			5.7			5.7			5.2


			4			SPI 7a			1019.4			1018.2			13:32:27			13:43:07			17.3			10:40			4.9			5.7			5.7			5.3			1011.4			1006.3			13:45:34			13:56:03			6.0			10:29			4.7			5.8			5.8			5.3


			3			SPI 8a**			768.0			767.7			13:32:31			13:40:09			233.2			07:38			4.9			6.0			6.0			4.1


			2			SPI 9a			1020.1			1020.1			13:32:32			13:43:08			19.2			10:36			5.1			5.8			5.8			4.1			1067.1			1057.6			13:45:33			13:56:08			57.3			10:35			4.8			6.0			6.0			4.4


			1			SPI 10a			999.4			998.6			13:32:29			13:43:06			2.3			10:37			5.0			5.6			5.6			6.6			1000.0			991.8			13:45:31			13:56:02			8.5			10:31			4.8			5.7			5.7			6.5


			1			FRWD 1			1042.0												41.1			11:02			4.6			5.7									979.0												21.3			11:03			4.5			5.3


			2			FRWD 2			1145.0												144.1			12:30			4.2			5.5									992.0												8.3			10:51			4			5.5


			3			FRWD 4			908.0												92.9			09:54			3.7			5.5									1003.0												2.7			10:42			3.5			5.6


			4			FRWD 5			1092.0						0:28:45			0:41:18			91.1			12:33			3.1			5.2									1063.0						0:41:27			0:54:20			62.7			12:53			3.1			5.0


						Mean SPI			980.3			979.6															4.9			5.8			5.8			5.0			1034.6			1027.7															4.6			5.9			5.8			4.7


						SD SPI			86.8			86.6															0.2			0.1			0.1			0.9			34.3			34.7															0.3			0.2			0.2			1.2


						Mean FRWD			1046.8																		3.9			5.5									1009.3																		3.8			5.3


						SD FRWD			101.6																		0.6			0.2									37.2																		0.6			0.3










_1311664762.unknown



_1311586815.xls

Blad1


									bebouwd																																																												open / bos


									recht																														gekromd																														heen																														terug


									Δx (m)			Δx* (m)			start			eind			verschil (abs)			duur			vdoppler			v			v*			Sats			Δx (m)			Δx* (m)			start			eind			verschil (abs)			duur			vdoppler			v			v*			Sats			Δx (m)			Δx* (m)			start			eind			verschil (abs)			duur			vdoppler			v			v*			Sats			Δx (m)			Δx* (m)			start			eind			verschil (abs)			duur			vdoppler			v			v*			Sats


						meetwiel			917.2															09:30			5.8												1001.4															09:48			6.1												1000.9															10:34			5.7												1000.3															10:28			5.7


			Bertil			SPI 2			988.6			983.3			13:04:15			13:13:42			66.1			09:27			5.5			6.3			6.2			3.1			1379.4			1379.3			13:16:03			13:26:07			377.9			10:04			5.8			8.2			8.2			3.5			987.9			987.9			13:32:31			13:43:03			13.0			10:32			5.0			5.6			5.6			4.9			1007.4			1000			13:45:33			13:56:02			0.3			10:29			4.8			5.8			5.7			5.1


			Menno			SPI 3			1074.6			1073.6			13:04:13			13:13:41			156.4			09:28			5.1			6.8			6.8			3.6			1080.6			1080.2			13:16:05			13:26:04			78.8			09:59			5.2			6.5			6.5			4.4			1005.6			1003.3			13:32:28			13:43:02			2.4			10:34			4.6			5.7			5.7			5.6			1052.6			1049.7			13:45:34			13:56:06			49.4			10:32			4.7			6.0			6.0			3.4


			Wiliam			SPI 4			997.3			995.2			13:04:14			13:13:37			78.0			09:23			5.1			6.4			6.4			3.2			1080.9			1079.9			13:16:07			13:25:43			78.5			09:36			5.2			6.8			6.7			3.2			1029.8			1029.4			13:32:32			13:43:07			28.5			10:35			4.9			5.8			5.8			4.0			1087.9			1081.5			13:45:34			13:56:08			81.2			10:34			4.3			6.2			6.1			3.0


			Gerard			SPI 5			1052.2			1051			13:04:14			13:13:47			133.8			09:33			5.1			6.6			6.6			3.3			1125.0			1123.8			13:16:12			13:25:55			122.4			09:43			5.2			6.9			6.9			4.1			1012.5			1011.6			13:32:29			13:43:06			10.7			10:37			4.8			5.7			5.7			5.3			1015.6			1006.9			13:45:32			13:56:09			6.6			10:37			4.2			5.7			5.7			5.2


			Gerard			SPI 7a			980.9			979.5			13:04:12			13:13:48			62.3			09:36			5.1			6.1			6.1			3.4			1204.7			1203.9			13:16:34			13:26:17			202.5			09:43			5.2			7.4			7.4			3.7			1019.4			1018.2			13:32:27			13:43:07			17.3			10:40			4.9			5.7			5.7			5.3			1011.4			1006.3			13:45:34			13:56:03			6.0			10:29			4.7			5.8			5.8			5.3


			Wiliam			SPI 8a			696.8			695.3			13:04:11			13:11:22			221.9			07:11			5.4			5.8			5.8			3.2			1162.1			1159.6			13:16:00			13:25:54			158.2			09:54			5.5			7.0			7.0			3.2			768.0			767.7			13:32:31			13:40:09			233.2			07:38			4.9			6.0			6.0			4.1


			Menno			SPI 9a			756.4			755.8			13:04:11			13:11:22			161.4			07:11			5.3			6.3			6.3			3.5			948.8			948.8			13:16:07			13:24:31			52.6			08:24						6.8			6.8			3.5			1020.1			1020.1			13:32:32			13:43:08			19.2			10:36			5.1			5.8			5.8			4.1			1067.1			1057.6			13:45:33			13:56:08			57.3			10:35			4.8			6.0			6.0			4.4


			Bertil			SPI 10a			987.7			981.4			13:04:12			13:13:45			64.2			09:33			5.6			6.2			6.2			3.8			1127.8			1127.4			13:16:08			13:26:02			126.0			09:54			5.4			6.8			6.8			4.5			999.4			998.6			13:32:29			13:43:06			2.3			10:37			5.0			5.6			5.6			6.6			1000.0			991.8			13:45:31			13:56:02			8.5			10:31			4.8			5.7			5.7			6.5


			Gerard			FRWD 1			1027.0												109.8			09:13			4.8			6.7									1046.0												44.6			10:01			5.1			6.3									1042.0												41.1			11:02			4.6			5.7									979.0												21.3			11:03			4.5			5.3


			Bertil			FRWD 2			897.0												20.2			09:27			4.8			5.7									1318.0												316.6			10:18			6.2			7.7									1145.0												144.1			12:30			4.2			5.5									992.0												8.3			10:51			4			5.5


			Menno			FRWD 4			933.0												15.8			09:09			5.3			6.1									945.0												56.4			10:57			3.3			5.2									908.0												92.9			09:54			3.7			5.5									1003.0												2.7			10:42			3.5			5.6


			Wiliam			FRWD 5			986.0												68.8			10:09			4.4			5.8									1024.0												22.6			09:00			3.9			6.8									1092.0						0:28:45			0:41:18			91.1			12:33			3.1			5.2									1063.0						0:41:27			0:54:20			62.7			12:53			3.1			5.0


						Gemiddeld SPI			941.8			939.4															5.3			6.3			6.3			3.4			1138.7			1137.9															5.4			7.1			7.1			3.8			980.3			979.6															4.9			5.8			5.8			5.0			1034.6			1027.7															4.6			5.9			5.8			4.7


						SD SPI			137.9			137.4															0.2			0.3			0.3			0.2			123.0			123.0															0.2			0.5			0.5			0.5			86.8			86.6															0.2			0.1			0.1			0.9			34.3			34.7															0.3			0.2			0.2			1.2


						Gemiddeld FRWD			960.8																		4.8			6.1									1083.3																		4.6			6.5									1046.8																		3.9			5.5									1009.3																		3.8			5.3


						SD FRWD			57.3																		0.4			0.4									162.4																		1.3			1.0									101.6																		0.6			0.2									37.2																		0.6			0.3








Sats


			3.123076923			3.522727273			4.93460925			5.127795527


			3.574906367			4.427083333			5.589825119			3.383685801


			3.179487179			3.166666667			3.957746479			3


			3.31441048			4.06944444			5.330128205			5.247960848


			3.435129741			3.745825603			5.349282297			5.289473684


			3.207272727			3.221854305			4.063758389


			3.510050251			3.521052632			4.059210526			4.429347826


			3.832720588			4.467576792			6.618066561			6.4880382783





urban-area - straight


urban area - curved


forest - forth


forest - back


Satellites (n)


difference in distancel (m)


66.1


377.9


13


0.3


156.4


78.8


2.4


49.4


78


78.5


28.5


81.2


133.8


122.4


10.7


6.6


62.3


202.5


17.3


6


221.9


158.2


233.2


161.4


52.6


19.2


57.3


64.2


126


2.3


8.5





Blad2


			








Blad3


			










_1311497323.xls

Blad1


									Urban area


									straight																														curved


									Δx (m)			Δx* (m)			start			eind			verschil (abs)			t (min)			vdop			v			v*			Sats			Δx (m)			Δx* (m)			start			eind			verschil (abs)			t (min)			vdop			v			v*			Sats


			subj			distance:			917.2															09:30			5.8												1001.4															09:48			6.1


			1			SPI 2			988.6			983.3			13:04:15			13:13:42			66.1			09:27			5.5			6.3			6.2			3.1			1379.4			1379.3			13:16:03			13:26:07			377.9			10:04			5.8			8.2			8.2			3.5


			2			SPI 3			1074.6			1073.6			13:04:13			13:13:41			156.4			09:28			5.1			6.8			6.8			3.6			1080.6			1080.2			13:16:05			13:26:04			78.8			09:59			5.2			6.5			6.5			4.4


			3			SPI 4			997.3			995.2			13:04:14			13:13:37			78.0			09:23			5.1			6.4			6.4			3.2			1080.9			1079.9			13:16:07			13:25:43			78.5			09:36			5.2			6.8			6.7			3.2


			4			SPI 5			1052.2			1051			13:04:14			13:13:47			133.8			09:33			5.1			6.6			6.6			3.3			1125.0			1123.8			13:16:12			13:25:55			122.4			09:43			5.2			6.9			6.9			4.1


			4			SPI 7a			980.9			979.5			13:04:12			13:13:48			62.3			09:36			5.1			6.1			6.1			3.4			1204.7			1203.9			13:16:34			13:26:17			202.5			09:43			5.2			7.4			7.4			3.7


			3			SPI 8a**			696.8			695.3			13:04:11			13:11:22			221.9			07:11			5.4			5.8			5.8			3.2			1162.1			1159.6			13:16:00			13:25:54			158.2			09:54			5.5			7.0			7.0			3.2


			2			SPI 9a**			756.4			755.8			13:04:11			13:11:22			161.4			07:11			5.3			6.3			6.3			3.5			948.8			948.8			13:16:07			13:24:31			52.6			08:24			5.4			6.8			6.8			3.5


			1			SPI 10a			987.7			981.4			13:04:12			13:13:45			64.2			09:33			5.6			6.2			6.2			3.8			1127.8			1127.4			13:16:08			13:26:02			126.0			09:54			5.4			6.8			6.8			4.5


			1			FRWD 1			1027.0												109.8			09:13			4.8			6.7									1046.0												44.6			10:01			5.1			6.3


			2			FRWD 2			897.0												20.2			09:27			4.8			5.7									1318.0												316.6			10:18			6.2			7.7


			3			FRWD 4			933.0												15.8			09:09			5.3			6.1									945.0												56.4			10:57			3.3			5.2


			4			FRWD 5			986.0												68.8			10:09			4.4			5.8									1024.0												22.6			09:00			3.9			6.8
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Abstract


Soldiers are exposed to extreme, complex and sustained operations. During operations the limits of human capabilities are easily reached leading to a diminished operational readiness. The status of a soldier is estimated by the commander based on his subjective observations. This commander evaluation can be biased by personal experiences and commanders own physical and mental status. A wrong judgement by a commander in a dangerous and harmful situation may have negative consequences for the soldier. Until recently, no methods were available for the Dutch Army to monitor the physiological and cognitive status of soldiers during (sustained) military operations. In order to develop a tool to predict the operational readiness of soldiers an investigation took place during an Air Mobile Training Course in which physical and cognitive performance was measured. This paper focuses on the cognitive measurements performed during the course. During three of the seven course weeks, which were the physically strenuous weeks, soldiers were tested. Test sessions took place on Monday, Wednesday and Friday morning as well as on Wednesday and Friday afternoon (five measurements per week). Cognition was measured using three tasks. The N-Back (Zero-Back, One-Back and Two-Back), Tower of Hanoi and VigTrack were used to gain insight in soldiers working memory, logical reasoning, vigilance and tracking. The tasks took about 5 minutes each to complete. The results show that cognitive performance remains relatively stable over two of the three weeks. During the second week two significant drops in cognitive performance were found. Soldiers showed quick recovery, regaining normal cognitive performance within the same day. The results of the three cognitive tasks all revealed the same pattern in their results. Working memory, logical reasoning as well as vigilance and tracking were all affected during the weeks measured. During weeks 1 and 3 cognitive performance decreased over the week, whereas the cognitive performance during the second week of the training course showed a different pattern with major drops in performance during that week. During the second week soldiers were exposed to physically as well as high psychologically strains. High psychological strains were absent during the first and third week. In conclusion, cognitive performance is affected when soldiers experience high physical with or without psychological strains. Little time is needed for recovery; previous performance levels are regained fast. It remains to be investigated whether the decrements in performance are the result of the high physical, with or without psychological, load or whether other factors such as lack of sleep, nutrition or liquids play a role. 


1.0
Introduction


In Iraq, Afghanistan and Bosnia soldiers are exposed to extreme, complex and sustained (72 hours continuous performance) operations in urbanized and irregular terrain. During these operations, along with the threat of physical and chemical attack, the mountainous terrain and the changing climatological, these circumstances are considered to be the ‘standard’ environments in which soldiers have to operate. In addition to the extreme environments, factors such as sleep deprivation [1], operating during the night, and limited calorific intake due to sustained operations, influence the performance of soldiers (Figure 1) [2,3,4] 
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Figure 1: Performance fluctuations of soldiers during sustained operations.

In order to fulfill job requirements, soldiers must be able to achieve a certain level of performance. As long as the soldier’s performance level is higher than the job requirements, soldiers will be able to fulfill their duties. When the performance level of a soldier drops below the required job performance level they become susceptible to making mistakes and/or getting injured which leads to an unsafe environment for both the soldier and the platoon. However, under extreme and sustained operations the limits of human capabilities are easily reached leading to an impaired performance. The prevalence of these situations needs to be kept as low as possible. Commanders are responsible for the performance of their men and it is their subjective judgement of soldier’s operational readiness that determines the decisions and actions taken. Although personal experiences and a good knowledge of the people they work with provide the commander with a lot of information about the status of a soldier, there is a need for additional tools to support commanders in their decision-making processes; especially in complex, strenuous and stressful situations. Objective measures of cognitive and physical performance, may help the commander find the optimal balance between the job requirements and the operational readiness of their soldiers. This would enhance the sustainability of the soldier and therefore increases his effectiveness. 


In training and operational situations the data attained from some simple physiological/psychological monitoring of the soldier in question might be useful in assisting the commander evaluating the soldier’s operational status and facilitate his decision making process based on objective measures.  The provision of such information may prevent a situation occurring where soldiers are instructed to perform tasks that are beyond their current capabilities. Decisions based on additional physiological/psychological data provides support to the commanders subjective decision and may provide them with the opportunity to better plan operations ensuring that the operational readiness of soldiers is best preserved. The evaluation of the effects of operational deployment on soldier’s sustainability may benefit from the data attained via soldier monitoring. Consequently, the most appropriate action/decision, with the least consequences for soldier’s operational status, could be chosen for future operations.


Monitoring soldiers is potentially useful during training situations. Monitoring the physiological/
psychological status of a soldier may help prevent injuries, overtraining syndrome and/or drop outs. Soldiers who reach the limits of their capabilities could be identified, separated from the group and given a specific training program in order to regain fitness and prevent injuries. In addition to ensuring that the minimal level of fitness is identified and attained soldier monitoring would enable trainers to make small specific adjustments in the training programs leading to large benefits; fit soldiers who complete their training course. 


The Performance and Health Monitoring program tries to gain insight into several physiological and cognitive processes and their influence on performance. In order to develop a predictive performance tool four processes are required. These processes are:


1) Evaluating which factors have an effect on soldier’s sustainability and determining how each of these factors can be best measured. 


2) Monitoring/ assessing/ measuring soldier’s performance. 

3) Determining the relationship between factors that influence soldier’s operational readiness and actual physical and cognitive performance.


4) Predicting the operational readiness and sustainability of soldiers. 

At this stage of the research program the primary focus is to determine how parameters influencing performance can be best assessed during training. The initial study was conducted during the VAKOL (Air Mobile Training Course) education training program.  


To enable measurements to be taken in the field, field labs were developed. These field labs made it possible to measure soldiers during their operations whilst minimizing interference with their tasks. Soldiers can be equipped with physiological monitoring systems and cognitive tasks can easily be fitted into the training schedules of the soldiers. It is not always possible to use the most accurate and sensitive measurement devices due to the limiting factors of the field study. Using the outcome of the reviews and taking into account the limitations of performing field studies, we choose to measure the following: 


· Climatic: Using the WBGT and weather stations for environmental temperature, rainfall, wind speed, and humidity.


· Physiology: Body mass, percentage body fat, heart rate (ECG), respiration rate, core temperature, skin temperature, accelerometry, and body position. 


· Cognition: Working memory, logical reasoning and alertness. 


· Subjective ratings: Sleep, perceived exertion, state and traits anxiety, emotions, need for recovery and mental strain.


· Energy consumption: Water and caloric intake. Energy consumption was measured with a device (SenseWear Pro) as well.


· Distance covered: GPS. 


· Instructor ratings.


This paper focuses on the effects of sustained operations on cognitive performance. Cognitive performance is affected by the level and the duration of physical strains, level of fitness, age, gender and experience. Physical exercise can influence cognition positively and negatively. The study of Hogervorst [5] showed improvements in cognitive performance speed after strenuous exercise while Fery [6] showed that decision reaction time was affected during an exhausting bout of a progressive workload session. The extent to which cognitive performance is affected during sustained operations, where soldiers have to deal with extreme circumstances, remains unanswered.


Do extreme physical and mental load and sleep deprivation during sustained training settings influence cognitive performance of soldiers? If so, to what extent is cognitive performance affected and how soon can performance be regained? It is hypothesized that the cognitive performance of soldiers decreases over time since the sustained operation places a high demand on the soldiers capabilities. 


2.0 
Methods


2.1 
Subjects


Soldiers (20 – 43 year old; mean ± sd: 29.1 ± 5.3) who qualified for the Air Mobile Brigade training course took part in this investigation (n=17). Qualification took place two weeks before the start of the training course. Participants were tested on their physical and cognitive status by the military lead. The participants were informed about the study and the measurements that would be taken prior to providing their written informed consent.


2.2 
Equipment


2.2.1 
Cognitive Measurement

To assess cognitive performance, three tasks, described below, were performed. Total completion time was about 20 minutes. The tasks were performed on a laptop (MSI U100, Taipei Hsien, Taiwan).


2.2.2.1 
Working Memory

Working memory was tested using the N-back task [7,8]. Three levels of difficulty (Zero-back, One-back, Two-back) were included. The participants were presented with a series of capital letters on their laptop screen and were required to press a “1” when the letter presented was on X (for the Zero-back), or when the presented letter was the same as the letter presented n stimuli previously (One-back and Two-back). Participants were required to press a “2” in any other situation. Twenty-one letters were randomly presented for one second and separated by an interstimulus interval of one second. Three blocks were presented starting with the 0-back, then the One-back and finally the Two-back. The total duration of the test was five minutes. Reaction time and accuracy were recorded. 


2.2.2.2 
Logical Reasoning

Reasoning and planning was tested using the Tower of Hanoi test (modified version of http://step.psy.cmu.edu/scripts-plus/ TOHx). Participants were shown a starting and end pattern (Figure 2). Both patterns were shown on screen with information describing the amount of steps needed to transform the starting pattern into the end pattern. Participants were instructed to transform the starting pattern into the end pattern in the amount of moves that was presented, as fast as possible and with a minimum of mistakes. Only one disk could be moved at a time, a larger disk could never be placed on a smaller disk and the disks could only be placed on the pegs. The test consisted of seven patterns that needed to be solved ranging from two-step problems to seven-step problems. On average the time needed to execute the task was five minutes. When a mistake (illegal move) was made, the participant had to start over with the presented pattern. 
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Figure 2: Tower of Hanoi.

The time taken to solve the tasks and the number of illegal moves were recorded. 






2.2.2.3 
Vigilance


Vigilance was tested using the VigTrack test (Vigilance and Tracking test) [9]. This test consists of a dual-task that is used for measuring vigilance and tracking performance. During the tracking task participants had to steer a blue disk using a joystick within a red circle located in the middle of a computer screen (Figure 3). While performing the tracking task participants were also required to perform a vigilance task. In the middle of the red circle a black square was shown that turned one quarter every second. At random intervals a circle (the target) was presented instead of a square. If the target was presented, participants had to press the fire button on the joystick. The time of the test was set at 5 minutes. The distance from the disk, reaction time, illegal responses, and missed responses were recorded.
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Figure 3: VigTrack test.

2.3
Study Procedure

The Air Mobile Brigade training course started on the 25th of August 2008 and lasted till the 10th of October 2008. The baseline measurement were recorded on August 22nd 2008. During this day participants were informed about the purpose of the measurements, received information about all measurements, got acquainted with the monitoring systems, filled in an extended list of questionnaires, practiced the tasks three times and were free to ask questions. 


In the first (25th – 29th August), third (8th – 12th September) and fifth (22nd – 26th September) week of the training course the participants were physically challenged. It was during these weeks that the participants had to perform cognition tasks on five occasions (Figure 4 shows the test set-up); on Monday, Wednesday and Friday morning and in the afternoon on Wednesday and Friday. During the days in which the cognitive testing took place, the physiological parameters of the participants were continuously measured. 
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  Figure 4: Test set-up.

During the remaining training course weeks (week two, four, six and seven), participants were not measured since there was a lack of physical activity in these weeks.  


Participants went home over the weekends. On the 5th of October cognitive function was tested and each participant was required to fill in the questionnaires. The series of tests were repeated at the 13th of October, the final testing day, along with an extended set of questionnaires. An overview of the study design is presented in Figure 5a. Figure 5b shows the design of the study during a testing day.
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Figure 5a: Overview of the tests during the training course.

		Getting up

		Breakfast

		Morning program

		Lunch

		Afternoon program

		Diner

		Evening/Night program





    

   ↑


   
       



   ↑


          - Cognitive






         - Cognitive


 

           testing






          testing

Figure 5b: Overview actions during measurement days (Monday, Wednesday and Friday) 
in the physical weeks. (On Monday the cognitive testing took place only in the morning).

2.4
Statistical Analysis

A within subjects, two-way (week (3) x test session (5)) repeated measures, ANOVA was used to analyse the data from the participants who completed the training course, using Statistica 7.0 software (Statsoft, Tulsa, USA). When the two-way ANOVA revealed significant interactions a Tukey Honest Significant Difference (HSD) test was used to locate the differences. The level of statistical significance was set at p = 0.05.


3.0
RESULTS


During five test sessions participants performed cognitive tasks. The test sessions were:


1 
– 
Monday morning


2 
– 
Wednesday morning


3 
– 
Wednesday afternoon


4 
– 
Friday morning


5 
– 
Friday afternoon


3.1
Working Memory (N-back Task)

The percentages of correct responses of the three levels of the N-Back task (the Zero-Back, the One-Back and the Two-Back) revealed significant interaction effects (Zero-Back: [F(8,64)=11.03, p< 0.01]; One-Back: [F(8,64)=12.06, p< 0.01]; Two-Back: [F(8,64)=6.68, p< 0.01]). During week 2 the percentage of correct responses was significantly lower when compared to the percentages in week 1 and 3 for all three difficulty levels. Figure 6 shows the results for the Two-Back. Higher difficulty levels of the N-Back led to greater decreases in participant’s performance. 
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Figure 6: % Correct Target Responses Two-Back.


In the Two-Back condition the percentage of correct target responses were significantly (p< 0.01) lower on Wednesday- and Friday morning in week 2. On Friday morning in week 3, the percentages of correct responses were significantly lower compared to the other test moments that week (p< 0.05).

Significant interactions effect were found for the reaction times during the Two-Back [F(8,64)=2.16, p< 0.05]. The Friday morning test resulted in significantly lower reaction times compared with the tests on Wednesday morning and Friday afternoon (p< 0.05) (Figure 7). 
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Figure 7: Reaction Time Target Two-Back.

3.2
Logical Reasoning (Tower of Hanoi)


Logical reasoning showed significant interaction effects in completion time and initiation time (mean completion time: [F(8,64)=11.08, p< 0.01]; mean initiation time: [F(8,64)=6.69, p< 0.01]). 


The completion time in week 2 differed significantly from the completion time in week 1 and 3 (p< 0.01) while the initiation time differed significantly between all weeks (p< 0.05).

On Wednesday and Friday mornings participants needed significantly longer completion and initiation times (p< 0.01) compared with all other test sessions in week 1, 2 and 3.



       


3.3 
Alertness/Vigilance (VigTrack)


Tracking performance (RMS) showed significant interaction effects [F(8,64)=9.93, p< 0.01]. During week 2 tracking performance was significantly worse compared to week 1 and 3 (p< 0.01), (Figure 8). On Friday afternoon in week 1, participants had significantly higher tracking error scores compared to test sessions 1 to 3 of that same week (p< 0.01).
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Figure 8: Root mean square of the target during the VigTrack.

Tracking performance results during week 2 were variable. The performance profile of the second week differed significantly from the profile seen in week 1 and 3. In particular, during the test sessions on Wednesday- and Friday morning tracking performance was poorer. These two test sessions in week 2 had significant different results compared to the same test sessions in week 1 and 3 (p< 0.01). Wednesday afternoon in week 2 resulted also in significant worse tracking performance compared to the same test session in week 1 and 3 (p< 0.05).


Except for reaction times of the first test sessions, for each week, participants had significant differences for the vigilance sub-task. Reaction times showed significant interaction effects [F(8,64)=6.47, p< 0.01] (Figure 9). Impaired reaction times were found during the second week compared to the other weeks (p< 0.01).
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Figure 9: Reaction times on the stimulus during the VigTrack.

Reaction times during week 1 were significantly slower during the Friday morning and afternoon sessions compared with the other sessions that week (p< 0.01). The reaction time was significantly faster during the Monday morning session in week 2 compared with the other sessions that week. During the Friday morning session of week 2, reaction times were significantly slower compared to all other sessions that week. No session effect was found in week 3.


A significant interaction effect was found for the percentage missed targets [F(8,64)=9.15, p< 0.01] (Figure 10). The percentage missed targets was significantly higher during week 2 compared to week 1 and 3 (p< 0.01). On Friday afternoon in week 1, a significantly higher percentage of missed stimuli was found compared to the first three test moments that week (p< 0.01). On Monday morning in week 2 a significantly lower percentage of missed stimuli was found compared with the other test sessions that week (p< 0.01). In particular, the sessions on Wednesday and Friday morning in week 2 showed high percentages of missed stimuli (43 and 58% respectively). Test sessions 2, 3 and 4 in week 2 revealed significant higher percentages of missed stimuli than the same test sessions in week 1 and 3 (p< 0.01).
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Figure 10: Percentage of missed stimuli during the VigTrack.

4.0
DISCUSSION


This investigation was performed to gain more insight into the effects of prolonged physical and mental strains in combination with variables such as sleep loss during a sustained training setting. Three different cognitive tasks were used to measure cognitive performance and all tasks showed identical patterns in test results. Cognitive performance differed significantly between and within weeks. During week 1 and 3 an ascending degradation of cognitive performance was found over the weeks while the cognitive performance in week 2 showed an irregular pattern over the week with the cognitive performance being the worst on Wednesday- and Friday morning.


The most variance in the test results was observed during the most difficult N-Back test (the Two-Back) between and within weeks. The Zero-Back and One-Back are easy tasks to execute compared to the Two-Back. Other studies [10] have shown that very complex memory tasks are not sensitive enough when measuring cognitive performance. The Two-Back test seems to be a task that tests working memory without being overly difficult. Thus making the task a sensitive measure of cognitive changes.


Differences between the Tower of Hanoi scores were minimal. The test results were only different on the Wednesday and Friday morning in week 2. The other scores showed little variation. Comparing the Two-Back score variation with the Tower of Hanoi score variation, the Tower of Hanoi seems to be a less sensitive task to measure cognitive performance in soldiers during sustained operations. This might be due to the fact that the Tower of Hanoi measures logical reasoning instead of working memory and that the Tower of Hanoi task is also a more complex task compared to the other tasks used. Disks are moved by selecting them with a mouse click and then clicking the peg where the disk has to be moved to. No disk or peg is selected when clicking too far from the disk or peg. Not directly selecting the disk or peg affects completion time. These types of incidents happen easily even with well rested participants. Also, wrong steps might be taken when starting the tasks too fast without taking enough time to over think the right steps needed to solve the puzzle. This decrease in concentration can overshadow the effects of a diminished logical reasoning. 


The VigTrack showed to be sensitive to cognitive changes. Results of both the tracking and vigilance sub-tasks (the percentage missed stimuli and the reaction times) show an almost identical pattern; when tracking performance decreased, more stimuli were missed. This phenomenon can be explained by the fact that when the disk is far away from the middle of the screen (where the target is being displayed), it is difficult to keep an eye on the disk in order to steer it to the middle and, at the same time, to keep an eye on the target. Participants need a split vision in order to do that. The use of split vision needs concentration which is hard to do when someone is exerted. Therefore, performance decreases.

The first and third measurement weeks were mainly physical weeks in which soldiers were pushed to their physical limits. Soldier’s physically exhaustion and lack of sleep increased over the two weeks resulting in a worsening of their cognitive performance. Cognitive performance during week three was comparable to week 1. The results were slightly better during week 3 which might be due to the differences in physical performance. Soldiers had to deal with less strenuous physical performance in week 3 compared to the strains during the first week. This was due to the training focus of the week. During week 1 individual performance was important while group processes were the focus of week 3. 


During the second week soldiers were challenged physically in combination with high mental strains. Results show that cognitive performance during the second week was more severely affected compared to the other two weeks. This might be the result of the combination of physical and mental strain. The decreased cognitive performance of the soldiers recovered quickly. Despite the decrease in cognitive performance, seen on Wednesday and Friday morning in week 2, no performance decrement was evident during the following test session in the afternoon the same day. According to these results it is very likely that cognitive performance degradation occurs more easily and more severely when soldiers are exposed to high physical and cognitive strains. At the same time, soldiers are very well capable of restoring their cognitive performance in a short period of time. 


Soldiers started all three weeks with test results that were on the same level. Obviously, the previous week and/or the weekend offered enough time to recover cognitively.


4.1
Limitations of the Study

Participants were very tired as a result of the very demanding training course. On some occasions participants fell asleep while performing the cognitive tasks. As soon as participants fell asleep, they were awakened by one of the experimenters. This was done to make sure the participants completed all the testing within the 30 minutes of test time. Not waking the participants would have led to data loss. 


5.0
CONCLUSIONS/RECOMMENDATIONS


Cognitive tasks give insight in the cognitive performance of soldiers during a sustained training course. The measurements performed during the training course reveal that when soldiers are physically and/or mentally challenged, cognitive performance is negatively affected. Physical strain by itself influences cognitive performance while physical strains in combination with psychological strains affect cognitive performance even more. Although significant drops in cognitive performance occurred, soldiers are capable of restoring their cognitive performance in a short time period. 


It remains unclear what has caused the major drops in cognitive performance and what facilitated the increase in performance after the significant performance degradations. It would be interesting to investigate to what extent psychological strains, physical strains and the combination of both influences cognitive performance. Since our measurements took place in the field, the cause of the drops might be a combination of physical and mental strains, as well as lack of nutrition, lack of water intake, lack of sleep etc. Controlled lab studies, should give more insight into the effects of several factors on cognitive performance.
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Abstract 


It is well recognized that future NATO military forces will rely extensively on advanced technologies to enhance their mission essential tasks. Of particular interest are those technologies that are referred to collectively as Human Performance Enhancement (HPE) technologies. As addressed in this paper, HPE refers to the augmentation of physiological, psychological, perceptual, physical, and operational abilities through technological means to enhance performance capability in military missions. HPE technologies include (but are not limited to) those employing drug and gene doping, stem cell involvement, cognitive psychology and neuroscience, medical nanotechnology, adaptive information technology, and non-lethal human effects. All of these have the potential for improving military operations, but there are legitimate concerns that applying these technologies may exceed the limits of human capability and/or infringe on the rights of individuals. This paper forewords the case that ethically such concerns should first be addressed at the research level. In that regard, HPE research ethics considerations are given in terms of areas having the most impact in addressing the issue, viz.: (1) prior animal and other pre-trial testing, (2) informed consent, (3) privacy and confidentiality, and (4) monitoring research.


The paper also touches on multi-jurisdictional HPE research where several NATO countries conduct a collaborative program of research. In particular, the paper points to a study undertaken by The Technical Cooperation Program (TTCP) [DOC-HUM-2-2008, 26 November 2008] that identifies and compares some of the essential components required in conducting such collaborative research.

1.0
INTRODUCTION


“In each action we must look beyond the action at our past, present and future state, and at others whom it affects, and see the relations of all these things. And then we shall be very cautious.”

Blaise Pascal, French Mathematician and Philosopher, 1623-1662

The insertion of projected, advanced, human performance enhancement (HPE) technologies into NATO military operations offers the promise of significantly aiding physical, physiological, cognitive and mental endurance, and resilience to injury of military personnel. At the same time, there is the legitimate concern that applying these technologies may exceed the limits of human capability and/or infringe on the rights of individuals. It is the responsibility of NATO defence research organizations to see to it that institutional human research ethics considerations are applied uniformly to assure that there are appropriate constraints on the military use of HPE technologies.


Above all else, the overriding goal of human research ethics considerations is the protection of the individual research participant (subject) from harm. Furthermore, it goes without comment that the human participant is the most valuable resource that the research investigator has in conducting human science, so, for that alone, it is imperative that all steps be taken to assure his/her safety. The introduction of advanced technologies into military operations that stretch the limits of physical, physiological and cognitive capability to capacity calls for the need to carefully take into account the human research ethics considerations laid down by precedent organizations or activities to protect the research participant. 


Modern human research ethics considerations stem from the outgrowth of concerns regarding the egregious Nazi experiments during World War II in hypothermia, extremes in body warming, high altitude, infectious diseases and other induced traumatic injuries on human captives.  These concerns led to the Nuremberg Code with its embodiment of the protection of human research participants through informed consent and the right to withdraw at any time from an experiment [1]. The follow-on Helsinki Declaration, developed by the World Medical Association and widely used in all NATO countries, stipulates that the research obligations of the researcher to the research participant are paramount. In particular, it calls for the need of an institutional peer review body, which is independent of the research investigator, that reviews research protocols regarding the adequacy of experimental design and procedures in protecting human participants. (This document has been updated several times to keep up with scientific advances and the consequent ethical concerns that that 
entails [2].) 


In the United States, two sets of observational experiments, the Tuskegee syphilis study on poor Afro-American men and the Willowbrook hepatitis study on institutionalized children [3], had a profound impact in moving that country toward a set of formalized standards in research ethics. In the former study, syphilitic men were observed over several decades, without benefit of an available treatment, to determine the course of the disease. In the latter study, mentally challenged children were deliberately infected with the hepatitis virus in a failed attempt to find a cure for this disease. Both studies breached research participants’ rights, and both considered science above all else for personal and institutional gain. In particular, the fallout from these two studies led to the Belmont Report with its focus on the respect for persons, beneficence (risk of harm versus benefit) and justice as applied to human participant research [4].


With the acceptance of these declarations by the biomedical community, the concept of informed consent with its emphasis on physical risk mitigation has become well established and a fundamental principle of medical and physiological research. However, the application of such informed consent is less straightforward when conducting military research with HPE technologies that impact on genetic, cognitive, mental, and even moral, legal and social issues. For instance, in clinical trials of novel pharmacological agents, there are also issues surrounding equipoise (is one treatment better than another), multi subject participation, the need for independent monitors and the discrepancies in extrapolating animal findings to human evaluation among other concerns.  Similarly, in the burgeoning field of medical nanotechnology, there are new concerns regarding safety and toxicity in such applications as disease diagnosis and drug delivery.  Compounding all of this is the increased public scrutiny and potential legal ramifications that clinical trials, nanotechnology research and other HPE research must endure.


Much of behavioural and social science research now relies extensively on qualitative analysis to understand human behaviour. Paramount here is the risks associated with a lack of adequate privacy protection and the safeguarding of information (confidentiality). Approaches used to gain this understanding may include the use of paper- or Internet-based questionnaires, image recordings, focus groups, participant observation, penetrating interviews, etc., all leading to a new set of consent, privacy and confidentiality concerns.  Issues raised include the following: deception by withholding information to participants; the use of oral- or unsigned- instead of written-consent or even the waiver of consent in special circumstances; the capacity for stigmatization and the potential for consequential third-party effects if de-identification of data is faulty. 
(For example, these may occur when conducting research in NATO coalition operations where cultural differences may be a factor, in probing the unequal soldier/commander power structure, and from the residual emotional effects in achieving answers to penetrating questions in trust, leadership, and battlefield stress on the individual, group, family, community, etc.)  A reasoned response is sometimes the only option available to such situations.


2.0
Human Performance Enhancement (HPE) technologies


HPE in the context of this paper refers to the augmentation of physiological, psychological, perceptual, physical, and operational abilities through technological means to enhance performance capability in military missions. Enhancing human performance capability is multi faceted in terms of domain and application, and, with the view to attaining it, research is being conducted using a variety of technological means [5,6,7]. Such research endeavours requiring research ethics scrutiny would include (but are not limited to):


· Managing fatigue in sustained operations through special training regimens using novel devices and nutrition, and proper sleep - rest strategies that employ the use of stimulants and sedatives, such as modafinil, high dose caffeine, melatonin and advanced pharmacological agents that reverse sleep-deprived cognitive performance, and other counter fatigue techniques;


· Improving operator situational awareness through laser-assisted vision enhancement by means of corrective eye surgery and implanted intraocular rings and lenses;


· Clinical trials of novel immune boosters employing gene expression procedures including stem cell involvement for both healing (on returning ill troops) and mission enhancement (with operational troops);


· Augmenting human cognition and communication, both individually and collectively, by exploiting developments in cognitive psychology (computer training with reinforcement feedback, adaptive intelligent interfaces, etc.) and multiple sensory communication (visual, auditory, etc.) utilizing breakthroughs from the convergence of nanotechnology, neuroscience technology, information technology, and cognitive science;


· Enhancing physical capability and endurance through the use of intelligent on-demand exoskeletons, enhanced blood oxygen delivery through gene and drug doping, special drugs and dietary supplements to increase muscle strength, etc.; 


· Enhancing behavioural ability through exploration with novel qualitative analytical techniques from cognitive science regarding moral and ethical dilemmas during deployment, coping with battlefield stress, handling post combat stress including post traumatic stress syndrome, inferring adversarial intent, assessing trust and leadership, etc.; 


· Augmenting crowd control and reducing battlefield injury through the selective use of non-lethal weapons.


Consistent with the observations of Brown and Tvaryanas regarding the introduction of projected HPE technologies into military operations [8], many of these examples (and others) impact on healthy individuals where the benefit is hypothetical, the benefit is hard to define quantitatively as is the risk, a sufficient number of participants is unlikely to be recruited to adequately assess risk of harm, long term health effects are inconclusive therefore requiring lifelong surveillance of participants, and they raise other societal, ethical and legal concerns that need to be handled with great caution to avoid unintended deleterious consequences.


The TGN1412 clinical drug trial at Northwick Park Hospital, London in March 2006 is informative in this regard and can stand as a benchmark for what can go wrong in HPE research. Six volunteers were given small doses of TGN1412, a monoclonal antibody genetically engineered from a mouse antibody to be immunologically accepted in humans. Almost immediately on drug administration intravenously, all volunteers became seriously ill with multiple organ failures: all survived, but there are concerns regarding the long-term risk to health because of seriously compromised immune system problems [9].


3.0
HUMAN RESEARCH ETHICS CONSIDERATIONs


3.1
Prior Animal and Other Pre-Trial Testing


The TGN1412 drug trial demonstrates the fact that pre-trial animal testing does not necessarily assure drug compatibility to humans. It also points to the importance of the proper use of surrogates to applicable HPE experimentation before participant testing commences. Experts have confirmed that the benign effects of a rodent monoclonal antibody tested on monkeys and then genetically altered does not necessarily extrapolate to human compatibility, particularly since it is known that TGN1412 is species specific and capable of causing a violent reaction. Common practice would indicate that the drug should have been given to only one volunteer first, and at low concentrations under the skin rather than intravenously, to assess the reaction [9]. Moreover, there is no evidence that the necessary, in vitro, blood cell compatibility testing between animal and human blood was determined pre trial [10]. As demonstrated by this example, the need for caution and proper planning cannot be overemphasized when conducting HPE research. 


The use of pre-trial surrogates in research involving medical nanotechnology is also informative in this regard. To begin with, there are serious concerns regarding systemic toxicity resulting from the insertion of nanoparticulates (particles having dimensions much less than one micron) into the human body for HPE or disease control [11,12,13]. For example, the issue of biocompatibility and toxicity of administered nanoparticulates is raised in regard to their size, shape and composition because it is recognized that currently there is insufficient knowledge and data regarding physicochemical characterization, long-term persistence in the human body, and many other concerns. Characterization will also depend on whether the nanoparticulates are of biological or non-biological material. Persistence in body tissues may well require the lifelong monitoring of health status [8]. Experts agree that nanomaterials need to be evaluated for their risk on a case-by-case basis according to their intended use. In vitro assays and human cell culture studies in conjunction with some in vivo experimentation have been recommended for screening purposes for hazard assessment. In vivo animal studies for assessing short- and long-term health effects are vital and appropriate although there are concerns that specific toxicities may not be detectable in the conventional animal model. New equipment and methodologies may need to be developed to characterize and monitor nanoscale behaviour in human tissues before trials commence. Again, the need to progress slowly and cautiously is of utmost importance before conducting human trials.


Some salient work conducted on surrogates in terms of pre-trial testing for human effects to non-lethal weapons is also illustrative [14]. Human effects in this regard are the physical, physiological and psychological responses produced by non-lethal weapons on personnel, i.e., from those weapons having a low probability of causing permanent harm. Foremost here are the valuable data derived from cadavers and anesthetized animals to purported less-than-lethal blunt trauma on internal organs from which projected dose - response information may be extrapolated to the human condition. Animal research will also serve to demonstrate long term sensory, behavioural and other human health defects resulting from a variety of non-lethal weapons testing. In accordance with the work of the automotive industry in crash system testing, there is a role in developing human-like, sensor fitted manikins and representative mathematical models to mimic injury criteria to selective non-lethal weapon impacts [15]. The effects, short- and long-term, of non-lethal trauma resulting from contact sports injuries and those sustained by combatants in theatre will also prove valuable in compiling a database of human effects to non-lethal weapons usage. 


In the three examples cited above, and in other pre-trial HPE research, the judicious use of animal models is critical in assessing risk of harm to humans. It is important to emphasise, however, that all animal research must be conducted under stringent, institutional, animal care committee oversight. Of course, animal data should only be collected when there are no other means to ethically obtain pertinent information.

3.2
Informed Consent  


Of cardinal importance to human research ethics considerations involving HPE technologies is the concept of informed consent. Informed consent, regardless of the type of research conducted and on whom, is inviolable in terms of respect at all costs for the human dignity of the participant [16]. Moreover, it is the responsibility of the investigative team to see to it that all aspects of informed consent are properly presented. This implies that those who act as participants in human research do so voluntarily, i.e., no coercion must be applied on them and self-withdrawal from the study may take place at any time. It also implies that they fully understand the purpose of the research; that protocols are written at a level that is comprehensible to them; and, to the extent possible, that they clearly understand all of the real and unforeseen risks of harm and potential benefits. With HPE research, where both the benefit and the risk may be hard to assess, a comprehensive informed consent takes on an added importance. If such research is approved by the institutional ethics review board, ongoing consultation by the research team will be required with the option being there of withdrawal by the participants at any time for whatever reason as the research progresses. Of course, it also means that the investigative team must stop the experiments if it finds even the slightest evidence for the possibility of harm. Since visual images enhance information retention, the suggestion put forward for written informed consent to be augmented in HPE research by video- or computer-aided consent to illuminate the benefits and risk of harm pictorially merits attention [17].


Informed consent that is not written is an option that may be invoked under special circumstances in HPE research [16]; in particular, when it comes to some qualitative research that behavioural and cognitive scientists undertake. Options may include unsigned consent, oral consent and even the waiver of consent depending on the type of study undertaken. However, there are strict conditions under which these options may be used:


· The research must involves no more than minimal risk, i.e., the risk of harm is no greater than that encountered by the participant in his/her daily life;


· The research will not likely adversely affect the well-being and welfare of the participant;


· The research could not be conducted practically otherwise; and



· As appropriate, a full debriefing following participation will be constituted.


The case for unsigned consent has been addressed in research ethics guidelines compiled by Defence Research and Development Canada [18], and are relevant to this paper, viz.: “In some research projects, obtaining a signed consent is very difficult and perhaps impossible. This may be the case where the nature of the data to be collected is sensitive, context dependent, and/or involves responses about people other than the subject (respondent) (e.g., reactions to stress or opinions about leadership). This may also be the case where the data are to be collected from a vast number of subjects by methods such as interviews or questionnaires delivered by mail or over the phone or the Internet. When collecting sensitive data is the issue, then having to sign a consent form might prevent individuals from participating because of fear that the confidentiality of their data will be jeopardized in spite of any safeguards to confidentiality that the investigators might promise. When the number of subjects or the method of data collection is the issue, then obtaining a signed consent simply may not be logistically feasible.” Unsigned consent may be instituted through a covering letter or password-protected electronic form for Internet users that indicates, in addition to the requisite components for written consent, that by returning the accompanying data collection survey, consent has been given to use the collected data.


3.3
Privacy and Confidentiality


Respect for privacy (individual rights) and confidentiality (safeguarding information) in human science research is widely recognized as being an international cornerstone to conducting ethical research. The topic is now drawing increasing attention as the need for behavioural and cognitive qualitative research into such HPE issues as trust, leadership, adversarial intent, contentious decision making, battlefield stress, etc. becomes more prevalent. Privacy and confidentiality issues arise in a number of ways in human science research that, if not addressed appropriately, may cause harm or stigmatization to the participant if an individual identity is known [16,19]. For example, if applicable and not protected properly, sensitive information exposed during research could relate to an individual’s: 


· Sexual practices and orientation, 


· Past history of substance abuse and/or physical abuse,


· Past history of being abused,


· Past illegal activities,


· Current and past health status including mental state,


· Judgemental responses to issue such as leadership or unequal power structure queries, and/or


· Identifying genetic information.


Identifying information of participants may also have dire implication to family members, social contacts and/or the military community if privacy and confidentiality are breached. Genetics research that took place at Virginia Commonwealth University in the late 1990s is instructive in this regard [20]. This case concerned a female participant involved in a survey in which sensitive questions were asked regarding the health of family members. Family members objected to having their medical history form part of the project without their consent as it was felt that such information posed a threat to the collective privacy of the family members. Review by the U.S. National Institutes of Health led to the conclusion that the institutional review board should have considered whether or not family members were participants because of the nature of the information being sought. The outcome was that the institutional review board was found to be negligent in its review process resulting in the temporary suspension of human science research at the University. Though illustrating the impact on family members of such breaches, this case could equally well apply to other situations where private information on one individual impacts on others. Bodkin [20] provides useful recommendations for determining if secondary members can be considered as human participants, and, if so, has suggested that informed consent may be waived if the conditions cited above in paragraph 2 of Section 3.2 Informed Consent are met.

The control of identifying information regarding the re-use of data for other research purposes (secondary use) or the sharing of data by NATO countries is also relevant to this discussion [16]. The secondary use and sharing of data are extremely important as they avoid the cost of duplicating expensive trials or executing new research endeavours (e.g., in non-lethal weapon research). Sharing also enables investigators to assemble the adequate sample sizes required to draw meaningful conclusions from the data (e.g., in a meta analysis of fatigue techniques in sustained operations).

The key to handling sensitive information whether from a participant, secondary member, secondary use data or shared data lies in the ability to remove or obscure identifying information to provide suitable protection [16]. When participant identifiers are not required (e.g., in some benign Internet surveys), then these identifiers can be removed from the data. However, technological advances in database linkages with other information mean that the re-identification of participants is a possibility. This is the case, in particular, in genetics research, where re-identification is a serious concern to investigators because the information obtained may provide damaging biological insight on ancestral shared genetics. When identifying information is required, then several steps need to be taken [21]. Firstly, to the extent possible, all participant identifiers should be removed as soon as possible and replaced with a suitable code name that can be reconstituted and linked to the data by the investigators if necessary. Then the data should be encrypted or otherwise protected by technological safeguards such as passwords, access codes, no Internet connections, etc. Physical safeguards such as using locked filing cabinets, etc. should be implemented. Limited personnel access to the information is a necessity. Only aggregate reporting should be conducted. Common sense would indicate that a proportionate approach should be implemented that dictates the extent to which participant information and data should be protected: the greater the sensitivity, the greater the need for stronger security safeguards.


3.4
Monitoring HPE Research and the Participant


As indicated earlier, research involving HPE technologies that stretch the limits of capability to capacity calls for the need for good planning and great caution in instituting a work program. In particular, this is the case in HPE research where the potential for great benefit to the military and the risk of causing great harm to the participants, during experimentation and long term, are both hard to define quantitatively. Because of this fact, it may be necessary to go beyond the recommended checks required of institutional research ethics boards in monitoring HPE research during the conduct of the work. To the extent possible, the goal should not be to limit HPE research, but to promote and facilitate the conduct of the work in ways that respects the dignity and preserves the well being of the human research participant. This implies that a suitable stepwise program of monitoring should be instituted to take into account not only the effect of the research on the participant before, during and after experimentation, but also on the conduct and safety aspects of the research program itself as it develops and progresses.


From a research ethics perspective and in line with the practice of monitoring participants before a complex HPE research experiment is approved, a “readability” test is one method for determining whether or not a research protocol is clearly written and understood. Such a test was applied by the University of Leeds, United Kingdom on members of the public using the approved protocol of the TGN1412 drug trial. The test results indicated that, given the time constraints imposed by the investigators and because of the complexity of key factors as presented, the TGN1412 participants would not have passed such a test [22].  An analogous method could be developed and instituted to screen potential participants for suitability in HPE research. Moreover, the institutional review board could play a key role in this regard too by placing a community member such as a fireman, policeman, automotive manager or clergyman on its Board to address issues of protocol readability and other practical matters.


An independent advisory body made up of subject matter experts working co-jointly with the institutional research ethics board might be an option for assessing warning signs of harm pre-trial, during the trial at critical milestones, and afterwards in specific HPE research. Having the authority to make unannounced inspections of the research would add an additional safety perspective to this body. In an analogous way, it is noteworthy that the Joint Non-Lethal Weapons Directorate, Quantico, Virginia has established two boards to help facilitate non-lethal human effects research review, interpretation and recommendation [23]. The first of these, the Human Effects Review Board, provides the program managers with a milestone, independent assessment of health risks and recommendations for mitigating potential risks. The composition of this Board consists of senior medical officers, safety officers, legal and other Department-of-Defense representatives. The second independent board, the Human Effects Advisory Panel, consists of non-governmental, senior subject matter experts from academia, the medical community, and law enforcement. Its mandate is to review plans, provide assessment, make risk mitigation recommendations, advise on addressing technical challenges, and address bioeffects issues identified by the other Board.


4.0
Multi-Jurisdictional Cooperative HPE Research


At another level, there is the multi-jurisdictional issue of ethics review when several NATO countries hosting one or more institutions conduct a collaborative program of HPE research. Each country will have its own national and legal policies on what constitutes human research and the ethical treatment of human research participants, liability in case of research-related injury, informed consent, and other data acquisition issues.  Therefore, the question should be asked: will each institution in such an endeavour conduct its own ethics review, will there be multi-institutional reviews, or will another arrangement be adopted? Whatever the arrangement, HPE research ethics review must be instituted and abide by the dictates laid down by international law for protecting human participants in research. To provide insight to this issue, The Technical Cooperation Program (TTCP) has produced a document that identifies and compares some of the essential components that must be followed in conducting multi-jurisdictional collaborative military research by Australia, Canada, New Zealand, the United Kingdom and the United States [24]. Special focus is given to the different national policies for conducting human research, research liability, data collection, data sharing and use, and harmonizing informed consent documentation.


5.0
Concluding Remarks


HPE technologies offer the promise of significantly aiding human performance and safety in NATO military operations. However, there is concern that the application of HPE technologies may exceed the limits of human capability and/or violate individual rights. This paper contends that the onus to first determine that appropriate limits are placed on the military use of HPE technologies rests with the institutional ethics review boards of the different NATO defence research organizations. Taking into consideration that the role of the institutional review board is to protect the dignity and welfare of the research participant in HPE research, this paper discusses the issue from the perspective of: (1) pre-trial animal and other surrogate testing, (2) informed consent, (3) privacy and confidentiality, and (4) monitoring the research and the participants.
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HFM-181 Symposium on Human Performance Enhancement for NATO Military Operations (Science, Technology and Ethics) was held in Sofia, Bulgaria from 5 through 7 October. The Chairs of the meeting were Col. Karl Friedl (USA) and Dr. Pang Shek (CAN). Participants represented a broad range of allied, partnered and affiliated countries presenting on a range of topics in the area of human performance optimization and enhancement. Theoretical possibilities and associated bioethical issues in inducing supra-normal abilities in human performance in NATO military settings were explored. However, all active research programs presented were concerned with optimizing health and performance, weighing operational reality with the need to protect long-term physical and mental well-being. Bioethical boundaries for enhancement technologies were suggested. However, given the judicial complexity of the ethical debate a more pragmatic option of �due diligence� was recommended. That is, to mitigate circumstances that lead to ethical dilemma, a goal of military operational performance research should be to provide commanders with options for �due diligence� in deciding to authorize performance-sustaining or enhancing technologies that risks long-term health and fitness of service members.
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