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PREFACE

Or. September 7th and 8th, 1972 during the Annual Meeting of the Aerospace
Medicai Panel of the NATO Advisory Group for Aerospace Research and Develop-
ment in Glasgow, Scotland, a two day scientific session of papers was held on the
Current Status in Aerospace Medicine. The session was inlended to provide a
selected review of some recent research in aerospace medicinie and included
studies rf flight stress and physiological adaptation, advancas in protection and
protective equipment, and the results of recent space fligats,

Elever very excellent papers were selected for the session. They ranged
trom diccussions of aerospace technology spinoffs to in-depth research findings,
discussing methods employed, and recent operational items of interest.

The timne:y subinission of papers made it pousible o provide attendees of
the Snecialists' Meeting with preprints (AGARD Conference Pre-print No. 110).
As aresult, speakers were able to present their topics concisely and entertain
questions following the presentations.
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TECHNICAL EVAI.UATION

OF THE
AEROSPACE MEDICAL PANEL SPECIALISTS'MEETING
oN
CURRENT STAT US IN AEROSPACE MEDICINE
by

Walton L.. Jones, M.D.

On September 7th and 8th, 1972, the Department of Physiology of the University of Glasgow hosted
the AGARD ASMP scientific session of papers on Current Status in Aerospace Medicine. The two-day
sesgion provided an informative and, in many cases, provocative overview of current aerospace research
and technology problems and developments. Because the subject matter was as diverse as are areas of
interest in aerospace medicine, a technical evaluation of the overali meeting would be difficult. Conse-

quently, the following text attempts to summarize and very briefly evaluate each of the papers individually.

At the request of the Host Coordinator, Group Captain T.C. D, Whiteside, MBE, RAF, the Technical
Programme Organizer and Session Chairman led off the discussions with a paper describing recent NASA
aerospace medicine technology developments. Briefly summarized, the paper described some of NASA's
continuiug preparations for the day when a latoratory in space will be available to scientists for the study
of basic life processes in the far space environment, The presgentation described the rcle of the space
shuttle in making this goal possible. Also described were selected ground based experiments to be ac-
complished to render tasks in space simpler and more reliable and insure that they are ho::ed to a finer
scientific edge.

Captain Ewing (USN) (paper C2) discussed vertebral fracture mechanisms ~nd the implications of
this costly ard vexirg problem for all our air forces. The statistics reviewes )y Dr. Ewing indicate that
25 percent of comba: major injuries on ejection are non-fatal vertebral fractt.e. This is a high penalty
to pay but it must for the time heing be tolerated if the aiternative is losing aviztors. Work must, how-
ever, be aimed at reducing, and finally eliminating, this concomiiant of ejection seat escape. To ne-
glect this problem would be to both ignore our humane instincts and to disregard sound economics.
Aviators are highly trained individuals and, once experienced, virtually irreplacable. Captair. Ewing's
data indicate that the mechanism involved is primas-ily an anterior fracture mechanism. He postulates
that there is some mechanism limiting posterior compression but not anterior compression of the verte-
bral bodies. To prevent fracture, he suggests, a means must be devised for placing the vertebrae in
relative hyperextension and maintaining this hyperextension so that the anterior lips of the vertebrae do
not come into contact. Aithough this reasoning is undoubtedly sound, other possible causes for the verte-
bral fractures experierced in ejection escapes must not be overlooked, The frequency response of the
seat and propulsion system, for example, has never been determined, and orly preliminary data are
available concerning the frequency responsc of the body. It is in this line of investigaiion I feel ihat an-
other causative element in ejection vertebral fracture mechanisms may be found, and I would encourage
investigators to seek it here. Captain Ewing's study, nevertheless, is important in this chain of inves-
tigative efforts and represents a very important element leading toward the solution of a very complex
problem,

The next presentation (paper C3) emphasized our lack of understanding of carriers of various dis-
eases. In alarge scale Hellenic Airforce study, a 5.2 percent incidence of asymptomatic carriers of
hepatitis-associated-antigen was found in the Greek aviator population, This causes a high morbidity in
operational air force personnel and represents a potentially high non-effective rate for all military oper-
ations. The problem outlined by Major Vissoulis and Lieutenant Colonel Giannopoulos is worthy of con-
siderable additional investigation.

Dr. Apel described a case of syringomyelia found on autopsy in a German Air Force aviator,
clearly underscoring the need for improved aerospace medical examination procedures and techniques.
The pilot in question had shown no clear signs of performance degradation before the accident, and it
might well have been that his mcdical condition played no important role in ihe accident that caused his
death., Nevertheless, it is important that this degenerative disease of the spinal cord be identified in
aviation personnel so that it can be reckoned with in the operational usage of the aviators concerned.
Depending on localization and extension, the disease may exert a negative effect on flying fitness.
Syringomyelia is just one of many diseases of which the clinical practitioner of aerospace medicine needs
to be aware and for which he must be alert in the course of all routine physical examinations. In this
area, aviation medicine might benefit by the application of somc of the techniques being used in space
flight physical examinations. Many of the procedures emplo;ed in space flight medical examinations
cover the gamut of many more conditions than can be evaluated in the rather routine aviation physical
examinotions provided today. Additionally, a great many space medicine procedures are automated or
otherwise streamlined so they can be performed quickly and in a cost effective manner.

A space biology experiment known as BIOSTACK--for the layers of biological materials sandwiched
between radiation detective layers--was flown on Apollo 16 (paper C5). The aim was to discover more
concerning the effects of galactic radiation. This radiation study was conducted during a translunar
{light because, at the current time, it is not possible to simulate heavy, high-energy particles on Earth,
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1t is hoped that such simulation will be possible in the near future at facilities planned by the U.S. Atomic
Energy Commission. The variety of biological effects produced by the heavy ion flux during the Apollo 16
mission is being analyzed and should yield interesting data on the influence of a single penetrating radia-
tion particle on cellular and tissue development, nuclear damage, and mutation induction.

Dr. Bourne described the efforts being made at the Yerkes Primate Research Center to build a base
of disease-free, physiologically normal animals. These animals can be used to provide reliable pre-
flight haselines for space flight experiments in which subtle changes are being sought. 1t has been cus-
tomary practice to use fera' animals in research, provided these were disease free. While such animals
have been de:cribed in the literature as "normal," they do exhibit considerable pathology. Dr. Bourne's
paper described methods for breeding Rhesus monkeys, which show many characteristics similar to
man's. These captive-bred m<nkeys show much less pathology than wild born animals. 1t should be re-
membered that the more subtie the physiological change being sought, either in space research or
ground-hased research, the more normal the tissues must be. This has meaningful application, of
course, tc 1ll anim.al research.

Dr, Byford described an interesting method for precluding the collection of reams of experimental
data for which there will be little if no use and with which most aviation medical laboratories are now
glutted. The essence of his solution includes a means for rejecting parts of the data considered to be of
little importance. He described the real-time analysis of a multichannel electrophysiological recording
using uncomplicated mathematics and the parallel-serial hybrid computing installation at the RAF Insti-
tute of Aviation Medicine, The next step anticipated should be very useful in the collection of electro-
physiological data since it will permit off-line as well as on-line analysis at speeds that should allow
reasonably ecomomical use of computers.

Major Krutz described an evaluation of the phased-dilution concept for oxygen breathing systems.
This concept is part of an overall program to provide oxygen in aircraft from ambient air or by some
other means without providing oxygen logistically while the aircraft is on the ground. 1n the phased-
dilution system, a bolus of oxygen is provided followed by ambient air. The concept is based on the
hypothesis that with a fixed rate of oxygen flow, a breathing system which delivers at the month and nose
a volume of oxygen at the beginning of each inspiration and in which the remainder of the ingpirate is air,
should produce a higher oxygen tension in the lungs than a system which delivers the same volumes of
oxygen and air thoroughly mixed to the respiratory tract. This open technique, as well as other closed-
loop systems which reuse all oxygen, is a most cost-effective approach to oxygen supply. Because
closed-loop systems require rebreather equipment which is more complicated than what is required with
straight demand systems, considerable effort has been expended to provide an open demand method that
is more cost effective than the demand-dilution methods used in World War 11. The system described by
Major Krutz is conceptually a new one and, while it is theoretically highly effective, it may be extremely
difficult to implement because its efficacy depends on extremely precise timing and so forth,

Dr, Thomas described an effective way to provide mandatory improvements in injury protection
through quantitative anthropometric measurements. His presentation discussed the precise anthropo-
metric information concerning size, shape, and mass distribution characteristics of human beings
needed to simulate human response so that equiprn:2nt designed to protect the human from mechanical
forces is appropriate. Only with this information can one be suie¢ that protective equipment will fit the
individual and the situation in which he finds himself,

Representatives of the United States Air Force (paper C10) discussed the need for understanding the
hazards associated with the use of lasers. The application of lasers is relatively new in aerospace
medical operations and therefore poses new hazards. The Air Force has developed permissible exposure
levels (PELS) designed to permit individuals to operate safely in the presence of high-cnergy monochro-
matic light beams. Even after the promulgation of safety precautions, however, accidents can and do
occur. Major Mabson described one such accidental exposure, which was fortunately not injurious, to
illus‘rate the need for rcinforcing promulgated safeguards.

An Italiarn Air Force study revealed that in some aircraft (and motor vehicle) cabins, the climate
can reach severely stressing levels in the summer daylight period in theaters of operations with climates
approximating those on the 1ltzlian peninsula., This is particularly true when long delays are encountered
during which aviators must remain in the cockpit in a ready stz'us. These situations indicate the need
for ground support equipment, Such equipment, in the form of liquid cooling garments, is currently being
used in the U.S. Space Shuttle Program and may be applicable to situations similar to that described by
Lieutenant Colonel Rota,

The authors and presenters at this scientific session deserve a special note of commendation for
both the quality of their papers and their cooperation with the Session Chairman in adhering to the pres-
entatioa schedule, Compliments must also go to the interpreters, who did a superb job. All these
factors along with the enthusiasm and interest shown by the audience made the sessions really worthwhile,
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RECENT NASA AEROSPACE MEDICINE TECHNOLOGY DEVELOPMENTS
by

Walton L. Jones, M. D.

Deputy NASA Director for Life Sciences
Office of Manned Space Flight
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
washington, DC 20546

USA

SUMMARY

NASA is continuing to prepare for the day when
a true laboratory in space will be available to scientists
to study basic life processes in the far space environment.
The primary parameter is the absence of gravity. OCne of
the first steps necessary to the fulfillment of this goal
is the shuttle. It will be able to service at low cost
and at convenient times such a research facility in
earth orbit.

The second step necessary to obtain this goal
is the ground picsparation of the science to be studied
in space. Here nn earth much can be accomplished to make
the space tasks simple, more reliable, and honed to a
finer scientific edge. To this end a team of university,
government, and industry is being forged. This team is
studying many areas of life sciences to obtain the necessary
baseline data, strategies, and technology ¢o permit the
successful accomplishment of this new way of life-research
in the space environment.

One of the fundamental body systems affected by
space flight is the cardiovascular system. Next year in
our twenty-eight day and two fifty-six day flights we
should know much more of this adaptive process, for
there are many Skylab experiments devoted to this end.
These results will put a finer focus on our ground based
research for the next and longer studies in a space
station or lunar research activity.

Accordingly a second order of medical investigative
technology is emerging from our researchers. From these
efforts is coming new technology applicable to military
medicine and clinical medicine as well. Examples are
cited.

NASA is continuing to prepare for the day when a true laboratory in space

will be available to scientists to study basic life processes in the far space

environment. The primary parameter is the absence of gravity. One of the first
steps necessary to the fulfillment of this goal is the shuttle. It will be able
to serxvice at low cost and at convenient times such a research facility in earth

orbit.

The second step nece3sary to obtain this goal is
of the science to be studied in space. Here on earth much
make the space tasks simple, more reliable, and honed to a
To this end a team of university, government, and industry
team is studying many areas of life sciences to obtain the

the ground preparation
can be accomplished to
finer scientific edge.
is being forged. This
necessary baseline

data, strategies, and technology to permit the successful accomplishment of
this new way of life-research in the space environment.
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One of the fundamental hcdy systems affected by space flight is the
cardiovascular system. Next year in our twenty-eight day and two fifty-six day
flights we should kaow much more of this adaptive process, for there are many
skylab experiments devoted to this end. These results will put a finer focus on
our ground based research for the next and longer studies in a space station or
lunar research facility.

Accordingly a second order of medical investigative technnlogy is emerging
from ou: researchers. For instance one team led by Dr. Harold Sandler (1) of the
NASA Ames Research Center and assisted by Stanford University is developing a meaus
to view the beating heart from any angle to determine the effect on this important
pump caused by the space environment. This will allow the cardiac output to be
determined virtually in real time by computer calculation of the changing volume
of the heart.

These computer techniques are an outgrowth of the basic aercdynaric research
conducted by NASA on wind flow over air foils. Two and three dimensional displays
were used to study the images of the left ventricle of the heart. Using angio-
cardiography the heart chamber is shown on a rideosystem CRT display in two
orthcgonal planes, either simultaneously or sequentially. The margins of the
opacified left ventricular image are traced manually with a Calma 303 digitizer
(Fig. 1) producing a digital magnetic tape which is analyzed by an IBM 360/67
computer.

Chamber dimensions and/or shape are derived and the heart image ie
divided into 100 slices by diameters perpendicular to its long axis. Such a
fashion, a series of images over a given heartbeat can be constructed into a
threa dimensional representation of the chamber. The size of each slice or
diameter determines the shape of the three dimensional model shown on the right
of Figure 1. Viewing the beating heart contours can be displayed in real time or
in slow or fast speed as desired. Further the beating ventricle can be viewed from
various angles because the image may be rotated. These procedures have already
been used clinically in evaluating patients with valvular heart disease and for
calibrating non-invasive procedures. These latter procedures utilized non-inve :-.e
ultrasonics in place of the X-ray. They have achieved some 90 per cent validat.on
with this new method. The potential app.ication to our s:udies in weightlessness
are most encouraging. At the same time they offer great promise to clinical
medicine, as indeed they have been already used with heart catheterization procedures.

A second example of what I have termed second order medical investigative
technology to be considered in future space station studies is the effect of
atmospheric particulates on the lung. Because of weightlessness, particles will
not settle as here on earth with gravity, we have a particulate measurement
experiment on Skylab to better define this potential problem. Of course filters
will be used in our atmospheric conditioning systems, but the extent of the problem
should be known next year. In the meantime we have been studying an earth bound
analogue of this problem.

In a study at the Ames Research Center, evaluations of changes in the
ultrastructure of _ung tissue of coal miners, in collaboration with the Department
of Health, Education and Welfare, is providing a point of reference with respect to
the state of damage which may occur in astronauts exposed to particulate contaminants.
Examination of autopsy material suggests that cell destruction can be induced by
release of intracellular digestive =nzymes into the cell cytoplasm following
penetration of the cells by particles, in the case of coal miners, silicates.
Figure 2 is an electron photomicrograph of an area of a coal miner's lung magnified
66,000 times, illustrating the cell structure and the fine, needlelike foreign
particles of silicate.




Figure 1 CARDIOVASCULAR DYNAMICS
Cardiac Output Through
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Standard Division of United Aircraft an Independent Respiratory Sc.pport System (IRSS). .
This emergency breathing device (Fig. 3) would be used for oxygen therapy using either

a nasal catheter or a mask. It would supplement the oxygen in the cabin atmosphere

and as can be seen in the figure it is a small package which can fit under the arm or

carried by an assistant. The unit weighs 7.7 pounds, and is 210 cubic inches in

volume. It is rechargeable from a commerical 2000 psig source, and provides a constant

flow of 0.5 to 2.5 liters per minutes of 100% oxygen for durations of 2.5 to 0.5 hours
respectively as shown in Figure 4. This respiratory system can be utilized for
ambulatory emphysema patients or those with asthma and other respiratory ailments.
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In the technology area of life support, we have developed through the Hamilton j
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Figure 4 Pressure Vs Operating Time Remaining
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The provision of fcod for space crews poses certain challenges 11 terms of
food service technology. Since space missions are constrained by weighit and volume
limitations, conventional methods for storing, preserving, and preparing foods cannot
be used. A feeding system has therefore been utilized which relies primarily upon
freeze dehydrated foods. Such techniques, however, preclude the use of fresh vegetables
or salad type food which have a very high morale factor. The logical way to solve this
problem is to produce this type of food in space, as it is needed, using a hydroponic-
type system. Such systems provide for accelerated growth of plants such as vegetables
suitable for the preparation of salads unuer spaceflight conditions.

A laboratory version of a device suitable for hydrcpcnic food cultivation in
zero gravity is illustrated in Figure 5. This device is the result of a collaborative
effort of NASA with the U. S. Department of Agriculture. It is a rotating drum two
feet in diameter by two feet in lenyth containing a light source. Seeds are planted
in an ion-exchance matrix which contains all the nutrients required for several
generations of plants. Water is fed to the soil in a water reservoir. Seeds have
been successfully germinated during rotation despite the abrogation of the directive
force of gravity. As the figure shows Bib lettuce growth with this device far outstrips
the rate of that grown on sand. At the top left of the figure dwarf tomato plants are
shown, 55 days after seeding with continuous rotation at 5 rpm. The fruit-to-vine
ratio, as can be seen, is high. Moreover, yields from such plants appear two to three
weeks earlier than from controls. It should be possible to produce lettuce crops in
about. 21 days, and, with daily planting and harvesting, two to three heads of lettuce
per day could be continuously provided. The principle investigators have stated that in
addresssing attention to this space problem they are developing a new system of
agriculture whollv applicable to highly intensified production on earth.

fOOD TECHNOLOGY
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Other research teams are studying man's performance, maintenance of proficiency
as well as enhancement through telefactc-s. It is well recognized that time exerts a
degrading influence on task performance. While these degrading effects of time are
often overlooked for some simple tasks, the effects on complex tasks can ke severe.
Time based skill degradation is particular. critical in piloting of high performance
aircraft, or space craft such as the shuttle, where a great number of tasks requiring
fine eye-hand coordination, rapid decision making and data integration, and split
second timing must be successfully construed. Using ground based simulators at Boeing,
Seattle, (Fig. 6), Dr. Bitterly, the investigator, evaluated instrument flight control
and energency procedure performance. Five skill retention intervals ranging from one
month to six months were investigated. The results clearly show both procedural and
continuous control skills unacceptably deteriorate in one to four months. Further, the
results reflect the fundamental difference in skill deterioration for procedural as
comapred to flight control tasks. Instrument flight control tasks remained relatively
unaffected for up to two months after which performance deteriorated rapidly. On the
other hand, procedural tasks showed unacceptable deterioration after only one month
with degradations reaching an order of magnitude after four months. This difference is
further highlighted by the finding that while rebriefings and static training
techniques counter skill degradation effectively for procedural tasks, training methods
which include dynamic display and control techniques appear necessary for continuous
flight control skill retention.

SKILL RETENTION
OVER PROLONGED PERIODS

® CONTROL YASKS RETAINED
LONGEST

® PROCEDURAL TASKS
DEGRADE FASTER

PILOT PERFORMING SIMULATED
APPROACH AND LANDING

SIMULATICN TERRAIN MODEL

Figure 6

Pilot perceptual and visual flight control skills are to be evaluated, in
addition to instrument flight control, flight procedure, and emergency procedure
performance, in the second study currently being implemented. 1In this study, pilots
will be trained to fly a simulated, high performance, landing spacecraft. The flight
regime will require the pilots to fly a descerding turn, on instruments, from 31,000 feet
to 12,000 feet, afteyr which a visual approach and landing will be made. During the
flight a number of flight control and avionics failures will occur, requiring the pilot
to perform appropriate emergency procedures. The retention of flight procedures
including heading changes, altitudes at control points, descent rates and flap and
landing gear actuations will also be evaluated. Four months after the pilcts complete
the trainiag program, the magnitude oi their skill deterioration will be measured and




the skill retention effectiveness of selected static and dynamic training tecnniques
will be evaluated.

From the res-ilts obtained to date, the anticipated successful completion of
the program will provide significant new insights in the understanding of skill
retention and the methods required to successfully counter skill degradation. The
rate at which flight skiils deteriorate and the ultimate magnitude of the degradation
will provide an empirical basis by which traiaing cycles for each category of flight
skill may be specified. Through the identification of the most effective train’ng
technique for eacl: task and task element, the optimum techniques may be combined to
provide time and cost effective maintenarnce of acceptable pilot flicht skills.

It is this type of empirically based knowledge that will meet the =kill retention
challenge faced not only by the astrorauts on extended manned space flights but also
;y commercial and military aviation pilots in the future.

In the area of human augmentation and teleoperators, we are attempting tc
provide a useful combination of man and telefactors for work in the space environment.
In this program, devices such as remote manipulators, tools, and cargo transfer
equipment concepts are investigated and developed. This is an attempt to transfer
man's capabilities to a remote and hostile environment while he control: them from
a more benign or convenient location.

Remotely controlied manipulators operating fron the space shuttle are being
studied. The Marshzll Space Flight Center has invectigated the human factors problems
concerned with the control) of a free flying teleoperator during rendezvous and docking
with a satellite as shown in Figure 7. Here the man moves his arms, hands, and fingers
and the teleoperator moves in a corresponding fashion. This is achieved by position
sensors on his arms, etc. servoed to the robot outside of the spacecraft. Television
provides tne visual cues. In this manner the dynamics of grasping cooperative and
noncooperative satellite targets have been determined. This is the most difficult
phase of satellite retrieval and servicing. Effort is currently under way to define
the most efficient capture devices for various sizes and masses of satellites.
Monocular versus sterovisual sensors (TV cameras) and displays for performing docking
and servicing tasks are also under study.

REMOTELY
CONTROLLED
MANIPULATORS

PERFORMING REMOVAL &
REPLACEMENT OF
SIMULATED SATELLITE
COMPONENTS

Figure 7




The Manned Spacecraft Center is developing design requirements for two
manipulator booms attached to the front end of the space shuttle cargo bay. These
booms would be used to emplace and reirieve satellites such as astronomical and other
experimental payloads in low earth orbat. Currently, 59-foot long booms are being
constructed to provide adequate coverage <f areas inside and around the shuttle
vehicle. They can be used to facilitate docking of two shuttles together, servicing
satellites by exchanging experiment modules, resupply films and other expendables,
and even effect repairs on the shuttle itself. Prototype booms with seven degrees of
ireedom are being developed to permit in-house studies at MSC. These experimental
booms will be used to develop engineering design informa%ion for flight crew control
of the boom attached manipulator system.

The technology developed is being applied to military programs. Remote
manipulators are finding undersea nverations application. This technology is also
applicable to the development of r. sthetic and other devices to aid the handicapped
and may be used to increase safety in mining and firefighting.
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DISCUSSION

THOMAS
How are the X-rays scaled to yield three-dimensional coordinates of the selected points on the heart?
JONES (with supplementary data from H. Sandler, NASA Ames Research Center, USA)

Under ordinary circumstances, relatively shart spray tnbe-to-film distances are nged in obtaining
clinical angiocardiographic X-ray studies (less than 6 ft), Under such conditions, one must correct for
magnification (geometric distortion) due to the short X-ray tube-to-film distances, In addition, when
using an image intensifier with its slightly curved input surface and lenses to obtain X-ray motion pic-
tures, there is spherical distortion that must also be corrected. By using fine line lead on centimeter
cross-hatched grids, photographed at varying levels from the face of the intensifier, one can obtain cor-
rection factors for such changes. The level of placement for such a grid is obtained by photographing
the cbject (subject's chest) in an orthogonal (right angled) view from which the level of grid placement
can be placed accurately. Data from such grids will provide average correction factors for the mate-
rial. Point scaling can also be realized by placing all recorded grids into the memory of a computer or
during mathemalical equations for distortion from the resultant grid pictures which are subsequently
used to correct the actual data, It must be realized that X-ray recordings represent shadows and eveu
though they may be recorded in two simultaneous planes, they may not uniquely define a three-dimensional
structure., Only points which can b> uniquely defined in both planes simultaneously can be so defined. In
practice, this is true for valve plane: (e.g., aortic or mitral) or marrers placed in or upon the heart
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NON-FATAL EJECTION VERTEBRAL FRACTURE AND ITS PREVENTION «
by

CAPT Channing L. Ewing MC USN, Officer in Charge,
Naval Aerospace Medical Research Laboratory Detachment
Box 29407, Michoud Station, New Orleans, Louisiana 70129

Non- fatal ejection vertebral fracture has been @ common inju.y in avictors since ejection seats came into use. (1)
The injury is defined as any fracture of a vertebra clue to thc force of ejection itseif, in an individual whe survives the
ejection and all subsequent hazards of his emergency escape.

While many individuals who were killed, drawned or died during ejection and its sequeloe may have suffered vertebral
fracture, it is improbable that many of them died as a result of the vertebral fracture olone.

EXTENT OF THE PROBLEM

Several studies of the nature and extent of the problem have been made. Jones et al showed that 21% of 165
U. S. Navy aviators suffered vertebral fracture using a gun-type ejection seat over a 4 1/4 year period 1958-1963. (2)
Of these, six were retired on disability and ore additional died. Fryer found a 19% incidence in 220 R.A.F. ejection
using a similor seat. (3) Hirsch found a 25% incidence in 55 Swedish Air Force ejections using a different seat, (4). More
recently, Shannon found that in the U.S. A.F. during CY 1967 and 1968, there were 390 noncombat ejections with 116
persons suffering major nonfatal injury. (5) Forty-one of the major injuries were fractures due to ejection force, and 97%
of these were vertebral fractures. In the combat ejections, 89% of majsr injuries due to ejection lorce were vertebral
fractures, and 80% of all vertebral fractures suffered were due to ejection force,

In all, 31% of noncombat and 25% of combat major injuries on ejection were nori-fatal ejection vertebral fractures.
In both cases the ejection vertebral fractures were the largest single category o1 major injury.

As Shannon points out, vertebral fractures and other injury on ejection has been the primary factor in the capture of a
substantiol number of United States aviators.

DISTRIBUTION OF FRACTURED VERTEBRAE

Table | preserts the distribution of the vertebrae fractured in 78 aviators, representing 100% of those suffering ejection
vertebral fracture in the U. S, Navy during the period 1 July 1959 through 30 June 1965. These data while previousl
unpublished have a censiderable overlop with those of Jones. (2) The method of collection of these data is outlined., (4’5)
zerfebril fr!(:;:)fure was diagnosed only on the basis of x-ray, thus avoiding some of the diagnostic uncertainties mentioned

y Crooks.

The principle feature of interest is that the distribution is bimodal witii equal distributions around T8 and around T12.
This is most interesting in view of the studies reported by Charles, Shannon and Smiley, (8, 3, 9).

Charle: examined the fractures due to crashes (not ejections) and made the statement that " .. .the majority of fructures
were concantrated in the lower thoracic and upper lunbor region, This is of course the area where the spinal column has
the least support and where compression fractures would logically be expected to occur*. (8) Shannon's study of emergency
ejection injuries in 1970 states, "As expected, the vertebrae most frequently involved were T12 and L1 whicz accounted
for 23% and 22% respectively”, (5) (Emphasis supplied) Smiley states ". .. the distribution are clustered in the area of

spinal flexion", (9)

DISTRIBUTION OF VERTEBRAE FRACTURED
#
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5
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T10
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* Opinir =5 or conclusions contained in this report are those of the auihor ond do not necessarily represent the views
or endorsement of the U. S. Navy,
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Table |1 presents the U, S, Navy distribution 1959-1965 broken down into single fractures and multiple froctures. It
is interesting that 40 persons suffered single fractures, ond on olmost equol number suffered multiple fractures, Similor
data are avoiloble for Swedish, Canodion ond Greek Air Forces. (4,9,10)

DISTRIBUTION OF DISTRIBUTION OF
SINGLE FRACTURED MULTIPLL FRACTURED
VERTEBRAE VERTEBRAE
f % ) %
cl 1 i
c2 1 2.5 1 1
cs 1 1
p) 1 1
13 1 1
T4 1 2.5 4 4
15 2 5.0 5 5
T6 1 2.5 6 6
17 4 4
8 5 12.5 15 15
TABLE Il 19 6 15.0 12 12
T10 2 5.0 9 9
™m 1 2.5 8 8
T12 7 17.5 14 14
L1 8 20.0 1 n
{ ) 3 7.5 3 3
L3 3 3
sl 1 2.5
f Coceyx 2 5.0
TOTAL 40 100,0 99 9
PERSONS 40 38

Comporison of froctured vertebroe distribution must be made on the basis of the percentage distribution rother than
the ohsolute number, for obvious reasons. Such o comparison is presented in Table 11l for U, S. Navy, and published
data for Swedish, Conadion, R.A.F. ond Greek Air Forces,
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The U, S. Noy ejection vertebral fracture distribution by aircraft type for FY 1959 - 1965 is presented in Tabie IV,
From these data, -+ is now possible to discern that the distribution of fractured vertebrae is different for each aircraft/seat
type. While this fact is well known, presentation of vertebral frecture data for an entire Air Force as given in Table |1l
would oppear less useful in determination of the causes of fractur: than presentatian by aircraft/seat type. Several
investigators have come to this realization,

VERTEBRAE FRACTURED DURING EJECTION BY A /C TYPE

Misc.
F3 F4 F8 F9 Fll T2 A4 A/C TOTAL
4 % % # % # o # % ¥ % # % ¥ o # %
Cl 59 1 7
C2 1 20 1 59 2 1.4
cé 1 1.8 1 7
T2 1 1.8 1 .7
13 1 1.8 1 7
T4 1 4.8 3 54 1 11 5 3.6
15 2 9.6 4 7.3 1 14,7 7 5.0
Té 4 73 1 1 1 14,7 1 59 7 5.0
17 1 4,8 2 3.6 1 59 4 2.9
T8 5 24,0 3 25,0 5 91 2 22 2 9.4 3 17.6 20 14,4
T9 6 28,8 1 76 3 250 5 9.1 1 1 2 29.4 18 13,0
TIO 3 144 2 15.2 1 83 3 54 1 1N 1T 59 1 7.9
T 1 76 2 167 3 54 1 1 1 20 1 59 9 6.5
TI2 2 96 4 304 3 250 7 12,7 1 N 1 20 3 17.6 21 15,1
L1 1 48 3 22.8 9 164 1 N 1 20 4 23,5 19 13.7
L2 4 7.3 1 20 1 59 6 43
L3 3 5.4 3 2.2
Sacrum 1 14.7 1 1.4
Coccyx 2 15,2 2 .7
TOTAL 21

100.8 13 98.8 12 100 55 9.8 9 99 5 100 7 102,9 17 100 139 99.9

TABLE IV

EFFECTS OF MULTIPLE EJECTIONS

In examining all cases of U.S,A.F, pilots who huve made multiple ejections, Smelsey found a total of 116 cases
through 31 December 1968. (10) Of this number, six sustained vertebral fractures on their initial ejection. Of the six,
oniy one sustained a vertebral fracture on any subsequent ejection, and the vertebra fractured on the second ejection was
not the same, The result in this case was return to full flying duties.

There is a possible source of bias in these data when attempting to calculate rates, since persons suffering an initial
vertebral fracture on ejection may have left the service due to disability and therefore not been exposed to a second ejection;
or may have transferred into a unit flying a non-ejection-seat aircraft ; or may have voluntarily left flying for other reasons.
Thus the populatior. at risk for a second ejection has the possibility of being a selected sample .

Ewing found that of 69 Designated Naval Aviators (DNA -*  ho suffered ejection vertebral fracture on initial ejection,
only one suffered a vertebral fracture on a subsequent ejection. (6) It also involved a different vertebra. The number of
those individuals meking o second ejection is unknown. The result of the first fracture in this casc was return to full flying
duties (Service Group |§. The result of the second fracture was return to permanently limited flying duties (Service Group
Il). The source of bias noted previoutly applies equally to this latter stuJ;f since the number of DNAs leaving the service
and thus no longer at risk following an initial ejection vertebral fracture is not well defined,

There is, therefore, insufficient evidence to allow prediction of vertebral fracture probability in a second ejection,
given an oviator who suffered a vertebral fracture on o previous ejection; nor is it possible to give a prognosis of the
ultimate effect on the individual (or his flying career) of a second vertebral fracture due to a second ejection. However,
in neither of the two reported cases did the previously injured vertebra suffer a second fracture, nor did either case
become disabled as a result of either fracture.

COSTS OF EJECTIO!N VERTEBRAL FRACTURE

The study by Jones et al in 1964 noted that six aviators were retired for disability as a result of their fractures, out of
a total of 34 persons who suffered ejection vertebral fracture, (2) Ewing's study shows all U. S. Navy DNAs retired for
disability, and arranged by military ronk. (6) These dota are presented as Table V for the period 1959 through 1965, which
partially overlaps the data of Jones, et al,

I S -
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COSTS DUE TO PERMANENT REMOVAL OF DESIGNATED NAVAL
AVIATORS FROM SERVICE GROUP |, FOLLOWING EJECTION
VERTEBRAL FRACTURE

Disability Limited Flying
Rank Retirement Duties Total
} CAPT

CDR

LCDR 2 2 4
LT 4 2 6*
LTJG 5 ] 6
ENS

* Including one bilateral leg omputation

TABLE V

The cause of disability in five cases was paraplegia; intractable back pain in an additional five cases, and L5-51
herniated disc in one case. As noted in Table V, five additional DINAs were never retumed to the unlimited flying duties
which they were performing at time of injury. They were returned to limited flying duties but were lost to the Novy os
Service Group | aviators,

It should be noted that 16% of all DNAs suffering ejection vertebral fracture in the period 1959-1945 were retired

} for disability. If those restored only to permanently limited flight duties are included the percentage rises to 23%., Fryer's

statement that permanent disability is rare, is not true for the U, S. Navy. (3) Crooks' statement "... the clinical

importance of these crash fractures is negligible in the long term view" does not appear to apply to the U, S, Navy

’ experience either. (7) A possible source of bics always exists in that non-disabled aviators are easier to locate and
exomine for follow up studies,

Another cost of ejection vertebral fracture is time lost from flying in Service Group | by the injured aviators, The
definition of lost days is contained in the Appendix. Table VI presents the data by ronE for the 70 DNAs . () When an
aviofor is not avcilable to fly his mission, someone else must do it for him, Obviously, such normal time-loss events

as leave, official travel and other illnesses and injuries cause any group of aviators to be somewhat overmanned, The time
lost due to ejection vertebral fractures simply makes this manning requirement (commonly called the "seat factor") larger.
This costs money for training of replacement pilots,

MAN-DAYS LOST DUE TO EJECTION VERTEBRAL FRACTURES,
BY RANK FY 1939-1965, DNAS ONLY

Total Days Number
Rank Hospitalization Absent from SG | Individual DNAs
CAPT 93 178 2
CDR 302 754 2
LCDR 880 * 2,788 * 10
LT 2,132 4,833 29 **
LTJG 2,077 4,635 23
ENS 229 424 3
TOTAL 5,713 13,632 70 ***

* These figures include only known data, Duration of hospitalization and
absence from SG |, when unknown, were determined by cveraging for
the particular fracture for this series, If such date were included, LCDR
hospitalization would be increased 49 days; LCDR absence ‘vould be
increased 59 days and CAPT absence would be increased 125 days.

** No hospitalization or days absent from SG | included for the bilateral
leg umputation case.
*** While only 69 individuals suffered injuries, one suffered injuries in two
separate accidents and is therefore counted as two persons for this table .

TABLE VI

In this study, 70 aviators lost a total of over 37.3 man years from their cockpits, This loss of operational capability
may be as important as the iosses due to disubility ietirement. The permanent loss of 16 jet fighter pilots in cddition to
the loss of 37.3 mun years cf it fighler pilot iime is "ot an iraxpensive metai,

PREVENTION CF FRACTURE

An hypathesis of the mechanics of causation of non=fatel efection vertebral fracture has been presented elsewhere, (12)
i is hypothesized that certain movements of the individuol vertebral bodies under +G_ impact acceleration cause the

z
choracteristic fracture, |f these motions can be prevented, fractures could only occur at snarkedly higher levels.

In the previous study (6), only one posterior vertebral fracture orcurred out of 79 cases, The remainder were anterior
compression fractures. |t would therefore appeor thot there may be a mechanism limiting posterior compression, while not
limiting arterior compression of the vertebros,
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|
The posterior compression limiter (or spring limiter) is seen to be the articular facets of the vertebrae, held together :
by ligamenis os demonstrated in Figure 1, The facets serve as a posterior hinge for adjacent vertebroe, as demonstrated '

in Figure 2, allowing the onterior lips of the vertebral body to touch, but preventing contoct of the posterior lips.

Posterior ™ Anterior

Posterio Anterior

e =

.9
=»

Fig. 1 Diagram of an erect spinal segment showing fig.Z2 Diagram of a spinol segment showing relotive
the relative postior: of the articular facets and spinous positions of the vertebral bodies during flexion,
processes.

The hypothesis is therefore more s‘Pecificolly expressed: Posterior compression of the vertebral column in the thoraco-
lumbar area is limited by the orticular tacets, while anterior compression is not.

If true, a means of preventing anterior compression fracture is suggested, ‘

If the adjacent vertebrae could be forcibly restrained during +Gz impact acceleration in a position of relative
hyperextension, as demonstrated in Figure 3, by compressing the posterior spinous procasses, anterior compression would
be limited, In such an event, it would b= necessary to fracture the posterior spinous processes, or the articular facets or
teor the ligaments (as shown in Figure 4) in order to cause an onterior compression fracture, The acceleration forces
required to cause such fractures should be markedly higher than those necessary to cause anterior compression fractures as
normally restrained, Thus, the vertebral fracture threshold should be markedly increased.

PP SR —

i it

| Experiments were performed using cadavers and a vertical accelerator to attempt to prove or disprove the hypothesis, _ 3
(12, 13).

In these experiments, cadavers were restrained to o seat, on o vertical acceleration sled in three modes: erect,
flexed, and extended (or "hyperextended”), Each cadsver served as his own control, and was x-raye . to rule out pre~run
vertebral fraciure. The cadaver was then accelerated to a low level in one of the three restrained modes selected ot
random, If no fracture occurred, the exposure wos repeated in a different made, and so on. When no fracture occurred

at a part.cular peak +G; , the psak accelerstion was increased by 4G and another series of three runs per formed.
Fraciui=, determin- . by x=ray, wes the and poini,

The "flexed" mnde was obtained by using a tight lap belt with loose shoulder harness. The "erect" mode was obtained H
by using o tight lap belt and tight shoulder harness, The "extended" mode was identical to the erect mode except that a
2" x 4" wooden block was fixed between the posterior spinous process of L1 and tha steel seat back,

A e, W .
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‘ Anterior

Anterior
Posterior
: Posterior
Fig. 3 Diagram of a spinal segment showing Fig. 4 Diogram of a spinal segment showing the F
relative positions af the vertebral bodies during mechanism required ta permit posterior compressian

extension, fractures af the vertebral bodies,

A summary of the results is contained in Table VII,

SUMMARY OF PEAK ACCELERATION VALUES
AT FRACTURE IN THE THREE SPINAL MODES

Fracture Average

level No, of age

(g) Codavers (yrs)
Extended 17.75 = 5,55 4 61.5
Erect n.4 + 3.79 5 61,0
Flexed 3.0 + 2,00 3 54,3

TABLE VII

Table VIl presents an andlysis of variance that was possible despite the small sample size.

STUDENT'S t+ TEST OF FRACTURE g-LEVELS
BETWEEN THE SPINAL MODES

Sample
Modes sizz t P
Extended and erect 9 2,36 0.05
Extended ard flexed 7 2.56 0.05
Eicct end Flexad R 0.58 >0.50

TABLE VINI
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The differences in G level between the extended mode and the other two modes were found to be statistically
significant (P =0,05).

Comparison be made of the fracture levels presented in Table VI with those presented by Ruff. (14) His work
showed maximum tolerance of the irdividual vertebra in the T12 - L1 area in approximately the erect mode to be 24.5G
and 23.0G respectively.

It is believed that the discrepancy can be resolved on the basis of age. Ruff's specimens were obtained ot least in part
from accident victims, |t is presumed that those accident victims were youthful, whereas the average age of cadavers in
the erecr and extended modes of the present study was 61 years. The study by McElhaney and Roberts shows that strength
of the vertebral body in the sixth decode of life is apprcximately half that in the second decode. (15) Empirical data
from aircraft occidents indicate that the majority of individuals suffering ejection vertebral fracture are in their twenties.

If this relationship holds true, therefore, the average fracture level for the erect mode at age 20 would be roughly
20 G - 25G and for the extended mode would be 35G = 44G., Since codaveric bane is not as strong as living human
bone or fresh cadaveric bone, the comparison becomes potentially even more meaningful .

CONCLUSIONS

It is considered that: (1) the hypothesis proposed has been supported by the data collected and presented? no data
were observed to indicate that it was incorrect; and it is possible, for these particular data, to reject the null hypothesis
at an acceptable levei of statistical significance,

{2) Moderate forced hyperextension of the cadaveric vertebral column in the area of L1 by a 6™ x 4" x 2 1/4"
wooden block necessitates an increase of 50% in the peck sled acceleration level required to cause anterior compression
fracture of the lumbor vertebrae over that required in the erect mode, and the difference is statistically significant.

(3) No pasterior vertebral fractures resulted from any of these experiments,

(4) There is a preferred position, therefore, of the lumbar portion of the vertebral column during exposure to +Gz
acceleration from any source, This position can be achieved artifically by forcibly restraining the shoulder and pelvis
of a codaver to a rigid seat bock and forcibly extending the lumbar vertebral column in the area of L1,

(5) This series of experiments, therefore, has considerable implications both for ejection-seat design and restraint-
systems design for any human being subjected to +Gz impact acceleration,

(6) It would appear from the evidence Eresented here that the internal structure of the vertebral column can be so
arranged by restraint devices that it can withstand considerably greater loads without fracture than the same vertebral
column rot so restrained, This implies that the orientation of each vertebral body relative to those udjacent determines
in part the sled peok-acceleration value in the +G_ vector at which fracture occurs. Therefore, the characterization of
the orientation of the entire vertebral column relative to the applied acceleration vector by a single direction is
inodequate to explain the vertebral fracture threshold limits determined experimentally,

APPENDIX A
Definitions:

Service Group | ~ Aviators under 45 years of age who meet the physical standards for Service Group |. These
aviator: may be assigned to flight duties of an uniimited or unrestricted nature.

Service Group Il = Aviators under 45 years of age who meet the physical standards for Service Group 1!, and
aviators of Service Group | who temporarily meet only the physical standurds for Service Group Il Aviators of Service
Group |1 are restricted from carrier operations except in hericopter.

Service Group Ill ~ Aviators 45 years of age and over who meet the physical standards of Service Croup |, |l
or Il and those aviafors under 45 years of age who (1) are recovering from illness or injury or (2) meet the stondards of
Service Group |1l but are not physically qualified for the other service groups when the needs of the service and
individual's flying experiance specifically justify their employment in such o limited status, Those aviators assigned
because of temporary physical J::efects are retained in Service Group |1l for a | 2riod up to 6 months, at the end of which
rime they cre re-examined for classification, Should the temporary disability warrant a longer period in order to fully
recuperate, they can be retained in this group for-additionul six (6) month periods before final classification is effected.

DNA - A designated naval aviator.
NFO - A naval flight officer, §

Hospitalization Day = One in which the individual was listed by the hospital as a patient.

Absent from Service Group | Day ~ One in which the individual was hospitalized, grounded, or in any other
Service Group 1T or TT1) os a result of an ejection vertebrai fracture, These periods are terminated when on individual
dies of his injuries, is placed either on the temporary or permanent disability retirement list, or retums to SG I,

Grounded Day - One in which an aviator is dischrrgod from the hospital but has not yet recovered from his
injuties it ciently that he may he retur ed to flying dsties in any service group.

Service Group |ll Day = Oue on or after that date on which the aviator is found physicaliy fir by tie Guicau
of Medicine and Surgery to perform duty involving flying in Service Group 11, and prior to being returned t~ either
Service Group l or I, .
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