
USAARL-CNPA-BC--2022-26 

Evaluation of Litter Strap Tension on the 
Biodynamics of Supine Patients 

Amy Lloyd, Rachel Kinsler, Kerri Caruso, Eric Frick, Khalid Barazanji, 
Laura Kroening, & Jeff Molles 

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



Notice 

 

Qualified Requesters 

 

 

 

 

 

 

 

 

 

 

Qualified requesters may obtain copies from the Defense Technical Information Center (DTIC), 

Fort Belvoir, Virginia 22060. Orders will be expedited if placed through the librarian or other 

person designated to request documents from DTIC. 

Change of Address 

Organizations receiving reports from the U.S. Army Aeromedical Research Laboratory on 

automatic mailing lists should confirm correct address when corresponding about laboratory 

reports. 

Disposition 

Destroy this document when it is no longer needed. Do not return it to the originator. 

Disclaimer 

The views, opinions, and/or findings contained in this report are those of the author(s) and 

should not be construed as an official Department of the Army position, policy, or decision, 

unless so designated by other official documentation. Citation of trade names in this report does 

not constitute an official Department of the Army endorsement or approval of the use of such 

commercial items. 

Human Subject Use 

In the conduct of research involving human subjects, the investigator(s) adhered to the policies 

regarding the protection of human subjects as prescribed by Department of Defense Instruction 

3216.02 (Protection of Human Subjects and Adherence to Ethical Standards in DoD-Supported 

Research) dated 8 November 2011. 



REPORT DOCUMENTATION PAGE Form Approved 
OMB No. 0704-0188 

The 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 the collection of information. Send comments regarding this burden estimate or any other aspect of this collection of 
information, including suggestions for reducing the 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)

23-05-2022 Briefing Charts October 2016 - April 2022
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER 

Evaluation of Litter Strap Tension on the Biodynamics of Supine Patients W81XWH-1-7-P-0315
5b. GRANT NUMBER 

DM167047
5c. PROGRAM ELEMENT NUMBER 

6.3/373000
6. AUTHOR(S) 5d. PROJECT NUMBER 

Lloyd, A.1,2, Kinsler, R.1, Caruso, K.1,2, Frick, E.3, Barazanji, K.3, 2021-006
Kroening, L.1,2, & Molles, J.1,2 5e. TASK NUMBER 

5f. WORK UNIT NUMBER 

ECG
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION

U.S. Army Aeromedical Research Laboratory REPORT NUMBER

P.O. Box 620577 USAARL-CNPA-BC--2022-26
Fort Rucker, AL 36362

9. SPONSORING/MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR'S ACRONYM(S)

Department of Defense, Joint Program Committee 6 DoD JPC-6/CCCRP (CDMRP)
Combat Casualty Care Research Program,
Congressionally Directed Medical Research Program 11. SPONSOR/MONITOR'S REPORT

1077 Patchel Street NUMBER(S)

Fort Detrick, MD 21702
12. DISTRIBUTION/AVAILABILITY STATEMENT

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

13. SUPPLEMENTARY NOTES
1U.S. Army Aeromedical Research Laboratory; 2Goldbelt Frontier, LLC; 3ActiBioMotion, LLC

14. ABSTRACT

The goal of the study was to evaluate how litter strap tension effects patient biodymanics during transport. The hypothesis that strap tension has
significant effects on transmitted vibration during transport was tested during three phases of testing. In Phase 1, standard tension practices were
observed by having medics strap a manikin to a litter. This phase determined average litter strapping tension. Phase 2 consisted of test setup
validation using an instrumented vibration manikin. The simulated patient manikin was tested on a ride simulation platform in several
configurations while vibration data was collected. In Phase 3, data was collected using 25 human subject participants with different body weights.
The weight of each participant was between 102 and 275 pounds. The human subject participants were secured to a litter on the ride simulator and
subjected to multiple vibration profiles. The level of strap tension did significantly affect the biodynamics of the supine patient. The effects of
strap location and strap tension varied by segment because of the difference in strap proximity to and placement on each segment. Results from
this project will provide significant information and strategies that can be used toward increasing patient safety, reducing discomfort, and
developing vibration mitigation systems.

15. SUBJECT TERMS

patient weight, immobilization, vibration, acceleration, rotational velocity, MEDEVAC, helicopter, ground vehicle, enroute care,
vibration mitigation, vibration transmissibility, litter strap, strapping tension

16. SECURITY CLASSIFICATION OF: 17. LIMITATION OF 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON 
ABSTRACT OFa. REPORT b. ABSTRACT c. THIS PAGE Loraine St. Onge, PhD

PAGES

UNCLAS UNCLAS UNCLAS SAR 19b. TELEPHONE NUMBER (Include area code) 
16 334-255-6906

Standard Form 298 (Rev. 8/98) 
Prescribed by ANSI Std. Z39.18 



 



UNCLASSIFIEDUSAARL  1

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Amy Lloyd, BS1,2, Rachel Kinsler, MS1, Kerri Caruso, BS1,2, Eric Frick, PhD3,

Khalid Barazanji , PhD3, Laura Kroening, BS1,2, and Jeff Molles, AS1,2

1U.S. Army Aeromedical Research Laboratory 

2Goldbelt Frontier, LLC

3ActiBioMotion, LLC

Evaluation of Litter Strap Tension on the 
Biodynamics of Supine Patients

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



UNCLASSIFIEDUSAARL  2

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Disclaimer

I have no financial relationships to disclose.

I will not discuss off-label use and/or investigational use in my presentation. 

The views, opinions, and/or findings contained in this presentation are 
those of the author(s) and should not be construed as an official 
Department of the Army position, policy, or decision, unless so designated 
by other official documentation. Citation of trade names in this presentation 
does not constitute an official Department of the Army endorsement or 
approval of the use of such commercial items.



UNCLASSIFIEDUSAARL  3

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Acknowledgements

This research was funded by the Defense Health Program, under proposal 
number DM167047.

USAARL would like to thank ActiBioMotion, LLC, who partnered with us on 

this project.

USAARL would like to thank the Flat Iron Detachment and Dustoff Training 

Complex on Fort Rucker, AL for providing Medics that assisted in the 

Phase 1 testing. 



UNCLASSIFIEDUSAARL  4

USAARL
UNITED STATES ARMY AEROMEDICAL RESEARCH LABORATORY

Background

Recent surveys from health care providers in the field have reported severe
discomfort and pain experienced by patients during military transport, with 
the pain often attributed to vehicle vibration and shock.

The method of strapping a patient to a transport litter and the degree of 
strapping tension varies depending on patient injuries.

 

The level of tension may play a role in 
the severity of the motion transmitted to 
the patient’s body segments. 
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Objective

Evaluate the effect of the strapping tension on patient vibration 
biodynamic response during simulated transport. 

Hypothesis: The level of litter strapping tension will produce 
different patient biodynamic responses during vehicle vibration. 

The strapping tensions that were tested were a standard 
strapping tension (two fingers will fit beneath the strap), and a 
low strap tension (half the tension of the standard method). 
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Methods

Three phases:

Phase 1 – Determine Standard Litter Strap Tension  

Phase 2 – Test Setup Validation with Instrumented Manikin

Phase 3 – Human Subject Testing 
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Methods – Phase 1 Average Tension

68W Health Care Specialists (Medics) were asked to strap a 
manikin to a litter, then the strap tensions were measured. 

No direction on how to secure the patient was given the first time 
and an abundance of straps were provided. Afterward, we asked 
them to secure the patient in a 2 strap and 3 strap configuration.
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Methods – Phase 2 Manikin Testing

An instrumented biofidelic vibration manikin as used to validate test setup 
and collect vibration data on the Multi-Axis Ride Simulator (MARS). 

Three ride profiles were used for each configuration: Air, Ground Vehicle, 
and White Noise.

Configuration Strap Placement Strap Tension

1 2 Straps (chest, and legs) Standard Tension

2 2 Straps (chest, and legs) Low Tension

3 3 Straps (chest, hips, and legs) Standard Tension 

4 3 Straps (chest, hips, and legs) Low Tension

5 No Straps N/A
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Methods – Phase 3 Human Subject Testing    

Tested 25 human subjects who weighed between 102 to 275 
pounds (lb) on the MARS platform. 

Lowest Weight

Highest Weight

106.24 lb

232.74 lb

Lowest Height

Highest Height

60.8 inches (in.)

74.9 in.

Configuration
Strap 

Placement
Strap Tension

1 2 Straps Standard Tension

2 2 Straps Low Tension
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Results - Phase 1 Average Tension

Strapping tensions from nine Medics were measured and 
averaged. The lowest and highest value for each category was 
dropped to help normalize the data.

2 Strap Configuration 3 Strap Configuration 

Medic

Chest 

(pound-

force(lbf))

Legs

(lbf)
Medic Chest (lbf)

Pelvis

(lbf)
Legs (lbf)

1 10.2 10.8 1 2.2 5.6 6.6

2 9.8 5.2 2 9.6 14.6 3.4

3 8.6 10.2 3 4.8 13.2 13

4 3.8 7.2 4 1.2 4.6 4.4

5 2.4 4.4 5 5.2 1.4 3.2

6 1.6 7.2 6 1.6 5.2 5.8

7 4.2 5.6 7 8.4 15.4 7.6

9 1.2 12 9 1 5.2 1.6

10 6.2 3.2 10 3.6 5.6 5.2

Average 5.2 7.4 Average 3.9 7.7 5.9

SD 3.1 2.8 SD 2.5 4.3 3.3
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Results – Phase 2 Manikin Testing

Transmissibility is a transfer 
function that can be interpreted 
as the ratio of the output to the 
input.

The standard tension reduced 

the maximum transmissibility in 

the Ground and White Noise 

profiles. 

Three straps did not always 
decrease the transmissibility 
response. 
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Results – Phase 3 Human Subject Testing

Similar to the manikin 
testing, the maximum 
transmissibility was 
lower with the 
standard strapping 
tension for the 
Ground and White 
Noise profiles, which 
consisted of low 
frequency inputs. 
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The higher frequency 
input (Air profile) 
exhibited an increase in 
relative segment motion 
for the low tension 
condition.  

The lower frequency 
inputs (Ground and 
White Noise profiles) 
exhibited either no 
change or a slight 
decrease in relative 
segment motion for the 
low tension condition. 

Results – Phase 3 Human Subject Testing
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Discussion

Higher frequency input vibration (Air profile and low strapping 
tension

• Exhibits slightly lower maximum transmissibility than the standard 
tension condition

• Also permits more relative segment motion

Lower frequency input vibration (Ground and White Noise 
profiles) and low strapping tension

• allows more vibration energy to the head, increasing the head’s 
transmissibility 

• by up to 19%, in the White Noise profile
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Conclusions

The results suggest the use of standard strapping tension is 
generally preferable to low tension strapping, since the standard 
tension produced less absolute and relative body motions. 

Further research would need to be completed to see if the 
reduction in motion improves patient outcomes.
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