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Summary 

The exposure to vibratory motion and repeated shocks associated with medical 
evacuation (MEDEVAC) may contribute to exacerbation of casualty injuries and possible 
consequences to patient health outcome. The purpose of this study was to characterize the 
biodynamic response of a supine human during the loading and unloading procedures on a 
MEDEVAC aircraft. An instrumented manikin with accelerometers and gyroscopic sensors 
replicated the human biodynamic response to vibration and mechanical shock. Video data was 
also recorded for all trials. Two platforms, the Basic Medical Interior (BMI) on the HH-60 and 
the Interim MEDEVAC Mission Support System (IMMSS) on the UH-60 were used for testing. 
Other parameters were varied throughout the study, including loading height, loading direction 
(head first versus feet first), and litter pole sensor placement (inboard versus outboard). The 
research team completed 20 loading and unloading trials under different combinations of these 
parameters. 

For analysis, each trial was divided into separate motion segments; litter lifting, walking 
to platform, loading litter, unloading litter, walking from platform, and litter dropping. The 
metrics used for data analysis included metrics based on International Organization for 
Standardization (ISO) 2631-1 (e.g., vibration dose value [VDV] and root mean square [RMS]), 
maximum acceleration, and jolt exposure (JE). The latter is an acceleration-based metric 
developed for this study to better characterize the unique motions recorded. The video data was 
also synchronized with the inertial data to link the measurements with the actions of the litter 
bearers, litter, and manikin. 

Analysis was conducted in a manner allowing for both biodynamic characterization and 
statistical analysis (via t-test) of the varied parameters. Results showed that loading the litter 
imparted significantly more vibrational exposure to the manikin than walking the litter, between 
three and eleven times as much according to JE. There were no significant differences in 
vibratory exposure between the two MEDEVAC platforms. No significant difference was 
observed when comparing loading the manikin head first versus feet first, or when comparing 
loading at the top height versus the bottom height within the platforms. The litter pole sensor 
reveals that the outboard side showed a higher JE by a factor of 1.75 when compared to the 
inboard side. Finally, JE for loading was significantly higher than that for unloading by as much 
as a factor of 2.4. 

This study indicates that litter loading and unloading procedures result in statistically 
significant exposures to vibratory motions and may result in exacerbating casualty injuries. 
Aircraft design and litter bearer training may help reduce some exposure to these motions. Due 
to the large standard deviations of the results, future studies should include factors such as 
training, experience, and anthropometry of the litter bearers. 
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Introduction 

Surveys on health care providers in the field have reported severe discomfort and pain 
experienced by casualties during military ground and air transport attributed the pain to vibration 
and repeated shock associated with the transport (Kinsler et al., 2015). The forces and vibrations 
transmitted to the patient’s body through the transport system could have severe consequences, 
especially for neurotrauma patients sensitive to increased intracranial pressure (Ratanalert et al., 
2004; Reno, 2010). Studies looking at different litters, transport systems, and immobilization 
systems determined how these systems exacerbate or mitigate the vibration and motion stresses 
during medical evacuation (MEDEVAC) (Kinsler et al., 2015 and 2018). However, these 
findings are limited to the transport ride profiles, with little evidence describing the impact of 
these systems during the loading and unloading phase of MEDEVAC. Subjective observations 
during field evacuations have revealed cases of patients experiencing unexpected mechanical 
shocks and motions during loading and unloading, such as accidental litter dropping by litter 
bearers. These transmitted forces and motions can have consequences on patient health outcomes 
and patient well-being. The purpose of this study is to define the mechanical inputs and 
unexpected shocks patients are exposed to during the loading and unloading procedures of 
MEDEVAC. These findings may contribute to improving loading procedures as well as the 
future design of transport systems. 

Studies reported in the literature and observations from Operation Iraqi Freedom and 
Operation Enduring Freedom indicated that repeated shock and vibration during aeromedical and 
ground transport can cause considerable patient motion and may adversely affect patient comfort 
and medical outcome. Patient management during military en route care is a complex process 
because of inconsistencies in patient clinical conditions, vehicle configurations, patient transport 
systems (e.g., litters and immobilizations systems), and environments associated with transport.  

In 2019, the U.S. Army Aeromedical Research Laboratory (USAARL) conducted a 
survey to investigate the negative features of common MEDEVAC platforms (Conti et al., 2019). 
The majority of the 60 respondents were critical care flight paramedics (CCFPs) who performed 
their duties on the HH-60 and/or UH-60. The results of the survey highlighted that compartment 
configurability, the litter system, cabin ergonomics, compartment size, patient loading capability, 
and personal protective gear (PPG) were all reported to negatively affect the mission by over 
60% of respondents. Out of those six features, four (compartment configurability, the litter 
system, cabin ergonomics, and patient loading capability) highlighted the litter pan system or 
lifting littered patients as the main problems with the systems. Identifying the negative aspects of 
patient loading and unloading is especially exigent given that future MEDEVAC operations will 
require caring for multiple patients, enhancing these current issues. Task-specific research is 
needed to improve patient handling safety, loading, and unloading procedures and the 
development of future transport systems. 

MEDEVAC platforms and en route care operations continuously look to optimize patient 
care and provider capabilities. The confined space of common MEDEVAC platforms presents 
the difficult task of loading and unloading patients onto these transport systems. Working as a 
CCFP requires heavy lifting, continuous or prolonged gripping, and repetitive motions that 
increase the chances of mishaps during patient loading and unloading. In 2011, the USAARL 
conducted a study to assess fixed position litter loading on a MEDEVAC helicopter where a 
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common observation was the tendency for the litter to be caught on the litter pan belts and 
interfere with other protruding structures (Kinsler & Barazanji, 2011). This environment does not 
allow for easy, smooth loading and may result in unexpected shocks or motion to the patient. 
Different MEDEVAC configurations possess different features that may influence patient 
loading and unloading; therefore, this study explores loading and unloading on two common 
platforms, the HH-60 with the Basic Medical Interior (BMI) and the UH-60 with the Interim 
MEDEVAC Mission Support System (IMMSS). The results of this study provide critical 
information for patient handling system designers to develop safer platforms and procedures that 
minimize the amount of forces transmitted to the patient’s body during loading and unloading. 

While motion transmitted to the human body during vehicle motion is the focus in most 
transmitted-vibration analysis studies (Meusch & Rahmatalla, 2014a, 2014b; DeShaw & 
Rahmatalla, 2016), the measurement of the forces transmitted to the different body segments of 
the supine patient during loading is limited in the literature. The complexity of the biodynamic 
response of different body segments presents a challenging task for analysis. Unexpected large 
body motion can dramatically change the orientations of the sensors attached to the body and the 
transport system, which can generate significant assessment and conclusion errors. However, 
with the current advances in new motion measurement technologies, effective methodologies 
have been established to deal with such complicated environments (DeShaw & Rahmatalla, 
2012). For this study, a simulated patient manikin, the Instrumented Supine Manikin (ISMv1.2), 
represents the patient.  

Objectives 

This is a characterization study to define the forces on a simulated patient during the 
loading and unloading phases of MEDEVAC. The transmitted forces/motions to the manikin 
body segments will be collected and analyzed. 

Specific Aims 

Specific Aim 1: Collect acceleration and gyroscopic data from a simulated patient during loading 
and unloading on different MEDEVAC configurations. 
 
Specific Aim 2: Characterize the biodynamic response of a simulated patient during loading and 
unloading procedures. 

Methods 

A team of four litter bearers and a simulated flight medic performed loading and 
unloading procedures with the ISMv1.2 on two different MEDEVAC platforms, the HH-60M 
with BMI and UH-60A/L with IMMSS. Previous studies have shown that differences in litter 
bearer size or height may affect the person in the aircraft loading the paitent, but do not 
significantly affect the patient on the litter (Kinsler & Barazanji, 2011). Since this study focused 
on the patient, the anthropometric characteristics team consisting of the litter bearers and the 
simulated medic were not controlled. 

The ISMv1.2 replicates the human biodynamic response to vibration. The ISMv1.2 has 
several internal six degree-of-freedom (6DOF) sensors (combined accelerometers and 
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gyroscopes), which all connect to a built-in data acquisition system located inside the manikin’s 
chest. Figure 1 shows the sensor locations within the manikin and the relevant coordinate 
systems, local and global. To record the response of the simulated patient, three 6DOF sensors 
were located in the head, chest, and pelvis and one triaxial accelerometer was located in the leg. 

 

 
Figure 1. ISMv1.2 sensor locations and relevant coordinate systems. 
 

Figure 2 shows the sensors located on the litter. To record the input excitations of the 
system, a 6DOF reference sensor was mounted onto the litter mesh near the center of the 
manikin and an accelerometer was mounted onto one of the litter poles. Both of these input 
sensors were mounted at the center of the litter, approximately 37 inches from the end of the 
poles. This location is the maximum deflection of the litter when weighted down by the manikin. 
The right image (Figure 2) shows the mounting plates for the 6DOF sensor (gray mounting pate) 
and the accelerometer (yellow mounting plate) attached to the litter. Both sensors were mounted 
on the bottom side of the litter. To protect the input sensors from hitting objects on the platform 
or interfering with the litter bearers, a plastic cover was attached onto each sensor plate. The 
input sensor on the litter pole was switched between both litter poles throughout the study to 
provide the input response to both the outboard and inboard side of the litter system. 
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Figure 2. Sensor placement locations on litter. 

Each trial was ordered by MEDEVAC platform (BMI and IMMSS), litter pan’s position, 
direction of loading (head first and feet first), and the litter pole sensor placement (inboard and 
outboard). For each trial, the manikin was loaded and unloaded once. Table 1 shows the testing 
configurations and the order of testing. 
 
Table 1. Order of Testing Configurations 

Trial 
Number Platform Litter 

Position 
Direction of 

Loading 
Sensor 

Placement 
1 BMI Top Head First Outboard 
2 BMI Middle Head First Outboard 
3 BMI Bottom Head First Outboard 
4 IMMSS Top Feet First Inboard 
5 IMMSS Bottom Feet First Inboard 
6 BMI Top Feet First Inboard 
7 BMI Middle Feet First Inboard 
8 BMI Bottom Feet First Inboard 
9 IMMSS Top Head First Outboard 
10 IMMSS Bottom Head First Outboard 
11 IMMSS Top Feet First Outboard 
12 IMMSS Bottom Feet First Outboard 
13 BMI Top Feet First Outboard 
14 BMI Middle Feet First Outboard 
15 BMI Bottom Feet First Outboard 
16 IMMSS Top Head First Inboard 
17 IMMSS Bottom Head First Inboard 
18 BMI Top Head First Inboard 
19 BMI Middle Head First Inboard 
20 BMI Bottom Head First Inboard 
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Since loading can be a strenuous and an exhausting task, the order of testing was 
randomized between the platforms and configurations to help limit bias. The BMI has three litter 
positions (top, middle, and bottom), while the IMMSS has two (top and bottom). The direction 
of loading refers to the part of the manikin that entered the aircraft first during the loading task. 
For example, during the “head first” trial, the head entered the aircraft first during loading and 
the feet exited first during unloading. Current MEDEVAC aircraft platforms commonly load the 
patients in the feet first direction, depending on the patient’s injuries and seating location of the 
medic. However, loading and unloading the manikin in both directions, head first and feet first, 
provides data for future MEDEVAC platform designs. The last column, the sensor placement, 
refers to the location of the sensor on the litter pole with respect to the outboard and inboard 
sides of the aircraft. The outboard side refers to the outer most side of the aircraft, while the 
inboard side refers to the midline of the aircraft. This variable allowed the study team to 
characterize the input of potential interruptions caused by the aircraft such as the seatbelts 
(outboard side) versus the input of medic handling such as lifting or sliding (inboard side). 
Figure 3 illustrates the set up for trials 1-5 to better understand the testing configurations. 
 

 
Figure 3. Testing setup for trials 1 through 5. 
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Before testing, digital cameras were set up around the space and the ISMv1.2’s internal 
sensors were calibrated. For the BMI trials, the platform was configured to resemble the HH-
60M BMI. On the testing side, all litter pans were lowered, and the top litter position was 
prepared to be loaded. On the opposite side, the litter pans were raised up to the appropriate 
heights, as if they were already loaded with patients. The manikin was strapped to a standard 
U.S. Army decontaminable litter using litter straps in a two-strap configuration. One strap went 
across the chest of the manikin and the other went across the legs. The litter was placed on the 
ground ten feet away from the platform.  

To synchronize the video and sensor data, recordings were started as close to 
simultaneously as possible. Once recording began, a researcher tapped the chest plate of the 
ISMv1.2 three times in succession. These taps were registered on both the internal sensors and 
video, and as such could be used to synchronize the data streams. Four litter bearers then lifted 
the litter off the ground, carried it to the platform and passed it off to another volunteer who was 
acting as the receiving medic on the inside of the aircraft. Together, the team and the simulated 
medic loaded the manikin onto the MEDEVAC platform. Once the litter was securely settled on 
the litter pan, the simulated medic tapped the manikin three times again to signal the start of the 
unloading portion. The medic and team removed the litter from the litter pan and placed it back 
down on the ground at the starting position. Recording was stopped and the next testing 
configuration was set up. 

Results 

The data from this study was processed and evaluated by ActiBioMotion (ABM), who 
have extensive experience in vibrational data analysis. ABM developed the ISMv1.2. The full 
report from ABM can be found in Appendix B.  

After filtering the raw data using a lowpass filter, the sensor coordinate systems were 
combined into one global frame through a process called sensor fusion. The global frame is 
defined by a vertical Z axis parallel to gravity with a horizontal plane that creates the X and Y 
axes. During sensor fusion, the accelerometers were used to identify the vertical gravity vector 
while the gyroscopic sensors were used to obtain the orientation over short time periods. 
Together, an estimation of the sensor orientation and global frame were defined. 

Next, the data was reduced into several motion segments through the use of the video 
data. The relevant segments used for analysis included lifting litter, walking to platform, loading 
litter, unloading litter, walking from platform, and dropping litter. Other motion segments, such 
as the three taps used for synchronization, or pauses, were ignored during analysis. 

To quantify acceleration, ABM followed ISO 2631-1 guidelines (International 
Organization for Standardization, 1997) and ISO specifications were applied to all motion 
segments for each sensor. First, the frequency-weighted translation acceleration was applied. 
Then the crest factor was calculated with transient vibration and mechanical shocks. 
Subsequently, the weighted RMS, running RMS, maximum transient vibration value and the 
frequency-weighted and unweighted VDV, were calculated. It was determined that the VDV was 
the most effective method of quantifying the acceleration. This determination was based on the 
high crest factor values as well as a qualitative analysis of the inertial data. VDV is often used to 
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characterize vibration data with a significant number of mechanical shocks. The formulae 
defining these metrics can be found in ISO 2631-1 and Appendix B. 

The manikin experienced motions that go beyond transient vibration and shock. 
Additional metrics including unweighted RMS and VDV, as well as the weighted and 
unweighted gyroscopic data RMS were used to supplement the metrics above. Approximate 
transmissibility values were also calculated by dividing the VDV of each segment (the outputs) 
by the VDV of the litter (input). All of these metrics proved useful in quantifying the inertial 
data. 

Finally, one last metric was developed to describe a motion experienced by the manikin 
that cannot be described solely as vibration or mechanical shock. This metric was termed jolt 
exposure (JE). JE is calculated by taking the absolute value of a single axis acceleration profile 
(unweighted) and removing all data points that do not exceed a certain threshold. The threshold 
chosen in this report was 1.6 meter per second squared (m/s2). This value was chosen from 
section C.2.3. of ISO 2631-1, as it represents the upper range value of vibratory acceleration 
considered to be uncomfortable for healthy humans. It is assumed that the perception of 
discomfort would likely be greater in injured humans. The remaining data points are then 
squared (to assign greater weight to high accelerations) and summed. The equations are defined 
below: 

    𝑖𝑖𝑖𝑖 ‖𝑎𝑎(𝑛𝑛)‖ < 1.6 𝑚𝑚
𝑠𝑠2

, 𝑡𝑡ℎ𝑒𝑒𝑛𝑛 𝑎𝑎(𝑛𝑛) = 0   Equation 1 

     𝐽𝐽𝐽𝐽 = ∑ 𝑎𝑎𝑘𝑘
𝑛𝑛=1 (𝑛𝑛)2    Equation 2 

Results are presented below in a series of box plots. Figures 4 through 9 represent the 
distribution over the full set of trials with the exception of trials 4 and 19. Trial 4 appeared to be 
an outlier, and trial 19 did not have a complete video recording and could not be properly 
segmented. The box plots include the VDV metric with weighted acceleration (Figure 4), the 
VDV metric calculated with unweighted accelerations (Figure 5), the RMS metric of the 
gyroscope data (Figure 6), and the JE metric for each body segment (Figure 7 only represents the 
head). The red line in the center of the box plots indicates the median value, the lower and upper 
lines of the box indicate the 25th and 75th percentile of the dataset, the lower and upper whiskers 
indicate the 5th and 95th percentile and the red plus symbols represent outlier data points. 
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Figure 4. Weighted VDV norm by motion segment and sensor placement. 
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Weighted VDV Norm 
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Unweighted VDV Norm 
 
 

 

  

Figure 5. Unweighted VDV norm by motion segment and sensor placement. 
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Unweighted Gyroscope RMS Norm 
 
 

Figure 6. Unweighted gyroscope RMS norm by motion segment and sensor placement. 
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Jolt Exposure Distribution for the Head  

Figure 7. Jolt exposure to the head by motion segment and each axis. 
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Figure 8 shows the maximum acceleration values (defined by the norm and in units of g) that were encountered during each 
segment of each trial. Note that the color coding was applied to make table interpretation easier – color has no bearing on the risk or 
exposure of a certain value. The darkest green denotes the lowest observed acceleration and the darkest red denotes highest observed 
acceleration. 

 
 

 
Figure 8. Maximum value of the free acceleration norm for each body segment/litter location in each trial.  

Maximum Acceleration (Norm in gs) of Each Segment for all Trials 
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Transmissibility over each segment was presented as a bar graph (Figure 9). Figure 9 shows how the acceleration input to the 
manikin is either mitigated or exacerbated for each body segment. Values above 1.0 indicate exacerbation, while values below 
indicate mitigation. The black error bars indicate the standard deviation. 

 
Figure 9. Approximated transmissibility showing metric broken down by motion segment and sensor placement. 
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Acceleration data from a single trial and body segment (chest) was broken down into each axis to identify the effects of 
unintentional actions of the litter bearers such as dropping the litter (Figure 10). 

 
Figure 10. Segmented time history acceleration data for a single trial showing metric broken down by actions for chest sensor. 
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The remaining results present the statistical analysis. This study compared several of the 
tested parameters to determine if there is a statistically significant difference in transmitted 
vibration or shock. Two sample t-tests were used to compare means. For this study, P-values 
below 0.05 were considered statistically significant, and P-values between 0.05 and 0.1 were 
considered marginally significant. The * symbol was placed above the bars with statistically 
significant differences, and the ^ symbol was placed above the bars with marginally statistically 
significant differences. The parameters were compared across the following metrics: 

• Head VDV norm, chest VDV norm, pelvis VDV norm, pole VDV norm, and litter VDV 
norm; 

• Head gyroscope RMS norm, chest gyroscope RMS norm, pelvis gyroscope RMS norm, 
and litter gyroscope RMS norm; 

• Head JE norm, chest JE norm, pelvis JE norm, thigh JE norm, pole JE norm, and litter JE 
norm. 

The comparisons made include walking versus loading (Figure 11), inboard versus 
outboard (Figure 12), BMI versus IMMSS (Figure 13), head first versus feet first (Figure 14), top 
versus bottom litter pans (Figure 15), and loading versus unloading (Figure 16). 

 

 
Figure 11. Comparison between walking and loading segments. 

 

Walking Versus Loading 
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Figure 11 shows that all six VDV metrics and all six JE metrics were found to be 
significantly different between walking and loading. The differences between the VDV norm 
were large (loading was between 1.5 and 2 times greater); the differences between JE were larger 
(loading was between 3 and 11 times greater). 

 

 
Figure 12. Comparison between inboard and outboard placement of litter pole sensor. 

Half of the trials were conducted with the litter pole sensor on the inboard side and the 
other half were conducted with the litter pole sensor on the outboard side. As expected with this 
comparison, the pole VDV and the pole JE show statically significant results, but no other 
locations were significantly different. 
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Inboard Versus Outboard 
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Figure 13. Comparison between BMI and IMMSS MEDEVAC platforms. 

The difference in gyroscopic RMS values for the litter is statistically significant between 
the two platforms, while the difference in gyroscopic RMS values for the chest and pelvis are 
marginally statically significant. 
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BMI Versus IMMSS 
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Figure 14. Comparison between loading directions, head first and feet first. 

There are marginally statistically significant differences for the VDV and JE values at the 
thigh. Due to the lack of gyroscopic data in the thigh, it is unknown if those values would also be 
deemed significant. 
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Head First Versus Feet First 
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Figure 15. Comparison between top and bottom litter pans. 

The gyroscopic RMS values were statically significant at the head, where the bottom 
position value is 1.19 times that of the top. At the head, the JE metric was 1.17 times greater for 
the top height but was not statically significant. 
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Figure 16. Comparison between loading and unloading motion segments. 

All acceleration metrics showed significant differences, 11 showing statistically 
significant and one showing marginal statistical significance. In all 12 cases, the loading motion 
segment metrics were greater than the unloading motion segment metrics. In terms of JE, the 
loading metrics were between 1.4 and 2.4 times greater for the loading data. 

The complete analysis and description of the results can be found in ABM’s report titled 
Analysis of En Route Care in Confined Spaces: Loading and Unloading Effect on Patients. 
(Appendix B). 

Discussion 

Based on the calculated values for frequency-weighted VDV, unweighted VDV, and 
gyroscope RMS norms, the head received the most vibration excitation and mechanical shocks 
during loading and unloading procedures. Due the design of the manikin, and a lack of neck 
muscles to create head stability, it is not surprising to see values that were approximately two 
times greater than in the other body segments. While the manikin may represent an unconscious 
or human dosed with a paralytic medication, vibration responses may differ in conscious 
patients. 

The biodynamic results can be differentiated by three characteristics, mechanical shock, 
rotation, and max acceleration. Shock was significantly present in the loading and unloading 
motion segments. Rotation was most present during the lifting segment, particularly at the 

Loading Versus Unloading 
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location of the head. Maximum acceleration occurred in the lifting and walking motion 
segments, mainly at the head. The standard deviations of these values were large, suggesting that 
the litter team may be capable of decreasing the exposure to vibrations and shocks through 
careful handling techniques. Experience, training, and anthropometry of the litter bearers could 
be included as factors in future studies. 

The loading segments exhibited VDV norms values to be at least 1.5 times more than the 
walking segments. Likewise, the JE values revealed the head to be exposed 3.6 times more 
during loading than walking. The largest JE ratio was calculated at the litter where the loading JE 
was 10.7 times walking JE. Looking at the inboard and outboard sides of the aircraft, the VDV 
metric had a mean outboard pole value 1.146 times that of the inboard, with an associated P-
value of 0.0284. Comparatively, the JE metric had a mean outboard pole value 1.748 times that 
of the inboard with an associated P-value of 0.0129. This suggest much of the vibration and 
shock may come from an aircraft artifact on the side of the aircraft.  

There was little evidence to draw significant comparisons between the aircraft platforms 
(BMI versus IMMSS), the loading direction (head first versus feet first), and the litter pan 
heights (top versus bottom). Finally, the comparison results displayed that the loading segments 
impart significantly greater vibrations and shocks than the unloading segment. JE values were 
1.44 times greater for the loading segment at the head, which was the least difference of all 
segments. Overall, the loading motion segment generates the most vibration and shock to the 
body with the unloading segment a close second. Comparing the parameters for statistical 
significance motivates the need for more in-depth research on loading and unloading procedures 
and MEDEVAC designs. 

Conclusion 

This study reveals the effects of patient loading and unloading onto an aircraft during 
MEDEVAC operations. The loading and unloading procedures caused statistically significant 
exposure to vibration and mechanical shock when compared to walking the litter to and from the 
platform. The standard deviations in all metrics suggest that the loading process or actions of 
litter bearing have the ability to mitigate or exacerbate the excitations experienced by the patient. 
Studies involving more control over the litter bearers such as training, ability, and anthropometry 
could help researchers to determine ways to mitigate these vibrations. Improved training 
procedures across all personnel who may be expected to carry and load litters could allow for 
significant reductions of potentially injurious inputs to litter patients. Other studies looking at 
aircraft design, specifically obstructions on the outboard side of the aircraft such as the litter pan 
belts, should be considered. Patient handling system designs that eliminate protruding structures 
and attachment points will reduce some of the mechanical shocks that may be present during 
loading and unloading.  
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Appendix A. Acronyms and Abbreviations. 

6DOF Six degree-of-freedom 
ABM ActiBioMotion 
BMI Basic medical interior 
CCFP Critical care flight paramedic 
DTIC Defense Technical Information Center 
IMMSS Interim MEDEVAC mission support system 
ISM Instrumented supine manikin 
ISO International Organization for Standardization 
JE Jolt exposure 
MEDEVAC Medical evacuation 
PPG Personal protective gear 
RMS Root mean square 
VDV Vibration dose value 
USAARL U.S. Army Aeromedical Research Laboratory 
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Abstract 

The purpose of this study was to characterize the biodynamic response of a supine human during the loading 

and unloading procedure into a medical evacuation (MEDEVAC) aircraft.  The human was represented by an 

instrumented supine manikin designed to replicate the human response to vibration and mechanical shock.  

Vibration measurements were taken at six different locations: four inside the manikin, one on the litter pole, and 

one on the litter mesh. Video data was collected for all trials.  Several parameters were varied during loading, 

including MEDEVAC platform, loading orientation, loading height, and litter pole sensor location. 

For analysis, each trial was subdivided into multiple independent, non-overlapping motion segments: Litter 

Lifting, Walking to Platform, Loading Litter, Unloading Litter, Walking from Platform, and Litter Dropping.  

The metrics used for data analysis included metrics based on ISO 2631-1 (e.g. VDV and RMS), max 

acceleration, and Jolt Exposure (JE).  The latter is an acceleration-based metric developed for this study to 

better characterize the unique motions recorded.  The video data was also synced with the inertial data to link 

the measurements with the actions of the litter bearers, litter, and manikin.  Analysis was conducted in a manner 

allowing for both biodynamic characterization and statistical analysis (via t-test) of the varied parameters. 

The results of the biodynamic results can be differentiated into three categories: shock, rotation, and max 

acceleration. Shock is impacted most during the loading and unloading motion segments. Rotation is impacted 

most during the lifting motion segment, particularly at the location of the head. Max acceleration is impacted 

most in the lifting and walking to motion segments, also particularly at the head.  The investigation also 

included analyzing synced inertial data with the video data.  This analysis showed actions including partially 

dropping the litter, hitting the litter pole on the aircraft, and catching the litter on the litter pan. These actions 

were observed multiple times and as a result, the JE metric was valuable in isolating the effects of these actions 

on the manikin motion.  

Loading the litter imparted significantly more vibrational exposure to the manikin than walking the litter – 

between three and eleven times as much according to JE.  Two MEDEVAC platforms, the HH-60 with the BMI 

and the UH-60 with the IMMSS, were compared and revealed no significant difference in vibratory exposure.  

No significant difference was also observed when comparing loading the manikin head first versus feet first, or 

when comparing loading at the top height vs the bottom height within the platforms.  The location of the litter 

pole sensor was varied between the inboard and outboard side, and the outboard side showed a higher JE by a 

factor of 1.75.  Finally, JE for loading was significantly higher than that for unloading by as much as a factor of 

2.4.  

In summary, the litter loading process caused statistically significant exposure to vibratory motion (when 

compared to the process of litter walking).  Results indicate that this exposure is inherent to the loading process 

but is exacerbated by litter-bearer actions.  The standard deviations in all metrics were large – in the most 

extreme cases one standard deviation could be as large as the value of the metric.  This suggests that other 

factors such as training, experience and anthropometry of litter-bearers may be the cause for the large standard 

deviations, and therefore should be considered in future studies.  From a hardware viewpoint, the outboard litter 

side was a larger source of exposure than the inboard.  Adding a shock absorbing material, such as rubber, on 

either the litter’s outboard pole or the outboard side of the MEDEVAC platform may reduce exposure. 
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1 Introduction 
Recent surveys on health care providers in the field have reported severe discomfort and pain experienced by 

casualties during military ground and air transport and attributed the pain to vibration and repeated shock 

associated with the transport (Kinsler, Barazanji, Lee, Fulton, and Hatzfeld, 2015). The forces and vibrations 

transmitted to the patient’s body through the transport system could have severe consequences, especially for 

neurotrauma patients sensitive to increased intracranial pressure (ICP) (Ratanalert et al., 2004; Reno, 2010). 

Litters, transport systems and immobilization systems have been studied to determine if they exacerbate or 

mitigate the vibration and motion stresses during rotary-wing medical evacuation (MEDEVAC) (Kinsler et al., 

2015 and 2018). However, these factors are largely studied during the transport ride profiles with little evidence 

describing the impact of these systems during the loading and unloading phase of MEDEVAC. Subjective 

observations during field evacuations have revealed cases of patients experiencing unexpected mechanical 

shocks and motions during loading and unloading, such as their litter being dropped. These transmitted forces 

and motions can have dramatic consequences on patient health outcome and well-being. 

MEDEVAC platforms and en route care operations are continuously evaluated to optimize patient care 

and provider capabilities. The confined space of common MEDEVAC platforms presents the difficult task of 

loading and unloading patients onto these transport systems. Critical Care Flight Paramedic (CCFP) are 

subjected to heavy lifting, continuous or prolonged gripping and repetitive motions that increase the chances of 

mishaps during patient loading and unloading. USAARL conducted a study to assess fixed position litter 

loading on a MEDEVAC helicopter and a common observation was the tendency of the litter to become caught 

on the litter pan belts and interfere with other protruding structures (Kinsler and Barazanji, 2011). This 

environment does not allow for easy, smooth loading and may result in unexpected shock or motion to the 

patient. Different MEDEVAC configurations possess different features that may influence patient loading and 

unloading. Therefore, this study investigated loading and unloading on two common platforms, the HH-60 with 

the BMI and the UH-60 with the IMMSS.  

While motion transmitted to the human body is the main focus in most transmitted-vibration analysis 

studies (Meusch and Rahmatalla, 2014a, 2014b; DeShaw and Rahmatalla, 2016), the measurement of the forces 

transmitted to the different body segments of the supine patient during transport is limited in the literature. The 

complexity of the biodynamic response of different body segments presents a challenging task for analysis. 

Unexpected large body motion can dramatically change the directions of the sensors attached on the body and 

the transport system, which can generate significant assessment and conclusion errors. However, with the 

current advances in new motion measurement technologies, recent publications have outlined effective 

methodologies to deal with such complicated environments (DeShaw and Rahmatalla, 2012). A simulated 

patient manikin, the Instrumented Supine Manikin (ISMv1.2), was used for this study (Barazanji et al., 2019). 

The ISMv1.2 was created to replicate human biodynamic response to vibration. The ISMv1.2 has several 6DOF 

sensors (combined accelerometers and gyroscopes), which all connect to a built-in data acquisition system 

located inside the chest. The findings of this study will provide critical information for developing safer litter 

systems, handling equipment and procedures. 

The primary objective of this report is to analyze the collected inertial and video data to (1) biodynamically 

characterize the motion encountered during the litter loading process, and (2) identify the parameters that 

impact the vibration exposure in terms of statistical significance and magnitude of effect.  To the best of the 

authors’ knowledge, no studies of this kind have been previously conducted.  Therefore, an imperative part of 

the data analysis process is to consider a wide variety of calculations and metrics to identify which are effective 
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in this characterization.  Once identified, these effective metrics must be presented such that the two 

aforementioned objectives can be achieved and their results succinctly and clearly communicated. 

2 Methodology 

2.1 Measurement Setup 
A human surrogate, the ISMv1.2 (Instrumented Supine Manikin for Vibration version 1.2), was used in all 

testing, where the ISMv1.2 was strapped to a U.S. Army Decontaminable litter and subjected to patient loading 

and unloading on different MEDEVAC platforms. Henceforth, the ISMv1.2 will be referred to as the 

“manikin”.  The manikin is designed to replicate the human biodynamic response to vibration (DeShaw, Frick, 

Rahmatalla, Kinsler and Barazanji, 2019).  The manikin is internally instrumented, and was setup such that six 

degree-of-freedom (6DoF) inertial sensors (triaxial accelerometer and triaxial gyroscope) were placed at the 

following locations: manikin head (internal), manikin chest (internal), manikin pelvis (internal), manikin thigh 

(internal), litter pole (external), and the litter mesh (external).  The thigh and pole sensors did not record 

gyroscope measurements due to the limited number of channels of the manikin’s internal data acquisition 

system.  Video data was also captured by six time-synced cameras. 

The locations of the inertial sensors can be seen in the three images comprising Figure 1.  In the top image, the 

red squares signify the location of an inertial sensor; The sensors located at the head, chest and pelvis areas have 

all six channels connected, whereas the thigh sensor has only the three accelerometer channels connected.  The 

litter mesh sensor has all six channels connected, and the pole sensor has only the three acceleration channels 

connected. 

The top image of Figure 1 displays two sets of Coordinate Systems (CS), one labeled local (blue) and one 

labeled global (red).  The local CS follows ISO 2631-1, meaning it is fixed to the location of the input, and is 

used for the ISO-based calculations.  This is primarily relevant for the correct application of frequency 

weighting; the ISO metric VDV, as well as the gyroscope metrics, are presented in terms of the CS-invariant 

norm.  The global CS is not fixed to the litter, and thus remains constant throughout each trial.  This global CS 

is introduced to make interpretation of certain results (Jolt Exposure and axial acceleration over an entire trial) 

more intuitive, as the results do not need to be interpreted in terms of a continually changing CS). 
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Figure 1: Locations of the six sensors connected to the manikin.  The top picture depicts the locations of the four internal 

sensors (red squares), as well as the relevant coordinate systems. The bottom left picture depicts the location of the litter 

pole sensor (red square) and litter sensor (annotated gray square), and the bottom right picture depicts the location and 

mounting method of the litter mesh sensor.   

2.2 Loading/Unloading Process Description 
In this study, the process of loading and unloading the manikin is defined as follows: Before starting, the litter 

was placed on the ground at least ten feet away from the platform (aircraft analogue). The process began when 

four litter bearers lifted the litter off the ground, carried it to the platform, and passed it to a volunteer acting as 

the receiving Medic on the inside of the platform. Together, the team loaded the manikin onto the MEDEVAC 

platform.  The placement/orientation of the manikin within the platform varied by trial but concluded when the 

litter was securely settled inside the litter pan. These steps were then reversed to unload the manikin.  The 

manikin was lifted from the litter pan and passed off to the four litter bearers.  The litter was then carried back 

to the starting location and lowered to complete the process.  An example of a loaded manikin can be seen in 

Figure 2. 
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Figure 2: Example of a manikin loaded in the top litter position in the BMI phase. 

This complete loading and unloading process (starting with the lifting of the manikin and ending with the 

dropping of the manikin) was performed 20 times (for a total of 20 trials).  The JERCA 4 protocol lists a total of 

40 trials, as the loading and unloading portions were considered separate.  For the purposes of this report, those 

two portions are combined into a single trial.  Four parameters were varied throughout the trials:  

1. Two platforms: HH-60M with BMI and UH-60A/L with IMMSS

2. Three Litter Positions: Top, Middle, Bottom

3. Loading Direction: Head First or Feet First

4. Litter Pole Sensor Placement: Inboard or Outboard

A complete description of the process used to load/unload the manikin from the aircraft analogue, as well as the 

parameters that were varied and specifications followed, can be found in the USAARL JERCA 4 Protocol 

document. 

2.3 Data Processing 
The steps taken in processing and converting the raw inertial data into relevant metrics and results are 

enumerated below: 

1. The raw data were lowpass filtered and inspected, yielding usable data in the local CS (Figure 1 - top

image).  To realize the global CS in the same image, a sensor fusion algorithm was applied.

2. The data was broken into 13 different motion segments, six of which contained relevant information.

The seven segments deemed to not contain relevant information included motions such as pauses

between the litter loading and unloading steps and the two sets of triple taps used for syncing the video

and inertial data.  A more complete description of the segmentation can be found in the Appendix

(Section 6.1).  The six relevant segments are as follows:

1. Lifting the litter

2. Walking the litter to the aircraft

3. Loading the litter into the aircraft

4. Unloading the litter from the aircraft

5. Walking the litter from the aircraft back to the location it was originally lifted from

6. Lowering the litter.
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The time stamps necessary to achieve said segmentation were obtained from the video data that was 

collect concurrently with the ISMv1.2 data.  During this analysis of the video data, notes were made 

as to when unexpected events occurred (such as dropping the litter or hitting it on the cab) for 

several trials. 

3. For each trial, relevant metrics (including root mean square (RMS) acceleration and VDV) were

calculated for each of the six motion segments enumerated in the previous step.  For each of these six

motion segments, sensors measurements existed at six locations (referred to as body segments) – Head,

Chest, Pelvis, Thigh, Pole, Litter. Calculating metrics for each of the six body segments for each of the

six motion segments yielded a total of 6 × 6 = 36 values per metric per trial.

4. To succinctly and clearly show the distribution of the values generated in the previous step over all the

trials, the results were organized via boxplots. Other graphics were also added as needed, including a

plot of the acceleration of a single trial with demarcations at the times potentially hazardous events were

identified by video analysis.

2.3.1 Step 1 – Conversion to the Global Coordinate System 

The process of converting the ISMv1.2’s data (collected in the multiple local sensor frames) to a single, shared 

global frame was accomplished by a process called sensor fusion.  Said global frame is defined by a vertical Z 

axis parallel to that of gravity, and X and Y axes placed in the horizontal place (see top image of Figure 1).  

Sensor fusion is the process of combining the measurements of two or more sensors with a model to 

compensate for each sensor type’s weakness.  Here, the accelerometer can be used to identify the vertical 

gravity vector, but only if there is little free acceleration (free acceleration is acceleration other that caused by 

gravity).  Conversely, the gyroscope data can be integrated to obtain very accurate orientation data over short 

time periods, but the accuracy degrades over time.  Succinctly, by applying sensor fusion, the orientation 

estimates of the accelerometer and gyroscope can be combined such that the gyroscope stabilizes the estimates 

of the accelerometer during periods of free acceleration, and the accelerometer estimates stabilize the 

gyroscope’s drift over time (Madgwick et al., 2011).  The end result is a robust estimation of sensor orientation 

over time.   

Two issues of import are horizontal orientation drift, and the orientation estimates of the locations that only 

have accelerometric measurements.  Horizontal orientation drift occurs because the accelerometer cannot 

provide a stabilizing measurement of a horizontal vector, subjecting the yaw measurement to a time-based drift.  

This is mitigated through a series of techniques designed to reduce integration drift by minimizing gyroscope 

bias (the cause of the drift).  As for the location where only accelerometric data is available (i.e. the litter pole 

and thigh), frequency filtering is used to remove free acceleration and an optimization protocol (gradient 

descent) is implemented to maximize the accuracy of the orientation estimates. 

2.3.2 Step 2 – Breaking Trials into Motion Segments 

It was determined that each trial contain six motion segments of import: Lifting the litter, Walking to the 

aircraft, Loading the manikin to the aircraft, Unloading the manikin from the aircraft, Walking from the aircraft, 

and Lowering the litter.  The time stamps of these individual motion segments were determined through careful 

scrutiny of the video data (Further explanation and definition of these segments can be found in the Appendix 

section).  The inertial and video data were then synced by utilizing the chest taps performed in each trial.  The 

chest taps have a very distinct inertial signature, which could then be matched with the segmentation data.  This 

resulted in an inertial data set for each of the six motion segments. 
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2.3.3 Step 3 – Metric Calculation 

The calculated metrics were based on un-weighted measured acceleration and weighted acceleration data as 

specified by ISO 2631-1:1997 guidelines (ISO 2631-1).  For the weighted acceleration, the first step in the ISO 

analyses was to apply the defined frequency weighting function, which heavily attenuates frequencies below 4 

Hz and above 8 Hz but leaves the 4-8 Hz band essentially untouched.  While it is understood that the ISO 

specifications deal with sensors mounted directly on the input at the interface between the body and litter, we 

opted to apply them to our segment data, even though our segment data is part of the output. After applying the 

weighting filter, the Crest Factor was calculated with transient vibration and mechanical shocks.  Subsequently, 

the weighted RMS, running RMS, Maximum Transient Vibration Value (MTVV) and the weighted and 

unweighted Vibration Dose Values (VDV), were calculated.  As we were interested in the VDV of both the 

frequency-weighted and unweighted acceleration, both were calculated. Based on the results, it was determined 

that the VDV was the most effective method of quantifying the acceleration.  This determination was based on 

the high Crest Factor values (though rarely exceeding the value of nine), as well as a qualitative analysis of the 

inertial data.  The formulae defining these metrics can be found below, and in ISO 2631-1. 

The formula for the weighted RMS is as follows: 

𝑎𝑤 = [
1

𝑇
∫ 𝑎𝑤

2 (𝑡) 𝑑𝑡
𝑇

0
]

1

2
Equation 1 

Here 𝑎𝑤(𝑡) is the frequency-weighted translational acceleration as a function of time in units of meters per

second squared, and 𝑇 is the duration of the measurement in seconds. 

The formula for the running RMS is as follow: 

𝑎𝑤(𝑡0) = {
1

𝜏
∫ [𝑎𝑤 (𝑡)]

2
 𝑑𝑡 

𝑡0

𝑡0−𝜏
}

1

2
Equation 2 

Here 𝑎𝑤(𝑡) is instantaneous frequency-weighted translational acceleration, 𝜏 is the integration time for running

average, 𝑡 is the time (integration variable), and 𝑡0 is the time of observation (instantaneous time). 

The formula for the Maximum Transient Vibration Value (MTVV) is as follows: 

𝑀𝑇𝑉𝑉 =  max[ 𝑎𝑤(𝑡0)] Equation 3 

That, is the MTVV is the highest magnitude of 𝑎𝑤(𝑡0) read during the measurement period T (𝑎𝑤 =

[
1

𝑇
∫ 𝑎𝑤

2 (𝑡) 𝑑𝑡
𝑇

0
]

1

2
Equation 1). 

The formula for the fourth power vibration dose value (VDV) is as follows: 

𝑉𝐷𝑉 = {∫ [𝑎𝑤(𝑡)]4 𝑑𝑡
𝑇

0
}

1

4
          Equation 4 

Here 𝑎𝑤(𝑡) is instantaneous frequency-weighted translational acceleration, and 𝑇 is the duration of the

measurement. 

The loading process contained both transient vibration and shocks, but also exhibited motion that did could not 

be fully described as a combination of transient vibration and shock.  An example of such motion would be 

dropping the litter on one side but catching it before contact with the ground.  Therefore, additional metrics 
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were calculated to supplement those stated above.  These included the unweighted version of the RMS and 

VDV, as well as the weighted and unweighted values of the gyroscope data RMS.  A metric roughly 

approximating transmissibility was also calculated by dividing the VDV of each segment (the outputs) by the 

VDV of the litter (input).  Transmissibility is essentially a transfer function that describes how vibrational 

energy propagates through the body as a function of the input vibration.  The above metrics (specifically VDV 

and Gyroscope RMS) were calculated for each axis (as specified by the ISO), but then combined via calculation 

of the norm to simplify the comparison process.   

The above metrics proved useful in quantifying the inertial data in broad terms, but lacked descriptive power for 

the transient and irregular jolts that characterized the observed manikin motion.  The term “jolt” is used because 

the type of motion being referenced cannot be characterized solely as vibration or mechanical shock.  To 

quantify this jolt motion, a metric termed “Jolt Exposure” (JE) was developed.  JE is calculated by taking the 

absolute value of a single axis acceleration profile (unweighted) and removing all data points that do not exceed 

a certain threshold.  The threshold chosen in this report was 1.6 m/s2.  This value was chosen from Section 

C.2.3. of ISO 2631-1:1997, as it represents the upper range value of vibratory acceleration considered to be

“uncomfortable” for healthy humans.  It is assumed that the perception of discomfort would likely be greater in

injured humans.  The remaining data points are then squared (to assign greater weight to high accelerations) and

summed.  The equations describing this process is as follows: (if ‖𝑎(𝑛)‖ < 1.6
𝑚

𝑠2
, then 𝑎(𝑛) =0 

Equation 5 and 𝐽𝐸= ∑ 𝑎(𝑛)2𝑘
𝑛=1 Equation 6) 

if ‖𝑎(𝑛)‖ < 1.6
𝑚

𝑠2 , then 𝑎(𝑛) = 0     Equation 5 

𝐽𝐸 =  ∑ 𝑎(𝑛)2𝑘
𝑛=1 Equation 6 

Here 𝐽𝐸 is Jolt Exposure, 𝑎 is a single-axis time-varying acceleration profile, 𝑛 is an inter used to refer to the 

n’th element of 𝑎, and 𝑘 is the number of data points in 𝑎. 

The issue that this metric is intended to address the averaging out effect that metrics like VDV are subjected to.  

For example, in terms of VDV value, an acceleration profile with a large, ephemeral shock followed by a long 

period of mild vibration can have the same VDV value as an acceleration profile with consistent moderate 

vibration.  In this example, the JE metric would be able to distinguish between these two acceleration profiles, 

as the mild vibration is excluded from the data set.  Finally, note that this metric is not normalized against the 

number of measurements, as is a metric like VDV.  The goal of JE is to quantify a form of “exposure”, and by 

avoiding normalization, tasks that take longer to complete will have a correspondingly higher exposure metric, 

which is not necessarily the case with normalized metrics.  

2.3.4 Step 4 – Analysis and Plot Generation 

Between the many trials, body segments, and motion segments, it was determined that the most succinct method 

of presenting the data as a whole would be via box plots, where the full statistical distribution of the data can be 

represented by a single graphic.  In this manner, concerning a single metric, the results of all 20 trials could be 

presented in a series of six box plots, one for each motion segment.  Three box plots are generated, one showing 

the VDV metric with weighted acceleration(Figure 3), one showing the VDV metric calculated with 

unweighted accelerations (Figure 4), and one showing the RMS metric of the gyroscope data (Figure 5).  Note 

that in order to simplify the presentation of the results, the three axes of measurement were combined into a 

parameter by calculating the norm.  Furthermore, when calculating the VDV, the frequency-weighted 

acceleration was used, but no frequency weighting was applied to the gyroscope data (The frequency content of 
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the gyroscope was almost exclusively below 4 Hz, therefore applying frequency weighting resulted in vectors of 

essentially all zeros).  Next, the results of the JE metric are presented for the head, chest and pelvis body 

segments as boxplots (Figure 6, Figure 7, and Figure 8).  The rest of the body segments are not included due to 

irrelevance or lack of variation from the chest plot. 

After providing an overall view of the data via the boxplots, it was determined that a metric showing how, for 

all the trials as a whole, the input (Litter VDV) manifested in the outputs (Body Segment VDVs).  This was 

calculated by dividing the mean of the output values by the mean of the input values, resulting in a rough 

analogue of transmissibility.  Transmissibility is a transfer function that expresses how an input (such as 

vibration) is mapped to (i.e. does it amplify, mitigate, or leave unchanged) the output(s).  This approach was 

broken out over all five of the output segments for each of the six motion segments (Figure 10).  In order to give 

a sense of the data’s variability, standard deviation bars were placed on each bar of the bar graph. 

The final graphic displayed in the Results section provides a qualitative and quantitative overview of how 

actions of the loading crew manifest themselves in the inertial data, ultimately showing the effect of an 

unintended action (such as dropping the litter) on the manikin.  To accomplish this, the acceleration data from a 

specific trial and body segment (in this case, the Chest in Trial 2 – more such plots can be found in the 

Appendix), is displayed broken out into the X, Y, and Z axes.  In order to differentiate the different motion 

segments that occurred during the trial, the data from each motion segment is plotted in a different color (the 

black plot underneath is the complete data set).  Finally, actions identified by watching the video corresponding 

to the trial that were unintended (such as hitting the litter against the wall or partially dropping the litter) are 

marked with asterisks and corresponding labels. 

Trials 4 and 19 were not included in the calculations.  Trial 4 appeared to be an outlier, and Trial 19 did not 

have a complete video recording and could not be properly segmented. 

3 Results 
The results presented in this report fall into two sections.  The first characterizes the overall biodynamic 

response using quantitative metrics and qualitative analysis.  The gathered data is analyzed using multiple 

methods with the intent of elucidating the type of vibratory motion encountered in the kind of experiment, how 

standard metrics (such as those in the ISO documentation) describe (or fail to describe) the data, and how 

utilizing a non-standard metric (Jolt Exposure) offers a potentially more useful analysis method. 

The second section is concerned with statistical analysis.  Specifically, the effects of the tested parameters (such 

as MEDEVAC platform, loading height, etc) in terms of statistical significance and magnitude. 

3.1 Biodynamic Characterization 
The results of this section offer an overall characterization of the recorded motion.  With the exception of 

Figure 11, in which data from a single trial and single body segment are shown, all of the graphs show the 

distribution of data over the full set of trials (with the exception of Trial 4 (outlier, likely due to sensor error) 

and 19 (incomplete video data)).  Furthermore, Figure 3 to Figure 7 are divided into subplots for each motion 

segment.  In this manner, the distribution of calculated metrics for each trial in terms of each body segment and 

motion segment can be succinctly reviewed. 

In the interest of clarity, the boxplot methodology employed in this report were elucidated.  Each box and 

whiskers element shows the data distribution.  The red line in the center of the box plot indicates the median 

value.  The lower and upper lines of the box (closest to the median line) indicate the 25th and 75th percentile of 
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the data respectively.  The lower and upper whiskers indicate the 5th and 95th percentile of the data respectively.  

Finally, points marked with a red plus symbol are values that were determined to be outliers compared to the 

rest of the data. 

The plots below depicting the results of this study are formatted in a manner the authors thought most effective 

for communicating information.  However, if different formatting is desired, the original MatLab figures used to 

generate these images can be provided by ABM. Furthermore, the Jolt Exposure metric is displayed in the 

global CS, as will be explained before the graphs are presented. 
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Weighted VDV Norm

Figure 3: Compilation of box plots showing the statistical distribution of the VDV Norm (weighted) over all the trials.  

The metric is broken out by both body segment (within each sub-boxplot) as well as motion segment (one motion segment 

per boxplot). 
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Unweighted VDV Norm 

Figure 4: Compilation of box plots showing the statistical distribution of the VDV Norm (unweighted) over all the trials.  

The metric is broken out by both body segment (within each sub-boxplot) as well as motion segment (one motion segment 

per boxplot). 
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Unweighted Gyroscope RMS Norm

Figure 5: Compilation of box plots showing the statistical distribution of the Gyroscope RMS Norm over all the trials.  

The metric is broken out by both body segment (within each sub-boxplot) as well as motion segment (one motion segment 

per boxplot). 
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The following plots depicting JE exhibit a wide range of Y values.  As such, the Y axes for each plot is unique, 

which must be considered when interpreting the results. Furthermore, the results are presented in a global CS, 

(as described by the top image of Figure 1).  In this CS, the Z axis is always aligned vertically with gravity, the 

X axis longitudinally traverses the litter, and the Y axis represents lateral motion on/of the litter. 

Jolt Exposure Distribution for the Head

Figure 6: Boxplot showing the distribution of the Jolt Exposure Metric over all trials for each motion segment and the 

head body segment. 
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Jolt Exposure Distribution for the Chest

Figure 7: Boxplot showing the distribution of the Jolt Exposure Metric over all trials for each motion segment and the 

Chest body segment. 
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Jolt Exposure Distribution for Pelvis 

Figure 8: Boxplot showing the distribution of the Jolt Exposure Metric over all trials for each motion segment and the 

Pelvis body segment. 
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Figure 9 shows the maximum acceleration values (defined by the norm and in units of g) that were encountered during each segment of each trial.  

Please note that the color-coding was applied to make table interpretation easier – color has no bearing on the “risk” or “exposure” of a certain value.  

Color was assigned on a scale from dark green (lowest observed acceleration) to dark red (highest observed acceleration).  As mentioned earlier, 

trials 4 and 19 are not included. 

Maximum Acceleration (Norm in gs) of Each Segment for All Trials 

Figure 9: Table listing the maximum value of the free acceleration norm for each body segment in each trial.  The table is color-coded such that the lower the blue 

denotes low acceleration, and red denotes high acceleration.
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Figure 10: A bar graph displaying a rough approximation of the transmissibility metric is shown.  The values of this plot were calculated by normalizing the 

outputs (non-litter segments) against the inputs (litter segment).  This effectively shows how the energy/acceleration inputted to the manikin are amplified or 

attenuated for each segment in each of the six motion segments.  The black error bars indicated the range of the standard deviation for the corresponding bar.  Note 

that the VDV Ratio was calculated from frequency-weighted acceleration data 

Figure 11 shows the acceleration of the manikin’s chest segment in the X, Y, and Z axes (Global CS).  The chest segment was selected as qualitative examination 

showed it to be the segment most indicative of the manikin’s overall motion response.  Here the Z axis acceleration is shown to center around one rather than zero. 

This was included to underscore that these plots are in the global CS.  The acceleration due to gravity was removed in all calculations. Events identified through 

visual analysis of the corresponding video as likely mechanical shock events are marked in vertical black lines in the figure. 
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Figure 11: Events causing potentially detrimental motion/vibration during the loading process were identified by examination of the video data and marked by 

vertical black lines.  The corresponding time stamps of said events were synced with the inertial data and used to label the inertial data to quantitatively examine 

the effects of the identified events on the acceleration experienced by the manikin. 
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3.2 Statistical Analysis Results 
In addition to biodynamic characterization, another goal of this study was to statistically compare the results 

based on the several tested parameters to assess if said parameters caused a statistically significant difference.  

To accomplish this, a t-test between the two parameters being compared was performed to compare the means.  

To ensure a rigorous comparison, the parameters were compared 16 times by leveraging multiple metrics and 

all body segments (including the pole and litter).  The metrics used for comparison are listed below: 

• Head VDV Norm, Chest VDV Norm, Pelvis VDV Norm, Pole VDV Norm, and Litter VDV Norm

• Head Gyroscope RMS Norm, Chest Gyroscope RMS Norm, Pelvis Gyroscope RMS Norm, and Litter

Gyroscope RMS Norm,

• Head JE Norm, Chest JE Norm, Pelvis JE Norm, Thigh JE Norm, Pole JE Norm, and Litter JE Norm.

The results displayed in this section will, in general, adhere to the following format.  First the compared 

parameters will be introduced and discussed.  Second, bar plots of the 16 metrics (split into three subplots) will 

be presented.  The values of each plotted bar were obtained by averaging the values of said metric over all the 

trials (error bars showing the standard deviation are overlayed on the graph).  Note that there were no gyroscope 

measurements taken on the pole or thigh, therefore the bar graphs for the gyroscopic metrics will not contain 

these segments. The purpose of this graphic is to provide the reader with general insight into how the 

parameters impacted the different metrics, by what magnitude they were impacted, and whether the difference 

is statistically significant.  With reference to the statistical significance, for this study, p-values below 0.05 was 

considered statistically significant, and p-values between 0.05 and 0.1 was considered marginally significant.  

To show which metrics are statistically significant, the “*” symbol was placed above the bars with statistically 

significant differences, and the “^” symbol was placed above the bars with marginally statistically significant 

differences.  Finally, the results encompassed by the graphic were enumerated. 

3.2.1 Walking vs Loading Motions 

Perhaps the most important objective of this report is to establish whether or not the process of loading supine 

humans expose them to vibratory motion in a statistically significant manner.  To establish this, the data from 

the two motion segments concerning the loading process, loading and unloading, were compared with the two 

motion segments concerning walking, walking to and from the aircraft.  The walking segments were chosen as 

the comparator as they should ideally constitute a process of minimal exposure to vibration. 

For this comparison, the loading and unloading motion segments for all trials were combined into a single 

dataset, termed the “Loading Set” (LS), and the walking to and walking from motion segments were combined 

into a single dataset, termed “Walking Set” (WS).   
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Walking Set vs Loading Set Comparison

Figure 12: Comparison of the mean Jolt Exposure in the Loading Set and Walking Set. 

All six VDV metrics and all six JE metrics were found to be significantly different between LS and WS.  

Differences in the Gyroscope RMS Norm were not statistically significant.  Furthermore, the differences 

between the VDV norm for the WS and LS were large (LS was between 1.5 and 2 times greater); the 

differences between JE were larger (LS was between 3 and 11 times greater). 

3.2.2 Inboard vs Outboard Litter Pole Sensor Placement 

The location of the sensor on the litter pole was varied through the testing such that half of the trials placed the 

sensor on the outboard side of the MEDEVAC platform, and half on the inboard side.  The plots of the mean 

values can be seen below in Figure 13. 
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Comparison of Inboard and Outboard Litter Pole Sensor Placement

Figure 13: Comparison of the mean values of several metrics between inboard and outboard placement of the litter pole 

sensor.  The symbols “*” and “^” represent statistically significant (p<0.05) and marginally statistically significant 

(0.05≤p<0.1) respectively. 

The t-test revealed two statistically significant results, The pole VDV and the pole JE.  Outside of these two 

metrics, the metrics for the two cases were generally very similar and exhibited high and similar standard 

deviations.   

3.2.3 Effect of MEDEVAC Platform 

Two MEDEVAC platforms were utilized in this project, HH-60 with the BMI and the UH-60 with the IMMSS, 

referred to as BMI and IMMSS respectively, and trial data was sorted along these lines to allow for statistical 

comparison.  Mean values of the 16 compared components over all trials are shown in Figure 14. 
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BMI vs IMMSS Comparison

Figure 14: Comparison of the mean values of several metrics between the BMI and IMMSS MEDEVAC platforms. 

The t-test results showed one statistically significant difference (Gyro/Litter) and two margninally statistically 

significant differences (Gyro/Chest and Gyro/Pelvis).  It is worth noting that the IMMSS gyroscope data had 

significantly larger standard deviations than the corresponding BMI data, though this pattern does not seem to 

extend to any of the other metrics, not even the gyroscope head segment.   

3.2.4 Effect of Loading Direction – Head First vs Feet First 

Two methods of loading the litter were employed in this study, one where the manikin’s head was loaded first, 

and one where the manikin’s feet were loaded first.  Figure 15 shows the mean values of the compared metrics 

for each method. 
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Comparison – Loading Head First vs Loading Feet First

Figure 15: Comparison of the mean values of several metrics between loading the manikin head first vs feet first. 

The results of the comparative t-test revealed two marginally statistically significant differences between the 

two methods, both occurring at the thigh and both based on accelerometric metrics.  The thigh was not 

instrumented with a gyroscope, so it is unknown if a significant difference occurred in the thigh’s angular 

velocity RMS Norm.  The feet first data generally admitted to larger standard deviations than the head first data. 

3.2.5 Top vs Bottom Litter Loading Heights 

The height of litter loading was varied during testing.  In the BMI, the top, middle, and bottom litter pan heights 

were used, and in the IMMSS the top and bottom heights were used.  As the middle height was only used on 

one platform (for a total of four trials), this analysis will eschew that data and compare only the top and bottom 

heights.  Based on this analysis, the relevance of comparing the middle litter height will be considered.  The 

plots of the mean values can be seen below in Figure 16. 
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Top vs Bottom Litter Loading Heights

Figure 16: Comparison of the mean values of several metrics between top and bottom litter loading heights.  The symbols 

“*” and “^” represent statistically significant (p<0.05) and marginally statistically significant (p<0.1) respectively. 

The results shown in Figure 16 admitted one statistically significant difference, the Head Gyroscope RMS 

Norm metric, where the bottom height metric was 1.19 times that of the top height.  Another potentially 

noteworthy difference was that the standard deviations of the chest and pelvis gyroscope metrics were several 

times larger for the bottom height when compared to the top height.  The VDV metrics for the head were 

essentially identical.  The JE metric was 1.17 times greater for the top height, but this was not statistically 

significant. 

3.2.6 Loading vs Unloading Motion Segments 

Analysis of the data suggested that the loading motion segment and the unloading motion segment exhibited 

different exposure profiles, with the loading motion segment appearing to impart greater exposure.  An example 

can be seen in (Will need to reference what is currently figure 12 in the main report). To test this hypothesis, the 

data from these two motion segments were compared. The plots of the mean values can be seen below in Figure 

17. 
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Loading vs Unloading Motion Segments

Figure 17: Comparison of the mean values of several metrics between top and bottom litter loading heights.  The symbols 

“*” and “^” represent statistically significant (p<0.05) and marginally statistically significant (p<0.1) respectively. 

The results of Figure 17 showed that there were significant statistical differences in eleven of accelerometric 

metrics, with the last of the 12 accelerometric metrics (Head VDV Norm) admitting marginal statistical 

significance.  In all 12 cases, the loading motion segment metrics were greater than the unloading motion 

segment metrics.  In terms of JE, the loading metrics were between 1.4 and 2.4 times greater for the loading 

data. 

4 Discussion 

4.1 Overall Results 
Based on the calculated values for frequency-weighted VDV, unweighted VDV, and Gyroscope RMS norms 

(Figure 3, Figure 4, and Figure 5 respectively), the body segment most impacted was the head and the loading 

motion segment generates the most vibration/shock, though the unloading motion segment was a close second. 

In terms of weighted VDV, unweighted VDV, and the Gyroscope RMS Norm, the median head values were 

approximately twice that of the other body segments in all three cases.  This corroborates the video 

observations.  When interpreting these results, it should be considered that while the ISMv1.2 has been 

validated to exhibit the same vibrational response as a human, the contraction of muscles in a human can alter 

their response.  This is most relevant at the head, as the manikin does not have any neck muscles to contract to 

stabilize itself.  Therefore, while it seems reasonable to extend the aforementioned results to unconscious or 

limp humans, the vibration response could be different outside those conditions. 

The results can be differentiated into three categories: Shock (described by VDV (Figure 3 and Figure 4) and JE 

(Figure 6, Figure 7, and Figure 8), Rotation (described by the Gyroscope RMS Norm (Figure 5)) and max 
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acceleration (Figure 9).  In terms of shock, the loading and unloading motion segments have the largest VDVs, 

which is corroborated by similar results in the JE values.  In terms of rotation, the lifting motion segment 

generated the largest RMS norm values, particularly at the head.  In terms of max acceleration, the Lifting and 

Walking To motion segments, especially for the head, exhibit the largest values.  The Lowering segment for the 

head also exhibits high max accelerations. 

The standard deviation of the metric means were large – in the most extreme cases the standard deviation could 

be as large as the metric it describes.  This indicates there is a large variation in imparted exposure that is 

dependent on the litter-bearers’ performance.  The large standard deviations show that while the litter-bearers 

can cause an increase in vibratory exposure by their actions, they can also decrease it.  This suggests that the 

most important factor in controlling exposure is the quality of the litter bearers’ performances.  In the authors’ 

opinion, the most expedient method of reducing exposure would be to improve the experience, training, and 

teamwork of the litter bearers.  However, regardless of the litter-bearers’ experience and abilities, their 

anthropometry will likely be a factor.  Height and size impact maneuverability of a litter-bearer in and around 

the MEDEVAC platform, likely impacting the imparted exposure.  Furthermore, anthropometric variability 

within the litter-bearer team likely contributes to overall performance.  However, variability of litter-bearer 

experience and anthropometry is outside the scope of this study and could be a topic of future research. 

4.2 Recommended Methods of Interpretation 
The primary goal of this study was to investigate the biodynamic effects of the MEDEVAC litter loading and 

unloading process.  This was motivated by subjective observations of mechanical shock occurring during this 

process and lack of known previous investigation quantifying the issue.  This lack of known prior quantification 

has complicated the interpretation of the inertial data from this study.  When the protocol for this study was 

developed, it was determined that the analysis of the data would begin with a general inspection the inertial 

data, a subjective visual analysis of the captured video data, and a calculation of quantifiable ISO metrics, such 

as Crest Factory, RMS, VDV, and Acceleration Dose (ISO 7096, 2631-1, and 2631-5).   Once these metrics 

were determined, it became clear that these metrics did not fully represent the effects implied by the raw inertial 

and visual data.  Namely, the inertial and visual data suggested that the overall exposure of the manikin to 

shocks, vibration, and motion was greater than suggested by the ISO metrics. 

It was determined that because the manikin was not experiencing continuous/consistent transient vibrations or 

shocks, due to the many pauses in the loading and unloading process, metrics like the Vibration Dose Value and 

Acceleration Dose were being diluted by the averaging effect that occurs when a continuous time-varying signal 

is condensed into a scalar.  To address this issue, a new metric was developed, Jolt Exposure.  JE ignores any 

acceleration below a certain threshold (1.6 m/s2 in this case) to minimize this averaging effect.  Furthermore, as 

it is reasonable to expect “exposure” is not linearly related to acceleration, namely a 2g acceleration will likely 

generate more than twice the exposure of a 1g acceleration, the acceleration values were squared to act as a 

representative weighting function.   The calculated JE values, in the authors’ opinions, offered useful 

interpretation of the data in addition to that of the ISO metrics.  

4.3 Jolt Exposure 
Examination of Figure 6, Figure 7, and Figure 8 show that the loading and unloading motion segments generate 

by far the most JE.  Compared to the walking motion segments, the loading and unloading motion segments had 

higher JE values several multiples higher in all three axes and both the head and chest body segments.  Overall, 

JE was highest in the Y axis (global CS), corresponding to the manikin moving side-to-side with respect to the 

litter.  During the loading and unloading motion segments, the litter was often tilted, jerked, and caught on the 
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platform.  The reaction forces from these actions would logically be focused in the horizontal plane and 

specifically in the Y axis.  Further, the litter mesh can absorb/dampen motion applied perpendicularly to its 

plane (generally the global Z axis) but offers little to no resistance against in-plane motion. 

The JE metric showcased significant variability across trials in most, if not all, aspects.  Examining the data in 

Figure 11 shows that effect of unintended mechanical jolts on acceleration, as well as the cause of the jolts.  The 

jolts are directly manifested in the JE metric, and the large variability in said metric is evidence of the 

variability of these jolts in the loading and unloading motion segments.   

It is difficult to interpret the meaning of JE, as there is no known reliable method for quantifiably predicting its 

correlation with injury.  However, two conclusions can be drawn from the JE data.  First, the JE of the Loading 

and Unloading motion segments were several multiples that of the walking motion segments, supporting the 

claim that the former are potentially hazardous to patient health, and likely warrant further investigation.  

Second, the large variability in JE shows that it can be mitigated (or exacerbated), i.e. in terms of JE the 

training/experience of the litter bearers has a large impact on patient exposure. 

4.4 Statistical Results Discussion 

4.4.1 Walking Set vs Loading Set 

The results of comparing the WS and the LS (Figure 12) visually suggest that the LS offered far more exposure 

than the WS.  This observation is corroborated by the statistical significance of all 12 accelerometric metrics (all 

six segments for both VDV and JE metrics).  The LS VDV Norms were greater by at least 1.5 times than the 

corresponding values for the WS.  This result is made more relevant by the observation that the WS tend to 

exhibit relatively consistent acceleration, whereas the LS tend to contain shocks and vibration interspersed with 

periods of very low acceleration (see Figure 11).  The VDV metric is normalized against the number of 

samples, lending it an averaging effect.  The VDV norms for the LS are up to two times as high as for the WS, 

despite the interspersed periods of low vibration lowering the average value.  To support this, JE can be used, as 

it does not have an in-built averaging mechanism.  Examining the JE values of Figure 12, the differences 

identified by the VDV have been amplified.  In terms of mean JE, the head body segment was exposed 3.6 

times as much in the LS than in the WS.  The largest ratio was that of the litter, where the LS exhibited 10.7 

times the JE as the WS.  All other ratios fell between those two values (3.6 and 10.7).  These quantitative 

results, along with their statistical significance, offer strong evidence that the act of loading and unloading into 

the MEDEVAC platform imparts far more vibration exposure to the subject than the act of walking to and from 

the MEDEVAC platform.  This motivates the need to further examine the loading and unloading motion 

segments, as was done in the other statistical analyses. 

Despite this strong evidence, it is interesting to note that the gyroscopic metrics comparing the LS and WS were 

not different in a statistically significant manner.  Furthermore, the Gyroscope RMS Norm was greater for all 

four measured segments.  This suggests that the centripetal and tangential acceleration caused by non-zero 

rotational velocities – that is acceleration caused by rotation – did not contribute to the acceleration values VDV 

and JE are constructed from.  Therefore, the high VDV and JE values were likely the result of translational 

accelerations (such as those caused by hitting the litter against parts of the MEDEVAC platform). 

4.4.2 Inboard vs Outboard Sensor Placement 

The results shown in Figure 13, that the outboard side experienced a higher VDV Norm and JE Norm, were 

likely the most predictable of all the comparison.  Given that the only parameter changed was the placement of 
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the pole sensor, statistically significant differences should manifest only in the measurements of the pole sensor.  

This was corroborated by the results.  Furthermore, a reasonable hypothesis is that the outboard case will 

experience higher values of VDV and JE than the inboard, as it is more likely to contact the MEDEVAC 

platform.  This was also corroborated by the results. 

Several conclusions can be drawn from these results.  First, the lack of statistically significant differences in the 

non-pole metrics should improve confidence in the reliability of the testing and veracity of the subsequent 

calculations.  Second, these result offers strong evidence that the outboard side of the litter is a greater source of 

vibration exposure than the inboard side, providing any efforts at mitigating said exposure a reliable starting 

point.  Third, the usefulness of the JE metric, designed specifically for this experiment, is potentially supported 

by this result.  The VDV metric had a mean outboard pole value 1.146 times that of the inboard with an 

associated p-value of 0.0284.  Comparatively, the JE metric had a mean outboard pole value 1.748 times that of 

the inboard with an associated p-value of 0.0129.  This larger ratio and smaller p-value suggest that the JE 

metric could be more useful in quantifying the vibration exposure examined in this study.   

4.4.3 BMI vs IMMSS 

Assessing the effect of which MEDEVAC platform imparts greater exposure to the subject is of obvious import. 

The results of Figure 14 looked similar across all accelerometric metrics.  The only statistically significant 

differences occurred in the gyroscopic metrics, and two of those results were only marginally significant.  The 

litter exhibited the only p<0.05 significant difference in the Gyroscope RMS Norm, but this result cannot be 

offered as evidence of a difference in exposure as the litter is the input.  Overall, the data offered little evidence 

of a difference in vibration exposure between these two MEDEVAC platforms. 

4.4.4 Loading Head First vs Feet First 

Loading patients head first is the norm, so it would be useful to know if loading feet first offered less vibration 

exposure.  The results of Figure 15 admitted little evidence for this.  Loading feet first did offer a lower VDV 

norm and JE norm that was marginally significant for the thigh, but this was the only statistically significant 

result.  It is interesting to note that the feet first data tended to have larger standard deviations than the head first 

data.  Given the ease with which a subject can be switched from head first to feet first loading, a larger study 

could be warranted to see if differences exist.  However, no such distinction can be made based on the gathered 

data. 

4.4.5 Top vs Bottom Loading Heights 

The results shown in Figure 16 offered little evidence of significant differences between the top and bottom 

litter loading heights.  The statistically significant results for the gyroscopic head metric did not lead to/manifest 

as statistically significant differences in the accelerometric metrics for the head, so its effect on vibratory 

exposure is questionable.  It is interesting to note that the head gyroscope metric was greater for the bottom 

height, but the JE metric was greater for the top height (though this second difference was not deemed 

statistically significant).  This could be interpreted as further evidence that rotation-induced acceleration has a 

potentially negligible impact on the accelerometric metrics, as previously hypothesized in the discussion of the 

WS vs LS data. 
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4.4.6 Loading vs Unloading Motion Segments 

The results of Figure 17 offer strong evidence that the loading motion segment imparts significantly greater 

vibratory exposure than the unloading motion segment.  In terms of JE, the body segment with the least 

difference was the head, which was 1.44 times greater for the loading segment.  Based on the measured 

accelerations of the trials (see, for example, Figure 11), a likely explanation for this is that lifting the litter into 

the litter pan is more difficult for the medics than lowering it out of the pan.  This manifests as loading 

sometimes taking a longer amount of time than unloading and a greater likelihood of imparting unintentional 

shocks/drops to the litter during lifting.  That the JE metrics admits greater differences than the VDV metrics 

potentially support the hypothesis that the loading portion generally takes longer. 
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6 Appendix 

6.1 Description of Segmentation Process 
The process of segmenting the inertial data into different motion segments is described here.  Said segments had 

to both allow for straight-forward syncing of the inertial data with the video data, as well as a robust method of 

isolating the inertial data associated with the six motion segments of interest: Lifting, Walking To, Loading, 

Unloading, Walking From, and Dropping. Therefore a small protocol was setup for identifying the different 

motion segments. 

A total of 13 motion segments were defined.  The extra seven segments allowed for the entire set of inertial data 

(with the exception of the static data at the start and end of the trial) to be assigned a motion segment.  The 

definitions of the 13 segments are as follows: 

• Syncing Start Taps - Begins before first tap touches and ends after third tap

• Pre-lift Pause - Time after taps, but before the ISMv1.2 has been moved by the lifting motion

• Lifting - Time from when ISMv1.2 leaves ground until the upward motion is complete and

rolling/pitching motions have settled

• Post-lift pause - Time after lift and before the walking of the ISMv1.2 to the aircraft is initiated

• Walking to - Time the walking of the ISMv1.2 to the aircraft begins until the time that the

orientation/height of the litter is changed to begin the process of loading (typically this occurs when the

carrier closest to the aircraft  begins to lift his/her litter handle

• Loading - Time from end of walking until the ISMv1.2 is fully in the pan (adjustments of the ISMv1.2

count as part of loading) and the ISMv1.2 has stopped shaking/come to rest

• Post load Pause - Time from end of loading until beginning of taps

• Syncing Middle Taps - Time right before first tap to the time after third tap

• Post tap Pause - Time from the end of the Syncing Middle Taps to start of unloading.

• Unloading - Time from when ISMv1.2 is in the litter pan until changes in orientation/height become that

of walking

• Walking from - Time from start of walking until the litter bearers are standing stationary at the drop

point

• Pre-drop Pause - Time between walking from and dropping

• Drop - Time from the start of lowering the ISMv1.2 until all litter-bearer hands have been removed from

litter and/or the ISMv1.2 has stopped moving as a result of the drop

Note that the pause segments are not necessarily present in every trial, as sometimes the litter bearers moved 

from one motion segment directly into another.  The pause motion segment only exists to excise the pause 

segments from the inertial analysis (if they are present). 
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6.2 Populated Protocol Table for Statistics Calculations 

Figure 18: This table is equivalent to Table 1 of the protocol, populated with the calculated metrics for each body segment 

during the loading and unloading motion segments. The symbol “*” is used to denote cells where values from the 

removed trials 4 and 19 would go.  
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Figure 19: This table is equivalent to Table 1 of the protocol, populated with the calculated metrics for each body segment 

during the walking to and walking from motion segments. The symbol “*” is used to denote cells where values from the 

removed trials 4 and 19 would go. 

67



 



 



U.S. Army Aeromedical Research Laboratory 
Fort Rucker, Alabama 

All of USAARL’s science and technical 
information documents are available for 

download from the 
Defense Technical Information Center. 

https://discover.dtic.mil/results/?q=USAARL 

Army Futures Command 
U.S. Army Medical Research and Development Command 


	(revised) Tech Report Covers_NEW_Public Release
	En Route Care in Confined Spaces:
	Loading and Unloading Effect on Patients

	1-JERCA 4.1 Manikin Loading Tech Report_Final
	2-SF298-JERCA 4.1_pRINTED
	1-JERCA 4.1 Manikin Loading Tech Report_Final
	Summary
	Acknowledgements
	Summary iii
	Acknowledgements v
	Introduction 1
	Objectives 2
	Specific Aims 2

	Methods 2
	Results 6
	Discussion 22
	Conclusion 23
	References 24
	Appendix A. Acronyms and Abbreviations. 26
	Appendix B. Report by ActiBioMotion 27
	Introduction
	Objectives
	Specific Aims

	Methods
	Results
	Discussion
	Conclusion
	References
	Appendix A. Acronyms and Abbreviations.
	Appendix B. Report by ActiBioMotion

	3-Appendix B-JERCA 4 Report FINAL (ActiBioMotion)_Final
	blank
	blank
	(revised) Tech Report Covers_NEW_Public Release
	U.S. Army Aeromedical Research Laboratory Fort Rucker, Alabama




