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Physical Fitness Determinants of a Military Casualty
Evacuation Test

Capt Jussi Mussalo, MSc©"-2; Heikki Kyrélainen, PhD©®'3
Jani P, Vaara, PhD©®'

ABSTRACT

Introduction:

Casualty evacuation has been identified as a typical and essential single military task which every soldier should be able
to perform rapidly during combat. Previous studies suggest that casualty evacuation is typically conducted by dragging
and demands e.g., lean body mass and anaerobic performance. Association of physical fitness with casualty evacuation
by dragging has been studied widely but previous studies lack comprehensive assessment of all physical fitness deter-
minants. The purpose of the present study was to examine comprehensively how casualty emergency evacuation (CEE)
performance associates with physical fitness and body composition.

Materials and Methods:

A total of 25 conscripts (20 men, 5 women) volunteered for measurements of height, weight, waist circumference,
body composition, 1-min sit-ups and push-ups, grip strength, isometric bench and leg press, standing long jump, 30-s
cycle ergometer test, and 12-min run test. Subjects performed a CEE test in which evacuation time (ET), heart rate,
blood lactate concentration, and rate of perceived exertion were measured. In the CEE test, subjects wore combat gear
(11.7 £ 1.6 kg) and dragged a doll wearing combat gear (80.2kg) 28 m while crawling (go round two cones, Z-pattern)
and 20 m upright (straightforward). Correlations and backward regression analysis were used for statistical analyses.
The level of significance was set to P < .05.

Results:

Evacuation time lasted on average 87432 s with a peak heart rate of 184 4+ 6bpm, lactate concentration of
9.4 +2.7mmol/l, and RPE of 17 4+ 1. Evacuation time correlated inversely and strongly with anaerobic capacity and
power (r =—-0.72-0.78, P <.001), but not with aerobic fitness. Inverse and strong correlations were observed between ET
and maximal strength variables (r = —0.58-0.69, P <.01), whereas muscular endurance and ET revealed non-significant
correlations. Evacuation time correlated moderate to strongly with body fat percentage (r = 0.48, P <.05) and inversely
with lean body mass (r =-0.74, P <.001) and body height (r=-0.53, P <.01). The backward regression analysis
showed that anaerobic capacity (standardized =-0.52, P <.001), fat percentage (standardized 8= 0.40, P <.001),
and isometric leg press (standardized =—-0.25, P <.1) together explained the variance of ET significantly (adjusted
R>=0.84, P <.001).

Conclusions:

This study examined thoroughly how different physical fitness dimensions and body composition relate to a CEE test
performed by a combination of dragging while crawling and in upright position. Casualty emergency evacuation was
discovered as a high-intensity military task, which demands most importantly high anaerobic performance, lean body
mass, and maximal strength capabilities. Improving these dimensions of physical fitness should be considered highly
important as CEE is essential and possibly one of the most demanding military tasks which every soldier should be
able to conduct in combat. From operational perspective, it is relevant that soldiers are able to perform CEE during
operations; therefore, further research is needed on how acute operational stress changes the nature of CEE and its
physical determinants.

INTRODUCTION
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Soldiers face multiple different stressors during operations,
such as load carriage and environmental circumstances. Oper-
ational tasks typically cause energy deficiency and psycholog-
ical stress combined with sleep deprivation. These stressors
lead to a decrease in soldiers’ physical capability to perform
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their duties.! In military operations, soldiers perform physi-
cally demanding tasks in nearly 80% of their daily duties.> A
panel of specialists concerning soldiers’ physical performance
has scored the importance of different physical characteris-
tics in various military tasks. According to the panel, the most
important physical features were strength and power in sin-
gle military tasks.> A meta-analysis suggests that soldiers’
capability to perform their duties is highly related to physi-
cal fitness tests measuring cardiorespiratory endurance, lower
body strength, and upper body endurance.*

A technical research group concerning operational physi-
cal fitness optimization has identified 3 typical military tasks:
marching, digging, and manual materials handling (lifting,
lifting and carrying, casualty carrying, etc.).” A recent review
has also identified 3 essential military tasks which are load
carriage, manual material handling, and casualty evacua-
tion.® Different military tasks have been identified in order to
determine suitable task-related fitness tests for soldiers. For
example, U.S. Army has used loaded march, sandbag carry,
casualty drag, casualty evacuation, and movement under fire.”
Casualty drag has been identified to be a very important task,
which soldiers should be able to perform in less than 5 min.®
Casualty evacuation is possibly one of the most demanding
single military tasks (typically conducted by dragging),’ and
every soldier should be able to perform it.

Previous studies consider the physical demands of vari-
ous casualty evacuation performance. Typically, subjects have
dragged a simulated casualty, which has weighed 54-82 kg,
in an upright position.'~'? Casualty drag distances have var-
ied from 15 to 56 m.!%:13-1 Results from the previous studies
suggest that body mass,'>!> lean body mass,'"13-1¢ aerobic
endurance,'? and anaerobic performance'?- >~ are positively
related to casualty drag performance. Also, positive associa-
tions have been found with upper body muscular endurance
and strength,'* lower body strength and power,'? and grip
strength.!?-14:16 Al of the relations presented in these studies
have been moderate to strong.

Previous studies and their results are challenging to com-
pare because there is a large variety in subjects, equipment
worn by subjects, casualty drag test used and fitness tests per-
formed. Most of these studies have not performed measure-
ments including all physical fitness dimensions, such as aer-
obic endurance, anaerobic performance, muscular endurance
and whole-body strength capabilities, and have not necessar-
ily included body composition. The purpose of this study was
to investigate how a casualty evacuation test—which simu-
lates casualty emergency evacuation (CEE) from enemy fire
to shelter—relates to body composition and physical fitness.

METHODS

Experimental Approach to the Problem

Voluntary conscripts from medical non-commissioned officer
course participated in the study because their training con-
sisted of activities related to CEE, thus ensuring that they were

familiar with CEE performance. This minimized the learning
effect for CEE in this study. All measurements were conducted
after subjects had learned casualty evacuation techniques dur-
ing their military training. Subjects had participated in 8-week
basic training and a 7-week general non-commissioned officer
course before participating in the study.

Body composition and physical fitness were measured
thoroughly to achieve a broad perspective of the subjects’
physical condition. Physical fitness tests included standing
long jump, 1-min sit-ups, 1-min push-ups, and 12-min run,
which are used for fitness testing in Finnish Defence Forces.
These tests were familiar for the subjects, and thus, negligi-
ble learning effect may have occurred. Also, additional tests
were used to measure subjects’ physical fitness comprehen-
sively. These tests were selected to measure maximal strength
capabilities and anaerobic performance, which have been
identified as important in casualty evacuation, according to
previous research.'%-12-1¢ Additional tests included isometric
force measurements of the lower and upper body extremities,
grip strength, and anaerobic test.

The study was performed in accordance with the Dec-
laration of Helsinki and approved by the Research Board
of National Defence University and the Ethics Commit-
tee of Helsinki and Uusimaa Medical District. Finnish
Defence Command had approved the study implementation
(AO6179).

Subjects

Measurements were conducted during a medical non-
commissioned officer course in the Armored Brigade, Army,
Finnish Defence Forces. In total, 25 conscripts (20 men, 5
women) participated voluntarily in the study and signed an
informed consent. Subjects’ mean age was 20 4 2 years. Sub-
jects, including mixed gender, represent a very common group
of soldiers in Finnish Defence Forces. Therefore, subjects
were analyzed as 1 group. In addition, only 5 women were
present in this study, which did not allow for separate analysis
of men and women.

Procedures

Casualty emergency evacuation is performed under enemy
fire immediately after a soldier is wounded in action. The pur-
pose of CEE is to evacuate casualty to a cover from enemy
fire, in order to start tactical casualty combat care. Before
the tests, subject-matter instructors (n =74) were asked via
a questionnaire to describe a typical CEE task including tech-
niques used. The results showed that first, the casualty is
dragged while crawling, then the CEE is continued upright
because of the demands of the operational environment. Based
on these findings, a new CEE test was developed. The CEE
test protocol is presented in Figure 1.

The test was conducted indoors. Casualty was simulated
with a mannequin wearing light combat gear (uniform, vest,
helmet). Casualty’s total mass was 80.2 kg, which was nearly
equal to subjects’ average mass with light combat gear.
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Test phases:

0. Start (below 1.0 m)
Drag while crawling
Drag upright

5m 5m 5m

Figure 1. Casualty emergency evacuation test procedure.

Subjects wore similar gear as the mannequin (11.7 + 1.6 kg).
The CEE test started with a subject grabbing from the casu-
alty’s vest in a crawling position (whole body below 1.0 m).
The test started from a mark. In the first phase, the subject
dragged the casualty a Z-pattern while crawling (28 m). After
the first phase, the subject stood up and continued dragging
upright (20 m). The test ended when the casualty reached the
starting line. Evacuation time (ET) was measured in seconds.
Subjects were encouraged to perform one’s best during the
test.

Determinants of CEE Performance

Measurements were executed alongside subjects’ military
training. On day 1, anthropometric and bioimpedance mea-
surements were conducted first thing in the morning after an
overnight fast. On the same day, strength tests were conducted
in the following order: standing long jump, grip strength, iso-
metric bench and leg press, 1-min sit-ups and 1-min push-ups.
On day 3, the CEE test was performed in the morning and
anaerobic performance was tested in the afternoon. Atleast 3 h
of active and passive recovery was required between the tests.
In all, 12-min run test was executed 6 weeks later because of
military field trainings. Subjects did not perform progressive
fitness training during those 6 weeks.

Body composition was assessed via anthropometric and
bioimpedance measurements. Height and waist circumfer-
ence were measured with a commercial scale. Bioimpedance
analysis was conducted after at least 8h of fasting in the
morning (InBody 720, Biospace, Soul, South Korea). Vari-
ables determined from bioimpedance analysis were body
mass, body mass index, lean body mass, fat mass, and fat
percentage.

MILITARY MEDICINE, Vol. 00, Month/Month 2024

Lower body power was assessed with standing long
jump.'” This test has been found reliable (intra-class corre-
lation, ICC = 0.80). All subjects had done the test previously,
which may increase its reliability.'® The test was conducted 3
times, with at least 2 min of rest in between each test, with a
measurement accuracy of 1 cm.

Grip strength was measured seated with an elbow angle of
90 degrees.'” A dynamometer was used (Saehan Corporation,
Masan, South Korea). The test is highly reliable (» =0.81).%°
Both hands were tested 3 times with at least 2 min of rest
between each test. The accepted test score was the mean of
each hand’s best result in kilograms.

Isometric bench press was used to assess maximal strength
of the upper extremities. A dynamometer was used (Leg and
bench press dynamometer, Jyviskyla University, Jyvaskyla,
Finland). Isometric measurements with an elbow angle of 90
degrees have been found valid (r=0.78) and highly reliable
(ICC = 0.82-0.92).2! Test was done 3 times with a rest of 30s.
Test score was the best trial in kilograms.

Isometric leg press was used to assess maximal strength
of the lower extremities. A dynamometer was used (Leg and
bench press dynamometer, Jyvaskyla University, Jyvaskyla,
Finland). Isometric measurements have been found valid
(r=0.77-0.97) and highly reliable (ICC =0.97-1.00).2%%3
The test was done 3 times with 30 s of rest between each test,
with a knee angle of 107 degrees. The accepted test score was
the best trial in kilograms.

Muscular endurance was assessed with 1-min sit-up**
and 1-min push-up® tests. The sit-up test has been found
highly reliable (ICC=0.92), as well as the push-up test
(ICC =0.95).2° The test score used for analysis was repeti-
tions per minute.
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Anaerobic performance was assessed with a 30-s sprint test
using a cycle ergometer (Wattbike Trainer, Wattbike, Notting-
ham, United Kingdom). Ergometers have been found highly
accurate, with a measurement error of less than 2%.27 Average
power was used to assess anaerobic capacity (AC) and max-
imal power for maximal anaerobic power (MAP). Using the
manufacturer’s test protocol, AC and MAP have been found
highly reliable among cyclists (ICC = 0.97-0.99).28

Aerobic fitness was measured with a 12-min run test. The
test was conducted on an outdoor track. The 12-min run test
has been found highly valid in assessing maximal oxygen
uptake (r = 0.90).%°

Casualty emergency evacuation was tested as presented
above. A familiarization session was done before the test. The
test protocol was introduced and subjects dragged the man-
nequin by trying both techniques (crawl, upright) before the
test. A comparable casualty evacuation test used in previous
study has been found moderately reliable (ICC = 0.78) after
first trial and highly reliable (ICC = 0.89) after second trial.'?
Heart rate (HR) was measured using a monitor (Bodyguard
2, Firstbeat Technologies, Jyvaskyla, Finland). Lactate con-
centration (LC) was measured from a fingertip immediately
before and 5 min post-test (Biosen S-line Lab+, EKF Diag-
nostic, Cardiff, Iso-Britannia). Subjects assessed their rate
of physical exertion (RPE) on a scale of 6-20°° at pre-test,
immediately post-test, and 5 min post-test.

Statistical Analyses

Collected data was analyzed with IBM SPSS Statistics.
Results are presented as mean, SD, and range of variation.
Alpha level of significance was P <.05.

Normality was tested with Shapiro-Wilk test. Histograms
and scatterplots were examined from variables with a level of
significance P < .05. The majority of the variables were found
to be normally distributed, but skewness was detected con-
cerning ET. Therefore, non-parametric tests were conducted.
Correlations were determined with Spearman’s correlation
coefficient. Backward regression analysis was used to form
a model which could explain performance in the CEE test.

RESULTS

Subjects’ body composition and physical fitness are presented
in Table 1. Evacuation time lasted on average 87 432 (50-
171) s and subjects’ peak HR during the CEE test was 184 + 6
(169-192) bpm. Lactate concentration pre-CEE was 1.4 4 0.5
(0.7-2.7) mmol/l, and 5min post-CEE was 9.4 +2.7 (2.8-
14.5) mmol/l. Rate of physical exertion was pre-CEE 11 2
(7-13), post-CEE 17 4+ 1 (14-19), and 5 min post-CEE 14 42
(10-18).

Correlations of ET with body composition and physical
fitness are presented in Table 2. Evacuation time corre-
lated inversely and strongly with AC, MAP, lean body mass,
isometric bench, and leg press (r =-0.69-0.78, P <.001).
Evacuation time had moderate inverse correlations with iso-
metric grip strength, standing long jump, and body height

Table 1. Body Composition and Physical Fitness Results

Variable Mean + SD Range of variation
Body height (cm) 178.0+9.5 160.5-196.5
Body mass (kg) 71.1+£10.9 54.2-102.6
Body mass index (kg/m?) 22.7+3.1 18.8-29.1
Lean body mass (kg) 339455 23.3-474
Fat mass (kg) 11.34+6.3 3.0-29.1

Fat percentage (%) 15.7+7.8 4.7-35.0
Waist circumference (cm) 78.5+6.5 68.5-96.0
1-min sit-ups (reps/min) 43 +7 30-58
1-min push-ups (reps/min) 33+13 13-66

Grip strength (kg) 455+£7.0 32.5-62.0
Isometric bench press (kg) 86+ 16 62-118
Isometric leg press (kg) 329498 171-547
Standing long jump (m) 2.11+£0.26 1.65-2.48
AC (W) 573471 379-663
MAP (W) 839 + 147 547-1140
12-min run test (m) 2610 4230 2150-2960

Table 2. Body Composition and Physical Fitness Correlations

with ET

Variable Spearman’s r
AC -0.78 "
Lean body mass -0.74
MAP -0.72 "
Isometric bench press -0.69 "
Isometric leg press -0.69 "
Grip strength -0.58 ™
Standing long jump -0.57™
Body height -0.53™
Fat percentage 048"
12-min run test -0.40
1-min push-ups -0.39
Fat mass 0.36
Body mass -0.30
Waist circumference -0.19
1-min sit-ups 0.05
Body mass index -0.02

*P <.05,

#*p <01,

*xxP <.001.

(r=-0.53-0.58, P <.01). Also, fat percentage was moder-
ately correlated with ET (r =0.48, P <.05). The strongest
correlations are presented in Figure 2.

The backward regression analysis showed that AC (stan-
dardized f=-0.52, P <.001), fat percentage (standardized
£=0.40, P<.001) and isometric leg press (standardized
£5=-0.25, P<.1) altogether explained the variance in ET
significantly by 84% (adjusted R?> = 0.84, P <.001).

DISCUSSION

The main findings of the present study revealed that casu-
alty evacuation test, which simulates CEE to cover from
enemy fire in operational environment, was strongly asso-
ciated with anaerobic performance, lean body mass, and
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Anaerobic capacity (W)

60 80 100 120 140 160 180

Casualty emergency evacuation time (s)

Isometric bench press (kg)

Casualty emergency evacuation time (s)

. n=25
r=-0.74
p<0.001

Lean body mass (kg)

60 80 100 120 140 160 180

Casualty emergency evacuation time (s)

n=25
r=-0.69
500 p<0.001

Isometric leg press (kg)

80 100 120 140 160

Casualty emergency evacuation time (s)

Figure 2. Spearman’s correlation coefficient of ET with AC, lean body mass, isometric bench press, and isometric leg press.

maximal strength capabilities of the lower and upper extrem-
ities. Aerobic endurance and muscular endurance did not
significantly predict CEE.

The duration of the CEE test was relatively short. Heart
rate elevated to a near-maximal level, and LC increased sig-
nificantly 5 min post-test. These observations, combined with
strong and inverse correlation between anaerobic performance
and ET support the conclusion that CEE is a highly anaerobic
task. This is a result of two factors concerning the nature of
CEE. First, CEE to cover from enemy fire is a task which must
be performed as quickly as possible. Second, casualty makes
up a heavy external load, which can easily overrun soldier’s
own body mass. In the real operational environment the load
will be even higher, in addition to challenging terrain, body
armor, and carriage of ammunition. The importance of anaer-
obic performance is seen with the present study findings, and
is supported by previous studies.'%-13-13

High lean body mass and maximal strength capabilities
were also significantly associated with performance in CEE.
Because of the external load of casualty, it is logical that lean
body mass and muscle strength are important factors for CEE
performance, as high absolute strength levels are related to
lean body mass. It is especially crucial that soldiers are able
to initiate evacuation of the casualty. If the soldier does not
have sufficient strength capabilities to move the casualty, they
would not be able to perform the task. In previous studies,
body mass'>!> and lean body mass'!*'*1® have also been
considered relevant explanatory factors for a successful CEE,
consistent with the results of the present study.

MILITARY MEDICINE, Vol. 00, Month/Month 2024

Previous studies have made controversial findings concern-
ing maximal strength and muscular endurance. Therefore,
the importance of maximal strength features and muscular
endurance is not explicit. Some studies have found signifi-
cant correlations between casualty evacuation and upper body
muscular endurance and strength,'* lower body strength,'3
and grip strength.'> 1416 These discrepancies between results
can be partially explained by the selection of physical fitness
determinants in previous studies. Most of the previous studies
have neither studied nor reported correlations between casu-
alty evacuation and the whole spectrum of body composition
and physical fitness.

Casualty evacuation is one of the most physically demand-
ing single military tasks, which every soldier should be
able to perform. This study confirms previous results that
lean body mass and anaerobic performance are crucial in
CEE." Results also emphasize the importance of maxi-
mal strength. Aerobic performance and muscular endurance
seem to be much less important compared to lean body
mass, maximal strength and anaerobic performance. This
study, along with previous studies, have tested subjects
without operational stress before CEE. Therefore, it may
be advantageous to study how CEE performance and its
determinants may change after operational stress induced
acute fatigue. From an operative perspective, it may be
more relevant to study CEE in the fatigued state in soldiers,
which they face during operations, rather than in a recov-
ered condition, which was used in the present and previous
studies. '

$20z Jlequisldag z| uo Jasn jnsieynlisney - oyseliry / oisidolA uejAyseshir Aq 8GSHS . 2/y L yeesn/pawiw/ca0 L 0L /I0p/8jolle-a0ueApe/pa|iw/woo dno-olwepese//:sdiy woly papeojumod



Physical Performance in Casualty Evacuation

The present study used a different kind of test to simu-
late CEE compared to previous studies.'>~!¢ In the previous
studies, the evacuation test was exclusively composed of drag-
ging the casualty only in upright position. The combination
of techniques, including dragging by crawling and in upright
position, better simulates the real task during operations, at
least in Finnish operational environment. Also, the nature of
CEE transforms during the first 28 m, where the casualty is
being dragged by crawling and then 20 m in the upright posi-
tion. The biomechanics during the task changes significantly
and raises the duration of CEE. These features might have
affected the results in the present study.

The CEE test in this study was more complex concern-
ing the technique used, when compared to previous studies.
This might have decreased the reliability of the test used and,
therefore, decrease the validity of study results. However, the
CEE test used in this study was not designed to be a highly
realiable work-related fitness test. It was developed to simu-
late the task in an operational environment. Further research
is needed before the CEE test could be used to test soldiers’
working ability. Also, the 12-min run test was performed
6 weeks after the other tests were conducted because of practi-
cal reasons. Because the subjects did not perform progressive
fitness training during their course, but participated in 4 mili-
tary field trainings, the effect on result validity can be assessed
as tolerable.

Military operations challenge soldiers’ physical capability
in many ways. Soldiers face multiple stressors, which vary
from environmental stress and sleep deprivation, to intense
physical activies in combat combined with energy deficiency. !
Previous studies have identified that operational stress causes
a significant decrease in soldiers’ body mass,*! ~3* lower body
anaerobic performance®”:3* and maximal strength capabili-
ties concerning upper’! and lower extremities.>":3* This phe-
nomenon challenges soldiers’ ability to perform their duties in
combat. As physical capability decreases during operations,
the nature of many physically demanding tasks may change
compared to a recovered state. Additionally, it is crucial for
soldiers to have a sufficient reserve in physical performance
and the ability to recover during military operations.

An important approach for future research about casualty
evacuation could be to study which physical fitness compo-
nents are crucial for maintaining sufficient physical capability
for CEE, despite the accumulation of operational stress. In
addition, it could be relevant to understand how more detailed
physiological systems such as autonomous nervous system,
hormonal, and inflammatory markers are linked to CEE dur-
ing accumulated operational stress. As casualty evacuation is
one of the most demanding military tasks, which every sol-
dier should be able to conduct, this information is valuable for
assessing the optimal balance of physical features for soldiers.

CONCLUSIONS
Casualty emergency evacuation to cover from enemy fire in
the operational environment is a highly anaerobic task, which

demands anaerobic performance, lean body mass, and max-
imal strength capabilities. Casualty emergency evacuation is
possibly one of the most demanding military actions, which
every soldier should be able to conduct. Therefore, physi-
cal training developing these dimensions of physical fitness
is highly important. Nevertheless, it is partly unknown how
acute operational stress changes the nature of CEE and its
physical determinants and that warrants future studies.
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