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ABSTRACT

The effects of a long-term combat deployment on a soldier's physical
fitness are not well understood. In active duty soldiers, combat deployment
reduced physical fithess compared to pre-deployment status, but no similar
research has been performed on Army National Guard soldiers. This study is the
first to identify physical fitness changes in Arizona National GuardN&Y
soldiers following deployment to a combat zone and to assess the relationships
between physical fithess and non-combat injuries and illness (NCHy. Six
soldiers from the Arizona National Guard (AZNG) completed a battery of
physical fitness tests prior to deployment and within 1-7 days of retuinoimga
12-month deployment to Iraq. Pre and post-deployment measures assessed body
composition (Bod Pod), muscular strength (LRM bench press, back-squat),
muscular endurance (push-up, sit-up), power (Wingate cycle test),
cardiorespiratory fitness (treadmill run to Y@eak), and flexibility (sit-and-
reach, trunk extension, shoulder elevation). Post deployment, medical records
were reviewed by a blinded researcher and inventoried for NCII thatredcu
during deployment. Data were analyzed for changes between pre and post-
deployment physical fitness. Relationships between fitness and utilis@tion
medical resources for NCIl were then determined. Significant declieesoted
in mean cardiorespiratory fitness (-10.8%) and trunk flexibility (-6.7%).
Significant improvements were seen in mean level of fat mass (-11.1%yerelat
strength (bench press, 10.2%, back-squat 14.2%) and muscular endurance (push-
up 16.4%, sit-up 11.0%). Significant (p < 0.05) negative correlations were



detected between percentage change in fat mass and gastrointestin@lvis
0.37); sit-and-reach and lower extremity visits (r=-0.33); shoulder elevatibn a
upper extremity visits (r= -0.36); and cardiorespiratory fitness and batk (rsi
-0.31); as well as behavioral health visits (r=-0.28). Cardiorespiratorgditne
changes were grouped into tertiles. Those who lost the greatest fithess had
significantly greater number of NCII visits (8.0 v 3.1 v 2.6, p = .03). These data
indicate a relationship between the decline in cardiorespiratory fithness and a
overall increase in utilization of medical resources. The results may provide
incentive to military leaders to ensure that soldiers maintain their

cardiorespiratory fitness throughout the extent of their deployment.
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Chapter 1
OVERVIEW
INTRODUCTION
Millions of soldiers have deployed to Irag and Afghanistan since the
events of September 11, 2001. These soldiers have lived in environments ranging
from austere to relatively comfortable for periods of time extending frdh 6
months. Going to war or serving in combat is an extreme form of physical
activity. The impact of a long term deployment to a combat zone on a soldier’s
physical fitness level is not well understood. There are very few stodiede
that assess physical fitness levels of military service members@eployment
(Lester et al., 2010; Sharp et al., 2008; Panichkul et al., 2007). While Panichkul
et. al. (2007) utilized an Army physical fitness test for the evaluation of
precombat preparedness; they did not explore the changes in fitness or the effects
of extended combat on physical fithess. There has been only two resadres st
published examining deployments and physical fitness levels (Lester et al., 2010;
Sharp et al., 2008). Clearly additional research is needed. The purpose of this
work was to evaluate the effects of a long-term combat experience ongbhysic
fitness levels (body composition, muscular strength, muscular endurance, power,
flexibility, and cardiorespiratory fitness) in male and female AriZzdatonal
Guard (AZNG) soldiers. Additionally, this study sought to evaluate the dtrengt
of relationships between physical fithess levels and utilization of miedica

resources for non-combat injuries and illness while deployed.



In contrast to the previously published reports that included only male
subjects from the active duty component of the Army who were serving in a
combat arms occupations (Lester et al., 2010; Sharp et al., 2008), this research
included AZNG soldiers from a multitude of occupations, as well as women in
proportionate amount to that which is currently serving in the Army. Women
currently account for 13.5% of all active duty soldiers, 21.9% of reserve soldiers,
and 15.2% of the National Guard (Women’s Memorial, 2010).

Neither of the previous studies included members of the reserve
components of the military (National Guard and Reserves) and they only
evaluated men from combat arms occupations. Examples of combat arms
occupations include infantry, field artillery, air defense artillery, avmaispecial
forces, corps of engineers, and armor. Combat arms units are considered the
front-line warfighting occupations. Combat support and sustainment units are
designed to support the combat arms units and occupations in their mission.
There are a number of occupations within the combat support and sustainment
branches that are serving in the same combat environments in a differertycapaci
that have not been represented in previous research (Lester et al., 2010; Sharp et
al., 2008). Examples of these combat support and sustainment branches include
military police, military intelligence, transportation and ordinance to nafew.a

The current study included males and females as well as a number of
different occupations ranging from personnel clerk to explosive ordinance
technicians. All recruited subjects were Arizona National Guardsmen who
deployed into a combat zone. Participants completed service ranging from 6 to 11
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months in a combat zone. Three separate units were represented in this study.
Each of the three units had a different mission and composition of occupations
within the unit. Clearly, this population of soldiers is different from the
homogenous groups of Active Duty soldiers that have been previously researched.

The results of this study have the potential to demonstrate differences in
physical fithess readiness and injury illness susceptibility betwegwneADuty
and the AZNG group studied. Despite the fact that the Army needs to have their
soldiers similarly prepared and ready for combat, differences hetivese
groups exits. For example, a 2009 report comparing medical visits during
deployment of Active Duty verses National Guard soldiers, found that NG
soldiers utilized health care facilities for non-combat injuries or illheg® as
frequently as active duty soldiers (Hartstein, Boor, & Nystuen, 2009).eThes
differences could be the result of a multitude of reasons. Unit leadership and
mission operations tempo likely influence individual fitness levels before and
during deployments. Possible cultural differences amongst occupational fields
within the National Guard can have bearing on physical fithess outcome
measures. Whereas, the typical combat arms soldier may view fithesgeass
of survival, a combat support soldier may approach physical fitness as simply a
requirement.

Measuring pre and post-deployment fitness levels and evaluating change
which occurred during combat deployments will help establish how the miktar
assisting soldiers to prepare for combat and maintain the physical g&ndar
required to perform soldier tasks during these long-term deploymentsrebiffe

3



from training competitive athletes, there is no peak event for which to focus
physical fithess training while deployed. Soldiers must remain prepadedaioy

of a variety of physically demanding tasks at any point during these depl@yment
Ideally, soldiers reach their peak physical performance just before thgmepio
begins and they need to maintain this level throughout the extent of the
deployment. Recognizing this physical demand of soldiers, necessitates
understanding and perhaps altering physical fithess training procedures pre-
deployment and during deployment. If physical fithess levels area$tuge
improvements can be made during the course of the deployment to prevent these
declines or potentially increase the level of pre-combat training in an &ffo
counter these declines.

Due to the different standards that exist for day to day training between
the AZNG and an active duty unit, it is certainly conceivable that reserve
component soldiers have a different set of needs in the pre-deployment and
deployment periods when speaking of physical fithess training. Soldiers in the
AZNG are expected to maintain the standards of physical fitness on an individual
basis, possibly performing unit physical fitness training when they meet on the
assigned one weekend per month. Their active duty counterparts typically spend
1-1.5 hours on 4 days per week performing physical fitness training as a unit. Due
to this increased variability in pre-deployment physical fithess traammgngst
the AZNG when compared to active duty soldiers, it is certainly conceivalple tha
the AZNG soldiers could experience a different set of changes to thessfitmen
those which have been previously reported in the active duty soldiers. Potentially,
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a deployment could offer the AZNG soldiers an opportunity to improve
components of their physical fithess. The change in lifestyle and absence of
distractions such as family, civilian jobs, and community involvement may
ultimately allow these AZNG soldiers to spend more time focusing on their
physical fitness.

There have been no research studies that evaluate the relationship of
soldier fitness and medical resource utilization. This is surprising considleaing
typically soldiers report that their general health has decreased wieetina
from combat. According to the Medical Surveillance Monthly Report (May
2010), of the 133,000 soldiers returning from deployment who were surveyed,
approximately 25% reported that their health was worse than before deptoyme
This perceived decline in health may be related to the occurrence of illness or
injuries that have occurred during the deployment. Between 54-77% of soldiers
report experiencing diarrhea, 69% report the occurrence of upper respiratory
infections, and 35% report some type of non-battle injury (Sanders et al., 2005).
Is it possible that these exceptionally high rates of occurrence of non-combat
related injury and illness may be influenced by ones physical fithess? It
certainly conceivable that a relationship may exist between differemgarments
of physical fithess and non-combat related injuries or illnesses. Tharchasvas
designed to explore this potential relationship. Non-combat injuries and illness
should not be minimized when the one considers that injury and illness can result
in days of work lost or worst case, death. Over 800 cases of non-hostile deaths
had been reported through the first 6.5 years of the current conflicts (Goldberg,
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2010). This is nearly 125 deaths per year that are not the result of combat. There
are a number of influences that could be leading the doubling of medical visits by
deployed National Guard soldiers when compared to active duty counterparts
(Hartstein, Boor, & Nystuen, 2009). This research intended to evaluate the
influence of physical fitness.

It has already been demonstrated that increased physical fitrexss gib
performance within occupations that are considered physically demanding (Rhea
Alvar, & Gray, 2004; Knapik et al., 1990; Pleban, Thomas, & Thompson, 1985).

It is certainly safe to assume that a relationship between fithess and combat
related injuries would not be expected, as combat injuries are not necessarily
controllable, at least through modification of one’s fithess. On the other hand, the
relationship between physical fithess and non-combat injuries and illness in
soldiers serving in combat zones is plausible, but has not yet been explored.

Findings from previous occupational research which occurred in a non-
combat setting support the theory that decreased fitness leads to increaged injur
and illness. Multiple investigators have published results that support lower
levels of fitness lead to increased risk of low back injuries in occupatiotiagset
(Biering-Sorenson, 1984; Cady et al., 1979). Craig et al. (2006), reported that
three investigated components of physical fithess were significasibciated
with increased risk of occupational injury. These components included
cardiorespiratory fitness, percent body fat, and low back and hamstringlfiexibi
It has even been shown that the cessation of exercise leads not only to decreased
fitness, but has negative effects on mood states (Berlin et al., 2006). A similar
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change in physical activity occurring throughout a deployment could lead to
soldiers declining performance or depressed mood, which in turn could require
treatment.

There is plenty of evidence to support that lower levels of physical fitness
results in an increased risk for injury or illness in military populations. Knapik et
al. (1993) demonstrated in a population of 298 male infantry soldiers that a slower
run time as well as lower number of sit-up repetitions during the APFT was
associated with a higher incidence of musculoskeletal injuries over a six month
period. These findings were confirmed in a population of combat engineers
(N=174), demonstrating that lower levels of cardiorespiratory fithess was
associated with increased risk of musculoskeletal injuries (ReynoldsI€ad),
In a large study of Army basic trainees that included both men and women, it was
shown that there was no gender difference in terms of risk for injury when
adjusted for current level of physical fitness. In the same study, theofevel
illness between genders was approximately the same when gynecological
complaints were excluded. There was increased risk for upper respiratory
infections associated with lower levels of prior physical activity &ndds
regardless of gender (Jones et al., 1988). These findings are not exclusive to the
Army. Male Marine recruits with higher body mass index and lower levels of
cardiorespiratory fitness, independently or in combination, were shown to be at
higher risk for exertional heat illness by as much as eight-fold (Gaedaér,
1996).

Using the data presented in this manuscript, leaders preparing their
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soldiers for deployment may be able to adjust training prior to and during
deployment in an effort to minimize the detrimental changes. They n@afirads

the presented data helpful in accentuating the possible positive changes. While
both of the previous investigations have detected significant declines in aerobic
capacity and body composition, improvements were noted by Lester et al. in
upper body power as well as upper and lower body strength (Lester et al., 2010;
Sharp et al., 2008). This demonstrates that improvement in physical fitness
during deployments is attainable. Ideally, outcomes of non-combat injuries and
illness could be modified through altered fitness prior to and during combat
deployments. Before an appropriate program can be designed to modify
outcomes, the relationship between physical fithess and medical resource
utilization must first be explored. In an effort to establish this oglahip, pre

and post-deployment fithess were evaluated. This allowed for a comparison of
pre-deployment fithess amongst the AZNG soldiers and the active soldiers. The
changes in fitness that occurred during deployment were evaluated yziragal

pre and post-deployment measures for significance. Finally, furthiysesnaas
completed to determine if the relationship was influenced by pre-deployment
fitness level alone, the post-deployment fitness level, or influenced by shiange
fitness that occurred during the course of deployment. This investigation

essentially answers three questions.

1) What is the current pre-deployment fitness level of the Arizona National

Guard and how does it compare to the active duty counterparts?



2) Did soldiers physical fithess levels change during deployment as
determined by body composition, muscular strength, muscular endurance,

power, flexibility, and aerobic capacity?

3) Is there a significant correlation between physical fithesss|¢pid-
deployment, post-deployment, or change in fitness) and utilization of

medical resources for non-combat related injuries?

METHODS

Overview of Study Design

A simple pre versus post design was utilized for the first component of
this project. Participating soldiers were evaluated prior to and followimg the
long term deployments. After determining the effects of long term (6-15 njonths
combat deployments on physical fitness levels (body composition, muscular
strength, muscular endurance, power, flexibility, and cardiorespiratory jitness
the relationship of physical fithess and disease and non-combat related injuries
was evaluated. To determine these relationships, it was required to individually
screen each participant’'s medical deployment medical records. THiledlet
inventory of the medical records allowed for an accurate assessment of non-
combat related utilization of medical resources which occurred over the ajurs

the investigation.



Study Participants

The current study qualifies as a preliminary investigation as there have
been no published studies that have compared changes in physical fithess
following a combat deployment in National Guardsmen or Army Reserve
soldiers. Interest in this study was exceptionally high following thialinit
solicitation. However, the soldier’s ability to complete all components afgest
was limited at times due to other training requirements that had to be mebprior
deployment.

The research team was able to successfully recruit, screen, and complete
pre-deployment testing on 60 and post-deployment testing on 54 soldiers. The
soldiers were recruited from three different units but included a varietylitdrgn
occupations. Units that were represented in this project included the 363rd
Explosive Ordinance Detachment (EOD) and the 1404th Transportation Company
(TO).

Inclusion/Exclusion Criteria

To be considered for this study, soldiers had to be on orders to a combat
zone. All races and gender were eligible for this study. Soldiers wared!for
deployment by the AZNG by completing the medical screening conducted during
the Soldier Readiness Program.

Male soldiers greater than 45 years old, female soldiers greates3ha
years old, those having severe physical limitations that would prevent sutcessf
completion of testing, or uncontrolled chronic disease (i.e. HTN, diabetes, sleep
apnea, asthma) were not considered eligible for this investigation. Hazales
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team could not appropriately assess the effects of combat on physica fithe
those who had significant physical limitations. Soldiers on orders for les$ tha
months or greater than 15 months were not included.

All volunteers read and signed an informed consent and were screened
using the American College of Sports Medicine/American Heart Healthgsitne
Facility Preparticipation Screening Questionnaire prior to the ingsing.

Subjects also signed a Health Insurance Portability and Accountability Act
(HIPAA) release forms, allowing for the review of deployment medieabrds.
Actions During the Study

Soldiers deployed to a combat zone for greater than 6 months but less than
15 months. They conducted physical fithess training in accordance with their
respective unit requirements. This likely included minimal to no structureodue t
the operations tempo and duty requirements. Soldiers were encouraged to
conduct themselves in similar fashion to that as if they were not enrolled in the
study. The goal of the study was to evaluate the effects of the deploysednt i
without an additional intervention.

Data Collection

Variables. Primary outcomes for this study were determined by the
measurements of individual body composition, muscular strength, muscular
endurance, power, and flexibility, and aerobic fithess. A measure of the number
of patient visits for non-combat injury or illness during the time of the

deployment was determined by review of the medical records.

11



When conducting the needs analysis for this project soldier tasks had to be
considered when selecting testing methods that would appropriately assess at
what level of ability these soldiers might perform at while deployed. For
example, one of the common soldier tasks that are trained is a 3-5 second rush.
This maneuver is utilized to evade fire and move to a secure position. These 3-5
second rushes likely occur in combat under the load of body armor, helmet,
ammunition, and a weapon. A soldiers’ ability to perform this task is clearly a
function of their anaerobic power. With anaerobic power as a consideration, the
Wingate Cycle test was selected to assess individual peak power. Ovaurge c
of the deployment soldiers need to be prepared to do a variety of physically
demanding tasks. This may include but is not limited to repetitive lifting of items
such as ammunition cans, hiking or patrolling with a back pack and weapon up
the mountains of Afghanistan, and moving or carrying heavy objects such as a
wounded comrade. The ability to perform any of these tasks requires soldiers to
demonstrate muscular strength, endurance, power, and cardiorespiragsy. fit

Some tests were selected based on soldier familiarity and the fatiethat t
are currently utilized by the Army to assess soldier fithess (FM 21-20)pudte
up and sit-up events are both part of the APFT and designed to assess muscular
endurance. Similar versions of these tests are also recommended by the ACSM
for the assessment of muscular endurance (ACSM, 2010). While the Army
currently uses a timed 2 mile run to assess cardiorespiratory fitness, O
test was selected for this investigation. It was intended to obtain a maratacc
assessment of the soldiers’ cardiorespiratory fitness through gasianaly
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Flexibility measures have not previously been performed on deploying
soldiers. In fact flexibility has often been overlooked as a component of fitness
in much of the research evaluating the effects of combat or combat like
environments on physical fithess (Sharp et al, 2008; Lester et al., 2010; Nindl et
al., 2007). This investigation team felt it important to explore for potential
changes occurring to soldiers’ flexibility. With repetitive wear of hdaogy
armor, daily foot marches under loads, or recurrent lifting activities it is
conceivable that flexibility of the upper and lower extremity, or back doeld
affected. The flexibility measures selected (shoulder elevation, triekston,
and sit and reach) were intended to provide a snapshot assessment of flexibility in
soldiers. These three tests offer a quick assessment of flexibility uptes
extremity, lower extremity, and trunk. The assessment of flexibilitypnovide
a significant contribution to the current literature.

The independent variable assessed during this investigation is a long term
(6-15 months) combat experience. Combat itself can affect soldiers in many
different ways ranging from physical to emotional side effects. Thetioteof
this study was to assess the side effects, good or bad, that the combaheaperie
has on a soldier’'s physical fithess and the relationship to utilization of medical
resources.

Pre-deployment and post-deployment data collection was conducted in a
standardized fashion as described below in an effort to minimize the intmducti
of potential bias. The investigation team selected assessment methodsr¢éha
deemed to be the most appropriate for use in a population of soldiers based on

13



what the perception of their physical function might have been during

deployment. Per NSCA recommendations, criterion for test selection included
experience, training status, and age of the soldiers. The testing envir@soent

had to be considered during the selection process. Reliability and validity were
also a consideration when selecting tests (NSCA, 2008). Finally, transportabilit

of the necessary equipment had to be incorporated. Realizing that components of
the testing would be done outside of the laboratory, the investigation team had to
select tests that not only assessed the appropriate components of phgsgsl fi

but were also feasible to conduct in a variety of locations.

Testing was conducted in order that was not only in accordance with
NSCA recommendations, but also did not interfere with the soldiers’ training
schedules. Each unit that provided participants had a different schedule and set of
training requirements that had to be accommodated. For planning purposes,
testing was typically conducted over two to three periods for each soldier
depending on their availability. Adjustments to testing sequence were made in
order to maintain the highest level of validity for each test while minimiziag bi
from previous tests. The typical order of testing was as follows:

Session 1: anthropometrics, flexibility, muscular endurance, anaerobic
power.

Session 2: body composition, muscular strength, aerobic capacity.

This sequence was also in accordance with NSCA test administration

recommendations (NSCA, 2008).
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Body composition Body composition (percent body fat and fat free mass)
was measured using air displacement plethysmography (Bod Pod, Life
Measurement, Inc.) It has been reported that the test-retest rngliabihe Bod
Pod is between .92 and .99 (McCrory et al., 1995; Collins et al.; Maddalozzo,
Cardinal, & Snow, 2002). The Bod Pod can be considered highly correlated to
hydrostatic weighing (.96) and dual energy x-ray absorptiometry (.89+194) i
terms of predicting percent body fat (Dixon et al., 2005; Ball & Altena, 2004,
Maddalozzo, Cardinal, & Snow, 2002). Research suggesting that the Bod Pod
systemically predicts body fat percentage lower than hydrostatyhingi but
higher than dual energy x-ray absorptiometry is controversial (BAlté&na,

2004; Collins et al., 1999). The difference in measuring technique could result in
a difference of approximately 2%.

Calibrations of the Bod Pod and electronic scale were performed prior to
each testing session. Between each soldier a standard two-point celitasi
performed. This included the measurement of an empty chamber, followed by the
measurement of the calibration cylinder.

Soldiers were asked to abstain from eating for the two hours prior to their
arrival at the testing facility. Soldiers wore form- fitting, non-goftcompression
shorts with a non-cotton, lycra cap to compress the hair to the head as snuggly as
possible thereby minimizing excess surface area. Soldiers weresldsbta
remove all jewelry prior to testing. The soldier was instructed to sit in the Bod
Pod, maintain normal respirations, keep their hands in their laps, and refrain from
moving. Body composition assessments were performed prior to other physical
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fitness tests in order to prevent an elevation in body temperature. Soldiers’ body
volumes were measured at least two times to ensure that measurements were
within 150 ml. In the event that the volumes were inconsistent a third
measurement was performed and the two closest volumes were averaged.
Muscular strength Strength was determined using the 1 repetition
maximal (RM) bench press and back squat. Protocol for the 1RM testing
followed the guidelines set forth by the National Strength and Conditioning
Association (NSCA) and the American College of Sports Medicine (ACSM)
(American College of Sports Medicine 2010, National Strength and Conditioning
Association, 2008). The 1RM bench press was used to assess upper body
strength, while the 1RM back squat was used to assess lower extremityhstrengt
The 1RM testing was selected for use based on the ability to perform testing in a
variety of locations, ease of administration to trained or untrained individuals, and
the previous use to identify maximal strength in soldiers (Nindl et al., 2002)
1RM bench pressThe test-retest reliability of the 1RM bench press test
has proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .93-.99 (Doan et al, 2002; Levinger et al., 2009;
Hoeger et al., 1990). Soldiers performed this test after a block of instruction
provided by one of the investigation team. They were asked to grasp the bar at
approximately shoulder width and lift it off of the rack. Spotters were in place
throughout the testing. Soldiers then performed each repetition by lowering the
bar to within one inch of the chest and then raising the bar until the elbows
reached full extension. Soldiers first performed 10 repetitions of approkmate
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40-50% of their perceived maximal lift. The weight was increased incrertyental
and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5 minute rest
period between each set was provided (Weir, Wagner, & Housh, 1994; National
Strength and Conditioning Association, 2008). The soldiers then had 3 attempts
to establish their 1RM bench press with 3-5 minutes between each attempt.

1RM back squat The test-retest reliability of the 1RM back squat test has
also proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .92-.97 (Blazevich, Gill, & Newton, 2002; Harris
et al., 2000). Soldiers performed this test after a block of instruction provided by
one of the investigation team. Spotters were in place behind the soldiers
throughout the testing period. Soldiers positioned the bar across the shoulders
before lifting it off of the rack. They were then asked to lower their bodies by
bending at the knees and hips while maintaining a straight back. A repetition was
counted when the soldier was within approximately 10 degrees of getting the
upper leg parallel to the floor. Soldiers first performed 10 repetitions of
approximately 40-50% of their perceived maximal lift. The weight was isedea
incrementally and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5
minute rest period between each set was provided (Weir, Wagner, & Housh,
1994; National Strength and Conditioning Association, 2008). The soldiers then
had 3 attempts to establish their 1RM bench press with 3-5 minutes between each
attempt.

Muscular Endurance Muscular endurance was assessed by completion
of a push-up and sit-up test in accordance with the United States Army Physical
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Fitness Test protocol. This testing method was selected because itas wmil
that described by the ACSM but is more familiar to the soldiers because of its
inclusion in the Army Physical Fitness Test (American College of Sports
Medicine, 2010, Department of the Army, 1992). Push-ups and sit-ups have been
used to assess muscular endurance in previous research which evaluated
occupational fitness to include firefighters and military service mengieipik
et al., 1990; Misner, Boileau, & Plowman, 1989). Test-retest reliability for a
timed push-up test has been reported to be .93, while the sit-up has been reported
to be .88-.94 (Knudson, 1995; Invergo, Ball, & Looney, 1991).

Push-upSoldiers were instructed to take the ready position which
required them to be positioned with their hands on the floor approximately
shoulder width apart. Male and female soldiers were required to perform the
event with their toes in contact with the floor, head and eyes directed forward,
hips in extension, spine parallel to the floor, and elbows in extension. Neither
males nor females were allowed to perform the push-up with their knees in
contact with the floor. Soldiers were instructed to do as many push-ups as
possible in the two minute period without putting their knees in contact with the
floor or removing their hands from the floor. A push-up was counted if the
elbows were brought to flexion of 90 degrees or greater and then returned to full
extension, while keeping the body elevated on the toes. The test was discontinued
if the soldier dropped to the knees or reached volitional fatigue (Department of

the Army, 1992).
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Sit-up. Soldiers were asked to assume the start position which required
the feet and shoulder blades to be in contact with the floor, while the knees were
flexed to approximately 90 degrees. The hands were to be behind the head, but
not required to have the fingers interlocked. After the command was given to
begin and the timer started, a sit-up repetition was counted if the soldier kept the
hands behind their head, bringing the base of their spine to at least a vertical
position and then returning the shoulder blades to the floor. The test was
discontinued at the end of two minutes or if the soldier reached volitional fatigue
prior to the end of the two minutes (Department of the Army, 1992).

Power.Lower extremity power was assessed using a Wingate anaerobic
cycle test (Nieman, 2008). The Wingate is considered a reliable and rapteduc
assessment of power maintaining a correlation coefficient of .89-.98 (Bar-Or,
1987). The Wingate test has been used in multiple military studies to evaluate
power due to its simplicity of use and ability for untrained individuals to
successfully complete the test with brief familiarization (Knapik.etlao5;

Knapik et al., 1990; Murphy et al., 1987). The Wingate has been used for the
assessment of power in men and women alike from numerous occupations other
than military service, such as firefighting (Misner, Boileau, & PlowmaB9).9

The 30 second Wingate was completed on an Ergomedic Peak Bike 894E,
Monark. Soldiers were given detailed instructions and familiarized with the cyc
prior to completion. Prior to starting the test the seat height and handle bars were
adjusted appropriately. After a warm-up period soldiers were instrucpeati&d
at their maximal speed without resistance. Once the maximal speed wag@chie
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the soldier pressed the button located on the handlebars, which then increased the
resistance on the wheel to .075 kilograms per kilogram of body weight. The
soldiers continued an all out bout of pedaling for 30 seconds followed by a
resistance free cool down period prior to dismounting the bike (Nieman, 2008).

Flexibility. Flexibility was assessed using three different tests; sit and
reach, shoulder elevation, and trunk extension. Lower extremity flexiyaisy
determined using the sit and reach test (SNR). The SNR test is simple to
administer and has demonstrated exceptional test-retest reliall88{99) in
multiple investigations (Gabbe et al., 2004; Simoneau, 1998). The SNR has also
been found to be valid measure of hamstring flexibility (Baltaci et al., 2003;
Simoneau, 1998; Liemohn, Sharpe, & Wasserman, 1994).

Shoulder flexibility was determined by the shoulder elevation test. Trunk
flexibility was determined by the trunk extension test. These expedikhtefsts
were selected based on their ease of administration and their potentiat@bil
provide a snapshot of soldiers’ upper extremity and trunk flexibility. Although
not many published studies have utilized the trunk flexibility and shoulder
elevation tests, normative values have been established (Acevedo & Starks, 2003;
Johnson & Nelson, 1969).

Sit and Reach Soldiers were asked to remove their shoes and sit on the
floor. They were asked to place the soles of their feet against the SNR box with
the back of the leg and knee flat against the floor. They were then asked to place
one hand on top of the other and slowly reach forward with extended arms
pushing the slide as far forward as possible. Subjects were given two attempts
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and the highest score was recorded (American College of Sports Medicine, 2010;
Acevedo & Starks, 2003).

Trunk Extension Trunk flexibility was determined by using the trunk
extension test. This test is intended to assess the flexibility of thencmietes of
the abdominal region. First the trunk was measured by having the soldiehsit wit
their back flat against the wall and legs extended. A yard stick was placed
between the legs of the soldier. The trunk length was determined by the distance
between the floor and the suprasternal notch. Following the trunk measurement,
the soldier laid in the prone position with his or her hands behind the back. The
soldier was asked to raise up their head and neck as high as possible while
extending the spine, but keeping the feet in contact with the floor. At the peak of
trunk elevation, the tester measured the distance from the floor to the suprasternal
notch. The soldier was given two attempts and the highest value was recorded.
The scores were calculated using the following equation (Acevedo 8sStark
2003; Johnson & Nelson, 1969):

trunk extension score = back extension (in.) x 100/ trunk length (in.)

Shoulder Elevation The shoulder elevation test was used to assess the
flexibility of the chest and shoulder muscles. First the length of the asm wa
determined by having the soldier hold a yard stick in closed fists of both hands
with arms fully extended. A measurement was taken from the acromion process
to the proximal edge of the stick. The soldier was then asked to lie in the prone
position with the stick still grasped in the hands and the elbows extended. The
fists were initially in contact with the floor until the soldier was given the
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command to elevate the hands as high as possible. At this point a measurement
was taken from the floor to the level of the yard stick. This was followed by a
measurement of the soldier’s ability to elevate the arm, while the emaimed in
contact with the ground. The elbows were to be kept in extension while the tester
measured from the floor to the bottom of the stick. The scores were calculated
using the following equation (Acevedo & Starks, 2003; Johnson & Nelson, 1969):
shoulder elevation score = shoulder elevation (in.) x 100/ arm length (in.)

Cardiorespiratory fitness Peak cardiorespiratory function can be defined
as the "the maximum ability of the cardiovascular system to deliver oxggen t
exercising skeletal muscle and of the exercising muscle to extractroitpge
the blood" (Albouaini et al., 2007). An incremental treadmill test is preferred for
the measurement of peak oxygen consumption, as it requires the use of large
muscle mass (Weber et al., 1988). Incremental treadmill tests have been used
successfully to assess cardiorespiratory fitness in multiple miitadies (Sharpe
et al., 2008; Nindl et al., 2002; Knapik et al., 1990)

Soldiers' cardiorespiratory fitness (Y@eak) was estimated with indirect
calorimety while completing a treadmill test. Indirect calorimetag completed
using a metabolic cart (AEI Technologies, Pittsburgh,PA). A modifiesiorenof
the Bransford and Howley protocol was selected in order to allow the soldiers to
run at a self-selected pace (Morgan et al., 1991; Bransford & Howley, 1977).

Soldiers were first fitted with a Polar heart rate monitor, Hans Rudolph
head gear and two-way non-rebreather valve. They were then given individual
instruction to select a running pace that they would normally complete the 2 mile
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run for the Army Physical Fitness Test (Department of the Army, 1992). After a
brief warm-up, the initial two-minute period was completed at 0% grade. The
grade was incrementally increased by one percent every minute folldwsng

initial two minute period until the soldier reached volitional fatigue. Gaiter
adequate testing included the following: RER > 1.00 or heart rate + or - 10 beats
per minute of age predicted maximum heart rate (Sharp et al., 2008).

Medical records inventoryScreening of deployment medical records was
conducted in order to inventory number of visits to the medical facility that were
related to non-combat injury or illness. Screening exams, immunizations, and
mandatory visits were not counted during the inventory. A total number of visits
for each subject was determined by each category of the visit. This number of
visits was then compared to the physical fithess outcome measures in order to
determine the relationship between the fitness variables and medical eesourc
utilization. Medical visits were categorized in a similar fashion tat\Wwha been
reported in previous literature. Categories are listed in Table 1. and tkdset
which have previously been used in research but also had a reasonable potential
of influencing a relationship with physical fitness (Zouris, Wade, & Magno, 2009;

Sanders et al., 2005).
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Table 1.1

Medical Records Categorization

Respiratory
Digestive
Musculoskeletal Injury
Lower Back
Upper Back

Neck

Shoulders

Arm

Wrist/Hand

Hip

Knee

Ankle/Foot
Physical Therapy
Behavioral Health
Miscellaneous
Total Visits

Medical records review occurred at Medical Command, Papago Military
Reservation. Electronic medical records were reviewed at a desiguatguter
terminal. No records were allowed to leave the facility. Only an inventory of
records reviewed was maintained for data analysis. Records wereyinitiall
inventoried with a high level of specificity that included a greater number of
categories. After completion of the inventory, categories were appeipria
collapsed for analysis. For example, lower back, upper back, and neck were
consolidated into one category titled spine.

Adherence and Dropouts

Participant adherence to this investigation was high because there was no

rigid or structured training program associated with this investigation. eg®ldi

were expected to exercise in accordance with the guidelines thathieirof
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command provided. The investigation team understood that the soldiers were
expected to work-out in an autonomous environment. It was understood that this
autonomy is a large component of how and why the combat experience affects the
physical fitness status of the soldiers.

Dropouts during the investigation did occur. Of the 60 soldiers who
completed pre-deployment testing, 54 (M=47, F=7) completed post-deployment
testing. Three of the soldiers did not complete the required time of deployment
and three soldiers withdrew from testing during the post-deployment period. Of
the three soldiers who did not complete the required length of deployment, one
was sent home early due to a non-combat injury while the other two were sent
home at the discretion of their unit commander.

I ncentives
No incentives for participation were offered. Per the recommendation of
the Arizona National Guard legal advisor, there was to be no potential for
financial or career benefit from participating in this study. It waplesized to
the unit leaders that no favoritism be demonstrated to soldiers participating in thi
study. This was done in effort to prevent the introduction of any potential bias.
RESULTS

The results of this research are presented in three distinct manuscripts.
The first offers a comparison of the AZNG soldiers’ pre-deployment pHysica
fitness levels to that of their active duty counterparts. The second analyzes the
changes in physical fitness levels which occurred between the pre and post-
deployment testing. The third presents the relationships between the measured
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physical fitness levels and the utilization of medical resources for nobhatom
related injury and illness.

This study was designed to evaluate the physical fitness levels before and
after a long term combat deployment for soldiers in the AZNG. Not only does this
study add to a small pool of knowledge, but it has expanded on it by evaluating
the effects based on gender, and differences between the active duty and Nationa
Guard components. This innovative research can provide military leaders with a
better understanding of the effects of combat and will allow them to imgreve t
training of soldiers prior to and during these extended deployments. Data
collected from this study has the potential to influence military policy anuirig
protocols. Essentially it will assist military leaders to bettepare soldiers
against non-combat injuries and illness. Prevention of injuries and iliness through
improvement or maintenance of fitness levels will not only improve the strength
of our nation's fighting force, but also benefits the health of the individual
soldiers.

Finally, this study has provided insight on the feasibility of future studies
involving National Guard soldiers. Due to the intermittent training schedules and
limited control of the command elements, data collection proved to be difficult at
times. This investigation team worked through many obstacles and was always
prepared to finish the job by remaining adaptive and responsive to the lifestyle of
these National Guard soldiers. This experience provided a better underste#nding

the feasibility for future studies utilizing National Guard soldiers. The
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investigation recommends that future researchers remain flexible, e atd

understanding to the demands that these soldiers are attempting to meet.
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Chapter 2
AN ASSESSMENT OF PRE-DEPLOYMENT FITNESS IN THE ARIZONA
NATIONAL GUARD
INTRODUCTION
More than a million service members have deployed to Iraqg and
Afghanistan since the events of September 11, 2001. Going to war or serving in
combat is an extreme form of physical activity that requires an approfunates
level prior to deployment. However, it is not currently well understood what level
of fitness is necessary nor is it well known what level of fithess deployidgsol
maintain. Currently, there are only a few studies that assess physiess fi
levels of military service members prior to deployment (Lester €@LQ; Sharp
et al., 2008; Panichkul et al., 2007). While Panichkul et al. discusses the
utilization of a modified Army Physical Fitness Test for the evaluatigesf
combat preparedness; their population only includes soldiers serving in the Royal
Thai Army. This information is not necessarily translatable to the UnitéesSta
Armed Forces.
In recent years, there have been two research studies published examining

deployments and physical fithess levels in the United States Armye(ledsdl.,
2010; Sharp et al., 2008). Both of these recent studies only utilized males from
the active duty component. The purpose of the present study was to evaluate
physical fitness levels (body composition, flexibility, muscular stitenmguscular
endurance, power, and cardiorespiratory fitness) in 60 male and female Arizona
National Guard (AZNG) soldiers, 18-45 years old, from multiple units and
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occupations. This was a novel investigation as this investigation team knows of
no published studies that have evaluated physical fithess prior to a combat
deployment in any National Guard soldiers. It was the intention of this &tudy
assess predeployment physical fitness levels in AZNG soldiers inaahteff
provide descriptive pre-deployment fithess data which develops a better
understanding of the current health of military service members. The @ullect

of this data also allowed for a comparison of AZNG soldiers pre-deployment
fitness levels to the previously studied active duty soldiers. This informatibn wil
better assist fitness professionals in developing a clear understanding & wha
required of their clients who may also be serving in the National Guard or
reserves.

In contrast to previous investigations that only evaluated male soldiers
from an active duty combat arms unit (Lester et al., 2010; Sharp et al., 2008), the
current study included male and female National Guardsmen preparing for
deployment to a combat zone. All recruited subjects were anticipated to spend
between 6-15 months in a combat zone. Volunteer soldiers represented a number
of different units with separate missions and occupations ranging from personnel
clerk to military police (see Table 1.) Many aspects of the soldier's fivier to
deployment maintain the potential to influence individual fitness levels beaidre a
during deployments. The soldier’s job requirements may directly influence thei
physical fitness levels. Additionally, unit leadership, mission operatiormotem
and cultural differences amongst occupational fields within the NationatGuar
may have an influence on physical fithess outcome measures. Certain
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occupations, such us an infantry soldier, may view fithess as a means of survival,
where as other occupations, such as a supply clerk, may see physical fithess as
simply another required task. It could be hypothesized that the typical infantry
soldier may desire a higher level of fitness prior to deployment whenarechfo

their administrative counterpart. Based on current circumstances, the
investigation team felt it important to include as many occupations as jgassibl
provide results which were truly reflective of the AZNG as a whole.

Table 2.1. Occupations of Participating Soldiers

Occupation No. of Subjects
Motor Transport Operator 31

Explosive Ordinance Specialist 9

Light Wheel Vehicle Mechanic| 6

Supply and Logistics 6
Military Police S
Human Resource Specialist 2
Health Care Provider 1

Measuring pre-deployment fitness levels in National Guard soldiers can
help identify differences between the active and reserve components and assist
military leaders in preparing soldiers for the combat experience. Pre-
deployment physical fithess may contribute to soldier’s effectivenessydang-
term deployments. National Guard soldiers’ pre-deployment fithessrentdyr
unknown, and thus it is unknown whether deployment status improves or
diminishes this population’s fitness. Different standards for day to day training
between the AZNG and an active duty unit do exist and may lead to discrepancies
in pre-deployment fitness. A National Guard soldier may only train with his unit

one time per month versus the active duty soldier who typically trains four to five
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times per week. It is certainly conceivable that substantial ditfescbetween
these two components may exist. This study allows for the comparison of
physical fitness in the AZNG to that of reported active duty soldiers and difier
opportunity to make some generalizations pertaining to their current levels of
fitness.

METHODS
Experimental Approach to the Problem

This investigation was designed to assess and describe physical fithess of
AZNG soldiers preparing to deploy to a combat zone. The subjects were soldiers
in the pre-mobilization phase of their training in preparation for a deployment to a
combat setting (Middle East). This pre-mobilization training period typicall
occurred in the final six to twelve weeks before their departure from thedUnite
States.

In the past there has been very little research utilizing any National Gua
or reserve soldiers as subjects in military research. Thus this ssodseaved to
determine the feasibility of conducting research on reserve componentssoldier
while they were completing their pre-deployment training tasks.oh&tGuard
soldiers have an exceptionally demanding training schedule in the months prior to
the deployment. Itis a difficult and time consuming process to separate thes
men and women from their civilian professions and prepare them with the
necessary skills required for a year-long combat deployment. As swch, thi
investigation was designed to minimally impact the soldiers’ lives andrigai
schedule while collecting valid data.
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Subjects

This study was approved by the Arizona National Guard State Surgeon
as well as the Arizona State University Institutional Review Board. #rior
screening, all volunteers were medically cleared for deploymeneb&rthona
National Guard Medical Command and completed informed consent.
Additionally, all participants were screened using the PhysicaVifyciReadiness
Form and American College of Sports Medicine/American Heart Healthgsitne
Facility Preparticipation Screening Questionnaire (American gelg Sports
Medicine, 2010) prior to testing and completed informed consent.

Initial interest in participating in this study was exceptionally high.
However, because of the aforementioned demands on soldiers’ time, several
soldiers were not able to complete all components of testing. A total of sixty
soldiers were successfully recruited, screened, and completed prerdeptoy
testing. In order to prevent the introduction of any potential bias no incentives for
participation were offered to the volunteers. It was emphasized to the unisleader
that no favoritism be demonstrated to soldiers participating in this study and no
potential for financial or career benefit be given to any soldier patiicgpa this
study.

Inclusion/Exclusion Criteria. To be considered for this study, soldiers
had to be on orders to a combat zone. All races and both males and females were
eligible for this study. Eligible soldiers were determined to be free of
uncontrolled chronic disease or exceptional physical limitations. Seldene
considered cleared for deployment by the AZNG after completing the rhedica
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screening conducted during the Soldier Readiness Program. Male soleates gr
than 45 years old or, female soldiers greater than 55 years old or thase havi
severe physical limitations that would prevent successful completion of testing
uncontrolled chronic disease (i.e. hypertension, diabetes, sleep apnea, asthma)
were not considered eligible for this investigation. Soldiers on orders $fothias
6 months or greater than 15 months were not included.
Data Collection

Variables. Pre-deployment physical fithness testing was completed in one
to three testing days in a standardized fashion that were appropriate for use in a
population of soldiers. Logistics of scheduling of the testing was done in
consideration of the other training tasks required of the soldiers. The tests were
chosen based on their ease of completion, soldier familiarity, and transpotrtability
Because some of the testing was completed at the location of the soldigasymil
training, the investigation team had to select assessment tools that woudtk provi
valid data but were possible to be transported and set up in alternate locations.

Body Composition.Body composition (percent body fat and fat free
mass) was measured using air displacement plethysmography (Bodfeod, Li
Measurement, Inc.) It has been reported that the test-retest rngliabihe Bod
Pod is between .92 and .99 (McCrory et al., 1995; Collins et al.; Maddalozzo,
Cardinal, & Snow, 2002). The Bod Pod can be considered highly correlated to
hydrostatic weighing (.96) and dual energy x-ray absorptiometry (.89+194) i
terms of predicting percent body fat (Dixon et al., 2005; Ball & Altena, 2004,
Maddalozzo, Cardinal, & Snow, 2002).
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Calibrations of the Bod Pod and electronic scale were performed prior to
each testing session. Between each soldier a standard two-point celitasi
performed. This included the measurement of an empty chamber, followed by the
measurement of the calibration cylinder.

Soldiers were asked to abstain from eating for the two hours prior to their
arrival at the testing facility. Soldiers wore form-fitting, non-cotmmpression
shorts with a non-cotton, lycra cap to compress the hair to the head as snuggly as
possible thereby minimizing excess surface area. Soldiers weresldsbta
remove all jewelry prior to testing. The soldiers were instructed to sit indtie B
Pod, maintain normal respirations, keep their hands in their laps, and refrain from
moving. Body composition assessments were performed prior to other physical
fitness tests in order to prevent an elevation in body temperature. Soldiers’ body
volumes were measured at least two times to ensure that measurements were
within 150 ml. In the event that the volumes were inconsistent a third
measurement was performed and the two closest volumes were averaged.

Muscular Strength Strength was determined using the 1 repetition
maximal (RM) bench press and back squat. Protocol for the 1RM testing
followed the guidelines set forth by the National Strength and Conditioning
Association (NSCA) and the American College of Sports Medicine (ACSM)
(American College of Sports Medicine 2010, National Strength and Conditioning
Association, 2008). The 1RM bench press was used to assess upper body
strength, while the 1RM back squat was used to assess lower extremityhstrengt
The 1RM testing was selected for use based on the ability to perform testing in a
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variety of locations, ease of administration to trained or untrained individuals, and
its previous use to identify maximal strength in soldiers (Nindl et al., 2002)

1RM bench pressThe test-retest reliability of the 1RM bench press test
has proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .93-.99 (Doan et al, 2002; Levinger et al., 2009;
Hoeger et al., 1990). Soldiers performed this test after a block of instruction
provided by one of the investigation team. They were asked to grasp the bar at
approximately shoulder width and lift it off of the rack. Spotters were in place
throughout the testing. Soldiers then performed each repetition by lowering the
bar to within one inch of the chest and then raising the bar until the elbows
reached full extension. Soldiers first performed 10 repetitions of approkmate
40-50% of their perceived maximal lift. The weight was increased increriyental
and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5 minute rest
period between each set was provided (Weir, Wagner, & Housh, 1994; National
Strength and Conditioning Association, 2008). The soldiers then had 3 attempts
to establish their 1RM bench press with 3-5 minutes between each attempt.

1RM back squatThe test-retest reliability of the 1RM back squat test has
also proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .92-.97 (Blazevich, Gill, & Newton, 2002; Harris
et al., 2000). Soldiers performed this test after a block of instruction provided by
one of the investigation team. Spotters were in place behind the soldiers
throughout the testing period. Soldiers positioned the bar across the shoulders
before lifting it off of the rack. They were then asked to lower their bodies by
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bending at the knees and hips while maintaining a straight back. A repetition was
counted when the soldier was within approximately 10 degrees of getting the
upper leg parallel to the floor. Soldiers first performed 10 repetitions of
approximately 40-50% of their perceived maximal lift. The weight was isecea
incrementally and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5
minute rest period between each set was provided (Weir, Wagner, & Housh,
1994; National Strength and Conditioning Association, 2008). The soldiers then
had 3 attempts to establish their 1RM bench press with 3-5 minutes between each
attempt.

Muscular Endurance Muscular endurance was assessed by completion
of a push-up and sit-up test in accordance with the United States Army Physical
Fitness Test protocol. This testing method was selected because itas wmil
that described by the ACSM but is more familiar to the soldiers because of its
inclusion in the Army Physical Fitness Test (American College of Sports
Medicine, 2010, Department of the Army, 1992). Push-ups and sit-ups have been
used to assess muscular endurance in previous research which evaluated
occupational fitness to include firefighters and military service mengKeipik
et al., 1990; Misner, Boileau, & Plowman, 1989). Test-retest reliability for a
timed push-up test has been reported to be .93, while the sit-up has been reported
to be .88-.94 (Knudson, 1995; Invergo, Ball, & Looney, 1991).

Push-up.Soldiers were instructed to take the ready position which
required them to be positioned with their hands on the floor approximately
shoulder width apart. Male and female soldiers were required to perform the
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event with their toes in contact with the floor, head and eyes directed forward,

hips in extension, spine parallel to the floor, and elbows in extension. Neither
males nor females were allowed to perform the push-up with their knees in

contact with the floor. Soldiers were instructed to do as many push-ups as
possible in the two minute period without putting their knees in contact with the
floor or removing their hands from the floor. A push-up was counted if the

elbows were brought to flexion of 90 degrees or greater and then returned to full
extension, while keeping the body elevated on the toes. The test was discontinued
if the soldier dropped to the knees or reached volitional fatigue (Department of

the Army, 1992).

Sit-up. Soldiers were asked to assume the start position which required
the soles of the feet and shoulder blades to be in contact with the floor, while the
knees were flexed to approximately 90 degrees. The hands were to be behind the
head, but not required to have the fingers interlocked. After the command was
given to begin and the timer started, a sit-up repetition was counted if the soldier
kept their hands behind their head, bringing the base of their spine to at least a
vertical position and then returning the shoulder blades to the floor. The test was
discontinued at the end of two minutes or if the soldier reached volitional fatigue
prior to the end of the two minutes (Department of the Army, 1992).

Power.Lower extremity power was assessed using a Wingate anaerobic
cycle test (Nieman, 2008). The Wingate is considered a reliable and rapteduc
assessment of power maintaining a correlation coefficient of .89-.98 (Bar-Or,
1987). The Wingate test has been used in multiple military studies to evaluate
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power due to its simplicity of use and ability for untrained individuals to
successfully complete the test with brief familiarization (KnapiK.e895;
Knapik et al., 1990; Murphy et al., 1987). The Wingate has been used for the
assessment of power in men and women alike from numerous occupations other
than military service, such as firefighting (Misner, Boileau, & PlowmaB9).9

The 30 second Wingate was completed on an Ergomedic Peak Bike 894E,
Monark. Soldiers were given detailed instructions and familiarized with the cyc
prior to completion. Prior to starting the test the seat height and handle bars were
adjusted appropriately. After a warm-up period soldiers were instrucpeatitd
at their maximal speed without resistance. Once the maximal speed wag@chie
the soldier pressed the button located on the handlebars, which then increased the
resistance on the wheel to .075 kilograms per kilogram of body weight. The
soldiers continued an all out bout of pedaling for 30 seconds followed by a
resistance free cool down period prior to dismounting the bike (Nieman, 2008).

Flexibility . Flexibility was assessed using three different tests; sit and
reach, shoulder elevation, and trunk extension. Lower extremity flexiygisy
determined using the sit and reach test (SNR). The SNR test is simple to
administer and has demonstrated exceptional test-retest reliall88{99) in
multiple investigations (Gabbe et al., 2004; Simoneau, 1998). The SNR has also
been found to be valid measure of hamstring flexibility (Baltaci et al., 2003;
Simoneau, 1998; Liemohn, Sharpe, & Wasserman, 1994).

Shoulder flexibility was determined by the shoulder elevation test. Trunk
flexibility was determined by the trunk extension test. These expedikhtefsts
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were selected based on their ease of administration and their potentialtabili
provide a snapshot of soldiers’ upper extremity and trunk flexibility. Although

not many published studies have utilized the trunk flexibility and shoulder
elevation tests, normative values have been established (Acevedo & Starks, 2003;
Johnson & Nelson, 1986).

Sit and Reach Soldiers were asked to remove their shoes and sit on the
floor. They were asked to place the soles of their feet against the SNR box with
the back of the leg and knee flat against the floor. They were then asked to place
one hand on top of the other and slowly reach forward with extended arms
pushing the slide as far forward as possible. Subjects were given two attempts
and the highest score was recorded (American College of Sports Medicine, 2010;
Acevedo & Starks, 2003).

Trunk Extension.Trunk flexibility was determined by using the trunk
extension test. This test is intended to assess the flexibility of thencmietes of
the abdominal region. First the trunk was measured by having the soldier sit with
their back flat against the wall and legs extended. A yard stick was placed
between the legs of the soldier. The trunk length was determined by the distance
between the floor and the suprasternal notch. Following the trunk measurement,
the soldier laid in the prone position with his or her hands behind the back. The
soldier was asked to rise up their head and neck as high as possible while
extending the spine, but keeping the feet in contact with the floor. At the peak of
trunk elevation, the tester measured the distance from the floor to the suprasterna
notch. The soldier was given two attempts and the highest value was recorded.
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The scores were calculated using the following equation (Acevedo 8sStark
2003; Johnson & Nelson, 1986):
trunk extension score = back extension (in.) x 100/ trunk length (in.)
Shoulder Elevation.The shoulder elevation test was used to assess the
flexibility of the chest and shoulder muscles. First the length of the asm wa
determined by having the soldier hold a yard stick in closed fists of both hands
with arms fully extended. A measurement was taken from the acromion process
to the proximal edge of the stick. The soldier was then asked to lie in the prone
position with the stick still grasped in the hands and the elbows extended. The
fists were initially in contact with the floor until the soldier was given the
command to elevate the hands as high as possible. At this point a measurement
was taken from the floor to the level of the yard stick. This was followed by a
measurement of the soldier’s ability to elevate the arms, while theemiained
in contact with the ground. The elbows were to be kept in extension while the
tester measured from the floor to the bottom of the stick. The scores were
calculated using the following equation (Acevedo & Starks, 2003; Johnson &
Nelson, 1986):
shoulder elevation score = shoulder elevation (in.) x 100/ arm length (in.)
Cardiorespiratory FitnessSoldiers' cardiorespiratory fitness (Y@eak)
was estimated with indirect calorimetry while completing a trethdesi.
Indirect calorimetry was completed using a metabolic cart (AEhAi@ogies,
Pittsburgh, PA). A modified version of the Bransford and Howley protocol was
selected in order to allow the soldiers to run at a self-selected pace (Mdbraa
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1991, Bransford & Howley, 1977). Incremental treadmill tests have been used
successfully to assess cardiorespiratory fitness in multiple mistadies (Sharpe
et al., 2008; Nindl et al., 2002; Knapik et al., 1990)

Soldiers were first fitted with a Polar heart rate monitor, Hans Rudolph
head gear and two-way non-rebreather valve. They were then given individual
instruction to select a running pace that they would normally complete the 2 mile
run for the Army Physical Fitness Test (Department of the Army, 1992). After a
brief warm-up, the initial two-minute period was completed at 0% grade. The
grade was incrementally increased by one percent every minute folldwsng
initial two minute period until the soldier reached volitional fatigue. Gaiter
adequate testing included the following: RER > 1.00 or heart rate + or - 10 beats
per minute of age predicted maximum heart rate (Sharp et al., 2008).

Analysis —Analysis of data were performed with PASW 18.0.

Descriptive statistics were compiled and then used for comparison with
previously reported physical fitness values of active duty soldiers.
RESULTS

Data were collected on sixty subjects who ultimately deployed to the
Middle East. Of the sixty soldiers who completed testing all completed
anthropometrics, body composition, and flexibility measures. One soldier was
unable to complete push-ups and one did not complete sit-ups. One soldier did not
complete the bench press and four did not complete the back squat. Five were

unable to complete Wingate testing. One did not completepé@k testing.
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Failure to complete testing was either due to an existing injury that prahibée
soldier from that specific test or conflicts with other training requireme

The overall mean age was 26.7 + 6.9 yr while the mean age of the males
and females was 26.66t9 yr and 26.9 ¥.2. Overall mean height was 174.2 +
7.3 cm. Mean height for males was 175.6.2cm and 163.1 %.2 for females.
Overall mean weight was 83.416.9 kg. Mean weight for males was 85.16t2
and 66.4 +11.9 kg for females. Mean fat mass (FM) for the group was 22.9 +
percent (%). The females had a measured FM of 28.8 % while males were
measured at 22.2%.2%. The physical fitness testing results are reported in

Table 2.
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Table 2.2. Pre-deployment Descriptive Statistics

Combined Male Female
(n=60) (n=53) (n=7)

General Measures

Age (years) 26.7 (6.9) 26.6 (6.9) 26.9 (7.2)

Height (cm) 174.2 (7.3) 175.7 (6.2) 163.1 (5.2)

Weight (kg) 83.4 (16.9) 85.7 (16.2) 66.4 (11.9)

BMI (kg/m) 27.4 (7.8) 27.7 (4.9) 24.9 (3.3)

Fat Mass (%) 22.7 (8.9) 22.2 (9.2) 26.5 (4.4)
Absolute Strength

1RM Bench (kg) 82.2 (29.9) 88.0 (27.0) 39.3 (6.0)

1RM Squat (kg) 104.6 (29.0) 111.6 (23.6)] 56.2 (11.0)
Relative Strength

1RM Bench (kg/kg body wt)| .98 (.26) 1.03 (.23) 0.60 (.07)

1RM Squat (kg/kg body wt) | 1.27 (.28) 1.33 (.25) 0.85 (.17)
Muscular Endurance

Push-ups (reps) 50 (18) 52 (17) 31 (13)

Sit-ups (reps) 53 (14) 54 (15) 51 (14)
Power

Peak Power (watts) | 660.9 (177.8) | 690.9 (156.4)361.2 (61.8)
Flexibility

Sit-and-reach (cm) 30.0 (8.9) 28.4 (8.1) 41.7 (4.8)

Trunk Extension (cm) 117.1 (25.2) 117.1 (24.6)] 117.6 (31.5)

Shoulder Elevation (cm) 145.5 (50.3) 138.4 (43.4)] 200.4 (66.6)
Cardiorespiratory

VO, Peak (ml/kg/min) | 48.9 (8.8) | 49.7(8.7) | 42.2(7.6)

Values are means and standard deviatgi) (

DISCUSSION

This investigation assesses components of physical fithess that were not

previously evaluated in the recent literature. This includes evaluation of

flexibility using the sit and reach, but also the shoulder elevation and trunk

extension measures. There are no current Army standards for these types of

assessments, however standard values have previously been published for the

general population. When looking at the mean score for sit and reach in men and
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women based on mean age, the men would be considered “Fair” while the women
achieved an evaluation of “Excellent” according to the most current standards
published by the American College of Sports Medicine (American College of
Sports Medicine, 2010). For trunk extension testing the men and women in this
study both achieved a rating of “Above average.” However, for shoulder

elevation the male soldiers were categorized as “Below average, tivhile

female soldiers were considered “Average” (Acevedo & Starks, 2003).

Although soldiers commonly complete the Army Physical Fitness Test
(APFT) prior to deployments, neither of the Sharp et al. or Lester et al.
investigations published results of the muscular endurance assessments using the
APFT. According to the field manual used for the administration of the APFT,
males and females that are 22-26 years old, a minimum of 50 sit-ups is required to
meet the minimum standard. For men in the same age group a minimum of 40
push-ups is required while women are only required to complete 17 repetitions.
Using the Army’s one hundred point scale for the push-up event, the males
achieved a score of 74/100 points and the females achieved a score of 79/100
points. Using a similar scale for the sit-up event, the males achieved a score of
65/100 points and the females achieved a score of 61/100 points. The mean of
men and women in this study showed that they meet current Army standards,
based on the mean age and respective gender (Department of the Army, 1992).

Sharp et al. utilized a vertical jump to assess lower extremity power and a
ball put for upper extremity power. Lester et al. assessed lower extrmier
with squat jump and upper extremity power using a bench throw. This
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investigation team felt it important to assess lower extremity powaubeof the

importance while performing combat duties. Soldiers are frequently edpecte

perform short bouts of running at maximal speeds while under load in an effort to

escape harm. It was agreed upon by this investigation team that the best

evaluation of power to assess a soldier’s performance under the previously

described scenario could be done with the Wingate cycle test. Ideally, future

researchers will select a similar technique in order to compare datahetwe

populations using similar tests.

Components of testing from this investigation that are similar to testing

techniques from the Sharp et al. and Lester et al. investigations included body

composition, muscular strength, and cardiorespiratory fithess. Based on a

comparison of the reported data the AZNG soldiers have demonstrated that they

are as physically prepared for the combat experience as their active dut

counterparts. See Table 3 for a comparison of these results.

Table 3. AZNG Soldiers Compared to Previous Investigations

Values are means and standard deviat8) (
*no comparable data were collected
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Overall Male Female Sharp et al| Lester et al.
(n=60) (n=53) (n=7) (n=110) (n=73)
General Measures
Age (years) 26.7 (6.9) 26.6 (6.9) 26.9 (7.2) 23.1 (4.7 24 (5)
Height (cm) 174.2 (7.3) | 175.7(6.2)] 163.1(5.2)] 177.5(67) 174 (7)
Weight (kg) 83.4(16.9) | 85.7(16.2)| 66.4(11.9) 83.3 (14]7) 76.6 (10}2)
Body Fat (%) 22.7 (8.9) 22.2 (9.2) 26.5 (4.4) 17.7 (6.4 18.9 (5.5
Strength
1RM Bench (kg) 82.2 (29.9) | 88.0(27.0)| 39.3(6.0) * 79.1 (17.4)
1RM Squat (kg) 104.6 (29.0)| 111.6 (23.6) 56.2 (11.0) * 99.7 (20.9)
Cardiorespiratory
VO, Peak (ml/kg/min)| 48.9 (8.8) | 49.7(8.7) | 422(76) | 50.8(6.1) 48.6(5.1



Body Composition - The AZNG males did demonstrate a higher body fat
percentage (22.2%) than what was reported by Sharp et al. (17.7%) and Lester et
al. (18.9%). The higher body fat percentage in this population may be partially
explained as a function of age. The mean age of the males in this study was 27
years old while Sharp et al. and Lester et al. reported respective mear 28es

and 24 years old. The females in this study were of the same age but
demonstrated a mean body fat percentage of 26.5% for which there is no
comparable data.

Research suggesting that the Bod Pod systemically predicts body fat
percentage lower than hydrostatic weighing but higher than dual energy x-ray
absorptiometry (DEXA) is controversial (Ball & Altena, 2004; Collinslgt a
1999). The difference in measuring technique could result in a difference of
approximately 2%. The difference in techniques used to measure body
composition could certainly account for the differing results between the three
studies. While the Bod Pod was utilized for this study, Sharp et al. 2008 and
Lester et al. 2010 both used the DEXA to estimate body composition.

Muscular Strength - The combined mean scores of the men for absolute strength
were actually higher than those reported by Lester et al. for the 1RM badc

squat (82.2 kg and 104.6 kg). Not only was the mean scores of males alone
higher, but the combined mean scores of males and females also were higher.

This discrepancy in reported strengths amongst the males may be partially
explained by an overall increased size in this population of males in the AZNG.
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The males in this research had a mean weight of 85.7 kg with respective absolute
upper and lower body strength of 88.0 and 111.6 kg. Lester et al. reported a mean
weight of 76.6 kg and respective absolute upper and lower body strength of 79.1
and 99.7 kg. When these values are evaluated from a relative perspective
(kilograms lifted/kilograms of body weight), the values are nearly icardic
1RM bench (1.03 v 1.03 kg/kg body wt) and 1RM squat (1.33 v 1.30 kg/kg body
wi).
Cardiorespiratory Fitness - The combined average of men and women fog VO
peak (48.9 ml/kg/min) was similar to that reported my Sharp et al. (50.8
ml/kg/min) and Lester et al. (48.6 ml/kg/min) for active duty males. Thus the
subjects in this study have demonstrated that they have cardiorespiratesy fit
similar to that of the active duty counterparts.
PRACTICAL APPLICATIONS

This study expands the small pool of knowledge pertaining to physical
fitness of male and female National Guard soldiers from a variety of ocmupati
These data will help differentiate fitness levels between the actiyeaddt
reserve components. This investigation also includes the evaluation of ftgxibili
which was previously excluded from the research. These results not only provide
military leaders with a better understanding of baseline physiaihess and the
effectiveness of current pre-combat training of National Guard soldieraldout
provide fitness professionals and strength coaches an understanding of the needs

of their military clients. Objective assessments of pre-deploymaesstétlevels
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will help military leaders in the field manipulate training before deploys®
facilitate desired goals for the individual and the unit.

Utilization of this data is also in keeping with the National Strength and
Conditioning Association’s Tactical Strength and Condition program goals. This
data can be used by fitness professionals as they become intimately involved in
the pre-deployment training of men and women who serve in a reserve or
National Guard capacity. It is the same men and women who frequent the gym or
seek personal training that are being asked to deploy to foreign lands. THis is jus
one of many reasons that the NSCA has developed the Tactical Strength and
Conditioning program. The program in conjunction with the data presented here
can help guide fitness professionals in the training of civilians who will be
deploying as soldiers.

Additional research is needed to understand the influence that pre-
deployment fitness levels has on performance while serving in combat.
According to the Medical Surveillance Monthly Report (May 2010),
approximately 25% of the 133,000 soldiers returning from deployment, reported
that their health is worse now than before deployment. These high number of
subjective assessments indicating poor health may be a result of changed or
reduced fitness that occurs during deployment. Again, future researddedne
to explore this possible relationship.

Finally, this study indicates that it is feasible to utilize National Guard
soldiers in military research. While the demanding training schedulesa@qui
during the pre-deployment training creates a challenge to data collabiese
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difficulties can be overcome by a flexible investigation team who armgyitb
adapt and respond to the lifestyle of these National Guard soldiers. Clearly an
investigation team who cares to test and research National Guard soldkte ne

be flexible and willing to accommodate the demands of these soldiers.
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Chapter 3
DIFFERENTIAL EFFECTS ON PHYSICAL FITNESS IN ARIZONA
NATIONAL GUARD MEN AND WOMEN FOLLOWING A COMBAT
DEPLOYMENT
INTRODUCTION
Physical fithness for soldiers is not only a necessity, but also a required
activity that is assessed regularly (Department of the Army, 1992). \idinenty
in a stateside environment military units have time dedicated for mangaini
improving physical fitness. This is typically done in groups and is directed by a
unit leader. Soldiers are expected to complete the Army Physical Fiesss T
(APFT) every six months in order to continually assess their current level of
fitness.
However, while serving in combat, soldiers frequently have more
autonomy to perform physical fitness training but are still expected to mmainta
the standards dictated by regulations. This is not only done to assess a soldier for
career progression but also as a means of survival while conducting their job in an
extreme environment. Deployed soldiers are expected to continue physical fithe
training independently around the duties of their occupation. This can frequently
be influenced by the tempo of operations or availability of a fithess faaiiity
equipment. In rare occasions, small groups may train under the direction of their
immediate supervisor. Regardless of the situation and environment, soldiers are
expected to maintain their fitness at the highest level possible. Upon return from
deployment soldiers, are typically given a grace period before contptae
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APFT to allow correction of any fitness deficiencies that may have @cturr

during the course of the deployment. This period of time provides soldiers an
ample opportunity to ensure that they meet the physical fitness standards
described in the regulations, but it does not permit an accurate assessment of how
combat deployments affect a soldier’s physical fithess (Departmém éfrmy,

1992).

Currently there are a limited number of publications that have evaluated
the effects of long-term combat deployments on soldier physical fithessh dfluc
the previous research was conducted in training environments over a short time
frame (Nindl et al., 2007; Patton et al., 1989; Murphy et al., 1984). Even in these
settings, decreases in fithess and job performance in high intensity training
environments were detected (Nindl et al., 2007; Murphy et al., 1984).
Fortunately, in recent years there have been two publications that splgcifical
address changes in physical fitness for soldiers deployed to a combat
environment. Both investigations demonstrated declines in cardiorespiratory
function and increases in fat mass (Lester et al., 2010; Sharp et al., 2008).
Published results for changes in strength and power are conflicting. Sharp et al.
demonstrated decreased upper extremity power with no change in strength, while
Lester et al. reported that upper and lower body strength as well as power
increased significantly.

Both articles included only male subjects from the active duty component
of the Army (Lester et al., 2010; Sharp et al., 2008). Neither of the previous
studies included members of the reserve components of the military (National

61



Guard and Reserves). Additionally, these studies only evaluated men from
combat arms occupations. Examples of combat arms occupations include
infantry, field artillery, air defense artillery, aviation, speciatés, corps of
engineers, and armor. Combat arms units are considered the front-line
warfighting occupations. Combat support and sustainment units are designed to
support the combat arms units and occupations in their mission. There are a
number of occupations within the combat support and sustainment branches that
are serving in the same combat environments in a different capacity that have not
been represented in previous research (Lester et al., 2010; Sharp et al., 2008).
Examples of these combat support and sustainment branches include military
police, military intelligence, transportation and ordinance to name a few.

It was the intent of this study to assess the effects of combat deployments
on physical fitness of soldiers in the Arizona National Guard (AZNG) in an effort
to determine if the reserve component of soldiers would experience similar
changes to those seen in the active duty units. Additionally, this research
included both men and women who performed a variety of military occupations
not limited to combat arms. By including multiple occupations a more
heterogeneous group of subjects were recruited. This provided a sample that is
more representative of the AZNG, instead of a single occupational field.

METHODS
Overview

This investigation evaluated the effects of combat deployments on

physical fithess measures in soldiers. The “treatment group” consisisliefs
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who deployed to a combat setting (Middle East). The primary aim of the study
was to determine the effects of a long term (approximately 1 yeabhatom
deployment on physical fitness levels (body composition, strength, endurance,
power, flexibility, and aerobic capacity) in soldiers. The study was apprgved b
the institutional review board at Arizona State University as well as by the
Arizona National Guard State Surgeon’s Office.
Study Participants

The research team successfully recruited, consented, screened, and
completed pre-deployment testing on 60 soldiers. The majority (97%) of the
study participants were recruited from different units, including the 363rd
Explosive Ordinance Detachment (EOD), 1404th Transportation Company (TC),
and 855th Military Police (MP). Multiple occupations were represented within
each unit (see Table 1.). All participants were screened using the Americ
College of Sports Medicine/American Heart Health/Fitness Facility
Preparticipation Screening Questionnaire prior to the initial testinge(iam
College of Sports Medicine, 2010).

Table 3.1. Participating Units by Occupation

Unit Occupation No.
1404" Transportation Company Motor Transport Operator 27
Light Wheel Vehicle Mechanic 6
Supply and Logistics 4
363? Explosive Ordinance Explosive Ordinance Specialist 9
Detachment
Supply and Logistics 2
855" Military Police Company Military Police 4
Miscellaneous Human Resource Specialist 1
Health Care Provider 1
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In order to be included in this research, participants agreed to complete
physical fithess assessments during the unit pre-mobilization phase and
immediately upon their return to the United States. Eligible soldiers were
considered to be free of uncontrolled chronic disease (i.e. hypertension, asthma,
diabetes) or any exceptional physical limitations that would prevent the
completion of the physical fitness testing. All races and gender weitdesfigr
this study. Prior to being screened by investigators, soldiers werectlear
deployment by the AZNG upon completing the medical screening conducted
during the Soldier Readiness Program.

Male soldiers greater than 40 years old and female soldiers greater tha
45, having severe physical limitations that would prevent successful completion
of testing, or uncontrolled chronic disease (i.e. HTN, diabetes, sleep apnea,
asthma) were not considered eligible for this investigation. The researcdittam
not feel that valid assessments of the effects of combat on physicss fitnihose
who have significant physical limitations could be completed. Soldiers on orders
for less than 10 months or greater than 15 months were not included.

Primary outcomes for this study were the measurements of individual
body composition, flexibility, muscular strength, muscular endurance, anaerobic
power, and aerobic fithess. The independent variable being assessed during this
investigation was a long term (10-15 months) combat deployment. Combat itself
can affect soldiers in many different ways ranging from physical to enabtside
effects. In most instances, deployed soldiers have significant autonomy while
deployed with their physical fitness training. This autonomy is largelyadthet
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unit’s operations tempo and the individual soldier’s duty requirements. Soldiers
enrolled in the study were encouraged to conduct themselves while deployed in
accordance with their respective unit requirements. The intention of this study
was to assess the effects of combat on a soldier’s physical performammat \an
additional intervention. During the ongoing conflicts soldiers maintain a
significant amount of autonomy when it comes to their physical fitness training.
This study was intended to determine if this autonomy may be influencing their
physical fitness.

No incentives for participation were offered. There were no financial or
career benefits from participating in this study. It was emphasizéd tmit
leaders that no favoritism be demonstrated to soldiers participating in this stud
This was in an effort to reduce the introduction of potential bias.

Pre-deployment and post-deployment data collection was conducted in a
standardized methodology as described below. The investigation tearadselect
assessment methods that were considered to be the most appropriate for use in a
population of soldiers and were deemed valid and reliable in this sample.
Additionally, feasibility for completion of all testing in a fashion that would not
interfere with soldier training tasks had to be considered.

Body composition. Body composition (percent body fat and fat free
mass) was measured using air displacement plethysmography (Bodfeod, Li
Measurement, Inc.) This has been shown to be a valid and reliable measure
(McCrory et al., 1995) .Subjects wore form- fitting, non-cotton, lycra
compression shorts with a non-cotton, lycra cap to compress the hair to the head
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as snuggly as possible thereby minimizing excess surface area. Bodysdmnp
assessments were performed prior to other physical fithess tests in order to
prevent an elevation in body temperature.

Muscular strength. Strength was determined using the 1 repetition
maximal (RM) bench press and back squat. Protocol for the 1RM testing
followed the guidelines set forth by the National Strength and Conditioning
Association (NSCA) and the American College of Sports Medicine (ACSM).
Soldiers progressively increased the load while decreasing repetitions thefy
were given up to three attempts to achieve a maximal lift (Americapdeodif
Sports Medicine, 2010; National Strength and Conditioning Association, 2008).

Muscular Endurance. Muscular endurance was assessed by completion
of a push-up and sit-up test in accordance with the United States Army Physical
Fitness Test protocol. This testing method was selected because itas wmil
that described by the ACSM but is more familiar to the soldiers because of its
inclusion in the Army Physical Fitness Test (American College of Sports
Medicine, 2010; Department of the Army, 1992). A push-up was counted if the
elbows were brought to flexion of 90 degrees or greater and then returned to full
extension, while keeping the body elevated on the toes. For the sit-up test soldiers
were required to keep their hands behind their head, bring the base of their spine
to a vertical position and then return the shoulder blades to the floor. For each of
the events, the soldier was given two minutes to complete as many repetitions as

possible (Department of the Army, 1992).
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Power. Lower extremity power was assessed using the Wingate anaerobic
cycle test (Nieman, 2007). The 30 second Wingate was completed on an
Ergomedic Peak Bike 894E, Monark. Soldiers were given detailed instructions
and familiarized with the cycle prior to completion. The soldiers completed an all
out bout of pedaling for 30 seconds with a resistance of .075 kilograms per
kilogram of body weight (Nieman, 2007).

Flexibility. Flexibility was assessed using three different tests. Lower
extremity flexibility was determined using the sit-and-reach t8sldiers were
given two attempts to reach forward with both hands with the knees in extension
while in a seated position (American College of Sports Medicine, 2010). Trunk
flexibility was determined by using the trunk extension test. This tgsiresl a
measurement of the length of the trunk followed by measurement of the soldier’
ability to raise their upper trunk and head while lying in a prone position
(Acevedo, 2003). Shoulder flexibility was determined using the shoulder
elevation test. First the length of the arm was determined, followed by a
measurement of the soldier’s ability to elevate the arms over theimteke
lying in the prone position, with chin in contact with the ground, and elbows
locked in extension (Acevedo, 2003).

Cardiorespiratory fitness. Subject’s cardiorespiratory fitness (YO
peak) was estimated using indirect calorimetry while completingaegr
exercise treadmill test. A modified Bransford and Howley protocol wastsel
in order to allow the soldiers to run at a self-selected pace. Soldiers were
instructed to select the pace that they would normally complete the 2 mile run for
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the Army Physical Fitness Test (Department of the Army, 1992; Bransford &
Howley, 1977). Grade was incrementally increased by one percent every minute
following the initial two minute period until the soldier reached volitional fatigu
Criteria for adequate testing included the following: RER > 1.00 or heart rate + or
- 10 beats per minute of age predicted maximum heart rate (Sharp et al., 2008).
Indirect calorimetry was completed using a metabolic cart (AEhAi@ogies,
Pittsburgh,PA).

Data were evaluated for normal distributions and then analyzed for
statistically significant difference between pre and post-deploymeasures
using paired t-tests or Wilcoxon Sign Rank.

RESULTS

Of the 60 soldiers who completed pre-deployment testing (PRE), 54
(M=47, F=7) completed post-deployment testing (POST). Three of the soldiers
did not complete the required time of deployment and three soldiers withdrew
from testing during the post-deployment period. Of the three soldiers who did not
complete the required length of deployment, one was sent home due to a non-
combat injury while the other two were sent home at the discretion of their unit
commander. The overall mean age was 26.7 + 6.9 yr while the mean age of the
males and females was 26.®9 yr and 26.9 ¥.2. Overall mean height was
174.2 +7.3 cm. Mean height for males was 1754.2cm and 163.1 5.2 for
females.

Significant improvements were detected for the overall group between
PRE and POST measures in fat mass (22.5+8.6 v 20.0£2.5 percent fat mass,
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p<.001), relative strength for bench and squat{@Bv 1.08+.29 kg/ki
bodyweight, p<.001 and 1.27+.28 v 1.45+.36 kg/kdyweeight, p<.001), pus-
ups and sitips (51+£17 v 60+19 reps, p<.001 and 54+14 v 60£p3,rp=.001)
These changes reflect improvement in fat mass (1litPt¢lative strength for tk
bench press (10%) and back squat (14%), and mussndarance improvemer
as demonstrated by thegi-ups (18%) and sit-ups (11%).

However, significant declines were noted in, peak (48.2+8.0"
43.0£8.0 ml/kg/min, p<.001), and trunk extensioh{P+26.2 cm v 110.0£23.
p=.002). The change in V; peak represents a decline of 11% in aer
capacity while decline in trunk extension is a decline’éé. See figur3.1 for
percentage change for each variable presentedi@r of greatest decline
greatest improvement. No significant differenaese detected in peak powe

sit and reach, or shaiér elevatior See table 2 for a summary of all resi

O Fat Mass*
B V02 Peak*
OSit-n-Reach
20.0
OPeak Power
10.0 B Shoulder Elevation
L
c
§ 0.0 O 1RM Bench*
& OTrunk Extension*
-10.0
B 1RM Squat*
-11.1 -10.8 a
-20.0 @ Sit-up*
OPush-up*

Figure 3 1.Change in fitness variables expressed as peradedjgnate:
significance (p<.05)
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Table 3.2. Overall summary of pre and post deployment measures

N Pre- Post- Diff Sig
deployment | deployment

General Measures

Weight (kg) 54 | 82.9 (15.8) 81.3 (1.9) - 1.6 .004

BMI (kg/m) 54 | 27.2 (4.5) 26.7 (3.8) - 0.5 .004

Fat Mass (%) 52 | 22.5 (8.6) 20.0 (2.5) - 2.5 <.001
Relative Strength

1RM Bench (kg/kg bodyweightpb4 .98 (.27) 1.08 (.29) +.1 <.001

1RM Squat (kg/kg bodyweight)49 | 1.27 (.28) 1.45 (.36) +.18 <.001
Muscular Endurance

Push-ups (reps) 52 | 51.2 (17.5) 59.6 (18.9) +8.4 <.001

Sit-ups (reps) 52 | 54.5 (14.5) 60.5 (13.0) + 6.0 .001
Power

Peak Power (watts) | 48 | 674.0 (180.3)] 662.6 (211.0) - 11.4 .56
Flexibility

Sit-and-reach (cm) 53 | 30.0(9.1) 29.0 (8.9) - 04 24

Trunk Extension(cm) 53 | 117.9 (26.2) 110.0 (23.4) -7.9 .002

Shoulder Elevation(cm) 53 | 144.3 (50.0) 144.1 (38.9) - 0.1 .95
Cardiorespiratory

VO, Peak (ml/kg/min) |49 [ 48.2(8.0) | 43.08.0) | -5.72 .00

Values are means and standard deviat8i) (

Gender specific changes were also evaluated. This analysis deatezhstr

significant changes for men in all areas except for power and two meatures

flexibility (sit and reach, shoulder elevation). Although a small population (n=7),

the women showed significant change in weight, body mass index, push-ups, and

sit-ups. Women demonstrated a trend towards significance in relative strength on

the bench press (p=.066). The results for pre and post deployment measures by

gender are summarized in Table 3.
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Table 3.3. By gender changes in pre and post deployment fithess

Male Pre Male Post | Female Pre| Female Post
(n=47) (n=7)

General Measures
Weight (kg) 85.3(14.9) 83.8(12.6)* | 66.4(1179) 64.3(11.3)*
BMI (kg/nf) 27.6(4.6) 27.1(3.9)* 24.9(3.3) | 24.1(3.2)*
Fat Mass (%) 21.9(8.9) 19.7(7.7)* 26.5(4.4) 21.9(3.2)
Relative Strength
1RM Bench (kg/kg body wt) | 1.04(.24) 1.13(.26)* 0.60(.07) 0.69(.11)
1RM Squat (kg/kg body wt) | 1.34(.23) 1.51(.34)* 0.85(.17) 1.05(.18)
Muscular Endurance
Push-ups (reps) 53.8(16.2) 61.7(18.0)* | 30.7(13.2 43.2(18.9)1
Sit-ups (reps) 54.9(14.6) 60.7(13.0)* | 51.2(14.4) 58.7(13.9)f
Power
Peak Power (watts) | 710.4(151.8) | 698.1(189.2)| 361.2(61.8)357.2(130.4)
Flexibility
Sit-and-reach (cm) 28.2(8.4) 27.2(7.6) 41.7(4.8) 41.1(5.3)
Trunk Extension (cm) 117.9(25.7) 108.7(23.4)% 117.6(31.5)117.1(24.4)
Shoulder Elevation (cm) 135.6(41.7) 138.9(34.8) | 200.4(66.6)77.0(50.0)
Cardiorespiratory
VO, Peak (ml/kg/min) 49.1 (7.7) 43.6(8.0)* 42.2 (76)| 39.2(7.5)

Values are means and standard deviat8i) (
*Changes between pre and post-deployment values were significant (p<.05)
“Non-parametric analysis performed for data that were not normally distributed

DISCUSSION

This is a novel study because it provides previously unknown descriptive

data on physical fithess changes following combat experience in the reserve

component of the armed forces. Considering that AZNG reserves have very

different lifestyles as compared to an active duty service member, ohe mig

expect to see differences in pre-deployment physical fithess and /oewici#srin

the changes that may occur following deployments between reservesms@dm

to active duty service members. While active duty service members lypical

meet four to five times per week for organized group physical fitnessggathe
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reserve soldiers may only meet for one weekend per month. However, prior to
deployment a reserve unit may train on a daily basis for the three months prior to
deployment known as the pre-mobilization period. The results from this study
indicate physical fithess was changed following combat deployments in AZNG
soldiers. However, these changes were comparable to those reported for active
duty soldiers.

Overall, the pre-deployment fitness levels of these AZNG soldiers were
very similar to the reported comparable fitness levels of the active duty Army
soldiers measured by Sharp et al. and Lester et al. The AZNG demonstrated
significant increase in upper and lower body strength (7% and 10%) similar to
what was reported by Lester et al (7% and 8%). Additionally, the AZNG had
declines in aerobic capacity similar to what was reported by the other two
investigation teams. All three investigations found declines ip p&ak of

varying degrees, ranging from -4.5% to -13% (See Figure 3.2.).
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Comparison of change in VO2 Peak

D Sharp et al., 2008

B AZNG

Percent

DOlesteretal., 2010

Figure 3.2.Comparison of change in \, Peak between AZN@nd thos¢
reported in tk literature on active duty diers

These findings could be interpreted in a numbevafs. Based on tr
reported active duty soldiers’ |-deployment fithess levels the participat
members of the AZNG were equally prepared for dgpkent when speaking
terms of cardiorespiratory fitss. However, seeing the decline in their aer
capacity with an increase in strength could bed¢iselt of an emphasis beil
placed on cardiorespiratory training prior to dgph@nt without the sanr
emphasis being maintained through the extent cdeployment. Thes
differences could also be the result of more tiried spent on resistance train
at the expense of cardiorespiratory training dutiregcourse of the deploymer
There was not a rigid or structured training progi@ssociated witthis
investigation. Soldiers deployed to a combat asaee expected to exercise
accordance with the guidelines that their chaioashmand provides. Tt
investigation team understands that the most gsldiere expected to wc-out

in an autonomousnvironmen
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The changes in AZNG fitness levels likely reflect the individual choices
about which types of training that the soldiers chose to conduct during
deployment. It appears that decreased aerobic capacity is a common trend
amongst soldiers during combat deployments. The reasoning for this is not well
understood and raises more questions. Are soldiers not motivated to perform
aerobic training independently? Perhaps those in command indicate that there is
no value for maintaining or increasing aerobic fitness. Do soldiers peroatve t
the fitness facilities do not have suitable equipment for aerobic traininglae&i
Are the environmental conditions on the bases not suitable for performing aerobic
training outside? Knowing how important aerobic fitness is to overall health and
combat readiness, clearly more research should be done to determine why this
decline in cardiorespiratory fitness is occurring during deployment.

This population of reserve component soldiers did show some differences
in how the deployments affected their physical fithess when compared to the two
previous studies. While increased strength was noted in this study andday Lest
et al., Sharp et al. reported no significant difference strength which waseakses
an incremental lifting machine. Lester et al. and Sharp et al. both reported
increased FM over the course of the deployment. The AZNG actually improved
body composition by decreasing measurable FM. Improved body composition as
a result of deployment is difficult to explain. Complicating this finding is that
there is a difference amongst the populations that have been studied. Ldster et a
reported an increase in FM by 9% while Sharp et al. reported an increase of 11%
as measured by DEXA. Obviously, changes in FM can be influenced by the
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meals provided to soldiers while deployed. However, it is difficult to explain why
the active duty population increased FM while the AZNG decreased FM, but all
soldiers were eating food from similar dining facilities. Most likey/cwilians

prior to deployment these soldiers were eating more calories at homedprior t
deployment. Once deployed, the food choices as compared to “homecooking”
may not have been as palatable to them. In addition, part of the decrease in FM in
AZNG soldiers may be explained by the prohibition of alcohol while deployed.

In this instance, the pre-deployment mean level of body fat as measutesl by t

Bod Pod of the men was at the upper limits of acceptable (22%) and the post
deployment mean was well within the acceptable limits of the Army’s &sgpe t

which determines body fat percentage based on neck and waist circumference.
The women in this study were well within the standards for allowable body fat
(32%) based on the mean pre and post deployment measurements (Department of
the Army, 2006).

This study is the first to include muscle endurance and flexibility as a
component of physical fitness testing in deployed soldiers. The AZNG soldiers
demonstrated significant increases in both the push-up (16%) and sit-up (11%)
events. Based on the mean number of repetitions and the mean age of the men
and women in this study, both genders achieved a passing score in both the push-
up (M=40, F=17) and sit-up (M/F=50) events by the APFT standards before and
after deployment (Department of the Army, 1992).

Flexibility is not currently a component of the APFT. Although the
soldiers in this study demonstrated very little change in flexibility dwercburse
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of the deployment, this study allows us to compare the results of participating
soldiers to previously published values. The male’s mean pre and post-
deployment scores in the sit and reach place them betweert5¢/3(25-31

cm) percentile, while the women fall between thB-830" percentile (41-53 cm)
(Acevedo, 2003). The scores for the shoulder elevation are similar by placing the
males between the 860" percentile (135-175 cm) and the females in tH& 50

70" (173-216 cm) (Acevedo, 2003; Johnson & Nelson, 1986). Although trunk
extension was the only component of flexibility where the soldiers demonstrated
significant change, the pre and post deployment levels both fell within the range
of the 78-90th percentile (M=109-124 cm; F=107-119 cm) (Acevedo, 2003;
Johnson & Nelson, 1986).

This study demonstrates that soldiers change in physical fitness while
deployed in combat regions. Soldiers’ strength, endurance, and body composition
improved, but their cardiorespiratory fithess declined, while power and flexibilit
were essentially unchanged. The culmination of current research is demesnstra
trend of declining cardiorespiratory fithess amongst all groups evaluated. More
data is needed to resolve the conflicting reports previously reported in clvanges
strength, power, and body composition, as well as to understand the components
that are not well represented (endurance and flexibility). More ressaatdoi
needed to better explain the changes specific to reserve soldiers. Cleagly, mor
detailed information on the type, intensity and frequency of physical
activity/exercise which occur during deployment are needed to expla@ thes
changes to physical fitness. In summary, these results provide healthcare
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professionals and military leaders a better understanding of how current
deployment conditions are affecting physical fithess. This informatiobean
utilized to alter training prior to and during deployments in order to achieve

desired levels of fithess.
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Chapter 4

RELATIONSHIPS OF PHYSICAL FITNESS LEVELS AND UTILIZATI®

OF MEDICAL RESOURCES IN DEPLOYED ARIZONA NATIONAL GUARD
SOLDIERS
INTRODUCTION
It has long been understood that higher levels of physical fithess can have

protective effects against occupational injury (Craig et al., 2006; Biering-
Sorenson, 1984; Cady et al., 1979). This relationship has also been demonstrated
in the military setting, typically amongst recruits in basic trainingar-deployed
units (Gardner et al., 1996; Reynolds et al., 1994; Knapik et al., 1993; Jones et al.,
1988). These previous investigations have demonstrated that increased levels of
cardiorespiratory fitness, strength, endurance, and flexibility retthecesk of
musculoskeletal injury (Reynolds et al., 1995; Knapik et al., 1993; Biering-
Sorenson, 1984; Cady et al., 1979). Some of the research has even indicated that
higher levels of activity and cardiorespiratory fithess reduce the preeadénc
illness (Gardner et al., 1996; Jones et al., 1988 authors of this investigation
have been unable to find any publications that evaluated the relationship of
physical fitness and injury or illness in military service members wio ar
performing their duties in a combat zone. It is understood that physical fithess
levels will have little to no effect on prevalence of combat related injuries.
However, the relationship between physical fitness levels and a soldier’s
utilization of medical resources for non-combat related injury or illnesydtao
be explored. Due to the long duration of the current military deployments the
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effects of the pre-deployment fitness levels on medical resource utitizatist
be considered, but the potential relationship between the changes in fithess which
occurs during the deployment or even the post-deployment fitness levels must
also be explored.

Currently there are a limited number of publications that have evaluated
the effects of long-term combat deployments on soldier physical fithestefLet
al., 2010; Sharp et al., 2008). Some of the previous research was conducted in
training environments which simulated combat environments for days to weeks
(Nindl et al., 2007; Patton et al., 1989; Murphy et al., 1984). Even in these
settings, decreases in fithess and job performance in high intensity training
environments were detected (Nindl et al., 2007; Murphy et al., 1984). In recent
years, two publications have specifically evaluated changes in physiesisfifor
soldiers deployed to a combat environment. Both investigations demonstrated
declines in cardiorespiratory function and increases in fat mass (Leater e
2010; Sharp et al., 2008). Published results for changes in strength and power are
conflicting. Sharp et al. demonstrated decreased upper extremity power with no
change in strength, while Lester et al. reported that upper and lower baujtlstre
as well as power increased significantly. Neither of these two previous
investigations determined what the effects or the implications of the physica
fitness changes could be.

It was the intent of this study to assess the effects of combat deployments
on physical fitness of soldiers in the Arizona National Guard (AZNG) and to then
determine if a relationship exists between this levels and soldiersatighzof
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medical resources for non-combat related injury or iliness. Additionalyy, thi
research included both men and women who performed a variety of military
occupations not limited to combat arms. By including multiple occupations a
more heterogeneous group of subjects were recruited. This provided a sample
that is more representative of the AZNG, instead of a single occupational
component.

METHODS

The primary aim of the study was to determine the effects of a long term
(approximately 1 year) combat deployment on physical fitness levels (body
composition, strength, endurance, power, flexibility, and aerobic cgparit
soldiers and then explore the potential relationship between these changes and the
utilization of medical resources. The study was approved by the institutional
review board at Arizona State University as well as by the Arizona National
Guard State Surgeon’s Office. No incentives for participation wereeaffer
There were no financial or career benefits from participating in thig.sttigvas
emphasized to the unit leaders that no favoritism be demonstrated to soldiers
participating in this study.

Primary outcomes for this study were the measurements of individual
body composition, muscular strength, muscular endurance, peak power,
cardiorespiratory fitness, and flexibility. The independent variable agsesse
during this investigation was a long term (10-15 months) combat deployment.
Combat itself can have a variety of affects on soldier ranging fromgahys
emotional side effects. Under the current deployment circumstances, most
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deployed soldiers have significant autonomy while deployed when it comes to
their physical fitness training. This autonomy is largely due to the unit’s
operations tempo and the individual soldier’s duty requirements. It was not the
intention of this study to remove this existing autonomy by requiring the soldiers
to perform specific physical fitness training while deployed. Soldiedledrin

this study were encouraged to conduct themselves while deployed in accordance
with their respective unit requirements. The study was designed to tmsess
effects of combat on a soldier’s physical performance without an additional
intervention in order determine if the autonomy maintained by the soldiers may be
influencing their physical fitness.

Pre-deployment and post-deployment data collection was conducted in a
standardized methodology as described below. The investigation tearadselect
assessment methods that were considered to be the most appropriate for use in a
population of soldiers and were deemed valid and reliable in this sample.
Additionally, feasibility for completion of all testing in a fashion that would not
interfere with soldier pre-deployment training tasks had to be considered.

STUDY PARTICIPANTS

The research team successfully recruited 60 soldiers to complete pre-
deployment testing, 54 of whom completed post-deployment testing. A control-
group consisting of 15 AZNG soldiers who serve in a full-time capacity, but were
not deployed was also enrolled. Of the 15 soldiers, 11 completed testing after a
12 month period of serving in the state of Arizona. All volunteers read and signed
an informed consented prior to being screened using the American College of
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Sports Medicine/American Heart Health/Fitness Facility Preppatiion
Screening Questionnaire prior to the initial testing. Subjects alsalsagHealth
Insurance Portability and Accountability Act (HIPAA) release fqratl®owing for
the review of deployment medical records.

In order to be enrolled in this research, participants agreed to complete
physical fithess assessments during the unit pre-mobilization phase and
immediately upon their return to the United States. Eligible soldiers were
considered to be free of uncontrolled chronic disease (i.e. hypertension, asthma,
diabetes) or any exceptional physical limitations that would prevent the
completion of the physical fithess testing. All races and gender weitdesfigr
this study. Prior to being screened by investigators, soldiers werectlear
deployment by the AZNG upon completing the medical screening conducted
during the Soldier Readiness Program.

Male soldiers greater than 40 years old and female soldiers greater tha
45, having severe physical limitations that would prevent successful completion
of testing, or uncontrolled chronic disease (i.e. HTN, diabetes, sleep apnea,
asthma) were not considered eligible for this investigation. The researcdittam
not feel that valid assessments of the effects of combat on physicss fitnghose
who have significant physical limitations could be completed. Soldiers on orders
for less than 10 months or greater than 15 months were not included.

The majority of the study participants were recruited from three separat
units, including the 363rd Explosive Ordinance Detachment (EOD), 1404th
Transportation Company (TC), and 855th Military Police (MP). Additionally,
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two additional soldiers were recruited as the only participant from ttsgecave
units. Multiple occupations were represented within each unit (see Table 1.). All
participants were screened using the American College of Sports
Medicine/American Heart Health/Fitness Facility PrepartiappaScreening
Questionnaire prior to the initial testing (American College of Sports Megic
2010).

Table 4.1.Units and Occupations Represented

Unit Occupation No.
1404" Transportation Company Motor Transport Operator 27
Light Wheel Vehicle Mechanic 6
Supply and Logistics 4
363? Explosive Ordinance Explosive Ordinance Specialist 9
Detachment
Supply and Logistics 2
855" Military Police Company Military Police 4
Miscellaneous Human Resource Specialist 1
Health Care Provider 1

BODY COMPOSITION

Body composition (percent body fat and fat free mass) was measured
using air displacement plethysmography (Bod Pod, Life Measurement,tinc.)
has been reported that the test-retest reliability of the Bod Pod is betweed .92 a
.99 (McCrory et al., 1995; Collins et al.; Maddalozzo, Cardinal, & Snow, 2002).
The Bod Pod can be considered highly correlated to hydrostatic weighing (.96)
and dual energy x-ray absorptiometry (.89-.94) in terms of predicting percent
body fat (Dixon et al., 2005; Ball & Altena, 2004; Maddalozzo, Cardinal, &
Snow, 2002). Research suggesting that the Bod Pod systemically predicts body

fat percentage lower than hydrostatic weighing but higher than dual eneagy
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absorptiometry is controversial (Ball & Altena, 2004; Collins et al., 1999). The
difference in measuring technique could result in a difference of approxymatel
2%.

Calibrations of the Bod Pod and electronic scale were performed prior to
each testing session. Between each soldier a standard two-point celitasi
performed. This included the measurement of an empty chamber, followed by the
measurement of the calibration cylinder.

Soldiers were asked to abstain from eating for the two hours prior to their
arrival at the testing facility. Soldiers wore form- fitting, non-goftcompression
shorts with a non-cotton, lycra cap to compress the hair to the head as snuggly as
possible thereby minimizing excess surface area. Soldiers weresladsbta
remove all jewelry prior to testing. The soldiers were instructed to sit iBdtie
Pod, maintain normal respirations, keep their hands in their laps, and refrain from
moving. Body composition assessments were performed prior to other physical
fitness tests in order to prevent an elevation in body temperature. Soldiers’ body
volumes were measured at least two times to ensure that measurements were
within 150 ml. In the event that the volumes were inconsistent a third
measurement was performed and the two closest volumes were averaged.
MUSCULAR STRENGTH

Strength was determined using the 1 repetition maximal (RM) bench press
and back squat. Protocol for the 1RM testing followed the guidelines set forth by
the National Strength and Conditioning Association (NSCA) and the American
College of Sports Medicine (ACSM) (American College of Sports Medicine
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2010, National Strength and Conditioning Association, 2008). The 1RM bench
press was used to assess upper body strength, while the 1RM back squat was used
to assess lower extremity strength. The 1RM testing was selecteé fossexd
on the ability to perform testing in a variety of locations, ease of admiiosttat
trained or untrained individuals, and the previous use to identify maximal strength
in soldiers (Nindl et al., 2002)

1RM bench press. The test-retest reliability of the 1RM bench press test
has proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .93-.99 (Doan et al, 2002; Levinger et al., 2009;
Hoeger et al., 1990). Soldiers performed this test after a block of instruction
provided by one of the investigation team. They were asked to grasp the bar at
approximately shoulder width and lift it off of the rack. Spotters were in place
throughout the testing. Soldiers then performed each repetition by lowering the
bar to within one inch of the chest and then raising the bar until the elbows
reached full extension. Soldiers first performed 10 repetitions of approkmate
40-50% of their perceived maximal lift. The weight was increased increriyental
and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5 minute rest
period between each set was provided (Weir, Wagner, & Housh, 1994; National
Strength and Conditioning Association, 2008). The soldiers then had 3 attempts
to establish their 1RM bench press with 3-5 minutes between each attempt.

1RM back squat. The test-retest reliability of the 1RM back squat test
has also proven to be high in trained and untrained individuals, maintaining a
correlation coefficient between .92-.97 (Blazevich, Gill, & Newton, 2002; Harris
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et al., 2000). Soldiers performed this test after a block of instruction provided by
one of the investigation team. Spotters were in place behind the soldiers
throughout the testing period. Soldiers positioned the bar across the shoulders
before lifting it off of the rack. They were then asked to lower their bodies by
bending at the knees and hips while maintaining a straight back. A repetition was
counted when the soldier was within approximately 10 degrees of getting the
upper leg parallel to the floor. Soldiers first performed 10 repetitions of
approximately 40-50% of their perceived maximal lift. The weight was isedca
incrementally and the subjects performed sets of 8, 5, and 3 repetitions. A 3-5
minute rest period between each set was provided (Weir, Wagner, & Housh,
1994; National Strength and Conditioning Association, 2008). The soldiers then
had 3 attempts to establish their 1RM bench press with 3-5 minutes between each
attempt.
MUSCULAR ENDURANCE

Muscular endurance was assessed by completion of a push-up and sit-up
test in accordance with the United States Army Physical Fithespibéstol.
This testing method was selected because it is similar to that descritiezl by
ACSM but is more familiar to the soldiers because of its inclusion in the Army
Physical Fitness Test (American College of Sports Medicine, 2010, Dejpdirtm
of the Army, 1992). Push-ups and sit-ups have been used to assess muscular
endurance in previous research which evaluated occupational fitness to include
firefighters and military service members (Knapik et al., 1990; Misrale&u,
& Plowman, 1989). Test-retest reliability for a timed push-up test has been
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reported to be .93, while the sit-up has been reported to be .88-.94 (Knudson,
1995; Invergo, Ball, & Looney, 1991).

Push-up. Soldiers were instructed to take the ready position which
required them to be positioned with their hands on the floor approximately
shoulder width apart. Male and female soldiers were required to perform the
event with their toes in contact with the floor, head and eyes directed forward,
hips in extension, spine parallel to the floor, and elbows in extension. Neither
males nor females were allowed to perform the push-up with their knees in
contact with the floor. Soldiers were instructed to do as many push-ups as
possible in the two minute period without putting their knees in contact with the
floor or removing their hands from the floor. A push-up was counted if the
elbows were brought to flexion of 90 degrees or greater and then returned to full
extension, while keeping the body elevated on the toes. The test was discontinued
if the soldier dropped to the knees or reached volitional fatigue (Department of
the Army, 1992).

Sit-up. Soldiers were asked to assume the start position which required
the feet and shoulder blades to be in contact with the floor, while the knees were
flexed to approximately 90 degrees. The hands were to be behind the head, but
not required to have the fingers interlocked. After the command was given to
begin and the timer started, a sit-up repetition was counted if the soldier kept the
hands behind their head, bringing the base of their spine to at least a vertical

position and then returning the shoulder blades to the floor. The test was
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discontinued at the end of two minutes or if the soldier reached volitional fatigue
prior to the end of the two minutes (Department of the Army, 1992).
POWER

Lower extremity power was assessed using a Wingate anaerobitestcle
(Nieman, 2008). The Wingate is considered a reliable and reproducible
assessment of power maintaining a correlation coefficient of .89-.98 (Bar-Or,
1987). The Wingate test has been used in multiple military studies to evaluate
power due to its simplicity of use and ability for untrained individuals to
successfully complete the test with brief familiarization (Knapik.etlaB5;
Knapik et al., 1990; Murphy et al., 1987). The Wingate has been used for the
assessment of power in men and women alike from numerous occupations other
than military service, such as firefighting (Misner, Boileau, & PlowmaB9).9

The 30 second Wingate was completed on an Ergomedic Peak Bike 894E,
Monark. Soldiers were given detailed instructions and familiarized with tie cyc
prior to completion. Prior to starting the test the seat height and handle bars were
adjusted appropriately. After a warm-up period soldiers were instrucpesti&b
at their maximal speed without resistance. Once the maximal speed wag@chie
the soldier pressed the button located on the handlebars, which then increased the
resistance on the wheel to .075 kilograms per kilogram of body weight. The
soldiers continued an all out bout of pedaling for 30 seconds followed by a

resistance free cool down period prior to dismounting the bike (Nieman, 2008).
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FLEXIBILITY

Flexibility was assessed using three different tests; sit and réwchicler
elevation, and trunk extension. Lower extremity flexibility was determiniexd us
the sit and reach test (SNR). The SNR test is simple to administer and has
demonstrated exceptional test-retest reliability (r=.98-.99) in multiple
investigations (Gabbe et al., 2004; Simoneau, 1998). The SNR has also been
found to be valid measure of hamstring flexibility (Baltaci et al., 2003; Simoneau,
1998; Liemohn, Sharpe, & Wasserman, 1994).

Shoulder flexibility was determined by the shoulder elevation test. Trunk
flexibility was determined by the trunk extension test. These expedikhtefsts
were selected based on their ease of administration and their potentialtabili
provide a snapshot of soldiers’ upper extremity and trunk flexibility. Although
not many published studies have utilized the trunk flexibility and shoulder
elevation tests, normative values have been established (Acevedo & Starks, 2003;
Johnson & Nelson, 1969).

Sit and Reach. Soldiers were asked to remove their shoes and sit on the
floor. They were asked to place the soles of their feet against the SNR box with
the back of the leg and knee flat against the floor. They were then asked to place
one hand on top of the other and slowly reach forward with extended arms
pushing the slide as far forward as possible. Subjects were given two attempts
and the highest score was recorded (American College of Sports Medicine, 2010;

Acevedo & Starks, 2003).
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Trunk Extension. Trunk flexibility was determined by using the trunk
extension test. This test is intended to assess the flexibility of thencmietes of
the abdominal region. First the trunk was measured by having the soldier sit with
their back flat against the wall and legs extended. A yard stick was placed
between the legs of the soldier. The trunk length was determined by the distance
between the floor and the suprasternal notch. Following the trunk measurement,
the soldier laid in the prone position with his or her hands behind the back. The
soldier was asked to rise up their head and neck as high as possible while
extending the spine, but keeping the feet in contact with the floor. At the peak of
trunk elevation, the tester measured the distance from the floor to the suprasternal
notch. The soldier was given two attempts and the highest value was recorded.
The scores were calculated using the following equation (Acevedo 8sStark
2003; Johnson & Nelson, 1969):

trunk extension score = back extension (in.) x 100/ trunk length (in.)

Shoulder Elevation. The shoulder elevation test was used to assess the
flexibility of the chest and shoulder muscles. First the length of the asm wa
determined by having the soldier hold a yard stick in closed fists of both hands
with arms fully extended. A measurement was taken from the acromion process
to the proximal edge of the stick. The soldier was then asked to lie in the prone
position with the stick still grasped in the hands and the elbows extended. The
fists were initially in contact with the floor until the soldier was given the
command to elevate the hands as high as possible. At this point a measurement
was taken from the floor to the level of the yard stick. This was followed by a
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measurement of the soldier’s ability to elevate the arms, while theemiained

in contact with the ground. The elbows were to be kept in extension while the
tester measured from the floor to the bottom of the stick. The scores were
calculated using the following equation (Acevedo & Starks, 2003; Johnson &
Nelson, 1969):

shoulder elevation score = shoulder elevation (in.) x 100/ arm length (in.)
CARDIORESPIRATORY FITNESS

Peak cardiorespiratory function can be defined as the "the maximal
capacity to transport and utilize oxygen during exercise” (Powers\giéy,

2007, p.58). An incremental treadmill test is preferred for the measurement of
peak oxygen consumption, as it requires the use of large muscle mass (Weber et
al., 1988). Incremental treadmill tests have been used successfully to assess
cardiorespiratory fitness in multiple military studies (Sharpe et al., 2008|j i

al., 2002; Knapik et al., 1990)

Soldiers' cardiorespiratory fitness (Y@eak) was estimated with indirect
calorimetry while completing a treadmill test. Indirect calotipaas completed
using a metabolic cart (AEI Technologies, Pittsburgh, PA). A modifieslorer
of the Bransford and Howley protocol was selected in order to allow the soldiers
to run at a self-selected pace (Morgan et al., 1991; Bransford & Howley, 1977).

Soldiers were first fitted with a Polar heart rate monitor, Hans Rudolph
head gear and two-way non-rebreather valve. They were then given individual
instruction to select a running pace that they would normally complete the 2 mile
run for the Army Physical Fitness Test (Department of the Army, 1992). After a
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brief warm-up, the initial two-minute period was completed at 0% grade. The
grade was incrementally increased by one percent every minute folldwsng
initial two minute period until the soldier reached volitional fatigue. Gaiter
adequate testing included the following: RER > 1.00 or heart rate + or - 10 beats
per minute of age predicted maximum heart rate (Sharp et al., 2008).
MEDICAL RECORDSINVENTORY

Screening of deployment medical records was conducted in order to
inventory number of visits to the medical facility that were related to non-comba
injury or illness. Screening exams, immunizations, and mandatory visits were not
counted during the inventory. A total number of visits for each subject were
determined by each category of the visit. This number of visits was then
compared to the physical fitness outcome measures in order to determine the
relationship between the fitness variables and medical resourcetiotiliza
Medical visits were categorized in a similar fashion to what has beena@port
previous literature and also had a reasonable potential of influencing a
relationship with physical fitness (Zouris, Wade, & Magno, 2009; Sanders et al.,
2005). Categories are listed in Table 2. Medical records of the control group
were not screened, as the investigation was only evaluating whether they would

experience similar changes in fitness levels as those soldiers who wiergede
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Table 4.2. Medical Records Categorization

Respiratory
Gastrointestinal
Musculoskeletal Injury
Back
Lower Back
Upper Back
Neck
Upper Extremity
Shoulders
Arm
Wrist/Hand
Lower Extremity
Hip
Knee
Ankle/Foot
Behavioral Health
Total Visits

Medical records review occurred at Medical Command, Papago Military
Reservation. Electronic medical records were reviewed at a desiguat@uter
terminal. No records were allowed to leave the facility. Only an inventory of
records reviewed was maintained for data analysis. Records weréyinitial
inventoried with a high level of specificity that included a greater number of
categories. After completion of the inventory, categories were appeipria
collapsed for analysis. For example, lower back, upper back, and neck were
consolidated into one category titled back.

ANALYSIS

Data were evaluated for normal distributions. The deployed and non-

deployed groups were analyzed for differences at the time of pre-degpiojon

differences using an independent t-test. Both groups were then analyzed for
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statistically significant difference between pre and post-deploymeasures
using paired t-tests or Wilcoxon Sign Rank. Spearman Rho correlations were
conducted to evaluate for significant relationships between physical fithess
variables and medical categories in the soldiers who deployed. The neck, upper,
and lower back categories were collapsed into one category titled back. The
shoulder, elbow, and wrist/hand categories were collapsed into one category title
upper extremity. The hip, knee, and ankle/foot categories were collapsed into one
category titled lower extremity. Additional analysis included the division of
soldiers into tertiles for each physical fithess variable to determingharhe
segments of the population utilized medical resources more than others based on
the measured change in fithess variables. The data were analyzed via MANOVA
to compare utilization of medical resources by tertiles. Significant resou
utilization-by-tertile interactions were further assessed byff&chest hoc tests.
RESULTS

PRE-DEPLOYMENT ANALYSIS

No significant differences were detected between the deployed soldiers
and the non-deployed group at the time of pre-deployment measures. See table 3

for a comparison of groups.
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Table 4.3. Comparison of deployed soldiers versus control group at time of pre-

deployment
Deployed Non-deployed| Sig
(n=60) (n=15)
General Measures
Weight (kg) 83.4 (16.9) 75.9(12.9) A1
BMI (kg/nf) 27.4 (4.8) 25.8 (3.4) 22
Fat Mass (%) 22.7 (9.0) 24.5 (5.6) .33
Relative Strength
1RM Bench (kg/kg bodyweight) | 0.98 (.26) 0.94 (.35) .63
1RM Squat (kg/kg bodyweight) | 1.27 (.28) 1.26 (.34) .97
Muscular Endurance
Push-ups (reps) 50.1 (17.7) 47.7 (22.1) .65
Sit-ups (reps) 53.3 (14.4) 58.3 (11.0) 22
Power
Peak Power (watts) | 660.9 (177.8) | 553.0(194.8) .06
Flexibility
Sit-and-reach (cm) 30.0 (8.9) 25.1 (10.7) .07
Trunk Extension(cm) 117.1 (25.1) 110.6 (20.9) .36
Shoulder Elevation(cm) 145.6 (50.2) 152.8 (69.5) .65
Cardiorespiratory Fitness
VO, Peak (ml/kg/min) 148.9(8.8) | 48.2(6.0) | .77

Values are means and standard deviatgi) (

PRE TO POST-DEPLOYMENT CHANGE

Of the 60 deployed soldiers who completed pre-deployment testing, 54
(M=47, F=7) completed post-deployment testing. Three of the soldiers did not
complete the required time of deployment and three soldiers withdrew from
testing during the post-deployment period. Of the three soldiers who did not
complete the required length of deployment, one was sent home due to a non-
combat injury while the other two were sent home at the discretion of their unit

commander. Of the 15 soldiers in the control group, 11 completed the post-
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deployment testing. One soldier became pregnant during the experimermtdl peri
and three were lost to follow-up.

Significant improvements were detected from pre to post-deployment
measures in weight, body mass index, fat mass, relative strength, and muscular
endurance for deployed soldiers. Significant declines were detected in
cardiorespiratory fitness and one measure of flexibility (trunk extengion)
deployed soldiers. There was no significant change seen in peak power or the
other components of flexibility, sit-and-reach or shoulder elevation. See table 4
for a summary of the pre and post-deployment measures with percentage of
change reflected Differences between smoking status and gender were also
analyzed to determine the level of influence. There were no significant
differences in the percentage of change in fitness levels between snmrakers a

non-smokers or between genders.
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Table 4.4. Overall mean (SD) of pre and post-deployment measures for deployed

AZNG soldiers

N Pre- Post- Percent | Sig
deployment | deployment | Change

General Measures

Weight (kg) 54 | 82.9 (15.8) 81.3 (13.9) -1.9 .004

BMI (kg/m) 54 | 27.2 (4.5) 26.7 (3.8) -1.8 .004

Fat Mass (%) 52 | 22.5 (8.6) 20.0 (7.4) -11.1 <.001
Relative Strength

1RM Bench (kg/kg bodyweightpb4 | 0.98 (0.27) 1.08 (.29) 10.2 <.001

1RM Squat (kg/kg bodyweight)49 | 1.27 (.28) 1.45 (.36) 14.2 <.001
Muscular Endurance

Push-ups (reps) 52 | 51.2 (17.5) 59.6 (18.9) 16.4 <.001

Sit-ups (reps) 52 | 54.5(14.5) 60.5 (13.0) 11.0 .00
Power

Peak Power (watts) | 48 | 674.0 (180.3)] 662.6 (211.0) -1.7 56
Flexibility

Sit-and-reach (cm) 53 | 30.0(9.1) 29.0 (8.9) -3.3 24

Trunk Extension(cm) 53 | 117.9 (26.2) 110.0 (23.4) -6.7 .002

Shoulder Elevation(cm) 53 | 144.3 (50.0) 144.1 (38.9) -0.1 .95
Cardiorespiratory Fitness

VO, Peak (ml/kg/min) |49 | 48.2(8.0) | 43.0(8.0) | -10.8 <.001

Values are means and standard deviatgi) (

The control group consisting of non-deployed AZNG soldiers

demonstrated no statistically significant changes in any of the testsgbries.

See table 5 for a summary of the control group measures.
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Table 4.5. Overall mean (SD) of physical fithess measures for the non-deployed

AZNG soldiers

N Pre- Post- Sig
deployment | deployment

General Measures

Weight (kg) 11 | 77.8 (10.3) 77.7 (10.4) .98

BMI (kg/m) 11 | 25.8 (2.9) 25.8 (2.9) .94

Fat Mass (%) 11 | 23.0 (5.5) 23.3 (5.4) .63
Relative Strength

1RM Bench (kg/kg bodyweightll1 | 0.97 (0.34) 1.04 (0.41) 13

1RM Squat (kg/kg bodyweight)11 | 1.29 (0.34) 1.33 (0.39) 46
Muscular Endurance

Push-ups (reps) 11 | 53.4 (21.3) 54.5 (19.8) .65

Sit-ups (reps) 11 | 61.5(9.9) 63.7 (12.1) .34
Power

Peak Power (watts) | 11 | 571.6 (186.0)] 552.3 (182.4) .23
Flexibility

Sit-and-reach (cm) 11 | 24.2 (12.1) 24.0 (10.4) .83

Trunk Extension(cm) 11 | 105.2 (19.4) 104.2 (16.0) 75

Shoulder Elevation(cm) 11 | 153.0 (68.2) 153.8 (63.5) .93
Cardiorespiratory Fitness

VO, Peak (ml/kg/min) 110 | 49959 | 47147 | 10

Values are means and standard deviatgi) (

CORRELATIONS

There were no significant correlations detected between the different

medical categories and pre-deployment scores, post-deployment scatesnge
in fitness amongst measures of relative strength, muscular endurancak or pe
power. Significant negative correlations were detected amongst percentage of f
mass at pre-deployment and post-deployment in respiratory visits as well as
between change in fat mass and gastrointestinal visits. This would indicate that
higher levels of fat mass at pre and post-deployment was associated loveer num

of respiratory visits. However, a greater decline in fat mass duringysheeht
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was also associated with a higher number of gastrointestinal vistandsreach
scores at post-deployment and the percentage of change were both negatively
correlated to the number of lower extremity visits. This indicates that oldie
with greater hamstring and low back flexibility at post-deployment hader|
number of visits related to the lower extremity. Similarly, the percentage o
change in shoulder elevation score was negatively correlated to upperigxtre
visits. A significant positive correlation was detected between pre-dephbyme
trunk extension and back visits. Interestingly, higher trunk flexibility scoere
associated with more back visits.

Cardiorespiratory fithess maintained the most and the strongest
correlations. Percentage of change of the soldierspé@k was negatively
correlated to back and behavioral health visits, while nearly reaching sagiciic
for total visits (r=-0.27, p=.058) . The post-deployment,¥&ak scores were
negatively correlated to behavioral health and total number of visits.

There were a number of other correlations that nearly reached sigreficanc
to include; sit-ups versus back visits (r=-0.26, p=.059) at post-deployment, change
in push-ups versus upper extremity visits (r=-0.26, p=.056), change in peak power
versus respiratory visits (r=.28, p=.052), and change ipp&ak versus total

visits. See Table 6 for a summary of evaluated relationships.
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Table 4.6. Correlation between Fitness Variables at Different Assessments and

Medical Visits

Pre- Post- Change in
deployment deployment Fitness (%)
r= r= r=

Body Composition (% Fat Mass)

Gastrointestinal .09 -.08 -.37*
Total .05 -.01 -.19
Relative Strength (Bench press)

Upper Extremity -11 -.04 .04
Total -11 -.03 A7
Relative Strength (Back squat)

Back .26 .25 A1
Lower Extremity .08 .09 A7
Total -.09 -.02 15
Muscular Endurance (Push-ups

Upper Extremity 14 -.01 -.27
Total -.17 -.04 24
Muscular Endurance (Sit-ups)

Back -.08 -.26 -.22
Lower Extremity -.21 -.19 15
Total -.24 -.20 13
Peak Power

Respiratory -.26 -.09 .28
Lower Extremity -.05 -.10 .04
Total -.10 -11 A1
Flexibility (Sit-and-reach)

Back 15 .09 -.03
Lower Extremity -.05 -.28* -.33*
Total .08 .05 -.03
Flexibility (Trunk Extension)

Back 32* 22 -.16
Total 21 13 -.14
Flexibility (Shoulder Elevation)

Upper Extremity A5 -.09 -.36*
Total .01 -.03 -.04
Cardiorespiratory Fitness (V@Peak)

Respiratory A1 -.13 -.17
Back A7 -11 -.31*
Lower Extremity -.06 -.21 A1
Behavioral Health -.15 -.32* -.28*
Total -.13 - 45** =27

*Significant, p_<.05
**Significant, p <.001
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TERTILESVERSUSUTILIZATION OF MEDICAL RESOURCES

Soldiers were categorized into tertiles based on their percentage oé chang
in each variable (body composition, relative strength, muscular endurance, peak
power, flexibility, and cardiorespiratory fitness). Analysis was thefopeed to
ensure each of the tertiles was significantly different in the percentapamge
for the respective physical fithess variable being evaluated. Theakss tedre
then evaluated for significant differences in their utilization of medesdurces
by category. Significant differences between tertiles were thednaed with a
Scheffe post hoc analysis.

Body Composition. There were significant differences between tertiles
based on the percentage of change in peak power which occurred during the
deployment (Figure 4.1). The mean percentage of change to body fat in the first
second, and third tertiles were respectively 9.7 (95% CI, 6.0 to 13.5), -11.3 (95%

Cl, -15.0 to -7.7), and -25.6 (95% ClI, -29.4 to -21.8).
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Figure 4.1.Change in Percent Body Fat by Tertiles

Although the percentage of fat-mass at pre and post-deployment measures
maintained a significant negative correlation with respiratory visit® (33
p=.017 and r=-0.40, p=.003) there was no difference between tertiles based on
change in fat mass versus respiratory visits. Percentage of changmassatvas
also negatively correlated to the number of gastrointestinal visits (r=-0.37,
p=.008), and this is supported by a trend of an increased number of
gastrointestinal visits associated with a higher percentage of decfaemass
(0.1v0.1v 0.6, p=.09). There was no significant difference between tertiles

based on percentage of fat mass change in total visits (Figure 4.2).
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3rd

Relative Strength. There were significant differences between ter

based on the percentage of change in relativegitrés measured by the be-

press and backgquat which occurred during the deployment (4.3a and Fic

4.3b).The mean percentage of change in b-press in the first, second, a

third tertileswere respectivel-3.6 (95% ClI, -6.8 to -0.5), 6.7 (95% GIE to

10.0), and 23.795% CI,20.4 to 27.. The mean percentage of changback-

squat in the first, second, and third ter were respectively -1085% CI -15.1

to -5.9), 9.0 (95% CH.Eto 13.5), and 26.7 (95% CI, 22.1 to 31.3).
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There were no significant differences betweenlésrtbased on percenta
of change in relative strength as measured byehel-pressfor upper extremit
and total visits. Although, not significant it doappear that the number of tc

visits does increase with greater improvementgppeu extremity strength. (F

4.4).
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Figure 4.4.Tertiles by change in ben-press versus upper eainity and tota
visits

There were no significant differences in tertileséd on change
relative strength as measured by the -squat for the back, lower extremity, &
total visits. It does appear that there may haenlgradual increases in
number of lower extremity visits associated witeajer increases lower
extremity strength (Fig. 5).
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Figure 4.5.Tertiles by change in ba-squat versus back, lower extremity,
total visits

Muscular Endurance. There were significant differensdetween tertile
based on the percentage of change in muscular amckias measured by p-
ups and sitips, which occurred during the deployment (4.6a and Fig 4.€).
The mean percentage of change in the -up in the first, second, and thi
tettiles were respectivel-5.4 (95% CI, 11.0 to 0.2), 16.6 (95% CI, 11.1 to 22.
and 49.0 (95% Cl, 43.4 to 54.6). The mean percendghange in the -up in
the first, second, and third tertiles were respetyi-11.9 (95% CI, 21.6 to-2.1),

11.3 (%% CI, 1.8 to 20.7), and 50.0 (95% CI, 40.3 to
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There were no significant differences betweenlésrtbased on percenta
of change in pushps for upper extremity and total visits (F4.7). Similar to
relative strength as measured by the b-press, there appears to be an incr
in total numbef visits associated with increases in upper extsemuscular

endurance as measured by the -up event.
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There were significant differences between tertil@sed on change in-
ups for the lower extremity, and total visits. Tdgvas significant differenc
detected amongst tertiles in the number of badks\i80 v .11 v .12, p=.05)
Those soldiers whbad the greatest decline in-ups had a significantly high

number of medical visits related to the back (14.8).

6 5.8
5 .
OBack
@ Lower 4 |
Extremity 38
BTotal
3 3
2 N
1.0
1 0.8 07 04
0 T T
1st 2nd 3rd

*significance differences detected between 1stamtiertile, p=.0!

Figure 4.8.Tertiles by change in -up versus back, lower extremity, and tc
Visits
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Peak Power. There were significant differences between tertiles based on the
percentage of change in peak power which occurred during the deployment
(Figure 4.9). The mean percentage of change in peak power in the first, second,
and third tertiles were respectively -17.0 (95% CI, -24.8 to -9.1), -3.2 (95% ClI, -

11.1to 4.7), and 15.9 (95% CI, 8.1 to 23.8).
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Figure 4.9.Change in Peak Power by Tertiles
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There were no significant differences betweenlésrtbased on percenta
of peak power change when comparing respiratowetextemity, ortotal visits
(Figure 4.10. Although, significance was not reached, theliso$ in the thirc
tertile who increased their peak power by a mealté6, had nearly a 72'
increase in the total number of visits over thstfiwo tertiles, both of whot

declired in their peak powe
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Figure 4.10.Tertiles by change in peak power versus respiratower
extremity, and total visi
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Cardiorespiratory Fitness. There were significant differences between
all three quatrtiles in their respective percentage of change in caratery
fitness as determined by the Y@eak testing (Fig 4.11). The mean percentage of
change in cardiorespiratory fitness in the first, second, and third teveles
respectively -27.5 (95% Cl, -34.9 to -20.2), -11.9 (95% CI, -19.0 to -4.7), and

13.0 (95% ClI, 5.6 to 20.3).
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There were no significant differences betwtertiles based on percente
change in VQ@Qpeak for respiratory or lower extremity visits. Sifgcance was
approached between tertiles in the number of baits\(.75 v .24 v .00, p=.06
showing that the tertile with the greatest declimegO, peak &0 had the highe:
number of back visits. Differences between testitar back visits were nc
statistically significant but a trend is appareAs the decline in cardiorespiratc
function increases, the number of back visits alsceases. Diffences betwee
tertiles for behavioral health visits were notistatally significant, but it shoul
be mentioned that all of the behavioral healthtsisccurred in soldiers falling

the tertile with the most significant declines (4.12).
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Figure 4.12 Tertiles by change in cardiorespiratory fithessusirespiratory
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There were significant differences detected betwerites in the numbe
of total visits (8.00 v 3.12 v 2.63 total visits;.05). Those soldiers who had 1
greatest decline in V{peak had more than twice as many total visits v

compared to the other two tertiles (14.13).
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Figure 4.13.Cardiorespiratory Fitness versus Total Number ait¥iby Tertiles
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Flexibility. There were significant differences between tertiles based on
the percentage of change in peak power which occurred during the deployment
(Fig. 4.14a, Fig. 4.14b, and Fig. 4.14c). The mean percentage of change in the sit-
and-reach in the first, second, and third tertiles were respectively -24.3305%
30.9to -17.8), -2.7 (95% ClI, -9.3 to 3.9), and 26.9 (95% CI, 20.1 to 33.6). The
mean percentage of change in the shoulder elevation in the first, second, and third
tertiles were respectively -23.0 (95% CI, -29.3 to -16.7), 1.5 (95% ClI, -5.0 to 8.0),
and 37.5 (95% CI, 31.2 to 43.8). The mean percentage of change in the trunk
extension in the first, second, and third tertiles were respectively -19.5 (95% CI

25.5 t0 -13.5), -8.4 (95% Cl, -14.6 to -2.2), and 12.2 (95% ClI, 6.2 to 18.2).
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Figure 4.14aChange in Sit-and-reach by Tertiles
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There were no significant differences betweenlésrtbased on percenta

of change in the sit-angtach when comparing the number of lower extre sy

total visits. Although stand-each scores were negatively correlated with |

visits at postdeployment and percentage of change, there wagnificant

difference between tertiles when comparing the remolb back visits (Figd.15).
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There were no significant differences betweenlésrtbased on change
shoulder elevation when comparing the number uppgemity and total visits
Although not significant, the first tertile hashigher mean of upper extrem
visits, indicating that those soldiers experiendimg greatest declines in th
shoulder elevation scores also had the highest auoflvisits related to th

upper extremity (Fig. 46).
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Figure 4.16.Tertiles by changen shoulder elevation versus upper extremity
total visits
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Nor was there a significant difference in tertibesed on change in trul

extension when comparing the number of back arad vedits. However a tren

is noted that the number of total visits decreasild improvements in trun

extension (Fig 4.17.)
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Figure 4.17 Tertiles by change in trunk extension versus baxktatal visit:
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DISCUSSION

This investigation was effective in answering the two questions which
were originally posed. Soldiers’ physical fithess levels do change during the
course of deployment. Some of these changes in physical fithess levels do
maintain a relationship to soldiers’ utilization of medical resources. Althiusg
clear that relationships do exist, this investigation cannot establishioausat
most instances of these statistically significant relationships. Fuebearch is
certainly warranted to better understand the relationships that this intiestiga
has shown to exist.

Negative changes in physical fitness levels are demonstrated by the
significant declines in cardiorespiratory fitness and trunk extension. Howeve
this group of soldiers improved their fitness in a number of different areas to
include relative strength (bench press and back squat), muscular endurance (push-
ups and sit-ups), and they reduced their percentage of fat mass. At this time, it
can only be hypothesized as to why cardiorespiratory function declined while
strength and endurance improved. This potentially is the result of soldiers’
preferences, available resources while deployed, or a training envirotimaeist
not conducive to cardiorespiratory training. When left to their devices, are
soldiers selecting to perform resistance training in lieu of aerobigrgd Is
there an abundance of equipment available for resistance training whl@tbe
limited numbers of treadmills? Is the weather, running surfaces, ty satee

soldiers a consideration that deters soldiers from performing aerobig¢yactivi
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while deployed? These are questions that certainly can be answered with future
research focused on physical activity levels in soldiers while they areydepl

Significant negative relationships were detected between the percehtage o
change in fat mass and gastrointestinal visits (r=-0.37, p=.01), sit-and-reach
scores and lower extremity visits (r=-0.33, p=.02) shoulder elevation scores and
upper extremity visits (r=-0.36, p=.01), cardiorespiratory fithess and back visits
(r=-0.31, p=.03) as well as behavioral health visits (r=-0.28, p=.05). The
strongest correlation was actually seen between the post-deployment
cardiorespiratory fitness score and total visits (r=-0.45, p=.001). Most of these
correlations constitute a moderate relationship and do support that plausible
relationships exist between soldiers’ declining fitness and their increased
utilization of medical resources. These correlation coefficients demianited
improved levels of physical fithess maintenance during deployment atedéb
a decreased use of medical resources by soldiers. By continuing to add to this
current body of data, these relationships may prove to be stronger than what is
reported here due to increased statistical power. Additional relationshyps ma
also become apparent with increased numbers of subjects studied.

When evaluating the relationship between increased gastrointestinal visits
and increased declines in fat mass, it is suspected, but cannot be confirmed, that
the decreased fat mass is a result of the gastrointestinal compldirgodld be
a direct relationship in that the symptoms of the gastrointestinal illness ded t
lower percentage of body fat. A more indirect relationship could also exist. As a
soldier experiences more gastrointestinal distress, their choices ohfakd i
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may have been altered in such a fashion that ultimately resulted in loss of fat
mass. To establish the causative factor in this relationship body composition
measures would need to be done throughout the deployment in order to determine
at which point in relation to gastrointestinal complaints the declines in &g ma
began.

Similarly this is also the case when looking at the negative correlations
between sit-and-reach scores and lower extremity visits and shoulderoglevat
scores and upper extremity complaints. In both cases, it is possible that an injury
of the respective extremity resulted in a decline in flexibility. Howewethe
instance of the sit-and-reach, there has been prospective research in ocdupationa
or training environments that demonstrated a link between a low sit-and-reach
score and a higher prevalence of injury (Craig et al., 2006).

Pre-deployment trunk extension scores maintained a positive correlation to
back visits (r=.32, p=.02). The fact that this measurement was done prior to any
of the inventoried visits would indicate that causation exists between increased
mobility and back complaints. This is supported by previous research that
demonstrated increased spine mobility puts men at higher risk of first tilhe bac
injury (Biering-Sorenson, 1984). The trunk extension test used in this study
essentially demonstrates higher levels of abdominal and back flexiBitibyes at
pre-deployment were positively correlated to back visits indicating thate@ mor
mobile back in this population of soldiers leads to higher risk of back injury.

The significant relationship between declining cardiorespiratory fitness
and increased utilization of medical resources for back visits (r=-0.31, p=.03) is
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consistent with previous findings in firefighters which showed much higher rates
of back injury in the individuals with the lowest level of fitness. In the previous
research evaluating for increased risk of back injury, three of the fivecrmn(s
of fitness measured were directly reflective of cardiorespirdtigss. Those
will poorest overall results were at the highest risk of back injury (Caally, et
1979).

Despite the lack of a statistically significant correlation betwesak p
power and any of the evaluated categories of medical resources utilizgzkars
that the soldiers who demonstrated the greatest increases in power also had a
higher number of total medical visits. This investigation team has hypothesized
that this increase in lower extremity power could be the result of theirgahysi
training or the result of required occupational tasks. Moving quickly with the
load of body armor may result in improved power, while at the same time be
leading to more injuries or stress related illness. This hypothesis could also
explain why increases in strength offered no improvements in utilization of
medical resources. Occupational activities that result in improved str@agth
also result in increased utilization of medical resources. These relatiooshigs
be better understood with more objective measures of physical activity of soldier
during the deployments.

Although this population of soldiers demonstrated improvements in
relative strength as a whole, there were no significant correlationemnyst at
pre or post-deployment or change in strength and any of the inventoried medical
variables. It appears that greater declines in their level of cardiatespifitness
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are related to higher utilization of medical resources for total purposes. This is
particularly apparent in the bottom third of soldiers when categorized based on
their level of change in fitness over the course of the deployment. This consiste
with the finding of multiple studies that have shown that lower levels of
cardiorespiratory fitness are related to higher levels of injury andslines

(Reynolds et al., 1994; Pleban, Thomas, & Thompson, 1985). This data supports
these previous findings by demonstrating over a 150% increase in total medical
visits (8.0 v 3.1 v 2.6 total visits) when comparing the bottom third to the other
two tertiles.

It is also interesting that all behavioral health visits occurred in soldiers
categorized into the tertile with the most significant declines in cargioagsry
fitness. This is consistent with previous research that demonstrated anaricreas
depressive symptoms associated with declines in cardiorespiratory fBeekss, (
Kop, & Deuster, 2006). Additional research has found that higher levels of
physical fithess even help attenuate the affects of stress due to slstaine
operations (Pleban, Thomas, & Thompson, 1985). Could it be possible for
soldiers to mediate their stressors by maintaining their cardiorespifaness
during deployment resulting in fewer behavioral health visits? The findingssof t
research leads to the consideration that aerobic training is not only berfeficial
overall physical health but also for one’s mental health. If military ksadere
made aware of this relationship between cardiovascular fithess and ineneases
behavioral health visits they would also maintain the potential to help attenuate
some of the stressors related to deployment through their physical fitnesgtra
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The potential exists for leaders to better identify soldiers who are strgggth
behavioral health issues if they were to utilize the observation of a soldesfs st
decline in cardiovascular performance as a red flag that may warrant furthe
investigation into that soldier’'s behavioral health.

It would appear that these soldiers may have been performing resistance
training at the expense of their aerobic training as demonstrated bygrilfeeant
declines in cardiorespiratory while demonstrating improvements in dtrandt
endurance. Seeing that strength was not correlated to the medical variables, nor
was there any significance in medical utilization by tertilegthas strength, it
could be perceived that military leadership may need to guide their sotdiers i
performing a balance of resistance training and aerobic activity ifahtefat
least maintain pre-deployment levels of cardiorespiratory fitness. @orsdit
while deployed may not be ideal for cardiovascular exercise, but the act of
running on a treadmill or riding a stationary bicycle may provide a much needed
outlet for these soldiers stress.

Although some of the measured fitness variables were not significantly
correlated to the medical variables, the investigation team feels thatrthstjll
valuable in the assessment of soldiers. With a larger population of soldiers more
medical visits would have been inventoried and more significant correlations may
have been detected. In many instances, there was clearly a trend demgnstrati
that greater declines in fitness resulted in higher utilization of meeisalirces.

Due to the overall low number of visits in the specified category significant
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correlations or significant differences between tertiles were nod\aghi This
can be remedied by further research adding to this limited collection of data.

With the results of this research made available, military leaderbenay
able to adjust their physical fitness training at pre-deployment and dheng t
deployment in order to further decrease the burden on the medical resources and
maintain the health of their soldiers. For example, simple changes to stretching
protocols during deployments may prevent a decline in sit-and-reach s¢oles w
decreasing the number of back injuries. A more dramatic decline in medical
resource utilization could be seen if leaders were able to ensure thatlthensso
maintained their pre-deployment level of cardiorespiratory fitness. Lewels
of cardiorespiratory function have already been shown to be associated with
higher levels of injury and iliness in the training environment (Gardner et al.,
1996; Reynolds et al., 1994; Knapik et al., 1993). This investigation supports the
occurrence of such a relationship while deployed to a combat zone.

Clearly more research is needed to better understand the physical activity
levels and training regimens of soldiers while they are deployed. This will
provide insight that will help us better understand the findings of this
investigation. With a better understanding of soldiers’ activity levels during
deployment, a clear explanation of why cardiorespiratory fithess declihds,
relative strength improves can be provided. Could this finding be a result of the
soldiers’ occupational requirements while deployed or a result of the choices they

are making during their physical training?
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Chapter 5
CONCLUSION

This study was designed to evaluate the physical fithess levels before and
after a long term combat deployment in an effort to determine what types of
changes are occurring in the physical fitness of soldiers. Additionally, the
research was intended to explore for potential relationships between physical
fitness levels or changes in physical fithess and medical resourzatidiii
Additionally, this data set offered the ability to make comparisons between
National Guard soldiers to their active duty counterparts and to draw some
general conclusions.

What makes this investigation particularly valuable is that it explores the
relationship between physical fithess and medical resource utilization in a
population of soldiers who are serving in an actual combat environment. The
soldiers in this study are men and women living amongst the general population
of civilians but also participated in the ongoing war as soldiers in the Arizona
National Guard. These soldiers deployed to a foreign land and performed their
duties in less than desirable conditions. The effects that have been discussed are
not hypotheses or theorized, they are a true representation of how the combat
experienced changed their physical fitness. This data is “real” in thatisheo
training scenario assumptions that need to be translated to the combat scenario
because the data comes from the aforementioned combat scenario. The authors of
this investigation know of no other publications that have provided similar
analysis or results.
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IMPLICATIONS
Comparison to Active Duty

This is a novel study because it provides previously unknown descriptive
data on physical fitness in a reserve component of the armed forces. Considering
that AZNG soldiers have very different lifestyles as compared to an actwe dut
service member, one might expect to see differences in pre-deployment physica
fitness levels when compared to active duty service members. While active duty
service members typically meet four to five times per week for orgamgmup
physical fitness training, the AZNG soldiers may only meet for one evekger
month. In the three months prior to deployment, known as the pre-mobilization
period, an AZNG unit may train on a daily basis.

Body Composition. The AZNG males did demonstrate a higher body fat
percentage (22.2%) than what was reported by Sharp et al. 2008 (17.7%) and
Lester et al. 2010 (18.9%) in active duty soldiers prior to serving their
deployment. This higher body fat percentage in this population may be partially
explained as a function of age or may the result of differences in measuring
techniques. The mean age of the males in this study was 27 years old while Sharp
et al. and Lester et al. reported respective mean ages of 23 and 24 years old. The
females in this study were of the same age but demonstrated a mean body fat
percentage of 26.5 to which there is no comparable data. Both of the previous
studies used DEXA for measuring body composition. Research has shown that

there may be a difference of 2% when comparing measured fat massiéhiv)
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the DEXA versus the Bod Pod (Ball & Altena, 2004; Collins et al., 1999). This
could account for the differences in FM reported between this study and others.

Muscular Strength. The combined mean scores of the men for absolute
strength were actually higher than those reported by Lester et al. fidRihe
bench and squat (88.0 kg and 111.6 kg vs 79.1 kg and 99.7 kg). Not only was the
mean scores of males alone higher, but the combined mean scores of males and
females were higher (82.2 kg and 104.6 kg). This discrepancy in reported
strengths amongst the males may be partially explained by an overakiedre
size in this population of males in the AZNG. The males in this research had a
mean weight of 85.7 kg with respective absolute upper and lower body strength of
88.0 and 111.6 kg. Lester et al. reported a mean weight of 76.6 kg and respective
absolute upper and lower body strength of 79.1 and 99.7 kg. When these values
are evaluated from a relative perspective (kilograms lifted/kilograrheahf
weight), the values are nearly identical for 1RM bench (1.03 v 1.03 kg/kg body
wt) and 1RM squat (1.33 v 1.30 kg/kg body wit).

Muscular Endurance. Neither of the recent studies that assessed pre-
deployment physical fitness in active duty soldiers published results of the
muscular endurance assessments using the APFT. The mean of men and women
in this study showed that they meet current Army standards in the push-up and sit-
up events, based on the mean age and respective gender. Men between the ages
of 22-26 must complete 40 push-ups and women must complete 17 push-ups to

achieve the minimal passing score. Men and women between the ages of 22-26
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must complete 50 sit-ups to achieve the minimal passing score (Department of the
Army, 1992).

Power. Sharp et al 2008 utilized a vertical jump to assess lower extremity
power and a ball put for upper extremity power. Lester et al 2010 assessed lower
extremity power with squat jump and upper extremity power using a bench throw.
This investigation team felt it important to assess lower extremity poeeause
of the importance while performing combat duties. Soldiers are frequently
expected to perform short bouts of running at maximal speeds while under load in
an effort to escape harm. It was agreed upon by this investigation teahethat
best evaluation of power to assess a soldier’s performance under the previously
described scenario could be done with Wingate cycle test. Ideally, future
researchers will select a similar technique in order to compare datahetwe
populations using similar tests.

Cardiorespiratory Fitness. The combined average of men and women
for VO, peak (48.9 ml/kg/min) was similar to that reported my Sharp et al. (50.8
ml/kg/min) and Lester et al. (48.6 ml/kg/min) for active duty males. Thus the
subjects in this study have demonstrated that they have cardiorespiraesy fit
equal to that of the active duty counterparts.

Flexibility. This investigation included an evaluation of flexibility using
the sit and reach, but also the shoulder elevation and trunk extension measures.
Flexibility measures were not previously included in similar investigat There
are no current Army standards for these types of assessments. Howeverd standa
values have previously been published for the general population. The male’s
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mean pre-deployment scores in the sit and reach place them betweeft 802 30
(25-31 cm) percentile, while the women fall between tH2 B percentile (41-
53 cm) (Acevedo, 2003). The scores for the shoulder elevation are similar by
placing the males between thé"@0" percentile (135-175 cm) and the females
in the 50-70" (173-216 cm) (Acevedo 2003: Johnson & Nelson, 1986). Trunk
extension values at pre-deployment measurements put both men and women
within the range of the #890th percentile (M=109-124 cm; F=107-119 cm)
(Acevedo 2003: Johnson & Nelson, 1986).

Based on the standard values established for the general population, it
appears that the males in this study maintain a below average to aveeh@é le
flexibility of the upper and lower extremity while the females maintaimgher
levels ranging from average to above average. Military leaders camsise t
information to implement changes to their current training protocols that would
put additional emphasis on stretching techniques in order to improve current
flexibility levels.

Overall. Based on a comparison of the reported data the AZNG soldiers
have demonstrated that they are as physically prepared for the combagrexger
as their active duty counterparts when similar measures of fithess dr@use
comparison.

Changein Physical Fitness

The results from this study indicate physical fithess changed during
combat deployments in AZNG soldiers. Negative changes in physical fitness
levels are demonstrated by the significant declines in cardiorespifitit@ss and
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trunk extension. However, this group of AZNG soldiers improved their fitness in

a number of different areas to include relative strength (bench press and back
squat), muscular endurance (push-ups and sit-ups), and they reduced their
percentage of fat mass. Some of these changes were comparable to thas report
for active duty soldiers.

Body Composition. Lester et al. and Sharp et al. both report increased FM
over the course of the deployment. Lester et al. reported an increase in FM by 9%
while Sharp et al. reported an increase of 11% as measured by DEXA. The
AZNG actually improved body composition by decreasing measurable FM.
Explaining why the AZNG improved their body composition while active duty
soldiers declined is difficult. Obviously, there is a difference amongst the
populations that have been studied. Changes in FM could have been influenced
by the meals provided to or selected by the soldiers. Determining the influence
meals provided requires additional research to include dietary recall surividg's
deployed in order to estimate caloric intake.

Both Lester et al. and Sharp et al. reported a lower mean FM at pre-
deployment (18.9% and 17.7%) compared to what has been reported at pre-
deployment in this study (22.0%). The AZNG soldiers realized an overalhdecli
in FM while the active duty soldiers in the Lester et al. and Sharp et absstudi
increased their percentage of FM. This may represent a scenario milar t
regression to the mean. Potentially, the active duty population maintained a
higher level of physical activity prior to deployment than that of the AZNG
soldiers. Upon deploying, the AZNG soldiers experienced a possible increase in
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physical activity while the active duty soldiers may have experiencedugtion
in their daily physical activity levels. This may explain why the post-geptmt
levels of FM in the AZNG soldiers (20.0%) were closer to the values seen by
Lester et al. (19.9%) and Sharp et al (19.5%) than the aforementioned pre-
deployment values.

Muscular Strength. The AZNG demonstrated significant increase in
upper and lower body strength (7% and 10%) similar to what was reported by
Lester et al (7% and 8%). Sharp et al. reported no significant gains irtlstreng
This increase for the AZNG may be the function of resistance training of thei
own choice or it may be a side-effect of their occupational duties. As ossilia
their occupation may require little to no physical activity. While perfogrineir
duties in a combat zone they may be performing activities that result inrsimila
gains to what might be seen with a resistance training program. Additional
research which provided a better estimate of soldiers’ physicaltaetvpre-
deployment and during deployment may provide an explanation as to why
soldiers are getting stronger while deployed.

Muscular Endurance. This study is the first to include muscular
endurance as a component of physical fitness testing in deployed soldiers. The
AZNG soldiers demonstrated significant increases in both the push-up (16%) and
sit-up (11%) events. Based on the mean number of repetitions and the mean age
of the men and women in this study, both genders achieved a passing score in
both the push-up (M=40, F=17) and sit-up (M/F=50) events by the APFT
standards before and after deployment. At pre-deployment the mean number of
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push-ups for the males (54 repetitions) provides them a score of 76 of 100
possible points while their post-deployment push-ups (62 repetitions) increases
their score to 85 points. The women increased their number of repetitions from
31 to 43 resulting in an increase in their points from 79 to 94. Sit-up scores are
not distinguished by gender. The men improved from 55 to 61 sit-ups resulting in
an increase in their points from 67 to 75. The women increased their repetitions
from 51 to 59 resulting in an increase in their points from 61 to 72 (Department of
the Army, 1992). These scores are not only indicative of increases in soldiers’
muscular endurance, but they also result in an increased chance of promotion for
the soldiers who are improving their scores. Physical fithess test scomsea
component that is considered when soldiers are being evaluated for promotion to
a higher rank.

Cardiorespiratory Fitness. The AZNG had declines in aerobic capacity
similar to what was reported by the other two investigation teams. In fact the
decline of -9.9% falls in between previously reported results of declining
cardiorespiratory fithess which ranged from -4.5% to -13% (Lester 204aD;

Sharp et al., 2008). The findings of these three studies deserve future
investigation as to why soldiers’ cardiorespiratory fitness declinesgsitine
board. Itis concerning that soldiers’ were not performing cardiorespiratory
training at a level that will allow them to maintain their pre-deployment
cardiorespiratory fitness. Why this is this occurring? Do soldiersrpvdfer
activities in lieu of cardiorespiratory training? Do soldiers feel that the
environment or facilities is not conducive with cardiorespiratory training@r Af
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determining why this is occurring, then military leaders may be ablepgiement
protocols to prevent these declines in order to maintain pre-deployment fitness.
This may require a decrease in the soldiers’ autonomy when it comes to their
physical fitness training in order to preserve or improve their health.

Flexibility. Although the soldiers in this study demonstrated very little
change in flexibility over the course of the deployment, this study allows us t
compare the results of participating soldiers to previously published values. For
men, the mean pre and post-deployment scores in the sit and reach place them
between the 3650" (25-31 cm) percentile, while the women fall between the
50"-70" percentile (41-53 cm) (Acevedo & Starks, 2003). The scores for the
shoulder elevation are similar by placing the males between the@0
percentile (135-175 cm) and the females in tHe BB (173-216 cm) (Acevedo
& Starks, 2003; Johnson & Nelson, 1986). Although trunk extension was the
only component of flexibility where the soldiers demonstrated signifidearige,
the pre and post deployment levels both fell within the range of thea
percentile (M=109-124 cm; F=107-119 cm) (Acevedo & Starks, 2003, Johnson &
Nelson, 1986).

Overall. These findings could be interpreted in a number of ways. While
increased strength was noted in this study and by Lester et al., Sharp et al.
reported no significant difference in strength. Declines in soldiers’
cardiorespiratory fitness with an increase in strength could be the result of an
emphasis being placed on cardiorespiratory training prior to deployment without
the same emphasis being maintained through the extent of the deployment. These
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differences could also be the result of more time being spent on resistanicg) t
at the expense of cardiorespiratory training during the course of the deployment

There was not a rigid or structured training program associated with this
investigation. Soldiers deployed to a combat zone were expected to exercise in
accordance with the guidelines that their chain of command provides. The
changes in AZNG fitness levels likely reflect the individual choices alsbigh
types of training that the soldiers chose to conduct during deployment. It appears
that decreased aerobic capacity is a common trend amongst soldiers during
combat deployments. The reasoning for this is not well understood and raises
more questions. Are soldiers not motivated to perform aerobic training
independently? Do soldiers perceive that the fitness facilities do not haveesuitabl
equipment for aerobic training available? Are the environmental conditions on
the bases not suitable for performing aerobic training outside? Knowing how
important aerobic fitness is to overall health and combat readiness, cleagly m
research should be done to determine why this decline in cardiorespiratory fithes
is occurring during deployment.
Medical Resour ce Utilization

Significant negative relationships were detected between the percehtage o
change in fat mass and gastrointestinal visits (r=-0.37, p=.01), sit-and-reach
scores and lower extremity visits (r=-0.33, p=.02) shoulder elevation scores and
upper extremity visits (r=-0.36, p=.01), cardiorespiratory fithess and back visits
(r=-0.31, p=.03) as well as behavioral health visits (r=-0.28, p=.05). Most of
these correlations constitute a moderate relationship. These correlation
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coefficients demonstrate that improved levels of physical fithess enaimte
during deployment are related to a decreased use of medical resourcleleny. so

When evaluating the relationship between increased gastrointestinal visits
and increased declines in fat mass, it is suspected, but cannot be confirmed, that
the decreased fat mass is a result of the gastrointestinal compldirgodld be
a direct relationship in that the symptoms of the gastrointestinal illn$s &
lower percentage of body fat. A more indirect relationship could also exist. As a
soldier experiences more gastrointestinal distress, their choices of &yoldave
been altered in such a fashion that ultimately resulted in loss of fat mass. To
establish the causative factor in this relationship, additional researcluiete
Food logs or dietary recall surveys could be utilized over the course of the
deployment in order to evaluate the relationship of the gastrointestinal complaints
and the dietary intake at the time of the complaint.

Similarly this is also the case when looking at the negative correlations
between sit-and-reach scores and lower extremity visits and shoulderoglevat
scores and upper extremity complaints. In both cases, it is possible that an injury
of the respective extremity resulted in a decline in flexibility. Howewethe
instance of the sit-and-reach, there has been prospective research in ocdupationa
or training environments that demonstrated a link between a low sit-arfd-reac
score and a higher prevalence of injury (Craig et al., 2006). It is suspected in the
instance of these soldiers that a combination of events occurred which led to this
negative correlation. In some instances soldiers’ poor flexibility led to their
injury, while in other instances their injury without proper rehabilitation led thei
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decreased flexibility. The combination of these occurrences likely edsualthe
statistically significant negative correlation. With future resleait is
recommended that measurements be taken during the course of the deployment in
order to establish causation between flexibility measures and injuries.
Pre-deployment trunk extension scores maintained a positive correlation to
back visits (r=.32, p=.02). The fact that this measurement was done prior to any
of the inventoried visits would indicate that causation exists between increased
mobility and back complaints. This is supported by previous research that
demonstrated increased spine mobility puts men at higher risk of first tile bac
injury (Biering-Sorenson, 1984). The trunk extension test used in the Biering-
Sorenson study was different than the trunk extension test used in this research,
but both essentially measure levels of abdominal and back flexibility. Scores at
pre-deployment were positively correlated to back visits indicating that@ mor
mobile back in this population of soldiers leads to higher risk of back injury.
The significant relationship between declining cardiorespiratory fithess
and increased utilization of medical resources for back visits (r=-0.31, p=.03) is
consistent with previous findings in firefighters which showed much higher rates
of back injury in the individuals with the lowest level of fitness. In the previous
research evaluating for increased risk of back injury, three of the fivecrmn(s
of fitness measured were directly reflective of cardiorespirdiimgss. The
subjects with lowest overall results were at the highest risk of back injady(C
etal., 1979). Itis suspected that soldiers’ experienced the highest number of back
visits as a result of declining cardiorespiratory fitness. Soldiers imitidetértile
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for cardiorespiratory fitness, who on average improved thepp&ak, had no
medical visits related to the back.

Despite the lack of a statistically significant correlation betwesak p
power and any of the evaluated categories of medical resources utilizgzkars
that the soldiers who experienced the greatest increases in power also
demonstrated a trend of a higher number of total medical visits. This
investigation team has hypothesized that this increase in lower extpamiey
could be the result of their physical training or the result of required occupationa
tasks. Moving quickly with the load of body armor may result in improved
power, while at the same time be leading to more injuries or stresslnélaes.
This hypothesis could also explain why increases in strength offered no
improvements in utilization of medical resources. Occupational activities tha
result in improved strength, may also result in increased utilization of medical
resources. These relationships could be better understood with more objective
measures of physical activity of soldiers during the deployments.

Although this population of soldiers demonstrated improvements in
relative strength as a whole, there were no significant correlationemnyst at
pre or post-deployment or change in strength and any of the inventoried medical
variables. It appears that greater declines in their level of cardiatespifitness
are related to higher utilization of medical resources for total purposes. This is
particularly apparent in the bottom third of soldiers when categorized based on
their level of change in fitness over the course of the deployment. This is
consistent with the finding of multiple studies that have shown that lower levels
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of cardiorespiratory fitness are related to higher levels of injury andsline

(Reynolds et al., 1994; Jones et al., 1988; Pleban, Thomas, & Thompson, 1985).
This data supports these previous findings by demonstrating over a 150% increase
in total medical visits (8.0 v 3.1 v 2.6 total visits) when comparing the bottom

third to the other two tertiles.

It is also interesting that all behavioral health visits occurred in soldiers
categorized into the tertile with the most significant declines in cargioagsry
fitness. This is consistent with previous research that demonstrated anemareas
depressive symptoms associated with declines in cardiorespiratory fBeekss, (
Kop, & Deuster, 2006). Additional research has found that higher levels of
physical fithess even help attenuate the affects of stress due to slstaine
operations (Pleban, Thomas, & Thompson, 1985). Could it be possible for
soldiers to mediate their stressors by maintaining their cardiorespifaness
during deployment resulting in fewer behavioral health visits? The findingssof t
research leads to the consideration that aerobic training is not only berfeficial
overall physical health but also for one’s mental health. If military ksadere
made aware of this relationship between cardiovascular fithess and ineneases
behavioral health visits they would also maintain the potential to help attenuate
some of the stressors related to deployment through their physical fitnesgtra
Inversely, the potential exists for leaders to better identify soldiecsane
struggling with behavioral health issues if they were to observe a steagedacli

cardiovascular performance. Essentially, this decline in cardiorespiratory
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performance could serve as a red flag that may warrant further iratestigito
that soldier’s behavioral health.

An additional consideration would be that soldiers who experienced the
steepest declines in cardiorespiratory function had an illness or injury that
contributed to their behavioral health. The potential exists that the cause of
increased medical resource utilization indirectly led to a decline in thesoldi
behavioral health status ultimately leading to additional medical visits for
behavioral health. Detailed research is needed to better understand and detangle
this convoluted relationship between physical fitness, total medical resource
utilization and behavioral health.

It would appear that these soldiers may have been performing resistance
training at the expense of their aerobic training as demonstrated byrttie iy
declines in cardiorespiratory while demonstrating improvements in dtrandt
endurance. Seeing that strength was not correlated to the medical variables, nor
was there any significance in medical utilization by tertilegthas strength, it
could be perceived that military leadership may need to guide their sotdiers i
performing a balance of resistance training and aerobic activity ifahtefat
least maintain pre-deployment levels of cardiorespiratory fitness. @orsdit
while deployed may not be ideal for cardiovascular exercise, but the act of
running on a treadmill or riding a stationary bicycle may provide a much needed
outlet for these soldiers stress.

With the results of this research made available to military leatiess, t
will have the ability to adjust their soldiers’ physical fithess trairahgre-
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deployment and during the deployment in order to further decrease the burden on
the medical resources and maintain the health of their soldiers. For example
decline in medical resource utilization may be seen if leaders were alsue

that their soldiers maintained their pre-deployment level of cardiorespirator
fitness through the extent of their deployments. Lower levels of cardi@tspir
function have already been shown to be associated with higher levels of injury
and illness in the training environment (Gardner et al., 1996; Reynolds et al.,
1994; Knapik et al., 1993).

This investigation now supports the occurrence of such a relationship
while deployed to a combat zone. Although it is clear that relationships do exist,
this investigation cannot establish causation in most instances of theseaigtis
significant relationships. Further research is certainly warrantedtty be
understand the relationships that this investigation has shown to exist.

FUTURE RESEARCH

This investigation certainly does not answer all the questions that may
arise when considering the relationships of physical fithess and the iatilip&t
medical resources. It merely starts the discussion for many future gat&sis.

This investigation has offered statistical support to previous anecdotal expsrie
revolving around increased utilization of medical resources and declining levels
of fitness. These findings open the door for future researchers to look at
individual components of physical fithess and their relationships to spectis are
of medical resource utilization in deployed soldiers. There are three realms of
future research that would provide additional benefit to what is provided here.
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Continued Data Collection

This investigation provides a core of data that needs to be expanded. As
the number of subjects continues to increase as well as statistical power mor
relationships between physical fitness variables and medical resolizziati
may become apparent. An increased number of subjects will not only provide a
clearer description of the current fithess of deploying soldiers, it \sol ptovide
the opportunity to capture more medical visits. This will allow for the
development of relationships that were not statistically significant durisg t
research due to the limited number of pertinent medical visits. With a larger
population of soldiers more medical visits would have been inventoried and
stronger correlations may have been detected. In many instances, there were
clearly trends demonstrating that greater declines in fithess aesuhbeher
utilization of medical resources. Due to the overall low number of visits in the
specified category, significant correlations or significant differsetween
tertiles were not achieved. This can be remedied by further researn tuldi
this limited collection of data.
Physical Activity

At this time, it can only be hypothesized as to why cardiorespiratory
function declined while strength and endurance improved. This potentially is the
result of soldiers’ preferences, available resources while deployedammiagr
environment that is not conducive to cardiorespiratory training. When left to their
devices, are soldiers selecting to perform resistance training in lietobiae
training? Is there an abundance of equipment available for resistanaggtraini
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while there are limited numbers of cardiorespiratory machines (i.e. stgtionar
bikes, elliptical machines, and treadmills)? Is the weather, running esyfarc
safety of the soldiers a consideration that deters soldiers from perfcaamoigic
activity while deployed? These are questions that certainly can be athsvittre
future research focused on physical activity levels in soldiers whijeatiee
deployed.

This study demonstrates that soldiers change in physical fitness while
deployed in combat regions. Soldiers’ strength, endurance, and body composition
improved, but their cardiorespiratory fithess declined, while power and flexibilit
were essentially unchanged. The culmination of current research is demtesrestra
trend of declining cardiorespiratory fitness amongst all groups evaluated. More
data is needed to resolve the conflicting reports previously reported in clvanges
strength, power, and body composition, as well as to understand the components
that are not well represented (endurance and flexibility). More ressaaitsoi
needed to better explain the changes specific to reserve soldiers. Cleagly, mor
detailed information on the type, intensity and frequency of physical
activity/exercise which occur during deployment are needed to explae thes
changes to physical fitness. In summary, these results provide healthcare
professionals and military leaders a better understanding of how current
deployment conditions are affecting physical fithess. This informatiobean
utilized to alter training prior to and during deployments in order to achieve

desired levels of fithess.
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Clearly more research is needed to better understand the physical activity
levels and training regimens of soldiers while they are deployed. This will
provide insight that will help us better understand the findings of this
investigation. With a better understanding of soldiers’ activity levels during
deployment, a clear explanation of why cardiorespiratory fithess declihds,
relative strength improves can be provided. This finding might be the result of
the soldiers’ occupational requirements while deployed just as eadilycasd
be the result of the choices they are making during their physical training
Behavioral Health and Cardiorespiratory Fitness

The relationship between behavioral health visits and declining
cardiorespiratory function needs to be evaluated in detail. If causation between
these two variables were to be established the outcomes of either could be
modified. First an investigation must be completed to better understand if a
declining mood state is leading to decreases in cardiorespiratory fitness or if
declining cardiorespiratory fitness is leading to declining mood statese tbe
relationship between these variables is clarified, the potential to useadhysi
activity to modify behavioral health in deployed soldiers would be seen.

FINAL CONCLUSION

This research demonstrates statistically that a theory amongst
professionals actually holds true. Over the course of many deploymentsgymilit
practitioners have shared anecdotal experiences and observations with one
another about the changes that their soldiers undergo during deployments and
how the declines in physical fitness result in more frequent use of the medical
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resources available. Now, these changes to physical fithess have been
documented by multiple research teams offering corroboration. For thanfest t
relationships between declining physical fithess and increased ubitizati

medical resources have been established. This research merely sarves as
gateway to many more investigations in an effort to better understand why these
changes and relationships occur and how the combat experience can be

manipulated to better preserve soldiers’ overall health.
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