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The load military service members carry while nharg has increased throughout
history, and the military routinely uses rucksattie range in weight from 22-68 kilograms,
depending on the type of mission and weather camgit(\Van Dijk, 2009). Previous studies
have examined the energy cost of load carriageruetiively short time frames, such as 30-45
minutes, but typical marching time greatly excen@se limits during military operations. Few
studies have examined marching times upwards ohtwws with a fixed load during flat,
incline, and decline conditions with trained militgpersonnelPURPOSE The purpose of this
study was to measure the energy cost of prolongedhing under heavy loaMETHODS:
Eleven members of East Carolina University’'s RODGpleted four days of testing, including a
control day when they walked without load and tHozel carriage days that were randomized to
a flat stage, -4% decline, and 5% incline. Loadsnwaas 30 kg, and subjects attempted to walk
for two hours under each treatment condition. Metialtlata was collected during the last five
minutes of every twenty minute stagkRESULTS: Of the nine participants who completed four
days of testing, only two were physically able tonplete all of the two hour marches. In
statistical analysis, Kaplan-Meier survival curvesre used to measure load carriage fail time

between groups (those who finished and those wihoal) and by testing condition.



Significance was found for V{between groups of those who completed versus tbeedid

not complete the two hour tests at p=0.0098. Y@@s found to be significant between groups
at p=0.0084. Significance by test was found toigeiicant for VO, during the flat phase. VE
and RER were not significant. Based on threshakasincline proved to be the most physically
challenging test, followed by the flat then thelderphases. Threshold cutoffs were clinically
determined to observe if the load carriage indisafgO,, VCO,, VE, and RER) were
associated with load carriage fail time. Those wdarhed the incline, decline, and flat
thresholds in the first 60 minutes were more likelyail the two hour time endpoint. The
trajectory of the data was relatively stable thitoag and did not exponentially increase as was
hypothesized during the second hour. While there seane variation, it appeared that the
metabolic measures at which participants startet esst did not vary tremendously over time,
suggesting that if participants started aroundtireshold cutoffs, they were more likely to
fatigue quickerCONCLUSION: Overall, these findings suggest that the measusedbies do
not increase over ruck marches lasting two houdsination. Initial metabolic values may be
indicative of how long an indidvidual may be atbeexercise beyond 60 minutes until fatigue.
This information can help military commanders idigrgoldiers at high risk of fatigue and

monitor their load, pace, and fueling strategielsnit loss of manpower and injury.






Energy Cost of Heavy Load Carriage and Prolonged

Walking in ROTC Collegiate Participants

A Thesis
Presented To
The Faculty of the Department of Kinesiology

East Carolina University

In Partial Fulfillment
of the Requirements for the Degree

Master of Science in Exercise and Sport Science

By:
Sara Krajewski

April, 2014



©Sara Krajewski, 2014



ENERGY COST OF HEAVY LOAD CARRIAGE AND PROLONGED WAING IN ROTC

COLLEGIATE PARTICPANTS

by

Sara Krajewski

APPROVED BY:

DIRECTOR OF THESIS:

(Laurel Wentz, PhD)

COMMITTEE MEMBER:

(Jason Brinkley, PhD)

COMMITTEE MEMBER:

(Paul DeVita, PhD)

COMMITTEE MEMBER:

(Zachary Domire[®h

COMMITTEE MEMBER:

(Robert Hickner,¥h

CHAIR OF THE DEPARTMENT OF KINESIOLOGY:

(Stacey Altman, JD)

DEAN OF THE GRADUATE SCHOOL:

(Paul J. Gemperline, PhD)



ACKNOWLEDGEMENTS

Without the guidance and direction of the facuitymy thesis committee, this project
would not have been possible. | would like to th@wkLaurel Wentz, Dr. Jason Brinkley, Dr.
Paul DeVita, Dr. Robert Hickner, and Dr. Zacharynide for their invaluable feedback and
support. | would also like to thank Dr. Brinkleyrfoelping me with my complicated statistics.
He not only encouraged me to think critically abowt data but he was able help me improve
my computer skills by learning how to use a staigprogram | will use in the future.

| would also like to thank my family for their levand support. My brother Kevin
Krajewski inspired this project with his attendamt& he United States Military Academy at
West Point. As a physician assistant | would lixedntinue working with those in the military
or be part of continuing military research. | woaldo like to thank my classmates and
roommates, Miranda and Christina for their wonddrfendship during my two years here at
East Carolina University. | would especially likeethank Miranda for not only being there for
me for support but for her endless help with fotimgt making tables, library visits, and venting
sessions. It was helpful to have a friend goingulgh the same process and | couldn’t ask for a
better person to go through it with. Lastly, | wablike to thank my boyfriend James Sasser for
giving me never ending support during this time #@ordelieving in me when | did not think |
could do it. I am very thankful to have been gitieis opportunity and | feel very proud to call

this work my own.



TABLE OF CONTENTS
CHAPTER 1: INTRODUCTION . .. ..ttt ittt e e e e e e e e v e et eeaees 1
Statement of the Problem........c i, 3
Research HYypothesiS. .. ... e 4
CHAPTER 2: REVIEW OF LITERATURE. ...t e i 7
Need for GUIAEIINES. ... .. e e 7
Metabolic Cost of Load Carfiage. ..cuu. . vvuveieniitieiieeeeaeeeee e 8
Decreased Performance with Load Carriage..........co.vvieiieiiiiinceniinennns 10
Fatigue with Prolonged Walking..........coooiii i, 11
SUMMAIY ... e et e e et e e e e et ettt e ae eae et e n e e e e ea e aaanns 14
CHAPTER 3: METHODS ... e e e e e e e e 15
Participant SeleCtioN...........ooui i e e e e 15
EQUIDIMIBNT. .. e e e e e 16
Measurement ProtOCOL.........couuieii i 18
Statistical ANAIYSIS. ... 20
CHAPTER 4: RESUIS.. ..ottt e e e e e e e e, 22
DESCHPIVE STALISTICS . .. eetie et ettt e e e e e ae e ens 22
Kaplan-Meier CUIVES. ......coiii it e e e 28
CHAPTER 5: DISCUSSION....... ittt ci ettt ettt ee e ete e ve e e eniee e e eneeeee 34
Participant Demographics and Training History..........cccceiiiiiiiiiinnnn .. 34
HYPOTNESIS L. e e e e e 35

N . it it e 39



VE AN RER......o e e
HYPOTNESIS 2. e e e e e e

VEANd RER ... e e
[0 71 = 0 1
Future ReSearCh...... ...
SUMMIAIY ... e et e e e e e et et et e e e et e et eaeee e e ee e nen e e
REFERENCES. .. .. et e e e e e e e e e et et e et e e
APPENDIX A: IRB APPROVAL. ... e e e e e e
APPENDIX B: INFORMED CONSENT ...ttt e s e e e e e
APPENDIX C: DXA QUESTIONNAIRE ...t e e e
APPENDIX D: ROTC SURVEY ...ttt e it e et e e e et e e e e e
APPENDIX E: DAY 1 PROTOCOL. ..ttt it i e e e e e e e e e e e

APPENDIX F: DAY 2-4 PROTOCOL. ...t e et e e

40

44

44

45

46

48

50



List of Figures

Figure 1. Treadmill used fOr teStiNG........ccoui it e e e e e 17
Figure 2. Environmental chamber used for testing..........c.ccooviiiiiiiiiiiic i, 17
Figure 3. Participant walking at the flat stage.........c.coooiiiiiiiiii i 17
Figure 4. VQ across time during treadmill stages.............coooviicinne e ennnen. 23
Figure 5. VO2 across time during treadmill stagasected for fat free mass.............. 24
Figure 6. VCQ across time during treadmill StageS........c.ccovvviiiiiiiiinnnenn. 25
Figure 7. VE across time during treadmill stages... ccecee o ivi i, 26
Figure 8. RER across time during treadmill stages...............ccooiviiiiinnanns 27
Figure 9.Kaplan-Meier Curve of time to failure by \d@hreshold group between groups.. 28
Figure 10. Kaplan-Meier Curve of time to failure ¥, threshold group at flat............ 29

Figure 11. Kaplan-Meier Curve of time to failure WZO, threshold group between groups. 30
List of Tables

Table 1.Participant Demographics and Survey Results...........cccvoiviieiiiiinnnen. 22

Table 2 Number of times participants reached thresholds.......c..c........coooiiin. 30

Table 3. Percentage of participants who did omaithit thresholds........................ 31



CHAPTER 1: INTRODUCTION

In certain occupations, the human body carries yhesds across vast and arduous
distances. Firefighters, rescue workers, constraatiorkers, and military personnel carry heavy
loads on a regular basis, which restricts their emeent and may cause musculoskeletal injuries
and metabolic system problems. The load militafgiscs carry while marching has increased
throughout history, as the military routinely usesksacks ranging from 22-68 kg, depending on
the type of mission and weather conditions (Vark[3009). During military engagement,
soldiers carry these heavy rucksacks and trek dlistgnces prior to completing critical military
tasks in which speed and accuracy are of greatriapee. In order to ensure the safety of
military personnel, load carriage studies have emacthe energy cost of walking under load.
Previous studies have shown that load weight, wglkpeed, and body mass, together with
terrain factors such as gradient and surface aak la direct effect on energy expenditure
(Patton, Kaszuba, Mellow, Reynolds, 1991). Sincagyexpenditure is a limiting factor in
performance, it is an important component of connéatliness.

Previous research has shown that carrying heawdgldaring ruck marches expends
around 300 kcals of energy more per hour than magahithout a pack (Van Dijk, 2009). The
same study suggested that march speeds shoulduxedewhen loads are heavier (25-60 kg) to
stay under this rate. Matching loads and speeds fiven distance and terrain can be helpful for
dictating the soldier’s capacity to perform hisher job for extended periods of time. An
increase in metabolic load affects how fast sotdean move, inhibits movement over obstacles,
increases fatigue upon arrival, increases cal@ezls, and increases the risk for injuries

(Beekley, Alt, Buckley, Duffey, & Crowder, 2007).



The majority of research conducted on military lcadriage and ruck marches have
lasted for short bouts of exercise of anywhere fBi¥5 minutes. These shorter bouts of
exercise have shown lower mean oxygen uptake)w@asures compared to those who have
had subjects exercise for longer periods of timee€ada, Mengelkoch, Hale, & Simon, 2000,
Beekley et al., 2007, & Pal et al., 2009). Previsuslies on load carriage assumed a steady-state
condition occurs for continued marching and didef@e not address the possibility of an
increase in metabolic variablegh prolonged heavy load carriage (Quesada e2@00 &

Beekley et al., 2007T.he few studies that have examined load carriaggvo hours noted
conflicting results, as some did find linear in@esin metabolic variables and some did not
(Epstein et al., 1988 & Patton et al., 1991). Soesearch suggests that prolonged load carriage
should not exceed the range of 33% to 40% 0fM(B0 as to not induce fatigue (Quesada et al.,
2000). It's also been shown that heavier persoweed able to march for a longer duration than
lighter individuals while carrying the same loadl¢Bn, Allsopp, Tripton, 2001).

In addition to duration of marches, speed and iterrdluence energy cost. Typically
military leaders set a ruck marching pace for mesibéa company or battalion. Walking at a
speed of 1.3 meters per second accurately repsasemhal adult locomotion and mean walking
speeds during military missions while carrying Isagh to 40 kg (Grenier, Peyrot, Castells,
Oullion, Messonnier, & Morin, 2011; Pal, MajumdBhattacharyya, Kumar, & Majumdar,
2009). Previous studies examining load carriadastér speeds have lasted for a shorter period
of time, which may have given an incomplete exatmmeof energy cost. The type of terrain
also influences energy cost and previously condustiedies have failed to examine energy cost
of a decline phase in ruck marching and focuseelysoh walking on a flat surface or at an

incline (Knapik, Reynolds, & Harman, 2004). Theautric muscle contraction of downhill



walking can be taxing on the body and is importargtudy due to the change in muscle action
and potential change in energy cost from incling #at phases (Minetti, Moia, Roi, Susta, &
Ferretti, 2002). In the arduous terrain such asrtbantains of Afghanistan, an individual
walking uphill eventually will walk downhill, a calition this study is examining. This study
aims to fill gaps in research by examining the gpeost of prolonged load carriage at various
treadmill gradients, including a decline, to deterenf a linear relationship exists between
duration of exercise and metabolic variables arsteady state condition does really exist.
STATEMENT OF THE PROBLEM

Soldiers carry heavy loads for prolonged time p#giand on arduous terrain. However,
past research has not fully addressed the enemgnédkure initiated by such activity. Previous
studies by Quesada et al., (2000), Beekley ef24lQ7) & Pal et al., (2009) have asked subjects
to march for under one hour under loads of 10-25\gdch may not realistic in the field.
Furthermore, data extrapolated from these studasmot apply to prolonged walking, in which
subjects may see increases in energy expenditiftle. data has been collected regarding their
energy expenditure during walking of up to two Isat various treadmill gradients, including a
decline phase. Therefore, the objective of thidsiuas to measure the energy cost of prolonged
load carriage over a range of treadmill gradiegtg&st Carolina University collegiate ROTC
members. Previous research of shorter duratiom$sianed a steady state situation occurs
across each metabolic condition, which is not hiypsized to be the case. This research is
significant because the results can help officaémte recommendations for the amount of load
soldiers can safely and reasonably carry for upvtohours with minimal risk of injury or
fatigue at different gradients. The results coldd &elp officials recommend refueling strategies

to prevent fatigue and enhance performance whelesslare required to carry loads of 30 kg.



RESEARCH HYPOTHESIS

1) Energy cost, as measured by ¥®CO,, VE, RER, with a 30 kg rucksack, will increase
significantly between 60 and 120 minutes for eaehdmill condition compared to the
first 60 minutes of walking.

2) The incline will be the most physically challengiag the thresholds for each metabolic
value are hypothesized to be the highest durirggsfaige followed by the decline stage,

followed by the flat stage.

Definitions
For the purpose of this study, the following temvese defined:
Load Carriage - The ability of an individual to carry a weight, tims instance in a ruck sack,
while walking
Maximal Oxygen Consumption (VO.max) - The maximum possible oxygen uptake that a person
can achieve.
Oxygen Uptake (VO,) — The uptake of oxygen and a measure of the vohfrogygen used by
the body to convert the energy from food into egenglecules.
Rate of Perceived Exertion (RPE) - How hard an individual believes they are work ctale
such as the Borg Scale (6-20). A 6 being the idial is not exerting themselves much and a 20
being maximal effort.
Respiratory Exchange Ratio (RER) - The ratio of carbon dioxide to oxygen uptake.
Ventilation Exchange (VE) — Theexchange of gases, mostly oxygen and carbon dipdideng
the passage of air into and out of respiratory gzes.

VCO; - Rateof Elimination of Carbon Dioxide



Delimitations
Age - East Carolina University’'s ROTC members rangegesarom 18-25 years old.
Duration - The testing will last for two hours in duration.
Gradient - The treadmill will be set to 0%, 5% incline, aneé& decline.
Sample Size - Based on previous research a sample size of efalgacts was chosen,
comprised of male participants. The majority ofitarly load carriage studies have used
approximately 6-15 participants (Beekley et alQ2(Epstein et al., 1988, Pal et al., 2009, &
Quesada et al., 2000).
Speed - Walking speed will be set at 1.3 meters per second.
Weight of Load - A 30 kg load will be used, representing the meditary approach march load
Weight of Subjects - Participants will vary in weight and will not beauded based on their
weight.

Limitations

Age - The results of this study can only be appliedditege aged male participants. With age,
VO, decreases so future work could examine the ereargtyof older military personnel.
Treadmill - This study will not be completed in the field @ tresults are only a representation
of how energy expenditure differs while on a miltanission of approximately the same
duration and gradient.

Abbreviations
HR - Heart rate
RER — Respiratory exchange ratio
RPE — Rate of perceived exertion

ROTC — Reserve Officers’ Training Corps



VE — Minute ventilation
VCO, — Carbon dioxide produced

VO, — Oxygen consumption



CHAPTER 2: LITERATURE REVIEW

The loads soldiers carry have increased over timaughout military history and around
the world. Until the 18 century, troops marched with loads that rarelyeeded 15 kg (Knapik
et al., 2004). Auxiliary transport carried extraiggment through the I8century. In current
operations, soldiers carry considerable amountgeght, some of which is removed if they
contact hostile forces. Soldier mobility has bei®d throughout history with an emphasis on
acceptable soldier load carriage. Modern day Wtlidis require heavy loads; and despite the
availability of transport, the need to carry lo&lexpected to continue (Van Dijk, 2009). This
literature review examined research conducted amali@ry personnel as it pertains to load
carriage and energy expenditure. This chaptewisieli into four sections: 1.) need for
guidelines; 2.) metabolic cost of load carriage¢ décreased performance with load carriage; and
4.) duration of marching.

Need for Guidelines

Army rucksack weights vary depending on the typaabivity in which the soldier is
engaged. A training load is normally lighter thae tucksack used in the field. Fighting loads
typically weigh more than the recommended 21.7rdjthe approach march load and
emergency approach march load normally exceedetoenmended 32.7 kg (Van Dijk, 2009).
Approach march loads are rucksacks military persbuge as a basic ruck and on a daily basis,
whereas emergency approach march loads are helaed¢o necessary emergency equipment
that may be necessary if personnel find themselaable to return to base for certain lengths of
time. There are currently no guidelines suggestihgt optimal exercise intensity soldiers
should be working at while carrying specific loalikst of the research on load has focused on

weights relative to the subject’s body mass. In sueh study, subjects walked with loads



starting at 0% of their body mass and up to 75%ef body mass until they reached a steady
state period, at least three minutes (Bastien,@i#l, Schepens,& Heglund, 2005). Based on
their analysis, energy expenditure was measursteatly state with a RER1, suggesting that
the exercise could be maintained over time. Howeherauthors suggested that the energy cost
may increase over extended walking due to muscatiggue (Bastien et al., 2005). Given that
each service member is generally expected to samjar weights, regardless of gender or body
mass, these data are not realistic to apply taanylioperations. For example, a soldier who is 5
feet tall will likely be required to carry a loadl @pproximately the same weight as a soldier who
is 6 feet tall, assigned to the same unit and wssiherefore, assessment of energy expenditure
at a constant load creates scenarios observed fiett.
Metabolic Cost of Load Carriage

Metabolic or energy cost can be measured by oxggaaumption (V@), elimination of
carbon dioxide (VC) ventilation exchange (VE) and respiratory exclearagio (RER). VQis
defined as a measure of the volume of oxygen ugeldedbody to convert the energy from food
into energy molecules and is influenced by a nunobéactors including age, diet, hydration
status, gender, fitness level and military trainM@O; is the rate of elimination of carbon
dioxide.VE is the exchange of primarily oxygen aadbon dioxide during inhalation and
exhalation. RER is the ratio of carbon dioxide detiaand oxygen inhaled in one breath. This
ratio can be used to determine if the subject imbwizing carbohydrates, fats, or a mixture of
both as fuel to provide the body with energy. Taflic an RER of 0.70-0.85 indicates that fats
are being used as the primary energy source. An BReen 0.701 and 0.999 indicates a
combination of carbohydrates and fats as the ersoggce. Once the RER is above 1.0,

carbohydrates are metabolized as the primary ersengrce and correlate with higher intensity



activity. These four metabolic parameters are tigedeasure energy cost for this study when
military participants are asked to walk under Ié@adup to two hours in duration at various
treadmill conditions.

Soldiers carry variable loads based on the taskdhe expected to perform. According
to load carriage guidelines, approach march loaglsecommended not to exceed 32.7 kg but
typically do (Van Dijk, 2009). Many factors influea the soldier’s ability to march under load
including load mass, marching speed, terrain, itigiion of the load, volume of the load, and the
physical condition of the soldier (Knapik et al0d2). The type of terrain is hard to examine in
the laboratory so most research has used diffarelme phases to simulate soldiers walking
uphill in the field. Previous research has examitedmetabolic cost of walking at an
increasingly steep grade over time. However, eagfydiffers in the load carriage conditions.
One study found physiological responses to proldngeavy load carriage increased
significantly over time even at exercise intensitielow 30% VGQhnax (Patton et al., 1991). This
study used grades of 0% and 5%. The grade incrdns2d% until a plateau in V\Qvas
observed. It was also observed that,VZE, and heart rate were not constant but incekase
significantly during prolonged walking as the imdiincreased. Another study found that
increases in load caused fatigue, once the woeksity exceeded 50% of iR« (Epstein et al.,
1988). These data conflict with the results showiPatton et al. (1991), who suggested a work
intensity of 30% VQnaxcauses fatigue. This discrepancy could have baernadifferences in
load carriage conditions between studies, i.e.dgdeads, length of march, or higher aerobic
capacity in subjects of this study compared toehafsEpstein et al., (1988). Another study noted

that as the load and treadmill gradient increa¥€x, drastically increased as well. When



carrying increasingly heavier loads, humans becesgefficient and the energy expenditure per
kilogram of load increases sharply (Lyons et 20%).

These previous studies have shown the metaboltotadsfferent inclines compared to
each other with differing loads, as well as howrgpeost with loads based on percentage of
body mass differ at a flat condition. However, thetabolic cost during downhill walking, to our
knowledge, has not been examined in military persbwalking under load. In the arduous
terrain such as the mountains of Afghanistan, dividual walking uphill will eventually walk
downhill, a movement that recruits different musmtéions and eccentric muscle contraction,
which may alter metabolic cost. Walking downhilusad muscles to have problems coping with
the tendency of the body to accelerate, rather thantain a constant speed, which increased the
risks for iliotibial band friction syndrome and iavascular hemolysis (Minetti et al., 2002).
Walking downhill in a controlled manner is more ionfant than walking downhill with power,
in order to prevent injury.

Decreased Performance with Load Carriage

Previous research on metabolic cost has shownritr@ased metabolic cost causes
increased physical fatigue and reduced performéBoenier et al., 2011, Pal et al., 2009, Lyons
et al., 2005, & Quesada et al., 2000). One studgda linear increase in heart rate,yand
energy expenditure with increasing load weight @all., 2009). It was also noted that an
increase in speed was associated with a greateaise in these physiological responses. Two
other studies examining the effects of load cagiag walking energetics found the metabolic
cost required (i.e., used by the muscles) to aame/unit of equipment mass was higher than the
metabolic cost required to carry one unit of bodsen This shows how important the muscular

demands are to carry military loads (Grenier, Pgyastells, Oullion, Messonnier, & Morin,
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2011; Bastien et al., 2005). Therefore, addingresienveight to an individual’s body increases
energy expenditure. Even with constant velocitgreases in V@ heart rate, and ventilatory
exchange were found with an increase in load (Bgeét al., 2007). Beekley et al., (2007) also
found that increases in metabolic cost due to aagrigeavier loads affected soldiers mobility,
specifically speed, agility over obstacles, andytst. Elevated metabolic cost increased calorie
or energy expenditure and increased the risk farigs

From a military perspective, it is essential to enstiand the metabolic demands of load
carriage if soldiers are expected to perform swfoémissions on the battlefield. Systematic
decrements in the performance of long distance, jungs, short sprints, and obstacle course
traversals while carrying a load have been obsefiadpik et al., 2004). Furthermore, very
strenuous marches with loads of 34-61 kg over 1@r2@listances lead to post-march
decrements in marksmanship and grenade throwingndis (Knapik et al., 2004). Therefore,
increasing soldier’'s loads may negatively affeetdronarching performance and ultimately their
performance in battle.

Fatigue with Prolonged Walking

Military personnel are commonly afflicted with lonvextremity overuse injuries
associated with high volume and high intensity loygcal training (Wang, Frame, Ozimek,
Leib, & Dugan, 2012). Major overuse injuries sushstress fractures, knee pain, and back pain
result in significant medical cost and loss ofrinag days to the military organizations (Wang et
al., 2012). These types of injuries result in egtghperiods of recovery as well, delaying return
to duty. Especially during basic training, strensitnaining and walking with heavy loads
exposes military personnel to significant physfaetigue. Wang et al., (2012) suggest that

prolonged walking with load carriage could leadignificant neuromuscular impairment. In
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addition, carrying a load may increase lower lirméding, placing high stresses on the soft
tissues surrounding the lower limb joints (Simpddanro, & Steele 2012). Furthermore,
kinematics are altered during prolonged walkingmnattempt to reduce impact forces and
therefore increase injury potential. Quesada e{2000) showed that significant increases in
peak plantar flexion and peak knee flexion occunale soldiers who marched for 40 minutes
with loads of 15% and 30% of body weight, demonstgathat kinematics change over time. In
longer marches reaching two hours, Epstein e(18188) suggested that an increase in,\é@er
time is due to the reduction in mechanical efficiedue to altered locomotion biomechanics as
the participant adjusts to the weight of the p&ticipants may also alter their gate and center
of mass to compensate for the heavy load and gradibus, load carriage and fatigue are two
major stressors experienced by military personnel.

While examining military metabolic cost, studievé@aaried in focus from studying
walking speed, gradients, loads, and lastly dunati®ne study examined energy cost of
increasing loads while running at 10, 14, and 18nketers per hour for a total of 30 minutes
(Beekley et al., 2007). Another study focused andbration of exercise had subjects perform
one hour of treadmill walking at 4 kilometers peuh(Lyons et al., 2005). Further research had
subjects walk at a slow and moderate pace for 3t@s while wearing body armor that
increased body weight by 15.7% (Ricciardi, Deusiefalbot, 2008). The researchers noted a
12% and 17% increase in Y@ith the increased weight, a difference that cdisadbjects to
experience muscle fatigue and reduced physicalranda. In a different protocol, participants
ran and walked for 40 minutes at six kilometershmair, and it was determined that an exercise
intensity should not exceed approximately 33 to 4096,ax SO as not to induce fatigue. Based

on these results, it was recommended the inteasaygtivity should not exceed approximately
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33 to 40% of VQnaxto avoid early onset of fatigue (Quesada et AD02. Greater increases in
metabolic and cardiovascular demands were noted iigavier loads and left subjects feeling
more fatigued according to their ¥QLyons et al., 2005). One of the few studies tiedt
examined energy cost over prolonged walking foumgsizal fatigue sets in once the work
intensity exceeds 50% of maximal work capacity whebjects marched for two hours (Epstein
et al., 1988). Relatively shorter duration studiase assumed a steady state occurrence during
exercise but did not consider that energy coskefase may increase over time. In military
operations, soldiers are likely going to be walkioglonger than 30-45 minutes so therefore it is
important to identify the effect of prolonged duoaton fatigue and metabolic cost while
carrying a fixed yet heavy load.

Due to the fatiguing consequences of prolonged iwgliunder load, increases in exercise
intensity are thought to increase metabolic cost dwme. For example, metabolic cost is higher
while walking on an incline than walking on a legerface and even a decline surface (Minetti,
Ardigo, & Saibene, 1994). A hypothesized increasmetabolic cost over time is thought to
result in accordance to results from Patton e{H#91) who examined prolonged load carriage
in highly endurance trained non-military men. Irages in V@ and VE were observed during
prolonged walking with external loads due to insexhbody temperature, increased blood
lactate, reduced mechanical efficiency, and a ghgubstrate utilization (Patton et al., 1991). In
the previously mentioned study, blood lactate waed out as a contributing factor due to the
fact that it did not change from baseline levelkfging any of the load carriage trials. It is
thought that energy cost increment is relatedteredl biomechanics due to the increase in extra
weight that might induce fatigue in the individ{&bstein et al., 1988). Furthermore, work

intensities that may elicit a \Mf more than 50% of V& axare characterized by significant
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anaerobic metabolism and lactic acid productionciwvimay be the cause of reduced
performance and an increase in energy cost over(fiipstein et al., 1988). As skeletal muscle
fatigue occurs, the individual may recruit addisbmuscle mass and alter gait to carry the load
(Epstein et al., 1988). A gradual increase in taigs thought to cause a linear increase in
metabolic cost over time.
Summary

In general, military load carriage studies exangremergy expenditure have been done,
but differ greatly on whether speed, load, gradientluration cause an increase or steady state
in metabolic parameters. This is an important tabistudy due to the practical military
implications that would help keep personnel saféeffective while carrying out military tasks.
Current military recommendations suggest loaderoeed 33 kg whereas research suggests
VO, should not increase beyond 35-50% of &S0 as not to induce fatigue. However,
modern warfare creates mission requirements thkenoad recommendations impractical,
placing soldiers at risk for injury and fatigue apentering combat. Military walking generally
exceeds 30 to 60 minutes so prolonged walking etuldisting much longer than one hour are
needed. Therefore, this study aims to fill gaptheliterature by examining ruck marching with
a 30 kg load, at a fixed speed, for two hours iratian at various treadmill gradients, to include
a decline. These results could help military comadeas create guidelines for refueling soldiers
properly when heavy load carriage is required fasimon performance so they exercise maximal
combat effectiveness. Since it is hypothesizedehatgy expenditure will increase sharply
during the second hour of testing due to decrea&ikency with neuromuscular fatigue,

commanders should be aware of how far their mennaomden can ruck efficiently and safely.
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CHAPTER 3: METHODOLOGY

In this study, the metabolic cost of one to tworhwalking trials with and without a 30
kg load was measured across different treadmiltitmms. On the first day of testing
participants walked without load at the three treddconditions, for 20 minutes, with a five
minute break, in a randomized order. On days tiwegt, and four participants walked with a 30
kg load for two hours at a randomized treadmilldiban. A load of 30 kg represents an
appropriate load soldiers carry in the field duramgapproach march. Participants were college-
aged males outfitted in full combat uniform. Piiobeginning the study, participants completed
a survey that asked about weekly training and edicneal exercising habits as well as
demographic and background information. Participavere instructed to consume a
standardized breakfast one hour before testingeandre that they were properly hydrated to
standardize their pre-testing calories and macramnitcontent. Anthropometric data were
collected at the beginning of the first visit te tlaboratory.

Participant Selection

Participants for this study were recruited fromtE2arolina University’s Reserve
Officer’s Training Corps (ROTC). They were curremtmbers of ECU’'s ROTC program or
officers affiliated with ECU’'s ROTC program. Paigiants were college-aged males ranging in
age from 18-25 years old. Eleven patrticipants weceuited for this study. Research by Pal et
al., 2009, Beekley et al., 2007, and Grenier e28l11, all completed their studies with 10 male
subjects. Bilzon et al., 2001 and Quesada et@00 2ised 12 male subjects and Patton et al.,
2001 used 15 male participants. Since females meeently admitted to serve in combat
positions, they were invited to participate in thigdy, although none did. This sample of

participants is accustomed to carrying loads, enftnm of a rucksack, as well as walking for



prolonged periods of time due to their ROTC tragniRarticipants were excluded from the study
if they had any current musculoskeletal injuriest tivould prevent them from walking for up to
two hours. This study did not limit the participgaol to a given height and weight so ROTC
members of all heights and weights were includetiénstudy. All procedures were approved by
the University Internal Review Board (IRB).
Equipment

In order to examine the \\QVCO,, VE and RER of each participant, the Parvo Medics’
TrueOne 2400 automated metabolic measuring sys&sruged. This is a compact, integrated
metabolic measuring system typically used for agrdimonary stress testing, indirect
calorimetry, and maximal oxygen consumption measerd¢. The machine was properly
calibrated before each participant. Participantseviited with a 2-way valve mouthpiece,
attached to a hose, which was connected ta #raeOne 2400 metabolic measuring system, Parvo

Medics, Sandy UT that was calibrated prior to testiccording to the manufacturer’s instructionse Th
gas tank consisted of 16% oxygen, 4% carbon dig@dé a nitrogen balance. A 3-liter syringe wasluse
to calibrate flow rate and flow meter prior to eaest. Height (cm) and weight (kg) was taken pioor

start of the treadmill tesParticipants wore the mouth piece during theflastminutes for every
twenty minutes of walking to obtain metabolic data.monitor heart rate, the participant wore a
heart rate monitor and watch provided by the FITilding. To determine hydration status of the
participant, urine specific gravity was measureging a refractometer, before and after each
testing session. Participants walked on a treagmoNided by the East Carolina University’s

Biomechanics Department (see figures 1-3)
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Figure 1
Treadmill used for testing

Figure 2
Environmental Chamber used for testing

Figure 3
Participant walking at the flat stage
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Measurement Protocol

Each participant completed a survey about curnedtpast ROTC training before testing
began (Appendix D). The survey asked questions aactHow many miles do you run each
week?” or “How heavy is your average rucksack?” phgpose of the survey was to determine
the amounts of physical activity participants ereghm each week as well as what types and
how much military training they perform each weaker completing the survey, height and
weight was recorded, using the Detecto scale atthththe wall. Height was recorded to the
nearest 0.1 cm. Weight was measured using a datraedical scale and measured recorded to
the nearest 0.10 kg. Body fat percentage was detediby Duel Energy X-Ray Absorptiometry
(DXA) located in the FITT buildingThe measurements were taken with a Lunar ProdéyaAce
Dual Energy X-ray Absorptiometry, General Electhtadison WI.Prior to using the DXA machine,
calibration was completed to ensure the machinddwdeliver a precise and accurate scan.
Before the scan, the technician entered the suj@eight, height, ethnicity, and gender into the
software. The participant then lay supine with itiheidy inside the rectangular reference box.
Subject’s ankles and leg were strapped togetheparittipant’'s hands and arms were placed as
close to their sides as possible making sure notéolap onto their body. The subject was
instructed to stay as still as possible duringstten that lasted between six to twelve minutes
depending on body type.

Participants were asked to arrive hydrated befach ¢esting day, which was confirmed
with urine specific gravity measurements. Also tiggrants were given a list of seven breakfast
meals, and asked to choose one and consume ituamé&imre each testing session. They were
asked to consume the same meal before each tesssmpn. The meals ranged in calorie content

from 250-350 calories. Examples of meal optionsuited 8 ounces of orange juice, one cup of

18



frozen fruit, one half scoop of protein powder, @nght to twelve ounces of water. Another meal
example was one granola bar, twelve ounces of @ daok, one string cheese, and eight to
twelve ounces of water. The walking portion of stedy took place in the environmental
chamber located in the Ward Sports Medicine Bugadinth temperature set to 50% humidity
and 20 degrees Celsius to eliminate temperatuaevasiable. When participants walked for two
hours, they were given a five minute water and besak 40 minutes and 80 minutes into the
walking session. Metabolic data was collected dytire last five minutes of each 20 minute
stage.

There were a total of four testing days. The fii@y tested participants without load to
establish baseline control measurements as wadl fasniliarize participants with the testing
protocol. Participants were asked to walk for altof one hour. They were randomly assigned
to the flat, -4% decline, and 5% incline and cortgaddeone-twenty minute stage at each treadmill
gradient. Metabolic data was collected with the,\WWaask during the last five minutes of every
twenty minutes. A five minute break was given betweach twenty minute trial on the first day
of testing without load. Participants walked apaed of 1.3 meters per second, which translates
to 3.0 miles per hour. Each day of testing waswgtted to be separated by one week. However,
due to outside commitments and circumstancesntedtlys were separated by anywhere from
three days to one month. On the second day ohtggiarticipants attempted to walk for two
hours. Participants were randomized to one ofdlewing conditions: 0% grade, -4% decline,
or 5% incline while carrying 30 kg rucksack. Sulggeerformed the remaining walking phases
on the third and fourth days of testing.

The treadmill gradients were chosen based on pusviesearch methodology. The 5%

incline was chosen based on research that exarmoédrate and higher inclines that used
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grades of 0, 3, 6, 9% as well as 5 and 10% (Lytoiat,e2005) and (Ricciardi et al., 2008). Both
of these studies used speeds of 2.5-3.6 milesquar MThe decline was chosen to determine the
energy cost while walking at a slight decline. Onfgter was permitted and no sports drinks
were allowed until after the walking was compl&aacks were also provided at the end to help
with recovery from the exercise bout. Participamese permitted to quit exercise if they became
too fatigued to complete two hour march. Sincegba was to have each participant reach the
two hour end point, verbal encouragement was usedgh the participants to walk until they
could not go any longer. Once participants verlealitheir fatigue and verbal encouragement no
longer proved to be effective, the test was terteithalf participants were able to walk for two
hours, the test was terminated after 120 minutes.
Statistical Analysis

For each participant, VOVCO,, VE, and RER were analyzed from the three days of
walking for two hours at the various treadmill geads with load. The JMP® and Microsoft
Excel programs were used for survival analysisoligh the JMP software, the nonparametric
method of using the Kaplan-Meier Estimator was uSég Kaplan-Meier method estimates
survival probabilities computed using a producttiformula (Kleinbaum, 1996). Survival
analysis is a collection of statistical proceddmeghe analysis of data in which the outcome
variable of interest is time until an even occurghis instance, reaching the 120 minute time
duration, or failing to meet that two hour time p@deinbaum, 1996). Censoring is a key data
analytical problem and occurs when some informagioout individual survival time is available
but the exact survival time is not known (Kleinbgurfi96). The data was right-censored
because the true survival time interval, whichasneally known, has been cut off, censored, at

the right side of the time interval, giving thewtsurvival time observed. The resulting Kaplan-
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Meier survival curves were compared to each othéetermine significance using the Log-
Rank test.

Survival graphs were created to determine sigmfiedfor the log-rank test which was
found at p < 0.05. The log-rank test of significamompared the three treadmill gradients to
each of the four metabolic variables. The log rasit is a large sample chi square test that uses
as its test criterion a statistic that provide®waerall comparison of the Kaplan-Meier curves
being compared (Kleinbaum, 1996). This determinadtiver or not significance was found
between each the flat, decline, and incline stagespared to the threshold cutoffs of one
variable. The survival graphs compared survivalpgcific time points, every twenty minutes of
the two hour test. After the data was analyzedglsetii plot graphs were created to depict the
metabolic variable among each of the individualse Tines were connected between missing
data points to further examine the slope of thediaver time. From there, a trend was observed
that those who did not finish the two hour test badrall higher metabolic measures than those
who were able to walk for the full two hours. Besawf this, threshold cutoffs were created
based on clinical predictions, to observe any gakimcreases in slope. It was hypothesized that
the slope of the lines would increase over timemdueach treadmill condition. Also, if a
participant had mean V\OVCO,, VE, or RER values above the determined threstiotthg the
first 60 minutes of the test, it was hypothesizeslytwould be more likely to end the test early.
Participants who did not reach the threshold cataftre believed to be able to walk further,
possibly for the entire two hour test. The thredrmltoffs were made essentially to create groups
so it was clear to differentiate between those didanot finish the two hour test and those who

did.
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Descriptive Statistics

CHAPTER 4: RESULTS

The participants were recruited from East Carolimaersity’'s ROTC program. Table 1

shows the subject demographics and training histdrg participants were all male, therefore

results cannot be applied to females, and theyalradan age of 21.3 + 2.3 years, ranging from

18 to 25. The mean height and weight of participavds 177.8 + 5.5 cm and 75.0 + 18.5 kg.

Participants weighed a mean of 77.5 £ 18.9 kg t#ir gear on, including their full combat

uniform and boots. Participants had a mean bodydatentage of 17.8 £ 4.0%, considered

healthy by the American College of Sports MedidiAESM, 2014). No relationships between

body fat percentage and exercise duration wererodde

Table 1

Participant Demographics and Survey Results

Characteristic Mean + SD Range
Age (years) 21.3+£2.3 18 - 25
Height (cm) 177.8+5.5 112.3-183.3
Weight (kg) 75.0 £18.5 56.5-93.5
Gear Weight (kg) 775+ 18.9 58.6 -96.4
University Year (yr) 2.63+1.36 1.3-3.99
Body Fat (%) 17.8+ 4.0 13.8-21.8
Years in ROTC (yr) 1.81+1.72 0.09-3.53
Days Ran 45 +0.93 3.6-54
(days/week)

Miles Ran 12.7+ 4.10 8.6 -16.8
(miles/week)

Resistance 3+ 1.26 1.7-43
(days/week)

Resistance 1.4+ 0.60 0.8-2
(hours/week)

P.A. per week 11.8+ 3.37 8.4-15.2
(hours/week)

Mean Ruck (kg) 23.9+ 10.09 13.8—- 34
Heaviest Ruck (kg) 37.9+17.48 20.4-55.4

2 Mile Run time 13.2+ 0.60 12.6 - 13.8

(mins)




According to completed surveys, participants ratb4 0.93 days per week and 12.72 +

4.10 miles per week. Mean ruck weight was 23.9 £98g and the heaviest ruck participants

had ever carried weighed 37.93 + 17.48 kg. No dat® collected as far as how long they have

rucked with a rucksack or the typical weights @ thck when they do go on ruck marches for

ROTC.

Figure 4
VO, across time during flat, decline, and incline treadmill stages
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Figure 4 shows V@levels for each treadmill condition. Of the thtesadmill gradients,

the incline condition had the highest Y@lues with the threshold set at 30 ml/kg/min.Fou

subjects surpassed the incline threshold in tlse 8@ minutes and did not finish the full test.

However, two of the three subjects who did finisé tull test for the incline did rise above the

threshold in the first 60 minutes. One subject Whished the test was able to stay under the
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threshold until around 80 minutes. The flat stag® Yhreshold was established at 25 ml/kg/min.
Four of the subjects who reached above thresholthéoflat stage did not complete the two hour
duration. Five subjects stayed under thresholdcanatpleted the full two hours. For the decline
stage, the V@threshold was set at 20 ml/kg/min. Two subjects wdached above threshold in
the first 60 minutes did not complete the full thaurs.

Figure 5
VO, across time during flat, decline, and incline conditions adjusted for fat free mass
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After correcting for fat free mass in an attempbbserve differences in \\elated to
body composition, no difference in ¥@as observed. Threshold cutoffs for M@ere set at

36.5 kg/FFM/min for the incline, 31 kg/FFM/min ftre flat, and 26.5 kg/FFM/min for the MO

decline. As in Figure 4, Figure 5 shows that thoke finished the two hour test were generally
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under the clinically set thresholds and those widmdt finish the two hour tests were generally

above the V@thresholds set for each condition.

Figure 6
VCO, acrosstime during flat, decline, and incline treadmill stages
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Figure 6 shows mean VGQevels for each treadmill condition. Once agdme, incline

was the most strenuous of the three gradientseas MCQ measures were higher than the flat

and decline stages. With the Vgicline threshold set at 27 ml/kg/min, four pagants passed

threshold in the first 60 minutes and then stoppedest at 60 minutes. One subject who passed

threshold in the first 60 minutes did finish thettbut only slightly exceeded the threshold. The

VCO; flat threshold was set at 19 ml/kg/min. Two papints surpassed threshold for the entire

test and lasted 60 minutes. Those who did finishfall two hours were either below or right at

the threshold and managed to walk the full two bolihe two subjects who ended the decline
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stage at 80 minutes were over the \\AkWeshold at 16 ml/kg/min VCQhreshold most of the
entire time at. Those who walked the full two howese mostly below this threshold.

Figure 7
VE across time during flat, decline, and incline treadmill stages
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Figure 7 shows that VE for each condition. As ieyious measurements, VE was

highest during the incline stage. The VE inclineeginold was set to 55 ml/min and four
participants who crossed the threshold in the @@siinutes did not finish the test. Those who
did finish were right below or right at the threkhorwo participants walked only for 60 minutes
and were under threshold, indicating they couldehgane longer but ended early. Thresholds
also could have been set at a level that may heee imaccurate. The flat VE threshold was set
at 36 ml/min, and three subjects who did not walktfie full two hours were over the threshold.

It is interesting to note that two subjects whasiired the test were above threshold. However,
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their minute ventilation stayed constant throughdte VE decline threshold was set to 29

ml/min. One participant was over threshold thererttme and did not finish the test. As in the

flat stage, even some participants who crosseghbid managed to finish the test.

Figure 8

RER across time during flat, decline, and incline treadmill stages
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RER produced different results than the other thieegbles. For RER, the incline

threshold was set to 0.86, indicating a mixturearbohydrates and fats being used as the fuel

source. Those participants who did not finish thiktést generally surpassed threshold. The

RER flat threshold was set at 0.84, also indicaséimgixture of carbohydrates and fats used as

the fuel source. Some participants were able tolstéow threshold and finish the test where as

some were not. The RER decline threshold was $e8atand there was variation between those



who finished the test and crossed threshold ansktiadio were below threshold and did not
finish.
Kaplan-Meier Curves

Kaplan-Meier curves were used to determine the torevent, or failure, for participants
who were not able to ruck march for the two howatlon that was asked of them for this study.
While some participants had to leave early forslasanother obligation, threshold cutoffs were
made in attempt to identify participants who did faeish the two hour test due to fatigue versus
an outside reason.

Figure 9
Kaplan-Meier Curve of time to failure by VO, threshold group between groups
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Figure 8 is the survival curve for \(@hat demonstrats significance between groups with
the Log-Rank test at 0.0098. Y@as found to be a significant measure for timfatoire. 100%
of particiapants made it to 40 minutes, but atbat,tthose who failed the two hour test began to
do so after 60 and 80 minutes respectively. Thdse aid not hit the V@threshold in the first
60 minutes and walked the entire two hour testéhadrvival rate of around 0.70 (Figure 8).
Those who did reach the threshold in the first @utes had a survival rate of 0.20. Those who

did not hit the VQ threshold had a higher survival rate than those eiti suggesting that those
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who did not hit the V@threshold were more likely to walk for a longeripd of time. There

was a significant difference in \letween those who failed and those who survivedwio

hour test.
Figure 10
Kaplan-Meier Curve of time to failure by VO, threshold group at flat phase
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When the data were computed to determine signiéedy the treadmill test, the flat
phase was found to be significant for M@ith p=0.0177. Those who hit the ¥@reshold
during the flat phase had a survival rate of 0f580eand 80 minutes. Those who did not hit the
VO, threshold during the flat phase had a surviva odt0.60 at the two hour time endpoint.
Similar to those who did not hit the d@reshold during the flat phase had a higher safvate

than those who did hit the \\@hreshold.
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Figure 11
Kaplan-Meier Curve of time to failure by VCO, threshold group between groups
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Significance for time to failure for VCQhresholds between groups was found at
p=0.0084. Those who did not hit the Ve&tbreshold had a survival rate of 0.70 and those wh
did hit the VCQ threshold had a survival rate of 0.20 indicatimgsie who did not reach
threshold had a higher survival rate.

No significance was found for VE and RER betwerugs as well as by test in the
Kaplan-Meier curves. Significance was also not tbtor VO, by test for the decline and incline
as well as VCQ@Dby test for the flat, decline, and incline.

Table 2
Number of times participants reached thresholds

VO, VCO, VE RER
Subject ID Thresholds  Thresholds Thresholds Thresholds
Yes Yes Yes Yes

1014
1409
1472
1966
2020
3083
4888
5002
6328
7798
9991

1

OO ONOWONPEFLOPR
OPRPOWOWrWFrOO
ONPRFPEFRPRWWEFLDNNO

O WNDNNWOWWNO

VOZ: Oxygen uptake
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VCO : Rate of elimination of carbon dioxide
VE: Ventilation exchange. The exchange of gasestlinoxygen and carbon dioxide, during the passégér into and out of respiratory
passages.

RER: Respiratory exchange ratio. The ratio of carthioxide to oxygen uptake.

Table 2 shows the number of times each participgathed the V@ VCO2, VE, and
RER thresholds. Participants hit the RER threshwdmost, followed by VE, VCand VQ
thresholds. No significance was found for the VB &ER thresholds when those who went
above it were compared to those who did not. Omcgzant, ID 3083, hit the thresholds every
time. He was not able to walk longer than 60 miadite each of the three tests. Participant 9991
only completed the decline phase and did not réagshold. This participant withdrew from the

study for medical reasons. Participant 2020 onipgleted the flat stage and did not reach

threshold.
Table 3
Percentage of participants who did or did not hit thresholds

Decline Flat Incline
Thresholds Percentage (%) Percentage (%) Percefitgge
VO, No 72.73 81.82 63.64
VO, Yes 27.27 18.18 36.36
VCO; No 72.73 54.55 63.64
VCO;Yes 27.27 45.45 36.36
VE No 54.55 45.45 54.55
VE Yes 45.45 54.55 45.45
RER No 45.45 36.36 36.36
RER Yes 54.55 63.64 63.64

VO : Oxygen uptake

VCO : Rate of elimination of carbon dioxide

VE: Ventilation exchange. The exchange of gasestlnoxygen and carbon dioxide, during the passégér into and out of respiratory
passages.

RER: Respiratory exchange ratio. The ratio of carthioxide to oxygen uptake.

In Table 3, thresholds were set in attempt to deter when participants were more
likely to fail or not complete the two hour timerdtion. Table 4 shows the percentage of
participants who did and did not reach threshotdVie,, VCO,, VE, and RER. For V&)
36.36% of the participants hit the threshold dutimg incline stage. Next, participants hit the

VO, threshold 27.27% of the time during the declingestd he flat stage had the lowest
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percentage of participants who did reach and didewsch threshold. For the decline, seven
participants walked the entire time whereas thidendt. For the flat stage, five participants
completed the two hour duration and five did nateilithough more participants completed the
two hour decline stage, more of them reached tbtdghan during the flat stage.

For the VCQ measure, the number of participants who reachedebline and incline
thresholds was the same at 27.27% and 36.36% tasggcMore participants reached the flat
stage VCQthreshold than the VQhreshold at 45.45% compared to 18.18%. More @péants
reached threshold for the flat stage compareddaritiine stage as well at 45.45% versus
36.36%. For VE, more participants reached thetflashold as well. The percentage of those
who reached the decline and incline thresholdstivesame at 45.45%. Lastly, for RER, those
who reached threshold were the same for the fldiraline stages at 63.64%.

In conclusion, spaghetti plot graphs were cretdegkamine not only if a change in slope
was observed but if participants who ended the temtly did so because they reached above the
clinically predicted thresholds, suggesting papticits may have been fatigued. There was no
linear increased observed in the first or second bbtesting as was hypothesized and a steady
state condition was in fact detected. The spaighletigraphs also were indicative of which of
the tests was the most and least challenging doavimg higher or lower threshold cutoffs. The
incline proved to be the most physically challeggiest as it had the highest threshold, followed
by the flat and then the decline condition, proviadpe the least physically challenging. The data
was also treated with Kaplan-Meier survival curieedetermine significance between those who
were able and unable to finish the tests, as gdfl the treadmill conditions were significantly
different from each other. VGand VCQ proved to be significant between groups of thoke w

finished and did not finish for time to failure. Y€r the flat phase proved to be a significant
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measure of time to failure for the treadmill gradge VE and RER were not significant.
Therefore, the hypothesis that metabolic cost as®e over time was not supported as steady
state was observed. Also, the decline proved tihndéeast physically challenging test out of the

incline, flat, and decline conditions.
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CHAPTER 5: DISCUSSION

Military missions require personnel to walk for extied distances under heavy loads
which exact a high metabolic cost. Shorter durasimalies have assumed a steady state
condition occurs for the metabolic cost at a gilead or speed, meaning that service members’
hourly energy expenditure will be the same throwgmearching (Epstein et al., 1988). Few
studies have examined energy cost during prolomggking under load and those that have
researched endurance load carriage have produadittiog results. When carrying a 25 kg
load, no linear increase in VO2 was observed bulevdarrying a 40 kg load, a significant linear
increase was in fact observed (Epstein et al., 19B8this study, it was first hypothesized that
energy cost with a 30 kg rucksack would increageicantly between 60 and 120 minutes for
each treadmill condition compared to the first Gautes of walking. Secondly, the incline was
hypothesized to be the most challenging testwastthought to result in the highest thresholds
for VO,, VCO,, VE, and RER. The decline was hypothesized to hia@ext highest thresholds,
followed by the flat condition.
Participant Demographics and Training History

The participants in the current study were notuied based on various characteristics
like height, weight, and body fat percentage ayg there in the Patton et al., (1991) & Epstein et
al., (1988) studies. Also, participants in the jpvag studies had relatively the same amount and
level of physical activity training, allowing theta have similar aerobic capacity measures as
well as the physical ability to carry out prolongedlking with load tests. Participants in this
study varied in their training, physical activignd deployment tours, as two of them had been
deployed previously while some were in the middléheir first year of ROTC. The lightest

participant weighed 61.05 kg and the heaviest@pént weighed 89.13 kg, a difference of



28.08 kg. Participants also ranged in height frafd tb 183 cm. Body fat percentage ranged
from 11.5%, considered healthy, to 23.8%, constiehghtly overweight. Perhaps height,
weight, and body fat percentage may have impactgdseme participants could walk the full
time and some fatigued faster. Also, since twdefgarticipants had not carried weight over 27
kg, they were not trained to handle the level oigivethat was asked of them in this study.
Participants volunteered for this study and werepted based on their desire to complete the
study. The only exclusion criteria were if partaifts had a current or past musculoskeletal
injury that would have prevented them for walking fwo hours under load. Had stricter
participant demographics been set in place, a imonmgogenous sample could have been
recruited and the results may have shown diffgpatterns.
Hypothesis 1. Energy cost, as measured by VO,, VCO,, VE, RER, with a 30 kg rucksack, will
increase significantly between 60 and 120 minutes for each treadmill condition compared to the
first 60 minutes of walking

Contrary to our hypothesis, there was no increasled metabolic variables during the
second hour of the two hour sessions. These dateoassistent with previous research that
assume a steady state condition occurs betweem@Drhinutes into a walking with load bout
and continues throughout two hours of walking uridad (Pal et al., 2009 & Quesada et al.,
2000). In a marching study lasting 40 minutes,igaiScant increase in metabolic cost was
found for VOnmax VE, and VCQ under load, which is consistent with results o gtudy
(Quesada et al., 2000). Beekley et al., (2007)dsaticipants walk for 30 minutes with heavy
loads of up to 70% of an individual’s body weightlssystematic increases in Yénd VE were

not observed, consistent with results from thislgtu
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Two studies that examined prolonged load carriagented mixed results. One study did
not use military participants but used moderateliva men and a distance of 12 km instead of a
time endpoint. Their results showed that\MdDd VE increased significantly during prolonged
walking upwards of 200 minutes while carrying load$1.5 and 49.4 kg, which differs from
the results of this study (Patton et al., 1991guFes 4-7 from this study show instances in which
metabolic variables increase very slightly butinad linear fashion and were insubstantial.
Another load carriage study lasted two hours iratian and used six highly endurance trained
non-military men walking under two trials, with R§ and 40 kg of weight. Consistent with this
study, no significant changes occurred in\&Dd VCQ while carrying the 25 kg load, a mass
similar to that used in this study. However, unither same conditions with 40 kg of weight,
significantly higher energy costs were noted ardeahergy cost per kg gradually increased over
time in a linear fashion (Epstein et al., 1988)e B0 kg of weight used in the present study may
not have been enough to elicit such a linear irsg@s was hypothesized. Perhaps a heavier load
was needed to observe an increase in energy neatlly over time. Participants who are used to
carrying heavier loads (30 kg and higher) may beemepresentative of military trained
personnel and would be able to handle the load mficzently than those in this study did.
VO,

VO, was found to be a significant measure for timfatioire based on the Kaplan-Meier
Curve of time to failure by V@threshold group was significant between grougs=8t0098
showing thathere was a significant difference in Y@etween those who completed and did not
complete the two hour testing sessions. When amgyhe VQ by the incline, decline, and flat
conditions, the flat stage was found to be sigaiitconly for with p=0.0177, showing that there

was a significant difference between those who vabte and unable to reach the two hour time
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point during the flat stage. Six participants wenable to complete the two hour walking time
and three were able to reach the two hour endpminbe incline. For those who did not finish,
an upwards trajectory was observed at the timaibfre. If these participants had been able to
walk longer, perhaps a linear increase i, Would have been observed. In a previous study
lasting two hours in duration, ruck marching withlidy over a level surface did not show an
increase in VQor VCO2. Only when rucking with a heavier weightd0 kg did a linear

increase become apparent (Epstein et al., 1988& participant surpassed the threshold for the
incline but was still able to walk for two hoursh@ same participant had a slight upwards
trajectory over time and the other two participatitsnot. Out of the three who completed the
incline stage, they ranged in height, weight, ame, body fat percentage, as well as their level of
physical activity and ROTC training.

Although this study did not measure ¥ those who were not able to finish the two
hour test due to fatigue could be in part due ¢of#lct that they may have been exercising at an
intensity equivalent to more than 50% of their )& during the incline. Previous research has
shown that well-trained men are unable to walk utad for prolonged periods at or above
50% of their VQnax and even working at an intensity that exceedd4@%-of VOnmaxmay elicit
fatigue in some individuals (Patton et al., 199hose who did not finish the incline reported
this was a result of fatigue. A few instances exisén participants could have finished the
study, specifically for the flat and decline stadast were unable to do so because they had to
leave early or were not feeling well, which may éaktered the results. Participants could have
been better informed as to how long the study weakd from start to finish so they knew when
to schedule the test during a time that worked toeghem. This suggests thresholds could have

been adjusted to differentiate between those whshied and did not finish the two hour test
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during the decline. However, no increases i, M@re observed during the flat condition. For
the decline condition, one participant who did fiaish the test appeared to have an upward
trajectory for VQ. For the other participants, whether they didstmnor did not finish the decline
stage, were just at or below threshold.

Since VQ thresholds for this study were set at 20, 25,3hdl/kg/min for the decline,
flat, and incline stages respectively, participamt® started at or exceeded these thresholds in
the first 60 minutes may have reached anywhere 86:80% of their VQnax which could
explain why they were not able to finish the twahstudy. Also, when V@©was corrected for
fat free mass examine if body composition couldeheantributed to V@ no difference was
found. This means that those who did not finish aloadve threshold when \\vas measured in
ml/kg/min were no different than when Y@as measured in kg/FFM/min, suggesting body
composition did not appear to have an impact on.\B@De to the small sample size and lack of
power, body composition may not have been sigmficgtudies with a larger number of
participants may observe differences inM8lative to body mass and fat free mass. Those who
were not able to finish the two hour tests werdficient in their walking which could have
contributed to the early finishing time. Those where more efficient while walking may have
been able to walk for longer.

A short duration study, lasting 50 minutes, foungamVQ measures of 18.8 £ 1.7
ml/kg/min while walking at a slow pace of 2.4 milgsr hour while wearing an unknown weight
of body armor (Ricciardi et al., 2008). This is qmarable to the decline \\@hreshold of this
study set at 20 ml/kg/min while walking at 3.0 rsijger hour. Also, with the 31.5 kg load and a
speed of 1.35 meters per second, comparable ®0tkhg and 1.3 meters per second speed

chosen for this study, mean Y@neasures ranged from 17.1 + 0.5 ml/kg/min to 8.9
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ml/kg/min (Patton et al., 1991). This is closette 20 ml/kg/min V@ threshold that was
observed for the decline condition. Lastly, wherkd®f load was carried for two hours in a
previous study, mean \\Gtarted out at 17 ml/kg/min twenty minutes inte tast and increased
linearly until reaching about 18.7 ml/kg/min afie&20 minutes while walking on a level surface
(Epstein et al., 1988). This is comparable to thelide threshold set at 20 ml/kg/min but is
lower than the 25 ml/kg/min threshold the flat stagas set at. Participants in the previous study
were six healthy, highly endurance trained males whre in better physical condition than the
majority of participants in the current study. Téfere, a major finding of this study was that
many East Carolina University ROTC members in slaisiple could not ruck march for two
hours with 30 kg of load at various gradients etrerugh military missions may require this of
them.

VCO,

VCO, proved to be significant for time to failure thnefds between those who were able
and unable to walk for two hours at p=0.0084 fbcahditions. Five participants who did not
finish the incline had upward trajectories at tinget of failure. One participant who did not
finish the incline was not only under threshold appeared no show no increase in \CO
indicating he may have been physically able to viatiger. Similar to V@, three of the
participants were able to walk the full time andiyasne out of those three had an upward
trajectory over time. For the flat condition, twarpcipants were under threshold but finished
early. In this instance, had they allowed more tonehe flat testing day, they may have been
more likely to finish. Other participants remairegcor below threshold and were able to finish
the study. Only one participant was above threshoitistently during the flat stage, but was

stable over time and did not finish the flat coiatit During the decline, two participants were at
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or above threshold and did not finish this conditim general, the majority of participants were
under threshold and VGQ@lid not increase in a linear fashion. No overadrease in VC@was
observed as the majority of participants startedabthe initial VCQ measure. Those who had
higher initial VCQ means were more likely to fail the event than ¢heko had lower VC®
means.

Perhaps 30 kg used in this study was not enoughdibthe linear increase observed in
previous research (Epstein et al., 1988 & Pattal.e1991). Although participants in this study
could not efficiently ruck with loads heavier tha@ kg, another sample of participants who are
used to carrying heavier loads on a regular baaispnoduce different results. However, none of
the literature reviewed in this document has regabrésults on VCO2. Only one study examined
the ratio of VCO2 to VO2 as a measure of obtaiffitR (Quesada et al., 2000).

VE and RER

Due to the small number of participants who weie &bwalk for the full two hours
during each treadmill condition, limited data armmdver could explain why VE and RER were
not significant between those who made it to the imur endpoint and those who did not. VE
and RER were also not significant when examinethbyincline, decline, and flat conditions.
Quesada et al., (2000) reported no significanc&®tIR when participants walked with load for
40 minutes finding that RER ranged from 0.80 td0MXhout a linear pattern. This is similar to
the current study where RER oscillated betweerdéwdine threshold of 0.80 and incline
threshold of 0.86. Conversely, when walking at sigesf six km/hour, Beekley et al., (2007)
found RER ranged from 0.85 to 0.95 with varyingde®ased on percentages of the individuals’
lean body mass. This numbers are higher than weeradd in the current study because

participants were walking faster. When RER was erad) there was a high degree of
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variability among participants reaching and nothaag threshold. This variable is heavily
influenced by meal composition prior to testingrtiegpants were instructed to eat the same
meal an hour before each testing session, butvissnot monitored. Even those who were able
to finish the test had threshold spikes in thé B& minutes for RER. For VE, participants who
were able to walk for the full time also reacheckihold or stayed consistently above threshold
during the first 60 minutes or the entire testthlis instance, perhaps the thresholds could be
adjusted to account for this discrepancy. Questdh, €2000) examined VE under various loads
during 40 minutes of walking. At the heaviest 10a0% of participants’ body weight, VE
reached steady state after ten minutes aroundrBLThe incline threshold was set to 55

L/min in the current study, comparable to the syestdte VE found previously.

Thresholds were created in an attempt to determire:n a participant would be more
likely to fatigue. However, the thresholds estdi®is$ are unique to this sample and could be
clarified further in future research. In generhbde who were able to walk for two hours showed
steady state among the majority of the metaboliampaters. Those who had elevated metabolic
parameters did not finish the two hour sessionso Adince seven participants were not able to
walk for two hours during each condition, this stuxday have been too physically exhausting
for the recruited sample. One study found simiguits in that five out of fifteen participants
could not complete the load carriage trials usi@gt&g. In this study, participants were asked to
walk upwards of 175-200 minutes on a level surtaog results showed that Y@nd VE are not
constant but increase significantly during prolahgealking with external loads (Patton et al.,
1991). This was a heavier load than was used iosuhent study. Also, another study had 34
participants walk with and without load walkingaaslow pace, 2.4 miles per hour, and a

moderate pace, 3.8 miles per hour (Ricciardi ¢28I08). Six participants were unable to walk at
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the moderate pace without load for 50 minutes andéen participants were unable to walk at
the moderate place with load (Ricciardi et al.,@0@ different study examined varying loads
based on the percentage of the individual’s leatylmoass and found that four participants out
of ten quit of their own volition (Beekley et a2007). When the dropout was examined further,
two participants were significantly shorter thaa tithers and two had significantly higher
percentages of body fat than the others (Beekl@ay.,€2007). This is an interesting finding that
could be applied to the current study give moresttmanalyze participant demographics. Lastly
this is the first time, to our knowledge, of suaicurves and cutoff thresholds being used to
differentiate between participants who were abl& @mable to reach the two hour duration of the
different gradient conditions.

Despite differences in participant demographiesiuding height, weight, body fat
percentage, physical activity level, and ROTC frajnthe results from this study show that
VO,, VCO,, VE, and RER were relatively stable over time. §&aho did not finish started out
at or close to threshold, and those who did fisistyed under threshold for duration of test.
There was no large linear increase over time inddrige metabolic measurements as
hypothesized. Based on the two participants wh&edafor two hours on each testing day, the
mean values collected during the first 60 minufesalking may be predictive of the last 60
minutes of the walking time period although notaety. It was hypothesized that YO/CO,,
VE, and RER values would increase signifcantlyrafie first hour, but results indicated that
this was not the case. For the most part, the Masavere reasonably stable throughout the
study. Those particpants with higher metabolic mesants, at or above threshold, were more

likely to end early due to fatigue than those wlimained under threshold.
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No significant increase in metabolic parameters oleerved for a variety of reasons.
Many studies have examined energy cost and loaihgarin relation to one’s body mass, while
few have examined energy cost of load carriage twer with a fixed load independent of one’s
body weight. Military load carriage practices aengrally not based on soldier weight. This may
account for why some participants were not ableit& with the load. In a few instances,
according to Figures 4-7, some participants whaedrnbe test early did so because of fatigue
and their metabolic parameters end with an upwaijddtory. Perhaps if they had been able to
walk longer a linear increase would have been eeserAlso, some participants had more
military training and were in better physical shap&n others as shown in Table 1. Generally,
those who were in better physical condition did neaich threshold and were more likely to
finish the two hour tests. Since no linear incresas observed, the mean metabolic parameters
during the first 60 minutes predicted the trajeet®during the last 60 minutes, although not
perfectly. To be consistent with previous findinggre power was needed to determine
significance of a linear increase over time (Paébal., 1991 & Epstein et al., 1988). Only two
participants completed the two hour tests undehn é@admill condition. If more had been
physically able to complete each test, perhapsrmifit trajectories would have been observed.
Also, since participants walked in an environmentamber with the temperature controlled at
40 degrees Celsius and humidity controlled to 50fis,may have eliminated an increase in
metabolic cost over time. To our knowledge thithisfirst time an environmental chamber of
this nature was used to examine the energy cosilbhry personnel walking for upwards of

two hours under load.
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Hypothesis 2: Theincline will be the most physically challenging as the thresholds for each
metabolic value are hypothesized to be the highest during this stage followed by the decline
stage, followed by the flat stage.

As hypothesized, the incline was the most physiadiblienging test, producing the
highest thresholds for VOVCO,, VE, and RER. However, the flat stage was thersgooost
challenging and the decline the least challenifig.our knowledge, this is the first study that
examined these four metabolic variables duringodopged walking under load bout using a
load in military trained participants. Furthermareasearch has not examined threshold cutoffs
of military personnel data similar to that colletia this study, nor has previous research
compared incline, flat, and decline conditions ¢étetimine differences in metabolic cost. Incline
and flat conditions have been examined, but natlation to each other (Lyons et al., 2005 &
Patton et al., 1991 & Epstein et al., 1988). Addtdlly, this is the first study that examined how
a decline condition may differ from incline andtftmnditions.

VO,

According to results of this study, the incline hiad highest threshold set at 30
ml/kg/min followed by the flat stage at 25 ml/kghriollowed by the decline condition at 20
ml/kg/min. The incline was the most physically daaging test as having the highest threshold
as well as the highest mean ¥@easures. This is consistent with results of araitudy that
showed VQ increases as the gradient increases 0 to 9% (Lstoals, 2005). Significant
demands are placed on the cardiovascular systemgdoclined walking. As a result, metabolic
demands also increase with inclined walking. Adinecof 5% was used based off of research
examining inclines from 3-9% (Lyons et al., 2006)%5% incline was thought to be moderately

high enough to show a metabolic difference betwikerilat and decline conditions yet a
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manageable incline for 2 hours of walking. For gample of participants, it may have been too
high and placed too much stress on their cardiatassystems, inducing early fatigue. During
the incline condition, load carriage may reducekymerformance and increase fatigue. Since
scheduling participants proved to be more diffithéin expected, two out of the five participants
who did not complete the flat stage reported thmydhave gone longer but had to leave early
for class. Having more time to complete the studybd have given participants the opportunity
to reschedule during a time they could devote ¢ottvo hour walking duration. Since
participants who were able to walk for the two hduration at the flat stage were at or even
above threshold, this suggests thresholds could bhegn adjusted to differentiate between those
who finished and did not finish the two hour téststly, the decline was the easiest condition
resulting in the lowest threshold for YO

VCO,

As was observed for VQthe incline proved to the most physically chalieny test,
producing the highest values for Vg§&t 27 ml/kg/min, followed by the flat condition s 19
ml/kg/min then decline condition at 16 ml/kg/mirhd decline stage appeared to be the least
challenging test with thresholds set at the lowastl for VCO,.. The flat stage was hypothesized
to be the least challening test, but results pratadrwise. Seven participants were able to walk
for the full two hours at the decline stage wheffeasparticipants walked for the full time at the
flat stage. Downhill walking was hypothesized tonbere difficult than level walking because of
the muscle fatigue that comes with the eccentrisunlar contractions associated with walking
downhill (Minetti et al., 2002). The decline colldve been the least fatiguing condition because

a greater recovery of elastic energy could be mesipte for the increased economy (Minetti et
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al., 2002). To our knowledge, this is the onlydstthat examined the energy cost of declined
walking with a fixed load, lasting two hours in dtion, using military trained participants.
VE and RER

Both VE and RER followed the pattern of Y&nd VCQ as the incline had the highest
thresholds, 55 L/min for VE and 0.86 for RER. VIEet$holds were set at 36 L/min for the flat
condition and 29 L/min for the decline conditiomrVE, previous data observed that steady
state began after approximately 10 minutes of waglkinder load (Quesada et al., 2000). With
the exception of the incline, the majority of pafants stayed under or just around threshold
during the decline and flat conditions for VE. Hoe incline, more particiaptns were likely to
fail the event as their VE means were generallyalibreshold. For RER, the flat condition had
a threshold of 0.84 followed by 0.80 for the deeloondition. One study examining RER
determined that energy expenditure was measurgeady state with a RER less than or equal
to 1, which supposes that the walking under loaddcbe maintained over time (Bastien et al.,
2005). However, it is possible that the energy owsy increase due to muscular fatigue (Epstein
et al., 1988). RER has not been examined as thblpag VQ, potentially due to the variability
that was observed in this study. The threshold&®RR were relatively close together and
therefore difficult to determine due to the variaysvard and downward trajectories of the data.

Limitations

This study used ROTC participants because they thergght to be more physically
active and are trained to walk with loads. Howepaerticipants varied in their ROTC training,
physical activity level, and military backgroundata on heart rate was collected but due to
timing it was not able to be analyzed. These datédchave aided to our understanding of how
physically exhausted participants were and at wkatentage of the maximum heart rate they

were at when they chose to end the test or whenrdaehed the two hour endpoint.
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This study also limitations due to outside factbia could not be controlled. First, since
many subjects were unable to complete the protheelto fatigue, the data analysis was
complicated by failures. There was not enough pdaweletermine significance between the two
hour tests when only two participants completedésé Also, some participants left early for
reasons other than fatigue. Specifically, for thelihe and flat testing sessions, it was not
explained enough as to how long the entire tekesftam start to finish. Participants were asked
to walk on the treadmill for two hours but the emtime they came in for testing took anywhere
from two and a half hours to three hours if thealkgd for the entire time. Therefore, some
participants had to leave early for prior obligasoTherefore, some participants specifically for
the decline and flat conditions, were unable tcsfirthe two hour tests due to time constraints.

Despite ROTC training, some participants had neweked with weight greater than 27
kg, and this study required them to carry 30 kgoAparticipants of any height and weight were
permitted to participate in the study but were exg@ to carry the same weight. Two
participants in particular had a difficult time ah three testing days with weight. The first one
weighed the least out of all of the participants. dtruggled each day of testing and never made
it past one hour. The other participant was ovegiveand reported that his physical training was
not as great as it has been in the past. It isialecesting to note that two participants havenbee
deployed. One of them went the full time for evesst, and the other one did not go the full time
on two of his testing days. Testing days were aitodik separated by one week to avoid
delayed onset muscle soreness, but participants uveble to follow this regimen due to
scheduling conflicts. The shortest time betweetstess three days and the longest was almost

two months.
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Participants were instructed to choose from a stahzed pre-testing meal and to
consume the same meal one hour prior to arrivingdch day of testing. Most likely this was
not adhered to because it was not monitored. Whlkadabefore each testing session if
participants had eaten the same meal an hour bedoneng in, some had complied and some
had not. Since meals were not monitored, variatibke could partially explain why RER did
not show significance over time and between testorglitions. Participants were also instructed
to avoid exercise, especially lower body exerdisdore each testing session under load. At least
two participants came to their testing sessionsniggperformed a lower body resistance training
workout the day before, which they contributediteitt failure to walk for the full two hours.

Possible improvements could be made to the studctease the power and significance
of data. The sample size was also small, with elevteo attempted the study and nine who
completed each testing day. A larger sample siadduvoe ideal. While the environmental
chamber controlled for temperature and humiditgessive noise distracted some subjects.
Also, performing a V@naxtest would have been more appropriate than haanicipants
complete one twenty minute session at each gradiémbut load. Having the participant’s
VO2maxWould have allowed for analysis to examine whateetage of their maximal oxygen
consumption they were working at during the loadliage days and it would be easier to
determine those who failed to walk for two hourg di fatigue versus outside reasons. A lactate
threshold test, using a finger prick to draw blooal)ld have been an even better measure of
fatigue.

Future Research
This is one of the few studies that examined enexgpenditure in military participants

lasting two hours in duration while carrying a hg#ad. It was hypothesized that the metabolic
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variables would increase over the two hour timegaerespecially after 60 minutes, which would
be consistent with the findings of Epstein et(@988) and Patton et al., (1991). However, this
was not observed and a steady state was obserheh i more consistent with findings from
Quesada et al., (2000) that lasted for a shortextidm. Due to the varied characteristics of the
participants in this particular study, future seglcould look at a sample of participants who are
more similar, with around the same body fat pe@gat height, weight, and physical training
level. Studies could also be done with better gdimilitary participants, who have more
strenuous physical training than the ROTC cadesat Carolina University. Since many of the
participants in this study were not used to rucKorgupwards of two hours, those in the Army,
Navy, or Air Force, who are used to long duratiockrmarches, may be a more appropriate
sample. Those who have more military training meyobtter able to safely and efficiently ruck
with loads of this weight, but the results fromngstrained personnel still may not result in an
observable increase in metabolic parameters. Timbic@tions of load, speed, and gradient in
this study may not be taxing enough to see incesimseetabolic cost and therefore the duration
of walking may need to be extended to see if irs@sare observed even after two hours. Also,
since this was a small sample, future researchddook at a larger number of individuals. The
participants in this study were all male so sireradles were permitted to fight at the front of
enemy lines over one year ago, future work coubdyae if there are any differences for males
and females. Also, this study only focused on & f##6 decline, and 5% incline. Future research
could examine the energy cost of load carriageffarent inclines and declines to determine if a
truly steady state or linear increase exists batvmeetabolic cost and prolonged walking. Also,
in order to further examine if participants wendyrfatigued, a lactate threshold test could have

been performed to determine the exercise inteasiyhich lactic acid starts to accumulate in the
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blood stream. At higher exercise intensities, sagkhat of this study, a simple finger prick of
blood could have determined when the lactate levée blood reached anaerobic threshold, or
the onset of blood lactate accumulation, suggesttigue was induced. Lastly, since the test
was stopped after two hours of testing, futureaegecould extend that time point to determine
how long participants can walk for until they redatigue, whether it is in fact two hours, three
hours, four hours, or longer. If the time comporismemoved, perhaps a more accurate time to
event would have been observed. Data collectésismature may be more representative of
military ruck marching in the field and could h&pmmanders set even better combinations
based on load and speed given the duration ofkamacch to battle destinations.
Summary

Overall, the hypothesis that a linear increase Wael over time and especially during
the second hour of testing was not supported &esaa\s state condition was observed. Also, the
incline did in fact prove to be the most challerpaf the treadmill conditions, followed by the
flat, then the decline condition. It was hypothesithat the 30 kg load in this study would be
heavy enough to elicit an increase inY®CO,, VE, and RER, which was consistent with
results from a study lasting the same amount of timder a 40 kg load. Our results showed that
the 30 kg load prompted a steady state like regponhat no linear increase was seen over time
and especially during the second hour of the Eagthermore, the incline was hypothesized to
be the most physically challenging test, whereag#tline appeared to be the least physically
challenging, although the flat stage was hypotlegkin be least physically exhausting test. The
role of load carriage on energy expenditure igpéctof study especially important to the military
so guidelines can be set as to the appropriatednddpeed given a certain terrain or gradient.

When soldiers perform strenuous ruck marches witbawy load, it is essential that they are
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able to efficiently execute military tasks so aatoid injury and fatigue. Military effectiveness
may be compromised if soldiers are asked to calop@ and walk at a speed over various
terrains that may induce fatigue. Estimating théatelic cost of heavy load carriage during
prolonged walking is essential to ensure militasks are carried out as successfully as possible.
Our results suggest that this sample of ROTC ppaiits fatigued earlier than hypothesized and
were unprepared to carry weight for prolonged pkyiof time lasting upwards of two hours.
Significant results indicate that VO2 and VCO2 rbaypredictive of failure and are important
metabolic measures to examine in military persanvietabolic cost over time is critical for
military commanders to create optimal conditionsoald and speed given terrain, gradient, and

surface in order to ensure military combat effemtiess is not compromised due to fatigue.
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APPENDIX B: INFORMED CONSENT

East Carolina University Informed Consent to Participate in Research
Information to consider before taking part in research that has no more than
minimal risk.

Title of Research Study: Energy Cost of Load Carriage on Marching in ROTC Subjects
Principal Investigator: Sara M. Krajewski

Institution/Department or Division: Kinesiology

Address: 103 FITT Building, Greenville, NC 27858

Telephone #: (216) 387-0371

Researchers at East Carolina University (ECU) study problems in society, health problems, environmental problems,
behavior problems and the human condition. Our goal is to try to find ways to improve the lives of you and others.
To do this, we need the help of volunteers who are willing to take part in research.

Why is this research being done?

The purpose of this research is to determine the energy cost of walking with a heavy 30 kg load for long periods of
time in ROTC military trained undergraduate male and female students. This research is significant because the
resuits can help officials create recommendations for the amount of ioad soidiers are expected to carry for up to two
hours with minimal risk of injury or fatigue at different gradients. The decision to take part in this research is yours to
make. By doing this research, we hope to learn how energy costs change over long periods of time (up to two hours)
while carrying a 30 kg rucksack across different treadmill grades during flat, incline, and decline phases. Your
participation is voluntary.

Why am ! being invited to take part in this research?

You are being invited to take part in this research because of your interest in response to the flyers posted around
East Carolina University’s campus. The amount of time it will take you to complete this study is four days.
The first day you will be walking for one hour. One week later you will be coming in for the second day of
testing and walking for two hours. One week later you will be coming in for the third and last day of testing
which will last two hours. One week later you will come in for the final day of testing, lasting two hours.
There is total of four days of testing for a total of seven hours and you will be compensated for your time. If
you volunteer to take part in this research, you will be one of about 15 people to do so.

Are there reasons I should not take part in this research?
[ understand I should not volunteer for this study if I am under 18 years of age or have any current or past
bone or muscle injuries that would prevent me from walking for up to two hours per exercise session.

What other choices do I have if I do not take part in this research?
You can choose not to participate.

Where is the research going to take place and how long will it last?

The research procedures will be conducted at 245 Ward Sports Medicine Building, Greenville, NC 27858. You will
need to come to the Human Performance Lab located on the third floor of Ward, in the Exercise Physiology
department, for each day of testing during the study. The total amount of time you will be asked to volunteer for this
study is 7 hours total over a total of 4 separate visits over the next 4 weeks.

What will I be asked to do?
You are being asked to do the following: You are being asked to first fill out a survey asking you a variety of
questions based on your ROTC exercise training as well as some brief questions about your general health.
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e After completing the survey, basic height, nude weight, and a dual x-ray absorptiometry scan
will be completed. The DEXA scan will cause you no harm but you will be exposed to some
radiation, although minimal, and comparable to a round-trip airplane flight from Chicago to
Paris. A urine sample will be collected before you begin testing and after you complete
testing on each day to check your hydration status.

e The first day of testing will require you to walk for one hour on the treadmill. There will be
three stages lasting fifteen minutes each. You will walk on a flat surface, at a 0% incline, 5%
incline, and decline phase. You will be wearing a mask during the last five minutes of each
15 minutes that fits inside your mouth that will measure gases you inhale and exhale

e On the second day of testing, you will walk on the same treadmill for a total of two hours at
both at the 0% incline, 5% incline or at a decline phase.

The third and lact dav nf tactine will raanire varn ta wall
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again for
0% incline, 5% incline, or decline phase.
e The last day of testing will be the time when you complete the treadmill gradient that you

have left.

e You will be wearing the mask to measure gases for all four testing days. You will be given a
5 minute rest and water break after 40 and 80 minutes of walking, or at any time you request
one.

What possible harms or discomforts might I experience if I take part in the research?

There are possible risks (the chance of harm) when taking part in this research. These risks include muscle soreness
resulting from walking at the various inclines or declines. However, each testing day will be separated by one week so
you will have time to recover from any unforeseen soreness. It will also be made sure that the testing days will not
coincide with any ROTC training you will need to perform. Your body composition will be measured using dual
energy x-ray absorptiometry (DEXA) technology, a state-of-the-art method that uses very low intensity x-rays. The x-
ray exposure from DEXA is minimal and comparable to a round-trip airplane flight from Chicago to Paris. There is no
pain associated with this test and it should not last longer than 10 minutes.

What are the possible bencfits I may experience from taking part in this research?

Other people who have participated in this type of research have experienced learning about your own personali
exercise test results including your heart rate during exercise, calories burned, oxygen consumption, bone density and
body fat percentage. By participating in this research study, you may also experience these benefits.

Will I be paid for taking part in this research?

We will pay you for the time you volunteer while being in this study. You will receive payment at the end of testing.
You will receive $20 for each day of testing and an extra $20 if you complete the study. If you complete the study,
you will be paid $100. Parking will be taken care of for you.

What will it cost me to take part in this research?
It will not cost you any money to be part of the research

Who will know that I took part in this research and learn personal information about me?
To do this research, ECU and the people and organizations listed below may know that you took part in this research
and may see information about you that is normally kept private. With your permission, these people may use your
private information to do this research:

e The sponsor of this study, Dr. Laurel Wentz.

UMCIRB Number: 13-000113 Page 2 of 3

Consent Version # or Date:
UMCIRB Version 2012.03.12 SMK
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e Any agency of the federal, state, or local government that regulates human research. This includes the
Department of Health and Human Services (DHHS), the North Carolina Department of Health, and the Office
for Human Research Protections.

e The University & Medical Center Institutional Review Board (UMCIRB) and its staff, who have responsibility
for overseeing your welfare during this research, and other ECU staff who oversee this research.

How will you keep the information you collect about me secure? How long will you keep it?

The research data will be stored on a secured web-based drive until graduation in May of 2014. The data will also be
kept on a metabolic cart in the FITT building until graduation of May 2014. The data will be coded and secure so no
one besides the PI will have access to the data. The data will not be released unless the subject would like to know
their RER, VO2, heart rate, blood pressure, and VCO2. If the subject does want to know what their values are, they
will ask the PI and the PI will write down the values and put it in an envelope and personally given to the participant.

What if I decide I do not want to continue in this research?
If you decide you no longer want to be in this research after it has already started, you may stop at any time. You will
not be penalized or criticized for stopping. You will not lose any benefits that you should normally receive.

Who should I contact if I have questions?

The people conducting this study will be available to answer any questions concerning this research, now or in the
future. You may contact the Principal Investigator at (216) 387-0371, Monday through Friday between the hours of
8:00am until 7:00pm.

If you have questions about your rights as someone taking part in research, you may cali the Office for Human
Research Integrity (OHRI) at phone number 252-744-2914 (days, 8:00 am-5:00 pm). If you would like io report a
complaint or concern abeut this rescarch study, you may call the Director of the OHRI, at 252-744-1971

I have decided I want to take part in this research. What should I do now?
The person obtaining informed consent will ask you to read the following and if you agree, you should sign this form:

e [ have read (or had read to me) ail of the above information.
e [ have had an opportunity to ask questions about things in this research I did not understand and have received
satisfactory answers.
[ know that I can stop taking part in this study at any time.
By signing this informed consent form, [ am not giving up any of my rights.
[ have been given a copy of this consent document, and it is mine to keep.

Participant's Name (PRINT) Signature Date

Person Obtaining Informed Consent: | have conducted the initial informed consent process. I have orally reviewed
the contents of the consent document with the person who has signed above, and answered all of the person’s
questions about the research.

Person Obtaining Consent (PRINT) Signature Date

UMCIRB Number: 13-000113 Page 3 of 3

Consent Version # or Date:
UMCIRB Version 2012.03.12 SMK



APPENDIX C: DXA QUESTIONNAIRE

DXA Risk Statement and Subject Questionnaire
Human Performance Laboratory
Body Composition / Bone Mineral Density Analysis

During this visit, my body composition will be measured using dual energy x-ray absorptiometry (DXA)
technology, a state-of-the-art method that uses very low intensity x-rays. The x-ray exposure from DXA is
minimal and comparable to a round-trip airplane flight from Chicago to Paris. | will need to remove metal
clothing accessories, jewelry and my shoes as these can affect the scan results; however, | will otherwise
remain fully clothed. The DXA will scan my entire body very slowly; so, | will need to lie on a table without
moving for almost 5 minutes, while the DXA is passed over my entire body. | will feel no discomfort
associated with this test. There are no restrictions to my normal activity following this procedure. This test
will determine the amount of fat, muscle and bone that | have. | have been informed that females with
ANY chance of being pregnant should NOT undergo DXA scanning.

If I have further questions about the risks of DXA | may contact David Rushing, Clinical Radiation Safety
Officer, Brody School of Medicine at East Carolina University, 252-744-2236.

Please complete the following questions to the best of your ability. If you have any questions, please ask
the DXA technician for assistance.

Have you had any X-ray procedures

within the last 3 days which use: lodine vesL] No[]

Barium Yes[ ] No[]

Nuclear Medicine Isotopes  Yes[ ] No[]

e AT S osonysevees  ves)_to D)
Prosthetic Devices Yes[] Nol[]
Surgical Devices Yes[] No[]
Pacemaker leads Yes[ ] Nol[]
Radioactive seeds Yes[] Nol[]
E%(iié)paque catheters or Yes[1 No[]
?‘SVZE; cv)vrejcr)i?hgilnagny of the following Metal buttons Yes[] Nol[]
Zippers Yes[] No[l]
Snaps Yes[] Nol[]
Jewelry Yes[] Nol[]
S e et shone sk _ver 0ol
Metal of any sort Yes[] Nol[]
Other: Specify Yes[] No[]




Females of child bearing age only.... (Bolded answers contraindicate DEXA)

Are you currently Pregnant or Lactating Yes[] Nol[]

Using birth control Yes[] Nol[]

Condoms or diaphragm; birth control pill; depo-

Circle type of birth control provera; IUD; partner has vasectomy

When did your last normal period start? Date: / /

Have you has unprotected intercourse  Note: if you are using some
since your last period? form of birth control, this
means that you did not use
birth control or you ves[] No[]
experienced a problem with
your birth control method?

| certify that the information given above is true and correct to the best of my knowledge and that | have
read all of the above information, asked questions and have received satisfactory answers in areas | did
not understand. (A copy of this signed and dated consent form will be given to the person signing this
form as the subject or as the subject’s authorized representative.)

Subject/Authorized Representative (Sign) Date

Subject/Authorized Representative (Print)

Witnessed:

Technician, Human Performance Laboratory Date

| hereby certify that | have reviewed the pregnancy information given by this subject and the indication
was that:

[] -there was a very low risk of pregnancy. DXA was performed.

[] -there was an unacceptably high risk of pregnancy. DXA was not performed pending further tests.

Technician, Human Performance Laboratory Date

If this is for a research study, please print the name of the Primary Investigator above.

Revision 1.30
Submitted for Approval: 09/06/2011 Approved: 09/08/2011, David Collier, MD
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APPENDIX D: ROTC SURVEY

1 oad Carriage

Date of Birth How many miles do you run each week?
04
Please check your class: __ 510
___ Freshman 1115
____Sophomore ___l16-20
Junior ____more than 20
___Senior
How many days do you resistance train
each week?
Please list your position within ROTC: e
23
45
67
How many years have you been in ROTC? What is the length of your typical resistance
less than 1 raining workout?
1 ____Not applicable
) ___0-30 minutes
3 _ 30 minutes—1 hour
4 1 hour—1.5 hours
i more than 4 ___ 1.5 hours—2 hours

more than 2 hours

How many days per week do you run?

0-1 In total, how many hours per week do you
- spend doing physical activity (for ROTC

___ 23 and on your own)?
o 0-5
o O _6-10

___11-15
____more than 15
11



1 oad Carriage

What is the average weight of your ruck-
sack?

____0-201bs
___20-401lbs
____40-601bs

___ 60-80lbs
____more than 80lbs

What is the heaviest weight you have ever
carried in your rucksack?

___0-20lbs
__20-40lbs

__ 40-601bs
___60-801bs

___ 80-1001bs
____more than 1001bs

When (Month/Year)?

Do you have any current muscle injuries?

If yes, please list location:

Do you have any previous muscle inju-
ries?

If yes, please list location and time of each
injury:

What is your fastest 2-mile run time in the
past 6 months?
10-11 minutes

___12-13 minutes
____14-15 minutes
__16-17 minutes
___18-19 minutes
____19-20 minutes

more than 20 minutes

12



APPENDIX E: DAY 1 PROTOCOL

Ruck March Study

Subject ID:

Date:

Meal choice:

Height:

Body Weight:

Gear Weight:

Pre USG:

Post USG:

DXA:

Incline Flat

HR Time RPE* HR Time RPE*
5 - 5 -
10 - 10 -
15* 15*
16 - 16 -
17 - 17 -
18 - 18 -
19 - 19 -
20 - 20 -

Incline Pre Grip Strength:
Incline Post Grip Strength:
Flat Pre Grip Strength:

Flat Post Grip Strength:
Decline Pre Grip Strength:
Decline Post Grip Strength:

13

Decline

HR

Time

RPE*

5

10

15*

16

17

18

19

20




APPENDIX F: DAY 2-4 PROTOCOL

Ruck March Study

Subject ID:

Body Weight:

USG Pre:

USG Post:

Hand grip Pre:

Hand grip Post:
Steps at minute 10:
Steps at minute 60:
Steps at minute 110:

Day 2, 3,4

Time HR RPE*

Time

HR

RPE*

10

65

15*

70

16

75*

17

76

18

77

19

78

20

79

25

80

30*

85

35

90*

36

95

37

96

38

97

39

98

40

99

45*

100

50

105*

55

110

56

115

57

116

58

117

59

118

60*

119

120*

14
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