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ABSTRACT

Hazards and challenges present in the workplace pose a number of potentiat mgkses and
illness. Nearly 3.1 million nonfatal workplace injuries and illness were rehart2010 (BLS,

2010). The probability of falls has been related to balance decrements. Furihgrpeant

point of distinction is 45% of all falls have been attributed to inappropriate faptienant et

al. 2008) Previous studies have shown decrements in balance as a result of dotbéneyatrf
(Menant et al. 2008) and after an increased workload over a specific perioe ¢¥aggie &
McGregor, 2002; Gribble & Hertel, 2004). Occupational footwear is often designedféty

and may fail to provide appropriate foot biomechanics. As such the functionality of benapa
footwear may impact balance characteristics over time. The purposestdidlyas to examine

the differences in balance in while wearing different types of occupatmotatear for extended
durations. Fourteen healthy male adults (aged 23.6+1.2 years; height of 181+5.3githpive
89.2+14.6 kg), with no history of orthopedic, musculoskeletal, cardiovascular, neurological and
vestibular abnormalities participated in this study. The experimentbsescluded an

extended duration of walking (4hours) with balance measured at 30min intervaBo(Fse, 90,

120, 150, 180, 210 & 240min). The standing balance protocol assessment was done on the six
conditions of the Neurocom Equitest SOT (EO, EC, EOSRV, EOSRP, ECSRP and EOSRVP)
The values of the dependent sway variables were derived from the Centesafd’(E®P)
movement. The average sway velocity (VEL) and the root-mean-squai®) (&he CoP were

used to characterize the postural sway in the anterior-posterior (APVEHRRMS) and the



medio-lateral (MLVEL & MLRMS) directions during the 60-second tespegod. Participants
were randomly assigned 3 different types of occupational footwear: Work B@B)s(fhass
0.39+0.06 kg), Tactical Boots (TB) (mass 0.53+0.08 kg) and Low Top Boots (LT) (mass
0.89£0.05 kg) with a minimum of 72 hours of rest between conditions. Balance dependent
variables were evaluated using a 3 x 9 (Footwear [WB v. TB v. LT]) x (Extendeddusat
walking intervals [Pre, 30, 60, 90, 120, 150, 180, 210 & 240] RMANOVA and independently for
the six SOT balance conditions (EO, EC, EOSRV, EOSRP, ECSRP and EOSRVRjity ide
any existing differences within the exposure time as well as the footyyes. Significant
differences were found over time in the EO, EC, EOSRV & EOSRP for MLRM®atween
footwear in the EC for APRMS and MLRMS and EOSRP for MLRMS. These resditsie a
decrement in balance performance over time but the differences were limitédRtd34 The
decline in balance may be attributed to fatigue resulting from an extendeidmofat
walking/standing. Significant differences were found between the WB, TBBnahere the LT
had a higher postural sway RMS. The use of LT resulted in a relativelyrgraktace
decrement, especially when vision was absent and with conflicting somatgsepsior The

WB and TB despite having a greater mass, had less balance decrement, whiclelzaad®
their elevated boot shaft height. Results from this data suggest that the highabiosagports

the ankle, resulting in decreased fatigue, and thus better balance.
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CHAPTER |

INTRODUCTION

Nonfatal workplace injuries and illness among private industry employeiseatem
2009 to a rate of 3.6 cases per 100 equivalent full time workers, down from 3.9 cases in 2008 as
stated by the Bureau of Labor Statistics. The number of nonfatal occupatianakiand illness
reported in 2009 declined to 3.3 million cases, compared to 3.7 million cases in 2008 from the
estimates of the Survey of Occupational Injuries and lliness (SOII) pablissing the North
American Industry Classification System (NAICS). However, the incidestefor occupational
injury and iliness has gone up in the heavy and civil engineering constructiomegpbfection
engineering from 12.9% to 13.1% and 14.8% to 15.3% respectively from 2008 to 2009 as

reported by the Injuries, lliness, and Fatalities Program (IIF) bBtineau of Labor Statistics.

Proper postural control and balance are essential in industrial settings itoquorent
falls and, thus, injuries. Increased probability of falls have been related &rats in balance
control and these falls are often a primary causative factor for inamgkdisabilities in the
general population as well as in the contemporary industrial population where Ipgtstifiy
is challenged with unfavorable and unfamiliar environment (Lin, Seol, Nussbaundigdha
2008). In an occupational setting, postural instability can be hazardous due to incsdaskd ri

falls, slips, trips and other accidents (Kincl et al, 2002). Slips, trips and an indused los



balance have often been reported as the primary causes of occupationaétiéisn([&

DiPasquale, 1997; Maki et al., 2008).

Postural control is regarded as a skill where the central nervous systenulagns
information from passive biomechanical elements, sensory systems and thesnitse
postural control in the standing position works to control the body’s orientation in space, to
maintain the body’s center of mass (CoM) over the base of support (BoS) (\¥8185;
Levangie & Norkin, 2006) and to stabilize the head with regard to the vertical for the
appropriately oriented eye gaze. A higher level of cognitive neural function anthenneuro-
muscular system is required for maintaining a normal posture/ balance aficegangie &
Norkin, 2006). The central nervous system interprets and organizes inputs from various
structures and systems such as the visual system, somatosensory (propejosggitm and the
vestibular system. The postural control mechanism is a result of the centmalsgystem,
visual system, vestibular system and the musculo-skeletal systewrkithgvtogether in perfect
harmony. In addition to the integrity of these systems, it also relies on infonmeceived from
the receptors such as the joint receptors, golgi tendon organ, muscle spindle, prapsiocept
cutaneous and sensory receptors located in and around the joints and sensory receptors on the
sole of the feet (Levangie & Norkin, 2006). Although these three major systemesponsible
for maintaining balance, degradation or defect in any one of the system ésciteaprobability

of lowering balance performance and hence a possibility of a fall (Lepalts1997).

The effects of extended durations of walking / standing on balance:

Standing and walking for long periods has been reported to cause a number of health

related problems, particularly in the lower extremity (Cham & Regf2001). These problems



are particularly prevalent among workers who stand and walk for long periodsofl te
extended durations for work hours place an increased workload over a prolonged time period
leading to potential fatigue. All these deleterious effects of prolonged isgpawdld walking are
more pronounced with the lack of appropriate footwear. Among the many physiaal$and
stresses that are common in the workers population are: lifting and cdregng loads;
working in frequent awkward postures; walking with high risk of slips / tripks/ da irregular
terrain; risk of accidents caused by the sudden unpredictable actions; and @ kpagwle
body vibrations. There are a number of contributing factors to biomechanicaisdeficalance
and posture and different occupational work settings along with the inappropriatedoot a
personal equipment may lead to musculoskeletal disorders such as ostexnattautnatoid
arthritis, low back pain, upper limb disorders and hand-arm vibration syndrome, as well

consequences of trauma such as sprains, fractures and dislocations.

Although only a relatively small amount of muscular activity is required iotaia a
stable erect standing posture, the control of posture is complex and involves the motor control
system (Gefen, Megido-Ravid, Itzchak & Arcan, 2001; Caron, 2003). However titity axf
the musculature varies depending upon the different static and dynamic postuigl atabi
balance measures. This ultimate goal of maintaining posture and balantie ianstalynamic
conditions are put in jeopardy when the much needed activity of the musculaturerisnexpg
fatigue. Muscular fatigue can be defined as an inability of the muselaitdain a reasonably
expected force output (Gefen, Megido-Ravid, ltzchak & Arcan, 2001). Increasesurapost
sway, which often accompany fatigue, mark decreased stability. Thesesggrme sway can be
attributed to impairments of any of these systems (Lepers et al., 1997). &danfastigue

occurs, postural sway increases, stability decreases, and the ability o$tinalpsystem to



handle disturbances is inhibited (Yaggie and McGregor, 2002). The onset of musculay fatig
thus, requires more exertion from the postural system in order to maintain postce

(Corbeil et al., 2003). The existing literature has shown decrements in balance aral post
control with progressive fatigue. But, these recent studies have investigaitects of a
relatively high level of fatigue by using eccentric contractions of grelain 50% of a particular
maximal voluntary contraction (MVC) and with greater than 33% of maximum aerapacity
(MAC) (Yaggie & McGregor, 2002; Vuillerme et al, 2002; Lepers et al, 1997).tBat
workloads experienced in the occupational and industrial settings are usualigrdiffom that
encountered during strenuous physical exercises. The intensity of théseadsiare often
relatively lower than the exercise induced workloads and often exposed over aguiolong
duration rather than over a short and specific time period such as differemsepeotocols.
Workplace fatigue have been shown to be induced over a prolonged time period at a very low

rate such as lesser than 15% MVC and lesser than 33% of MAC (Davidson et al, 2004).

There seems to be a lack of literature describing the influences adecxtduration of
workload on fatigue and, thus, postural control/balance. Cham and Redfern (Cham and Redfer
2001), upon completion of their study on the effects of flooring on fatigue and standirgrtcomf
recommended that similar studies be performed with at least a four hour duratiteriu e
with optimum accuracy the effects of long duration walking and standing on musggple fand
postural control. Additionally, this study found that weight shifts at the centeesdgyre,
indicative of decrements in balance, accompanied fatigue (Cham and Redfern, |RQ@E)
concluded that there was miniscule statistical significance in musigjedaintil the third hour

of standing, at the earliest (Cham and Redfern, 2001). Wade and Davis also foundesuiitr r



with a prolonged exposure to an inclined surface and they recommended research onladditiona

workload exposure time on balance (Wade & Davis, 2009).

The effects of footwear on balance:

The human locomotion is explained as the translatory progression of the body which is
made possible by the coordinated rotatory movements of the body segments. magrajter
movements of the lower extremities are responsible for carrying tke drea and trunk
complex along with them. Postural control can be defined as the ability to matathaility of
the body and its segments in response to the forces that disturb the body’s equiliewangie
& Norkin, 2006). And humans being bipeds and locomote with one feet on the ground in
walking and with no feet on the ground in running and stand and assume a static posture with
both feet on the ground (Winter, 1995), which is a challenging task for the postural control
system. The assumption of a static posture is achieved by a relativelgrdmaskt of support
(BoS) formed by the area encompassed by both feet and the area between thetime Kintes
essentially the BoS for human balance, its stability is essential preékervation of postural
control. Due to the relatively smaller size of this BoS, even the smallest lhamesl

alterations could have profound effects on the support (Cote et al, 2005).

Footwear serves as the interface between the human body and the supportingsdrface
along with the different features of shoe design such as the heel height, fediaight, sole
hardness, heel and midsole geometry and slip resistance of the outer sole caarsgigrafifect
the balance outcome measures (Menant et al. 2008). About 45% of all falls have bmeadttr
to inappropriate footwear (Gabell, Simons, Nayak, 1985; Menant, 2008). Footwear being the

interface between the human body and the terrain play an important p&ettmgfbalance and



gait kinematics. Slight modifications in the mechanical characteritite shoes are

compensated easily and automatically by the neuromuscular control of the indiBidu#he
modifications that are present on occupational footwear may be more pronounted for t
neuromechanical adaptations to compensate for the loss of balance and in tryangaom

normal balance.

Different types of footwear affect gait and posture kinematics adyetsgdroper
alignment of the foot altered by different footwear leads to an increasedaietst, which in
turn leads to a faster rate of development of muscular fatigue. Manyureeeatd researches
have analyzed gait and balance with different gait speeds, changing, tehae types and in
bare foot condition (Perry, Radtke & Goodwin, 2007, Menant, Perry, Steele, Menm &

Lord, 2008, Divert, Mornieux, Baur, Mayer & Belli, 2005, Bohm & Hosl, 2010).

Based on the previous studies with CoP excursions, postural balance was shown to have a
decrement with different footwear (Menant et al. 2008; Bohm & Hosl, 2016y, Radtke &
Goodwin, 2007; Hosoda et al, 1998). High shafts of the shoes / boots have an impact on the
ankle range of motion which in turn leads to alteration in the power generation aklgn@ant
for propulsion. The high boot shaft has the advantage of providing support and stability to the
ankle (Bohm & Hosl, 2010). The influence of footwear midsole hardness wasealsgd2erry
et al. and they found that variations in the midsole material and even the preseno@ai ithe
dynamic balance control system (Perry, Radtke & Goodwin, 2007). Body swaypahax
balance range, coordinated stability and choice-stepping reaction timassassed by Menant
et al and they reported that an elevated heel of 4.5 cm significantly irbpkrse, whereas a

hard shoe sole and a high heel collar may enhance balance in older(lenglet et al. 2008).



The central focus of this study is the effect of occupational footwear on baldhee
prolonged period of exposure to walking and standing. The footwear of interest to tharstud
the Steel-toed work boot (WB). The WB met ANSI-Z41-1991 standards as per the OSHA
regulations (Occupational Safety and Health, Laws and Regulations, 1970) fozdoatvgafety
and protection, which are equipped with steel toes or metatarsal guardevtidd pve
protection from impact and compression injuries, oil resistant soles, and ancelavattshaft
height that extends above the ankle joint with distinct heels (Occupational &adetiealth
Administration, U.S. Department of Labor). The Tactical boot (TB) hasvelkatower shaft
height to the WB, still extending above the ankle joint, with lower heel height and aticathl
sole. The low-top slip resistant shoe has a lower shaft height than the WB and LBsndtdoe
extend over the ankle joint. It also has lower heel and a flat slip resistantiseleB and TB
commonly used in a varied population for which there is not a prescribed OSHA imeyidat
the footwear to meet. These occupational footwear also have different magsebas been

shown as an important mechanical characteristic that can affect balance.

The WB and TB are primarily designed for safety and protection whered€3'the
design serves for comfort rather than safety and protection. The WB and TB wittdhated
boot shafts may aid in balance by providing support around the ankle and thus decreasing the
need for activation of additional ankle musculature and, thus, fatigue (Bohm and Hosl, 2010;
Cikajlo & Matjacic, 2007). The characteristic elevated heel of these bwotslso impair
balance performance (Menant and Steele et al., 2008). Furthermore, thackfierthe masses
of these footwear may also influence balance and postural stability, seasie in 100grams
on the footwear has been shown to cause an increase in energy expenditure by 0.7% to 1.0%

(Jones, Toner, Daniels & Knapik, 1984) and has been predicted that an heavier footwear may



cause a decrement in balance performance (Chander et al, 2011). Henceriecdiih the

masses of these footwear may be an influencing factor in predicting &g@eariormance.

Purpose of the study

Balance mechanisms during static and dynamic postures have been sttetisiy ey
and consequently, there have been several studies assessing balance inoreliffeoant types
of surfaces exposed such as types of flooring (Cham & Redfern, 2001), inclineds(\Wacke
& Davis, 2009), ballast (Anderes, Holt & Kubo, 2005) and in sand (Pinginton,0000). This study
focuses on a hard firm floor as the exposure surface. Research has also focuségperatie
intensity of workload that are placed on the human body that induce fatigue anccts @ife

balance (Gribble & Hertel, Yaggie & McGregor, Menant et al; Hosoda, €it%88).

While extensive research exists on fatigue and balance, footwear and balaaseand
balance, there has been less focus on extended durations of workload with differetf ty
occupational footwear on balance on a hard firm surface. Therefore the purposduafythe t®
analyze the effects of occupational footwear (WB, TB and LT) on balance,expesed to a

hard firm surface for extended durations of walking and standing.



Hypotheses

Balance Hypothesis:

Specific Aim 1:

To investigate the effects of extended durations of standing and walking on arard fir
surface on balance using the sensory organization test (SOT) based on thecesfiscir
hypothesis, in which the individuals are challenged with conflicting unreliablel asda

proprioceptive sensory information.

Ho1: Individuals’ balance will not be affected while exposed to extended durations of gvaikin

a hard firm surface.

Haz1: Individuals’ balance will be impaired while exposed to extended durations of walkang on

hard firm surface.

The collaborative functioning of the vestibular, somatosensory, and vistahsyis a
direct determinant of the body’s ability to maintain balance. Accordingrt@eresearch on
balance, decrements in any of these systems increase postural sitayaresthus decrease
stability. Furthermore, the research demonstrates that muscular faftidneepostural muscles is
accompanied by an increase in postural sway, as demonstrated by centesuné pregyht
shifts, indicating decreased stability. Additionally, the postural systeocosrigeless capable in
compensating for disturbances with augmenting muscular fatigue, andaiygmhore exertion
is required from the postural system to sustain erect posture and maintain equili@iher
significant research asserts that progressive fatigue will octiuist@nding or walking duration.

Therefore the alternative hypothesis is expected to be supported in thisrsthdy the



exposure to extended durations of walking on a hard firm surface will increase t@lpost

instability as measured in this study.

Footwear Hypothesis:

Specific Aim 2:

To investigate the effects of occupational footwear (WB, TB & LT) witlerctéd
durations of standing and walking on a hard firm surface on balance using the sensory
organization test (SOT) based on the sensory conflict hypothesis, in which the indigicual

challenged with conflicting unreliable visual and proprioceptive sensory iaf@m

Hoo: There will be no differences between different footwear conditions in indivichadénce

while exposed to extended durations of walking on a hard firm surface.

Ha2: There will be significant differences among different footwear cantin individuals’

balance while exposed to extended durations of walking on a hard firm surface.

The feet, as the body’s base of support and important sense organs in center of pressure
adjustment, are indispensable in the balance and postural control system. Thibee&iebility
of the foot is essential for balance maintenance. Furthermore, the type of fastaea
important determinant of postural control because it serves as the mediumbiéeviamt and
support surface and affects somatosensory feedback mechanisms. Accordinyeoites
research, characteristics of footwear, such as midsole hardness, shterelbeel elevation,
boot shaft height, and boot shaft stiffness heavily impact postural controfjstsed@d balance.
Midsole hardness affects stability by center of mass fluctuations whihibase of support and

tactile sensory input transmission to sole receptors. Shoe and heel elevataffeatscenter of

10



mass and pressure distribution. The boot shaft height and stiffness affect puostucdlby
influencing ankle joint stability, range of motion, and fatigue. Because theediffigpes of
footwear utilized in this study (WB, TB & LT) have significantly diffateharacteristics in
these respects, the alternative hypothesis is expected to be supported indlvatlther
significant differences among the footwear conditions in individuals’ balanasgdextended

walking durations on a hard firm surface.

Operational Definitions

Posture:

Posture is essentially the relative position of the various parts of the bddespect to
one another (the egocentric coordinate system) and to the environment (therexcoerdinate
system). A third frame of reference is that of the gravitational fibkel deocentric coordinate
system). The orientation of the body part can be described in terms of eactedfangeworks

(Kandel, Schwartz & Jessell, 2000).

Postural Equilibrium:

Regulation of posture with respect to gravity is important in maintaining pbstur
equilibrium, which may be defined as the state in which all forces acting todyeare
balanced so that the body rests in an intended position (static equilibrium) or is ablgrésr
through an intended movement without losing balance (dynamic equilibrium) (Kankekaigc

& Jessell, 2000).

11



Balance:

The ability to maintain the vertical projection of the center of mass whikibhase of
support can be defined as Balance. Balance and postural stability aresgftesynonymously.
Postural stability depends on the intentional action, the choice of movemermgjystnadgiethe

under lying neuromotor process (Levangie & Norkin, 2006).

The maintenance of the center of gravity within the limits of the base of suwharh is
determined by foot position (Kincl et al., 2002); the ability to maintain the centeasd over

the base of support in order to sustain equilibrium in a gravitational field (Horak, 1987).

Fatigue:

Muscular fatigue can be defined as an inability of the muscle to maintaas@anably
expected force output (Gribble & Hertel, 2004). A cognitive perception of tired@essn and

Redfern, 2001). A decline in the capacity to generate force (Corbeil et al., 2003).

Electromyography (EMG):

Electromyography (EMG) is a clinical technique for evaluating anoldetg
physiologic properties of the muscles at rest and while producing force. EpEasmed using
an instrument called an electromyograph, to produce a record called an glegtam An
electromyograph represents the spatial and temporal summation of all motutiomit
potentials in the proximity of the recording electrode. It is indicative@®tdvel of muscle

activity via the motor unit recruitment and rate coding (Basmaijan, 1985).

12



Center of Mass (COM):

COM is defined as the point on a body that moves in the same way that a parteste subj
to the same external forces would move. It is also the point where the 3 mid-galatiea of
the body meet. The center of mass ismemtessarily located in the body (Rodgers & Cavanagh,

1984).

Center of Gravity (COG):

COG is defined as the point at which a single force of magnitude mg (the wkigat
body or system) should be applied to a rigid body or system to balance exatiiystational
and rotational effects of gravitational forces acting on the components of therbeygltem. In
other words, the point at which the weight of the body or system can be considetted to ac

(Rodgers & Cavanagh, 1984).

The center of gravity and the center of mass are coincident, althoughbtiplsysical
terms, there is an infinitesimal difference between the two. The cergeavity of the human
body is not fixed at an anatomical location. Its location varies according positeon of the

body segments (Rodgers & Cavanagh, 1984).

Line of Gravity (LOG):

LOG is defined as the perpendicular line towards the ground from the centaviof gr

(COQG) of that particular body (Levangie & Norkin, 2006).
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Base of Support (BOS):

The human species’ base of support (BOS), is defined by the area bounded posteriorly by
the tips of the heels and anteriorly by a line joining the tips of the toes, and is cdrigidera

smaller than the quadruped BOS (Levangie & Norkin, 2006).

Center of Pressure (COP):

COP is defined as a quantity, available from a force platform descrit@ngentroid of
the pressure distribution. It can be thought of as (and is sometimes called) the point

application of the force (Rodgers & Cavanagh, 1984).

Dynamic Posturography/Sensory Organization Test (Neurocom):

A testing system which isolates inputs of the vestibular, visual, and somatosensory
systems; isolates neuromuscular outputs; and isolates mechanisms of cegrtatiant used for

postural control and balance (NeuroCom International, Inc. Clackamas, Qregon)

Proprioceptive System:

The body system which promotes body position awareness and contributes to the
maintenance of balance; includes input from the muscles, tendons, and joints; segors
involved include those in muscle spindles, skeletal muscles, and Golgi tendon organs, which
supply information on muscle length and tension, muscle force, and velocity (Staneeks

Lord, 2008).
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Somatosensory System:

The body system which includes the tactile and proprioceptive systems; inclpdes i
from Meissner’s corpuscles, Pacinian corpuscles, Merkel’'s disks, and Raftfings, which all

are touch inputs to the central nervous system (Hijmans et al., 2007).

Vestibular System:

The body system responsible for information including head position and motion relative
to gravity, head posture, and body and eye movements; the structures of the vesttaransy

in the inner ear (Sturnieks and Lord, 2008).

Visual System:

The body system which provides environmental information via the eyes as wglugs i
about movements and position of the body; very important in posture in balance in that

information from this system is used to regulate postural sway (Sturniekethd®D08)
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CHAPTER II

REVIEW OF LITERATURE

The purpose of this investigation was to assess the effects of walking hgtéordi
extended durations on a hard surface while donning different occupational fodtthiear
chapter will provide an insight to previous literature on postural control and balarespamse
to different types of footwear and to different types of workload (fatigla®ed on the postural
control system. This chapter is divided into three major sections. Thedatsbn includes
discussions about postural control and balance, the systems involved, strategiesmmtepolemd
assessment parameters. This is followed by the final two sections, whiphisEsrof a
description and comparison of the relationship between balance and footwear; hadance a

workload (fatigue).
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Postural Control and Balance

Posture can be defined as the orientation of the body or any of the body segntérds rela
to the gravitational vector, whereas balance is a generic term thabdegbe dynamics of body
posture to prevent falling (Winter, 1995). Balance and postural stability are ofgn us
synonymously. The ability to maintain the vertical projection of the centeas$ mithin the
base of support can be defined as Balance (Levangie & Norkin, 2006; Adlerton & Mortiz, 2003).
Postural stability depends on the intentional action, the choice of movemermgjystnadgiethe
under lying neuromotor process (Levangie & Norkin, 2006). ). In order to maintancéata
bilateral or unilateral stance, the center of gravity must be kept withlmtihe of the base of
support, which is determined by foot position (Kincl et al., 2008 limits of stability can be
defined by the perimeter of the base of support in the anterio-posterior andlatexib-
directions. These represent the maximal excursions that the body can incur faithngut
(Yaggie & McGregor, 2002). The vestibular somatosensory and visual systeraspaesible
for identifying these limits of excursion and also continuously stimulate thelesusr

corrections that are needed to reestablish balance (Yaggie & Mc(G264@).

The maintenance of posture and balance are an important part of daily activities under
both static and dynamic conditions. The afferent information from the somatose resbity,har
and visual systems is processed in the brainstem and cerebellum aftethehiobtdr
commands are initiated (Lepers et al. 1997). Of these three major sersfergssthat maintain
balance, the visual system is primarily responsible in planning our locomotion anddmgvoi

obstacles, while the vestibular system acts as a gyro, detecting hideangular accelerations.
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The somatosensory system is a proprioceptive system that senses the positioocagaiall
body segments (Winter, 1995). Damage to any of these systems will affegetid output of

the postural system and thereby a decrement in balance performance @tegerl997).

The visual system contributes to balance through providing continuous information from
the body’s environment and supplies a feedback mechanism in body position and movement
(Sturnieks and Lord, 2008). The visual system is integral during gait to fooby@atand
identification of surrounding hazards (Sturnieks and Lord, 2008). The maintenantanctba
dependent upon spatial perception as recognized by the visual system (Stunthieésda
2008). The vestibular system consists of structures in the inner ear which seonseamaoti
position of the head in reference to gravity (Sturnieks and Lord, 2008). This asjmect of t
postural system also aids in posture and head, eye, and body movement coordinati@kgSturni
and Lord, 2008). Recent studies have suggested that the vestibular system hasanlgesffall
risk (Sturnieks and Lord, 2008). The somatosensory system involves both the tactile and
proprioceptive systems. Meissner’s corpuscles, Pacinian corpuscles| $/didies, and Ruffini
endings all convey the sense of touch to the central nervous systems as a parttikthe ta
system (Hijmans et al., 2007). Furthermore, cutaneous mechanoreceptors irefopt®atie
pressure distribution information to the central nervous systems. Informaterdinggjoint
angles and changes therein are provided by the proprioceptive system to theenrdres
system, having been distinguished by Golgi tendon organs, muscles spindles, and jeirtsaffe
however, it is currently unclear the role of feet and ankle proprioception in conbalanice

(Hijmans et al., 2007).

18



The CNS learns using the information from passive biomechanical elementsysens
systems and muscles. The CNS interprets and organizes inputs from variousestaraiur
systems and selects responses on the basis of past experience and thesgpahet. Reactive
(compensatory) responses occur as reactions to external forces that dsplamdyts COM.
Proactive (anticipatory) responses occur in anticipation of internatigrgeed destabilizing
forces (Levangie & Norkin, 2006). Experiments are often performed involving #réeirgnce

and conflict among the three systems to evaluate postural sway (Lepky4@97).

The postural system must therefore meet three main challenges. It nntsimesteady
stance (balance) in the presence of gravity, it must generate resp@tsetitipate volitional
goal directed movements, and it must be adaptive (Kandel, Schwartz & Jessell, 2000). The
vertical projection of the center of mass (CoM); a point equivalent of the totahhask in the
global reference system (GRS), on to the ground is called the center of grad®y (Center of
pressure (CoP), is the point of location of the vertical ground reaction force a&edtogpresents
the weighted average of all the pressures over the surface of the areadh with the ground

and is independent of the CoM (Winter, 1995).

Upright maintenance of balance requires the individual to keep the centeviof gra
(CoG) within the base of support (BoS). The position of the center of gravity isicgang
constantly with the varying sensory input. The postural muscles are continuousiygaor
order to keep the CoG within the BoS with minimal postural sway (Kincl, BhattagHauccop

& Clark, 2002).

Postural sway is usually described as a corrective mechanism in regptmsexternal

perturbations placed on the body. An inverted pendulum model is often used to describe postural
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sway, which bears a resemblance to a bilateral quiet stance, with ankle jinateis of
rotation, along the sagittal plane. When the CoG vector is ahead or anterior to the tGgRheec
body will experience a clockwise angular velocity and angular actielerand in order to
counteract this forward sway, a planter flexion moment or activation is perfortmeduyill

cause the CoG vector to be behind or posterior to the CoP vector, and causing a counter
clockwise angular velocity and acceleration resulting in a backward&wag body about the
ankle joint. This is followed by the CNS sensing that the posterior shift in CoG c@eéstive
responses and decreases the plantar flexion moment or activation until the Gdedigor
anterior to the CoP. This sequence of events results in the postural sway of thethedy i
anterior-posterior (AP) direction about the ankle joint. The ankle plantar flexdrdaasi-

flexors control the net ankle moment and thereby regulate the body’s CoGr(\¥848). A
similar inverted pendulum model can be suggested for the postural sway in the atedio-|
(ML) direction, with two ankle, knee and hip joints about the frontal plane. The AP control of
postural sway is governed by collaborative effort from the ankle plantar$l@nd dorsi-flexors
about the sagittal plane while, the ML control of postural sway is governée lzpliaborative
effort of the invertors and evertors (Winter, 1995). The CoP under each foot will move
synchronously back and forth during the AP sway while the CoP during the ML sWayowe

in the same medial or lateral direction (Winter, 1995).

The ankle and the hip strategy are commonly used to control the body sway (Winter,
1995; Adlerton & Mortiz, 2003). The hip strategy is recruited if the ankle straamt
sufficient to regain balance. In an ankle strategy, the body above the ankie g@Estired to
move a one stiff segment which can be visualized as an inverted pendulum, whereagin the

strategy a multi-chain model hinged at the hips have been noticed (Winter, 1995mM\&lert
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Mortiz, 2003). Regulating the relationship between the center of mass motion ancetbé bas
support is vital in maintaining balance. The rapidly generating musclesejuhe hips, ankle
and other joints are responsible for decelerating the center of mass motiongriatea degree
of stabilization is achieved by rapidly changing the base of support, which can beydone b
initiating a step or by modifying a step, or by reaching to grasp or touch an fabjsupport

(Maki et al., 2008).

Assessment of postural balance is an indirect measure of the effect of bathoginyed
and biomechanical stress on a worker and can be a very good outcome measure of ttse worker
overall safety status (Kincl, Bhattacharya, Succop & Clark, 2002). In an occupagtiirey the
maintenance of upright balance is of utmost importance for the workers tapéntojob tasks
more efficiently and safely. In this setting, postural instability can bartlaas due to the
increased risk of falls/slips and other accidents (Kincl, Bhattacharyagisé&cClark, 2002).
Increased postural sway which is regarded as a decreased stabilityagluieeduction in
peripheral sensibility in the visual, vestibular or proprioceptive systems @.epal. 1997). It
can also be due to a defect or a slowed response of the central interrogaltiagisnes
responsible for configuring the postural control systems. An increase in postayat@wbe an
indicator for impairment of postural control as a result of functional instabpyiaggie &
McGregor, 2002) and an increased medio-lateral sway is strongly asdogith increased
lateral instability and thereby an increased incidence in fall raigadhk, Geertzen, Dijkstra &

Postema, 2007).

The fundamental prerequisite for a fall includes; an initial loss of balance thdyae
perturbation such as a slip, trip, misstep or a collision and a failure of the badeocery

mechanisms to counteract the destabilization (Maki et al., 2008). This is more pronouaiced i
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industrial setting due to hazardous environment such as slippery surfaces, tpiszad
added with the need to perform distracting or destabilizing tasks while standimyiagrMaki

et al., 2008).

There have been various procedures employed to quantify postural control such &seesing
plates and accelerometer (Adlerton & Mortiz, 2003) and using time-to-boundasyras using
CoP patterns (Hertel, Olmsted-Kramer & Challis, 2006). Questions ragdtdi effects of
sampling duration or sampling frequency were assumed by Winter (Carpeatudy;, Winter &
Peyser, 2001) where the impact of sample duration on the magnitude and reliatiéyCenter
of Pressure summary measures in both the frequency and the time domain were aveerae
interval of 120 seconds. He suggested that sample duration of at least 60seconds should be used
to optimize the stability and reliability of the root mean square (RMS) suymmaasures of

CoP during quiet stan¢€arpenter, Frank, Winter & Peyser, 2001). By considering the human
body as a relatively rigid body the center of gravity’s motion correspontie displacements of
the whole body which serves as an evaluation tool for postural stability on net pederma
Force plates have been used to assess the projection of the center of mass andunte st
(Caron, 2002). The changeable positions of the CoP are registered and calcul@aaén of
velocity and amplitude are made possible. Decreased stability or poor baaroe defined

with an increased measure of the CoP velocity and amplitude. Choice ofystnatiegiovements
of a reference point on the body can be studied by an accelerometer (AdlertoniZ; RO@¥B).

The most common measures used for the assessment of postural stability afe éixeugsions.
Center of pressure excursion velocity and area determine the amount of detimeastural
control. A novel approach for this assessment was the time to boundary (TTB) mehshee

center of pressure excursions (Hertel, Olmsted-Kramer & Challis, 2006kI et al. described
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TTB as an estimate of the time it takes for the center of pressurelotihesboundary of the
base of support, if the center of pressure were to continue on its trajecterystaintaneous
velocity. This gives an insight to the spatio-temporal characterddtigsstural control. A lower
time to boundary measure indicates a propensity to postural control instabiitysbeaf the
reduced time available to execute a postural correction which was also ablaparthe CoP

measures (Hertel, Olmsted-Kramer & Challis, 2006).

The contribution of each sensory input toward equilibrium can be ascertained by
measuring the equilibrium adjustments of a standing subject, where input frorauak vi
support surface and environment are recorded by presenting conflicting preyioceptive
and vestibular stimuli. Thus, the experiment of dynamic posturography involvesgnreatious
conflicting sensory conditions by rotating the surface platform and/or thd siswaunding in
proportion to the subjects postural sway. This has been used extensively in assessang hum
balance and posture, especially in clinical practice to differentistigrbiances if vestibular,

visual and proprioceptive functions, including central coordination (Lepers et al. 1997).

The sensory organization test (SOT) on the Neurocom Equitest evaluates thigy iotegr
the three sensory modalities by selectively disrupting somatosensooy aisdal information
regarding the CoG orientation in relation to vertical and then measuring thigliradis ability
to maintain balance (Guskiewicz & Perrin, 1996). The sway referencing ¢aeslof the
support platform and the visual surround involve tilting in the AP direction and responsible fo
maintaining the orientation of the support platform and the visual surround constaniom telat

the CoG sway angle (Guskiewicz & Perrin, 1996).
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Balance and Foot wear

The human foot is the first point of contact between the body and the environment or
terrain which is vital in relaying the somatosenroy information to the CNS bdtigditatic and
dynamic balance tasks. Furthermore, footwear serves as the interfaeerbdter human body
and the supporting surface and can significantly affect the balance outcomeenéitenant et
al. 2008). Efficient transformation of the mechanical power output produced by the
musculoskeletal system through the footwear is responsible for a good performgaite
Hence, the design and type of the footwear becomes important in gait and postur&(Bohm
Hosl, 2010). Forty-five percent of falls have been attributed with inappropriatedaot
Walking bare foot has also been related to an elevated risk of falls. The difeaemes of the
shoe design, such as the heel height, heel-collar height, sole hardness, heel ardjeodsetry
and slip resistance of the outer sole have been known to have on the influence on balance
maintenancéVienant et al. 2008). Certain commonly worn footwear, such as slippers were
found to be hazardous as they slowed down reactions to perturbations and also had adverse
effects on posture reactioftdosoda et al., 1997) with even, barefoot walking shown to lead to

an increased risk of falling/enant et al. 2008).

Energy expenditure has been shown to differ based on the viscoelastic properties and
weight of the shoe. High shafts of the shoes/boots have an impact on the ankle raotgenof m
which in turn leads to alteration in the power generation at the ankle join for progi#ietom
& Hosl, 2010). The high boot shaft has the advantage of providing support and stability to the

ankle. The biomechanical function of the boot shatft is to restrict inversion and thevednt p
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the ankle from sprains such as the lateral collateral ligament sprain oktbevamch is one of

the most common sprains encountered. A considerable boot shaft thickness is required to
perform this function effectiveliBohm & Hosl, 2010). The influence of footwear midsole
hardness was assessed by Perry et al. the measurement of bare foot conditeatedass a

control. They tested 12 healthy young female adults aged 20-23 yearsirniag/ mutcome
measures were the Maximum and Minimum range of the transverse planeq@raéthe

center of mass location relative to the lateral base of support (CoM{Bagmum and

Minimum of the center of mass and center of pressure (CoM-CoP) differetieeanterior-

posterior direction and the average vertical force loading rates. They faatndatiations in the
midsole material and even the presence of it impair the dynamic balaricel sgstem (Perry,
Radtke & Goodwin, 2007). Balance assessments were done by Menant et al. on 29 community
dwelling volunteers of 70 years of age and older by measuring body swamahbalance

range, coordinated stability and choice-stepping reaction time. The findomgs$He study

reported and confirmed that an elevated heel of 4.5 cm significantly imparcealvhereas a

hard shoe sole and a high heel collar may enhance balance in older(emalet et al. 2008).
Cowboy boots with an elevated heel was found to have decreased balance performance
compared to tennis shoes in a population of 27 healthy women of 18 to 40 years of age (Brechet
et al. 1995). Further research on specific boot characteristics that mighbhéaveuted to a

decreased balance performance was warranted.

Dynamic balance was assessed among 43 healthy university studentdgfernmtdi
footwear such as slippers with and without clog thongs, leather soled sandalgaaresdaocks.
Decreased postural response latencies to horizontal movement of platform aadetecre

standing strength when the platform moved horizontally were seen in footwkalagtthongs

25



when compared with the one without clog thofidissoda et al., 1998). Studies on balance
enhancing footwear insoles and their effects on stepping reactions (Maki et al.a20@fit
patterns (Nurse et al. 2005) are well documented. There have been studoeskéthat the
effects of shoe characteristics on the dynamic stability among yadhgld population on even
and uneven surfaces. A conservative walking pattern was observed with elevated lsesmhdhoe
a decrease in the medial-lateral balance in soft sole shoes among both thegoepii&lking
stability was not seen to improve in either group with increased sole hardnessl sole and a

raised collar height shoe, when walking on even as well as uneven surfaces @iaha2d08).

Balance and gait parameter in older women were assessed in barefoot, andeetiilg
walking shoes and dress shoes. The elder women had a better balance barefoot dkingth wa
shoes in the functional reaching tasks in comparison to the dress shoes. The dredscshads
the slowest gait speed followed by barefoot and walking shoes when assessed tinitbd tug-

go test and 10 meter walk test (Arnadottir & Mercer, 2000).

Boots with increased shaft thickness such as the military boots have been shown to
decrease the peak dorsiflexion of the ankle up to 4 degrees and a reduced peak power production
at the ankle joint of about thirty-three percent compared to that of a soft boot sishinid
Bohm (Bohm & Hosl, 2010) found that the ankle joint had reduced power which was
compensated by increased hip moments, which were needed to change the gaitq@ateer
push off mode to a pull off mode. They found that, the eccentric energy of the knee joint
increased and the eccentric energy in the ankle joint decreased when wéardgrdoot. They
couldn’t identify if the additional effect on the knee joint is an effect of the unsewdace,
amplifying possible compensation mechanism, or due to the extended measurestaathe ac

study. Output measures included EMG and joint energy from the limb tested. Thagtedrr
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further research comparing the uneven surface with the level ground ¢Bdhoe & Hosl,
2010). The differences in boot shaft and vamp stiffness was also assesskailbya@Gd
Matjacic, in which the softer boot shaft enabled a greater range of motion aradest gosver
generation in the ankle joint during push off (Cikajlo & Matjacic, 2007) which suppoliesrear

studies.

Kinematics analysis of military boots in comparison to flip flops and barefoot shanve
increased step length and stride length with the military boot with a sagtifieduction in
cadence. This was supported by an increased time period in swing phase ariorgirsglpport;
with a decreased total support time and initial double support time in the militasy boot
(Majumdar et al. 2006). An increase in the distal mass with a pendulum lengthdeatgefthe
leg and hence an increased inertia during swing phase has been postulated als potentia
mechanisms for an increase in stride length and cadence (Majumdar et alARBO6h
stance phase duration decreased in the footwear conditions in comparison to barefoot, the
difference in heel height did not affect the stance phase duration, withfégrermties primarily

existing in the pressure distribution on the sole of the foot (Eisenhardt et al. 1996).
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Balance and Fatigue

Low level of muscular forces are necessary for stabilizing the centeass over
the base of support and in erect bipedal stance the base of support is a vemearmallering
the two foots and the area between them (Corbeil, Blouin, Begin, Nougier & Tea00:8g
The base of support is even more considerably reduced in unilateral stance aMiasicuie
may impair the proprioceptive and kinesthetic properties of joints by increhgiigreshold of
muscle spindle discharge, disrupting afferent feedback and ultimatelpglbemnscious joint

awarenesfGribble & Hertel, 2004).

Fatigue can be considered as internal perturbation which tries to displaceyhe bod
posture away from equilibrium by destabilizing the body’'s COM (Nardonenitdaa Giordano
& Schieppati, 1997). The CNS ability to anticipate minimal body destabilizatimnr®as a
function of the proprioceptive, visual and vestibular systems. When these are helgalefect
body sway increases and muscle activity increases to maintain balarber,FRufficient ankle
power is necessary for the forward motion during gait to maintain a normahgakdocity.
And a reduced power generation at the ankle joint can impair the stability dattirssnd during
static stance. This may influence compensatory changes at the knee arfdmjadinés (Bohm

& Hosl, 2010).

The torques produced by external perturbations leading to store destabiliratimea
enough that the mechanical characteristics of the muscle are not stiticd®mpensate and as
a result, balance is actively controlled by the CNS where postural mussiesaiited

whenever needed (Nardone, Tarantola, Giordano & Schieppati, 1997). After a faéigeinige
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of the postural muscles, the gastrocnemius and soleus, if a change from an atelgg &ira hip
strategy is observed, it can be attributed to the decreased frequency oflas @@re is an
increased mass involved in controlling balance and also because there igaseimtitrunk
acceleration due to more active role of the hip and trunk. The fatigue was thought trgut m
stress on the postural control systéAdierton & Mortiz, 2003). There have been many
observations that equilibrium is impaired after prolonged exhausting physereisex(Pline,
Madigan & Nussbaum, 2006, Caron 2004, Yaggie & McGregor, 2002, Gribble & Hertel, 2004).
This also holds true for prolonged or extended durations of walking or standing. The muscle
spindles, tendon organs, joint receptors and cutaneous afferents on the sole of theliegtrare
to be activated with each stride. The vestibular system was shown to be seusitigenead
accelerations and the eyes being constantly stimulated by the moving vilsis§l @pers et al.

1997).

The ability to evaluate joint position, movement direction and speed are crotoas fan
maintaining balance. Minor perturbations are often taken care of by the apkiesesvhich co
relates with the proposed idea of humans behaving like inverted pendulums. However,
perturbations such as fatigue and vibrations are known to affect and impair postdarall
(Vuillerme, Danion, Forestier & Nougier, 2002). With muscle fatigue, theidedion of
postural control can be related to the deterioration of the inability of the mtsgiesiuce and
sustain a required output and also due to the reduced activity of the proprioceptive syste
(Vuillerme, Danion, Forestier & Nougier, 2002). Localized muscle fatigueafiagt the
control of balance and posture (Corbeil, Blouin, Begin, Nougier & Teasdale, 2003pIMulti
sensory systems and motor components of the nervous system are involved during the control of

posture and balance. When the sensory or motor components are altered or defectsxw@apody
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generally increases and muscle activity increases concurrently, mormaintain postural

equilibrium (Corbeil, Blouin, Begin, Nougier & Teasdale, 2003).

Various fatigue models have been suggested with regard to different levelsefitbas
system. At the peripheral level, a failure of the muscle to respond to neur&losigrfailure of
the muscle to respond to neural excitation can be attributed to muscular fandus.the
central level, fatigue is known to induce a failure of excitation of the motor necawossd by
changes in the nervous system. The changes in the motor neuron firing has beesdatibr ifet
intrinsic properties of the motor neurons, recurrent inhibition due to the Renshaanckells
changes in reflex inhibition or due to changes in the descending drive in the motor neuron pool
(Corbeil, Blouin, Begin, Nougier & Teasdale, 2003). Perturbations caused by the fatigce
in regard to joint position sense have been related to decreased motor neuron output, or

desensitization of the type 3 and 4 muscle afferents (Yaggie & McGregor, 2002).

Muscular fatigue represents an unavoidable occurrence for physical, woekl relad
daily activities that the CNS has to take into account (Vuillerme et al., 20@Rjué-aas been
suggested to negatively affect the propriocetive system through eitheenigfic the activation
of the muscular mechanoreceptors or a decrease in the muscular functiceriréudt al., 2002;
Corbeil et al., 2003). Increases in postural sway accompanied by localized fatigake
indicate an impairment of postural control, which are usually associatednaithraase in fall
rates. Falls are more prone to happen in the occupational environments with incfabgee
(Pline, Madigan & Nussbaum, 2006). In these circumstances, localized musgie fa induced
at a relatively low threshold over a period of several hours. Fatigue time andahetarh
fatigue were considered as important factors influencing the posturabswdahereby
influencing the postural stabiliff?line, Madigan & Nussbaum, 2006). The effect of prolonged
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exercise has been well studied in terms of musculoskeletal fatigue but not froeutbe
sensory system perspective and regarding the effects of fatigue on theneuadet of
equilibrium and balance (Lepers et al. 1997). The maintenance of an upright posateessary
for the workers in their occupational environment. Maintaining postural balancefkens is
important in order to perform tasks or jobs safely. Higher incidence of falls adedrbalance
measures and the ability to perform tasks within it accompanied by fatighazalous

condition for workers (Kincl, Bhattacharya, Succop & Clark, 2002).

The effect of fatigue on decreasing postural stability has been @ poite often
(Caron, 2002, 2004, Yaggie & McGregor, 2002). But there have been contradictory results
whether or not visual-sensory input may compensate for the destabiliziotg efféatigue
(Caron, 2004, Vullerme, Burdet, Isableu & Demetz, 2006). Vullerme tested 12 heddjbgts
using a force platform before and after exercises on the calf musbléhvae different visual
conditions of vision, no vision and with vision of a block cross placed at a distance of 4 m ahead.
He concluded that there was a decreased postural control following gastrocaethaateus
fatigue during quiet biped standing in the absence of vision and the ability to use visual
information to compensate for this destabilizing effect was dependent on thisegletarget
distance (Vullerme, Burdet, Isableu & Demetz, 2006). This also proved good f@ehgoty-
Motor adaptation process” where any deficit in one sensory modality is often catgukefts by
the enhancement of the sensory weights of all other intact sensory modadiédsipan the

relevance of other sensory cues in a given environmental context.

Nordone, (Nardone, Tarantola, Giordano & Schieppati, 1997) assessed the effects of
fatigue involved by treadmill walking and cycle ergometer pedaling on batemcposture,
measured by body sway area and sway path among 13 healthy young subjedisuridhéyat
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fatigue had a significant effect on body sway variables. However the esgometer was found
to have a swollen effect on the sway variables when compared to the treadngiktohbkided
that strenuous exercise does indeed affect body balance during maintaingumeg wbright
posture but the consequent increase in sway was short lasting and of moderata@xtent a
therefore were not liable to seriously threatening body equilibrium (Nardanantola,
Giordano & Schieppati, 1997). Fatiguing protocols usually followed experimetiigksavolve
cycling and running isometric fatiguing protocol of the lower limbs or withGWf one of the
postural muscles (Caron, 2002). But inducing fatigue has never been done in a way that is as
close as possible to an occupational setting. Postural stability was ddsetise COG motion,
which was computed from the motion of the center of pressure, evaluating the pastucdl ¢
EMG analysis of the tibialis anterior and soleus muscle were also recoodethe 10 healthy
male subjects. They concluded that there was modified postural control due tolfatigiict not

modify much postural stability (Caron, 2002).

Vuillerme, (Vuillerme, Danion, Forestier & Nougier, 2002) tested the postweg} s
under muscle vibration and muscle fatigue. This experiment was in accordamteewit
hypothesis that muscle fatigue caused an increase in postural sway fatigisolfound that
muscle vibration did not induce a further increase in postural sway. They concludgthigy sa
that fatigued muscles may be less sensitive to muscle vibration and to dentdélex CNS may
decrease the valiance on proprioceptive information from the ankles and may useatoey
inputs providing more reliable information for regulating postural gWaillerme, Danion,

Forestier & Nougier, 2002).

Yaggie, (Yaggie & McGregor, 2002) used isokinetic contractions of plantar flemdrs a

dorsi flexors to induce fatigue on twenty healthy men. The Anterior-Postaddviadial-Lateral
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sway displacement were analysed immediately before and after poftegoe with 10 minute
time intervals. Isokinetic fatigue of ankle plantarflexors and dorsifsew@re found to
significantly affect sway parameters. It was shown that smalinpations during quiet stance
were altered by ankle strategy by means of the stretch reflex. Botfatigue was introduced
this ability to tolerate small disturbances in balance becomes more diffidus was related to
an impaired ability to reproduce lower extremity joint angles aftetigufaty protocol. These
effects were attributed to the decline in proprioceptive joint function due goédtiaggie &
McGregor, 2002). The effect of fatigue on postural control was shown by studyingnvom
between 20-34 years of age free from any injuries. Fatigue was indubecpetited heel raises
until exertion and also reported by the values of the Borg’s scale Rate ovEérEgertion. It
was shown that fatiguing exercise was responsible for a short lastingfeffe¢he force plate
and accelerometer measures between the fatigued and non-fatigued tumBsadceleration in
the anterior-posterior and medial-lateral directions along with the cafipeessure amplitude
increased as a response to fatigue. Fatigue was responsible for a oitaegeostural control
pattern relying on compensatory corrections from in and around the hip. Fatigakomasto
have altered the postural control mechanisms and had deleterious effectatemanae of an
upright posture (Adlerton & Mortiz, 2003). Lepers et al showed altered balandg afmibng 9

well trained athletes after inducing fatigue with prolonged running (Legtexis 1997).

Twelve physically active men aged 20-22 years, were tested by Plin¢Riine,
Madigan & Nussbaum, 2006) with each performing multiple sets of back extisnsith
systematic adjustments of the number of repetitions in each set. This was daher to
achieve a specific amount of level of fatigue over a specific fatigue €€OP based measures of

postural sway with mean velocity, peak velocity and sway area were usstrag\ariables.
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Pline et al found that immediately after the fatigue protocol, postural sasgffected. They
reported larger increases in sway velocity and sway area whgmefatas induced over longer
durations and larger increases in sway velocity at higher fatigus.lewethe experiment
conducted by Corbell et al, (Corbeil, Blouin, Begin, Nougier & Teasdale, 2003) mulstigae
was induced with repeated plantar flexion of both legs among 11 healthy malessabgect
postural stability was assessed in conditions with and without vision over 60 second period. A
increased postural sway was observed in both conditions of eyes closed and open with no
significant difference in the range of oscillation and the variabilithefaostural oscillations
around the mean positions of the center of pressure. They concluded that, compared to the no-
fatigue conditions, fatigue placed higher demands on the control of posture [agingrine
frequency of actions that are needed to regulate the upright stance (Cddogil, Begin,

Nougier & Teasdale, 2003).

All these recent studies have investigated the effects of relativelydigghof fatigue on
balance [>50% Maximum Voluntary Contraction (MVC) and/or over >33% Maximum Aerobi
Capacity (MAC)] over a short period of time (<10 min) period of time (Vuileeebhal., 2002;
Yaggie and McGregor, 2002). These fatigue effects were studied usingmliffgoes of
strenuous physical exercises, such as cycling, running, or isometric oeisokatiguing
protocols of the lower extremities. However, in the workplace, fatigue maydhedad at a lower
rate of exposure (<15% MVC and/or <33% MAC) over a long period of time (1-8h) (Davidson
et al., 2004). Although maintenance of upright stance does not require great physitat eff
nonetheless a well coordinated task that can be impaired by minor losses in pastatal m
force. Some tasks require intense physical effort to maintain postural atuniray work related

activities, and fatigue can accrue rapidly in a short period of time. Posttigalef may amass
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slowly in even light effort tasks due to static loading of the postural control nesasesulting

in a decreased muscular force capacity. This reduction in the muscular forcerhasdugssted

to advance to a decrease in working capability and resulting in an intertuebpgon to the

motor control system and thereby impairment in motor coordination and quite possibly, in the

postural control system (Nardone et al., 1998).

Previous literature exists on the assessment of balance and fatigue owendedx
duration of a workload. The perturbations of equilibrium following a prolonged ezeveise
investigated by Lepers et al. using the SOT. The prolonged exercise praedalas a 25 km
run with an average time of 1 hour-45 minutes and a cycle ergometer of equivaéepétiod
to the run. Postural stability reported with equilibrium scores form the SOTowas fo
decrease following the prolonged exercise protocol for both types of sxarith conflicting

sensory input (Lepers et al. 1997).

In a more ergonomic setting, Wade, Weimar & Davis, assessed the influenakkiofy
on a pitched roof setting for prolonged durations. Postural stability was found tosgeertda
increased sway velocities following exposure to the inclined surface (Wiaalmer & Davis,
2003). Following this, Wade and Davis found increased sway RMS and sway velocities
following an extended duration (2 hours) of exposure to an inclined surface. The authors
suggested that this increased sway parameters was due to fatigue cahseorbipnged
workload of walking on an inclined surface, although this was not substantiated with
corresponding physiological measure of fatigue (Wade & Davis. 2009). Therasaes$
balance and fatigue over a 4 hour standing exposure to seven different flooring com@isons
done by Cham and Redfern, in which the CoP shifts between each lower extrenfaynb

increase over the 4 hour testing duration. But significant differences were fouraftenihe 3
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hour of the testing time. Physiological and subjective measure of fatigudoma by EMG and

a CR10 Borg scale respectively. Although the subjective measures of fatdydeseomfort
increased over time, EMG findings were not sensitive enough to allow detection aflanusc
fatigue (Cham & Redfern, 2001). The authors also suggested that a minimum of 4 hours of
exposure to standing and walking was needed to assess the influence of low iwekéityd

on postural control and balance.
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CHAPTER IlI

METHODS

The purpose of this study was to examine the effects of wearing three tyjesmbnly
used footwear in the occupational industry while standing and walking on a hard fiacesor
an extended duration of time (4 hours). Specifically an analysis was conductses® the

effect on balance in relation to the footwear and with extended durations of exposure.

Participants

Fourteen healthy adult males were recruited based on an anthropometric blocked
assignment for participation in this study. Written informed consent was ab&sneer the
regulation of the Institutional Review Board. Exclusionary criteria indwtéhopedic,
musculoskeletal, cardiovascular, pulmonary and neurological abnormalitiedimgcvestibular
diseases and any other difficulties in standing and walking that would hinder notamaieba
and/or gait and the successful completion of the testing session. Participantagdnuosgire

listed in Table 1.
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Table 1

Subject Demographics Mean + SD
Age (years) 23.6+1.2
Mass (kg) 89.2+14.6
Height (cm) 181+£5.3

Instrumentation

Standing balance was assessed by the NeuroCom Equitest Balanee-Nasture
Platform (NeuroCom International, In€lackamas, Oregon) at the Applied Biomechanics
Laboratory (ABL) in the Department of Health, Exercise Science anceRi#on at the
University of Mississippi. The system utilizes a dynamic 18” x 18” dual forate plith
rotational and transitional capabilities and a visual seen with transitiondlild#s
encompassing sway referencing capabilities. The Sensory OrganiZast (SOT) was used as
the assessment tool for measuring balance. The experimental conditio@<sSQIT utilize the
sway referencing capabilities of the platform and the visual seen to prodwomditions:
standing with (1) eyes open (EO) and (2) eyes closed with the platform aatistisround
stable (EC), (3) standing with the platform stable, eyes open with the wstairsd sway
referenced (EOSRYV), (4) standing on the platform sway referenced wopgegsEOSRP), (5)
standing on the platform sway referenced w/ eyes closed (ECSRP), anch(Brjgstan the
platform, eyes open, with the platform and visual surround sway referenced ViEQ ot
forces were recorded to estimate center of pressure for sway analysseed arises, a

harness system was provided to prevent injury from falling during testing.
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Experimental Procedure

Experimental Conditions

Participants were tested in three different conditions wearing thfeeedi types of
footwear such as the Steel-Toed Work Boots (WB), Tactical Boots (TB)@md bp-Flat Sole
Slip Resistant Boot (LT). The WB met ANSI-Z41-1991 standards as per the @Sjdkations
for footwear in safety and protection, which are equipped with steel toes or satgtards
that provide toe protection from impact and compression injuries, oil resistant sdles, a
elevated boot shaft height that extends above the ankle joint with distinct heelpd@utal
Safety and Health Administration, U.S. Department of Labor). The LT and TBioaiy used
in a varied population for which there isn’t a prescribed ANSI standard for the fodtwaaet.
The average size of the footwear used in the study was a foot size of 11, for whichvilearfoot

characteristics are listed in the Table 2.

Table 2

Footwear Characteristics

Shoe LB 1B WB
Mass (kg) 0.4 0.5 0.9
Boot Shaft Height (cm) 9.5 16.5 18.5
Heel Sole Width (cm) 8.5 8.8 9.6
Forefoot Sole Width (cm) 10.5 11.0 12.0
Heel Height (cm) 2.1 3.5 3.8
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Experimental Testing

The testing procedure was done in the premises of The Applied Biomechanicatbgbor
(ABL) at the University of Mississippi. The testing procedure for eactesufgllowed a
repeated measures study design with duration of exposure to the hard firm sudaceelevel
independent variable: Pre, 30, 60, 90. 120, 150, 180, 210 and 240 min of exposure time intervals
while wearing the three types of footwear. The participants readgmetishe informed consent
after which they filled out a preliminary medical questionnaire. The tpptiocedure consisted
of assessing the participants on the six conditions of the SOT (EO, EC, EOSBRPEO
ECSRP and EOSRVP) on the NeuroCom Equitest. The first visit was treatéahaiBaaization
period, where subjects were exposed to the SOT. The next visit was treatedrasdbedition,
where each participant was randomly assigned one of the three footwehrThastsubjects
were assessed on the NeuroCom, prior to the beginning of the walking sessioni@sta pre
measure (Pre) and then again every 30 minutes for the entire 4 hours until'theira4e. The
testing time intervals for all the three different types of footweae \as follows: Pre, 30 min, 60
min, 90 min, 120 min, 150 min, 180 min, 210 min, and 240 min. The exact same protocol was
repeated for the following two subsequent visits for each participant withhteetato
remaining footwear which were presented in a randomized fashion. Patsompere instructed
to walk with a self selected pace and a self selected path on the hard firm sotileeecry 30
min intervals to complete the balance testing session. Participantsivaragleast 72 hours of
rest between the testing conditions and were asked to refrain fronsagetheir lower

extremities at least 48 hours before a testing session.
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Data processing

The values of the dependent sway variables were derived from the Cenessufr€r
(CoP) movement, which were calculated from the raw data from the NeuroCotesE&alance
Master. The average sway velocity (VEL) and the root-mean-s¢R&t8) of the CoP were
used to characterize the postural sway in the anterior-posterior and the atexdibelirections
during the 60-second testing period. Velocity is determined by calculasitagce over time and
sway velocity in particular is a measure of the peak to peak change of the CoP pereuiiihe
RMS which is used as a rectifying measure estimates the amplituday#ed the overall
amount of movement of the CoP during the entire testing time on the Neurocom Ebj¢itest,
the outcome variables were labeled as VEL and RMS in the anterior-postexaiodif APVEL
& APRMS) and the VEL and RMS in the medio-lateral direction (MLVEL & MLRMS)
Postural sway is induced as result of the constant adjustments and activatioposttine!
muscles in an attempt to keep the CoP within the center of the base of support (BoS). VE
determines the rate of this compensation and RMS gives the amount of compensatidtoneede
maintain the CoP within the center of the BoS and thereby effectivelyaimabalance. Higher
values of VEL and RMS indicate decreased postural stability and balanicey asply larger
angular changes in the location of the CoP. These two measures weracsehkesi show
different characteristics of postural sway. The Sway RMS and VE& gaculated using the

following equations respectively.

SWAY VEL = (3) ZLo|COP; - COP, 4| Equation 1

SWAY RMS = \/% > o(COP; — COP,,,)"° Equation 2
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Statistical analysis

A repeated measures analyses of variance (RMANOVA) was peddodetermine if
differences existed between boots type (WB, TB & LT) on postural syami&asures over time.
Postural stability dependent variables were evaluated using a 3 x 9 (Boot [WB/VLTB x
(Extended duration of walking intervals [Pre, 30, 60, 90, 120, 150, 180, 210 & 240] RMANOVA
and independently for the six NeuroCom Equitest System testing conditon&( EOSRYV,
EOSRP, ECSRP and EOSRVP) to identify any existing differences withexfizesure time as
well as the shoe types. If significance was found a pairwise comparisoa ®danferroni
correction was done to determine among which time point the significantedeXs
Greenhouseseisser correction was used to determine significance, if the Mauagy'sft
sphericity was violated. For all analyses, significance was set itanlavel of p< .05 and all

statistical analyses were run using the SPSS 17 statistical softwkegpa
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CHAPTER IV

RESULTS

Participant information:

Fourteen healthy male adults completed the study successfullylyingigteen
individuals were recruited. One of the participants failed to complete the stdé@nather
participant was excluded from the data analysis due to erroneous data and fadiguduring

balance testing.

Data analysis:

The sway parameters (VEL and RMS) calculated from the raw datausesidor data
analysis. An average value for the VEL and RMS was calculated from thertale@erformed
for each of the six testing conditions on the Neurocom Equitest. Falls that occurregahyriof
the particular trials while performing the SOT were excluded from theadalgsis. The data
was further winsorized af™sand 9%' percentile. Winsorization is the transformation of statistics
by limiting extreme values in the statistical data to reduce thet effpossibly spurious outliers

rather than excluding the data altogether.
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Anterior-Posterior Sway RMS (APRMS)

A repeated measures ANOVA with a Greenhouse-Geisser correction idettthmat
there were no statistically significant differences between theegiomts for all the six
conditions of the SOT with Time as the main effect and no significant differaticéne Time-
Shoe Interaction. However, significant difference existed in the Elesed Condition (P =
0.007) (F (2, 22) = 6.238, P < 0.05) with shoe type as the main effect. Post hoc tests using the
Bonferroni correction revealed that the LB had a significantly greaty RMS in the anterior-
posterior direction when compared to both the TB and WB. There was no statisigaillizant

difference among the TB and WB for the above mentioned condition.

Figures 1-6: Averaged Sway RMS measures in the Anterior-Pastélirections for each of the six postural stapilit
testing conditions. # indicates a significant diffece over time intervals and * indicates a sigaifit difference
between the boot types and the bars representathdasd errors.
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Figure 1:
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Figure 3:
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Figure 5:
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Anterior-Posterior Sway Velocity (APVEL)

A repeated measures ANOVA with a Greenhouse-Geisser correction idegbthmat there was a
statistically significant difference in the Eyes Closed Sway Reted Platform condition (P =

0.018) (F (8, 64) = 2.537, P < 0.05) and in the Eyes Open Sway Referenced Vision and Platform
condition (P = 0.009) (F (3.593, 28.740) = 4.362, P < 0.05). The Post-hoc tests did not reveal any
significance between the different time points for both the Eyes Clogay Referenced

Platform condition and the Eyes Open Sway Referenced Vision and PlatformwHsene

other significant difference determined between the time points for the test@fnditions of

the SOT with Time and Shoe as the main effect and in the Time-Shoe Interaction.

Figures 7-12:Averaged Sway Velocity measures in the AnteriostBidor directions for each of the six postural
stability testing conditions. # indicates a sigrafit difference over time intervals and * indicagesignificant
difference between the boot types and the bargsept the standard errors.
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Figure 7:
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Figure 9:
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Medio-Lateral Sway RMS (MLRMS)

A repeated measures ANOVA with a Greenhouse-Geisser correction idetbthat there were
statistically significant differences with time as the main ¢fiethe Eyes Open (P = 0.025)

(F(8,88) = 2.347, P < 0.05), Eye Closed (P = 0.001) (F(8,72) = 3.786, P < 0.05), Eyes Open
Sway Referenced Vision (P = 0.015) (F(8,72) = 2.602, P < 0.05) and in the Eyes Open Sway
Referenced Platform (P = 0.006) (F(8,80) = 2.953, P < 0.05) conditions of the SOT. The Post-
hoc tests did not reveal any significance between the different time poiatstfoe above

mentioned conditions. There were no significant differences in the time-sboagctian for all

six conditions. However, significant differences existed in the Eyes Closedition (P =

0.003) (F (2, 18) =.032, P < 0.05) and in the Eyes Open Sway Referenced Platform Condition (P
=0.006) (F (2, 20) = 9.959, P < 0.05) with shoe type as the main effect. Post hoc tests using the
Bonferroni correction revealed that the LB had a significantly greaty BMS in the medio-

lateral direction when compared to the TB and WB in the Eyes Closed Condition and had a
significantly greater sway RMS in the medio-lateral direction wdmmpared to both TB and

WB in the Eyes Open Sway Referenced Platform condition. There was no siatistgnificant

difference among the TB and WB in the above mentioned conditions.

Figures 13-18:Averaged Sway RMS measures in the Medio-Lateraktbns for each of the six postural stability
testing conditions. # indicates a significant difece over time intervals and * indicates a sigaifit difference
between the boot types and the bars representathdasd errors.

52



Figure 13:
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Figure 15:
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Figure 17:
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Medio-Lateral Sway Velocity (MLVELO)

A repeated measures ANOVA with a Greenhouse-Geisser correction showberthavere no
significant differences determined across the time points for all of the icorsditf the SOT with

Time and Shoe as the main effect and no significant difference in the TimerBaetion.

Figures 19-24:Averaged Sway Velocity measures in the Medio-latdirections for each of the six postural
stability testing conditions. # indicates a sigrafit difference over time intervals and * indicadesignificant
difference between the boot types and the bargsept the standard errors.
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Figure 19:
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Figure 21:

MLVEL EOSRV
0.9
0.85
g
€ 08 -
Ch
- W Low To
Y 075 - P
5‘ @ Tactical
0.7 - W Work
0.65 -
PRE 30 60 90 120 150 180 210 240
TIME (min)
Figure 22:
MLVEL EOSRP
0.95
0.9
g
€ 0.85
L
M Llow T
E 0.8 owiop
§ O Tactical
0.75 W Work
0.7
PRE 30 60 90 120 150 180 210 240
TIME (min)

58




Figure 23:
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CHAPTER V

DISCUSSION

This study examined the differences in balance among 14 healthy male azhritegw
three types of footwear commonly used in the occupational industry which included ttoglow-
slip resistant shoe (LT), tactical boot (TB) and work boot (WB), in response to agedlon
exposure to walking / standing on a hard firm surface. Balance was assesedligome
variables of anterior-posterior and medio-lateral sway velocities APAhd MLVEL) and the
root mean square of the postural sway in the anterior-posterior and medio-|aéetad ok
(APRMS and MLRMS). The objective of the present study was to analyze themsecud
how postural control and balance differ in response to a work load which is induced at a slow
rate over an extended period of time and how they differ among the three diffpemnbty
footwear. There were significant differences found individually between faotavel time. No
significant differences existed among the interaction between time ameefoilhe discussion
for this study is addressed with two major predictors of balance (i) balancenpamnte between

footwear types and (ii) balance performance over time.

Balance performance between footwear types:

The results of this study found significant differences in postural sway &etie types

of footwear. The significant differences occurred in the APRMS-SOT conditioyesfatosed
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with no sway referencing of the surround and the support/platform (APRMS EC), in the
MLRMS-SOT condition of eyes closed with no sway referencing of the surround and the
support/platform (MLRMS EC) and in the eyes open sway referenced support/platiodition
(MLRMS EOSRP). Pairwise comparison between the footwear types révbkatehe WB and
TB were significantly different from LT and performed better with digantly lower mean

MLRMS when compared to the LT. No significant differences existed batthee/NB and TB.

The anatomical constraints (foot geometry, body mass and its distributesgroent
length and height), physiological constraints (muscular strength, ratesaie force rise, or
gains and delays of feedback control) and cognitive and behavioral constesnt®of time,
attention or fear of falling) play a major part in postural control (RedfetdnCham, 2001). In
addition to the anatomical factors and foot geometry; footwear considered @ietfaEe
between the foot and the walking/standing surface, is of vital importance to hulaacetand
postural control. The effectiveness of such footwear is responsible for advettefficient
transformation of the mechanical power output produced by the musculoskeletab(&ikajl

Matjacic, 2007).

In addition to the protection and safety factors that are mandatorily requitesl
industrial foot wear, the performance aspect of such footwear has banamportant
requirement. The footwear used in this study were predominantly designeglgiefarence to
the safety measures that are essential in an industrial or an occupatiomgl Beus, these
occupational footwear may fail to provide appropriate biomechanics that aedrfee a normal
gait and maintenance of balance by concentrating on the safety measuM4, eich are
equipped with steel toes or metatarsal guards that provide toe protectiomfpant and

compression injuries, oil resistant soles, and an elevated boot shaft heightahds extove the
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ankle joint with distinct heels, met ANSI-Z41-1991 standards as per the OSHilatregs for
footwear in safety and protection (Occupational Safety and Health Admiioisird.S.
Department of Labor). The LT and TB are commonly used in a varied population for irieh t
is not a prescribed OSHA regulation (OSHA, Laws and Regulations, 1970). Eackeof the
footwear’s mechanical characteristic and design feature such as the libbégi, boot shaft
stiffness, heel height, mid-sole hardness, sole design and the mass of tharfactvee vital

importance in maintenance of balance and each play a specific role in poatilidy st

Boot shaft height as a predictor of balance performance:

Boot shaft height has been shown to be an important predictor for balance maintenance.
A majority of the literature supports the general notion that a boot shadtedeabove the ankle
joint increases the support around the ankle and offers greater postural @ik &
Matjacic, 2007; Bohm & Hosl, 2010). The WB had the greatest shaft height of 18.5cm, ébllowe
by the TB with a shaft height of 16.5cm and the LT with a shaft height of 9.5cm. Itdras be
shown that a high or an elevated boot shaft improves balance performance by proygorgy s
and stability to the ankle joint.. It has also been shown that circumferensauprearound the
ankle enhances joint position sense and improves stability in a population with poor
proprioception (You SH, Granata KP, Bunker LK 2004; Navrag B. Singh, Maury A. Nussbaum,
Michael A. Madigan). The elevated boot shaft acts to provide compression around trendnkle
serves as a stability measure at the ankle. Previous literature has shayveatea compression
at the ankle may improve balance by increasing feedback from the cutarsspisrsin the
foot and ankle and resulting in an improved joint position sense (Feuerbach JW, Grdbjner M
Koh TJ, Weiker GG 1994). The biomechanical function of the boot shaft is to restrissierce

inversion and thereby protect the ankle from very commonly encountered spraias she
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lateral collateral ligament sprain of the ankle. A considerable boot sh&ieélsgis required to
perform this function effectiveliBohm & Hosl, 2010). The mechanical characteristics of the
elevated boot shaft contribute in maintaining balance by providing support aktbela all the
shoes and boots where the boot shaft is higher than the ankle joint, the range of motion of the
ankle joint is restricted (Cikajlo & Matjacic, 2007). This, in turn leads toatite in the power
generation at the ankle joint for propulsion during gait. Thus, boot shaft thicknes&has be
shown to considerably affect and influence the kinematics and kinetics of theveimkéea

softer boot shaft allowed for greater range of motion and a greater gamefgpower during
propulsion Cikajlo & Matjacic, 2007). A reduced power generation at the ankle joimnpair

the stability during gait and during static stance. This may influencpesatory changes at the
knee and at the hip joints. (Bohm & Hosl, 2010). Hence, it may also force a hip stoatagy
fast recovery during a perturbation by using the hip muscles with a lacgsrszctional area.
Although, the ankle strategy is attributed to the maintenance of postural stapiisgng small
fine movements, the forced use of the hip strategy, which involves large gross meyenagnt
be a better choice to recover because of the use of large muscles groupsadventige of
using the hip strategy is that the postural corrections in response to a perturlagtionotve
repeated corrections of over shooting the target of maintaining the CoG witldo$heith each
attempt, which results in an increased postural sway. The hip muscles hayer arlass
sectional area and have the ability to produce a greater amount of force. Butubg tfiehe
proximal muscles to create compensatory contractions in the mainteffidnatance, the force
produced often translates into production of gross movement, which may induce greatat pos
sway (Gribble & Hertel, 2004). But, with extended durations of walking and with tisgpibg

of localized muscular fatigue setting in, the elevated boot shaft might alleadeser workload
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on the ankle musculature and thereby limiting fatigue and providing bettertgtabdr time.
These findings are in support of the current study’s results in showing that aeclevat shaft

help maintain better balance in the WB and TB in comparison to the LT.

Heel height as a predictor of balance performance:

Heel height of the footwear is another important factor contributing to balance
maintenance (Snow RE, Williams KR, 1994; Menant et al. 2008). A few explanatishfex
the decrement in balance with the use of shoes with elevated heels. An antérioitisaifotal
center of mass of the body result in a modified posture and plantar pressupatastand a
smaller tipping angle compared to low top shoes. This results in lateeddiiitg and may
contribute to the decrement in balance with the use of shoes with elevated heel®R ESnow
Williams KR, 1994; Snow RE, Williams KR, Holmes GB Jr, 1992; Tencer AF et.al, 2064).
findings from Menant’s footwear and balance study reported and confirmed thevaiee heel
of 4.5 cm significantly impairs balance, whereas a hard shoe sole and a high heslaplla
enhance balance in older people (Menant et al. 2008). Their findings also shoveed that
increased shoe heel height and sole softness caused a more conservative wakmgnuhitt
impaired ML balance control, respectively, in both young and older subjects (Mxraint
2008). This is contradictory to this study’s findings in which the WB with the highelshéight
and the TB with the second highest were shown to perform better than the LT in vehingelth
height was the least. A couple of explanations can be drawn from this contramg fihde
effectiveness of the height of the boot shaft might have compensated for thedeheehtor the
WB and the TB, leading to a better balance performance. Also, the WB and TR)iesdea
sole surface area, than that of the LT, which increases the BoS in normal Stenwedth of the

sole of the WB and TB were 9.6cm and 8.8cm, respectively in comparison to the 8.5cm for the
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LT. The width at the forefoot for WB and TB were 12cm and 11cm in comparison to the 10.5cm
for the LT. Load distribution in normal stance showed that the heel carried 60%gfobetmi

carried 8% and the forefoot carried about 28% of the weight bearing loadheviibets only
minimally involved in the weight bearing process (Cavanagh, 1987). The load distritsuti

better when it is dispersed across a greater surface area of sole of thediQas in the case of

WB and TB. This larger sole surface area provides a larger BoS and helmglatince
maintenance. Hence, these factors might have been the reason behind therfetteanue of

the WB and TB in comparison to the LT, even though the heel height was higher in these

footwear.

In another relevant study, Menant et al. (Menant et al. 2008) showed that elevated shoe
heels elicited reduced walking velocity and also showed that an elevateds$hagirbéound
detrimental effect on balance maintenance and postural control. But, it waspisted that
high-collar shoes led to a greater double support time and a greater step widtharehic
important in maintaining better balance by accomplishing a greatepé@nua spent in double
stance, which is a more stable phase of gait cycle than the period of single suppdrasTdn
effect of lowering the CoG during gait, and allowing for a greater step wydlsdomplishing a
greater BoS. Even though, the outcome variables of this study were gait pesainstié
supports our results in explaining that high collar shoes or shoes with an elevated baoichhaft

as the TB and WB perform better in balance tasks.

Mass of the footwear as a predictor of balance:

The mass of the boot also plays an important part in balance maintenance. An increase

the mass of the boot has been shown to cause an increase in energy expenditure by 0.7% - 1.0%
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of locomotion for each 100g increase in the weight of the footwear (Jones, Toner, Raniels
Knapik, 1984, Martin, 1984). It was shown in a previous study with firefighters that two
commonly used footwear in the firefighting industry, leather and rubber boots geifecantly
different from each other in balance maintenance. Both shoes had very siraracteristic
design with moderately elevated heel and an elevated boot shaft. The only diffeasribe
mass of the boot. The rubber boots were found to cause more decrements in balance in
comparison with the leather boots over fatiguing fire simulation activity. The@usuggested
that the higher mass of the rubber boot might have caused more fatigue which mighehave be
the reason for the increased postural sway and thereby a poor performance & (Gdiander,
et al. 2010). A general notion associated with the current study is that the WB halithe
greatest mass, should cause more fatigue over time and lead to a worsegpedgamtalance
assessment and the LT which had the least mass, should induce less fatigue arueléad t
balance performance. But, this theory was contradictory to the findings atdily. It was the
LT which was found to have the worst balance performance than all types of fodtweald
be hypothesized that the reason for this might have been that other positive design
characteristics, such as the elevated boot shaft height and a larger BoS cteddensiae

differences which may have been caused by the mass of the footwear.

Sole design as a predictor of balance:

A positive feature of the TB is that it's sole of resembles that of aniatbhete, which
might aid in a better gait kinematics and proper foot biomechanics. The LT hasflatveole
with a minimum surface area of BoS in a normal stance. Even though the WB protadgs a
surface area for the BoS in a normal stance, it essentially holds the foohte af gtlantar

flexion with its elevated heels. Furthermore, the TB combines the useful desigres of both
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the LT and the WB and incorporates into a single type of footwear. Thus the Tiehas t
advantage of having relatively less mass; with both an athletic sole @esign elevated boot
shaft, thus offers a greater ability to maintain balance and posturéitygialihe industrial and

occupational setting where the workload is presented over an extended period of time

Mid-sole stiffness as a predictor of balance:

Although, this study did not measure mid-sole hardness, the shoes used in this study had
difference in the nature and firmness of the mid sole. The LT had a softer ssdrsol
comparison with TB and WB. It has been shown that soft soles, even though they help prevent
pain by providing a cushioning effect, may decrease the detection of presswgescaathe
soles, and may have a negative effect on balance (Robbins S, Gouw GJ, McClaran J. 1992)
However, the firm and hard mid soles may improve cutaneous and proprioceptive feedback a

thereby may improve balance maintenance (Hijimans 2007, Menant 2008).

Balance performance over time:

The results of this study found a significant increase of postural sway RMS irL.the M
direction over time. The significant differences occurred in the MLRM3-&anditions of eyes
open (MLRMS EO) and eyes closed (MLRMS EC) with no sway referencing ofitteiad or
the support/platform and in the eyes open conditions with sway referenced viSiSR Y& and
support/platform (EOSRP) with the means increasing between the pre test 246"thenute.
However, post-hoc analysis did not reveal any significant difference between ffexéntli
testing time points. There were significant increases in the means of M3_iR &I of the above
mentioned testing conditions. This increase in postural sway may be attribuaédue taused

by the continuous walking/standing for 4 hour duration. The significant differemties EO
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and EC condition can be related to the detrimental effects to the somatosestary e
significant increases in the means of MLRMS in the EOSRV-SOT condition srthk¢ balance
performance goes down when there is inaccurate visual information over tich¢he\

significant increases in the means of the MLRMS in the EOSRP-SOT conditiontimapl

balance performance goes down when there is inaccurate somatosensortioricoaea time.
Increases in postural sway and therefore detrimental effects to d&tdioeving prolonged

duration workload have been supported by previous literature (Cham & Redfern, 2001& Wade
Davis, 2009; Lepers et al. 1994). The finding from this study directly support ttezatulie

with an increase in postural sway following an extended duration of walkiagdisg.

Previous literature, in which postural sway was found to increase due to fijguerts
this study’s findings that balance is compromised with an increase in pastanal(Yaggie &
McGregor, Lundin et al., Grible & Hertel). Their findings specificallypport this study’s
findings of an increased postural sway in the ML direction which can be attribuaddteral
ankle instability resulting from fatigue. Lepers et al. showed that thieyabiimaintain postural
stability during conflicting sensory conditions decreased after a pradogxgercise protocol,
which is in direct support of this study’s findings that a significant incriealgk. RMS was
found under conflicting sensory conditions of the SOT for balance assessment. Althoug
maintaining balance exclusively through an ankle strategy is achiewbeé bpdy functioning as
an inverted pendulum, where there is relatively more sway at the distal endf(beatl)e axis
of rotation at the ankle. But, in a hip strategy the knee and hip motions have been shown to
predominate in maintaining balance. There are usually increased trunk and repatioce in

maintaining balance while using the hip strategy predominately (Adlertooig&2y12003).
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Increases in postural sway have been associated with fatigue reSoltingn increased
workload in industrial settings. These increases in postural sway in turnspoasile for
greater potential risk for encountering a fall or a slip (Parijat & Ladkl2008). Postural sway is
essentially a result of continuous corrections and over corrections of lotneméy joint
movements in an attempt to keep the body’s center of gravity within the base of supert. Si
fatigue slows down the neural transmission, the ability to effectivehpensate for the
corrections about the joint movements is reduced (Gribble & Hertel, 2004). Hence, this
correction over-correction cycle results in greater amplitude, inogetee sway amplitude and
velocity. An increased postural sway was shown when firefighters weéee t@sder fatiguing
conditions while donning the personal protective equipment (Kincl et al. 2002). A similgr stud
assessed the impact of working long shifts wearing the turnout gear fandrdalned breathing
apparatus on postural stability of firefighters. Postural stability wasrstmadecrease as the
firefighters spent more time on duty (Sobeih et al. 2006). Increasing fégigglecan
compromise multiple aspects of the neuromuscular system which are respimngbiural

control and balance maintenance.

One of the major factors for the onset of fatigue is the time over whicindused. Pline
et al. (Pline et al. 2006) asserted that, inside the laboratory, localized mtigcie igtypically
induced at a higher workload over a period of several minutes, whereas, outside the Jaborator
the localized muscular fatigue is frequently induced at a relatively low @aatldver a period of
several hours. Pline at al. (Pline et al. 2006) reported larger increasesy/inedocity and sway
area when fatigue was induced over longer durations and at higher fatigeeMed supports
the results of this study. Few studies have shown that muscular fatigtleisiresponsible for a

decrement in balance performance is only short lived (Alderton et.al. 2003, Nardbri®8¥.a
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Yaggie & McGregor, 2002). But, in all these studies, fatigue was induced ovet aatod of
time by through the performance of specific fatigue-causing isegpcotocols, unlike this study,
which focused on reciprocating an industrial work setting with a relatigelylorkload

(standing/walking) over an extended period of time.

Perturbations caused by the muscle fatigue in regard to joint position sense mave bee
related to decreased motor neuron output (Yaggie & McGregor, 2002). Various fatigets
have been suggested with regard to different levels of the nervous system. At thealeriphe
level, a failure of the muscle to respond to a neural signal or a failure otigedento respond to
neural excitation can be attributed to muscular fatigue. At the centrglflevglie is known to
result in a failure of excitation of the motor neurons, which is caused by chartbesiervous
system. The changes in the motor neuron firing have been attributed to the iptopsidies of
the motor neurons, recurrent inhibition due to the renshaw cells and changes in reflarmnhibit
Changes in the descending drive in the motor neuron pool could also be responsible for changes
in the descending drive in the motor neurons (Corbeil, Blouin, Begin, Nougier & Teasdale
2003). Impaired joint position sense and impaired excitation-contraction g ujpie to the
decreased calcium ion availability for release from the sarcoplastidalum have also been
suggested as possible mechanisms for fatigue. The intrafusal fibersamhicdsponsible for
modulating the sensitivity of the muscle spindles that relay sensory infomaeeit the muscle
velocity and length via the group la and Il afferents respectively. Salismption of these
functions due to fatigue can interfere with the functions of the spindle which areamfort

maintaining balance (Pline, et.al 2006).

Small perturbations in quiet stance are usually minimized by the use of theteatilgys

and the stretch responses from the muscle spindle (Yaggie & McGregor, 2002) efdhese
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strategies and responses as well as their ability to minimize sstalitdinces and perturbations
are compromised when local muscular fatigue is occurs. These stratediessponses would be
expected to resume their normal function once recovery from fatigue occurgvaBhexplained
by Yaggie & McGregor, as they proposed that as the recovery from fatiggiegses, the
response from type 3 and 4 muscle afferents may have been increased, yielaongaese iin
somato-senssory sensation. Thus, this increase in proprioceptive input may hagedcre
reflexive postural responses, resulting in better maintenance of postggd 8aMcGregor,

2002).

Contrary to the existing literature, postural sway velocity in the APtdrewas found
to decrease with time as the main effect in ECSRP and EOSRVP-SOT @ondithe ECSRP
and EOSRVP SOT conditions are predominantly a measure of the use of vestilterarisys
maintenance of balance where inaccurate sensory information for thesensatry systems
with absent vision and inaccurate sensory information for both somatosensory andrgision a
presented by the SOT respectively. Possible explanations for this canttagj fmay be
attributed to the anticipatory or proactive postural responses. The gegyistem of postural
control has both an adaptation and an anticipatory postural mechanism, which are agalct
proactive postural responses. Adaptation is seen when there is a decreasautisavaglitude
of responses when a perturbation is given repeatedly over and over again, butiantisigaen
where responses are modified based on a central set pattern or our antioipte size and
direction of the perturbation. This study’s results reflect an anticipatoagtive postural
mechanism during the conditions ECSRP and EOSRVP. Although the sway gain wasld&t a
and the sway referencing of the visual surround and the platform do not occur unless anchange

the participants CoP occurs, there could still be a psychological learfecyafstanding in the
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same confined space of the Neurocom Equitest while assessing balaoed information is
used to predict trajectory and estimate forces required for anticipatedneiovd he ECSRP
and EOSRVP are both a test of predominantly the vestibular system in atosgescondition
and with conflicting visual and sensory information, where visual prefereneelofredividual
assesses how they rely on the vision even when the visual information is incorreotpiithed
sway velocity values might infer that the participants relied less on the ingarahation when
it was incorrect with better use of the vestibular system. Hence, arpattigi proactive
postural response may be suggested for this contrary finding for the ECSRPSRYESOT

conditions.

The results from the paired sample t-tests revealed at which time perisidiificanct
differences existed between the footwear types. Significant diffebateeen WB, TB and LT
for the APRMS EC condition was found at all time intervals excepnd@ute of testing. This
implies that without regard to the workload over the course of 4 hour duration, the dd&erenc
between the footwear existed throughout the testing session. This finding guagtsihhat the
WB and TB were successful in helping maintain a better balance performahdewmean
RMS of postural sway in the AP direction at all time points except at thenBlute of testing.
The differences for the MLRMS EC condition between the WB, TB and LT occureditiae
testing time points except 180210" and 248 minute of testing. The differences in footwear
for the MLRMS EOSRP condition had similar results with significant diffees occurring
between WB, TB and LT until 130minute and losing significance after the 5finute of
testing. This implies that the WB and TB aided in better performance in batacm@parison
to the LT until the 158 minute after which there were no significant differences between the

boot types. This finding can be related to the Cham and Redfern’s in which it was Babwn t
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significant differences in CoP weigth shifts did not occur until at leastt®ar of a 4 hour
testing session. The increase in discomfort and fatigue were found to be teldte increases
in the CoP shifts which were significantly affected by the flooringsyjput was evident only
after the 3rd hour of standing (Cham & Redfern, 2001). In the current study thedglogpe

was kept constant and the interface between the foot and floor, the footwear wadarteohi
Hence, Cham and Redfern’s results (Cham & Redfern, 2001) could be related to ttss stud
findings in suggesting that it was after the W5@inute that the significant differences were lost
between the footwear types. This loss of significant differences hetwedootwear may be

due to fatigue setting in after the i5@inute.
Conclusions:

Slips and fall-related injuries have been identified as a significantiotmdfe industrial
working population. It is reported that floors, walkways or ground surfacesnaaga extrinsic
factor contributing to 86% of slip and fall related accidents. Occupationdiliced muscle
fatigue has been identified as a major intrinsic factor to induce falls asdBhgkriti Parijat &
Thurmon E Lockhart, 2008). Footwear, because it serves as the interfacentéevie®t and
the floor, is of vital importance to maintain balance and postural stability in theriatiaad
occupational settings and is a more appropriate and a simple choice of nioditic@&nsure

better static and dynamic stability.

The findings from this study can be used as series of recommendations for future
occupational footwear design with regard to boot characteristics and their functions
Occupational and industrial footwear must serve multiple functions, aiding inheotlafiety and

the appropriate biomechanics of the foot in static and dynamic stability. Henoal)ahenig
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recommendations can be made from the findings of this study for efficient figsigning of
occupational and industrial footwear. Footwear with an elevated boot shaft wreod€above
the ankle joint, with firm midsole and an athletic outsole with relatively lesass will help in
addressing the important mechanical characteristics of the footweal, eamaid in better
balance performance. The results of this study may also help explain theeets in balance
with an extended period of workload involving continuous walking/standing that are most
commonly seen in the occupational and industrial settings. Thus, a better undegstndi
balance with extended duration exposure in occupational footwear may help aid tazeanahi

reduce the number of fall related injuries in the occupational and industriadysett

Future Research:

This study did not account for the hardness or the firmness of the midsole; thei@uteffi
of friction of the footwear’s slip resistant capabilities, shock attenuatiorbitidipa of the
footwear inserts, or the availability of rear foot motion during dynamic stabtliture
researches on these mechanical characteristics of the footweac@ramrended to have a better
understanding of the footwear functions and their importance in postural stakility.d&pth
analysis of gait events in these footwear, along with joint kinetics, kinesr@and muscle

activity may be recommended.
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Table 3: Descriptive Statistics — APRMS — EO

Descriptive Statistics - APRMS EO - CONDITION 1 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.3511| 0.1001| 0.0289 | 0.2960 0.0781| 0.0225| 0.2712 0.0488| 0.0141

30 | 0.3268 0.0725| 0.0209 | 0.2986 0.0873| 0.0252 | 0.2812 0.0584| 0.0169

60 | 0.3059 0.0515| 0.0149| 0.3213 0.1242| 0.0359| 0.31150.0755| 0.0218

90 | 0.3175 0.0896| 0.0259 | 0.2859 0.0744| 0.0215| 0.3294 0.0879| 0.0254

120 | 0.3129 0.0642| 0.0185| 0.2880 0.0846| 0.0244 | 0.3281 0.0658| 0.0190

150 | 0.2910 0.0539| 0.0156 | 0.2588 0.0658| 0.0190 | 0.2990 0.0810| 0.0234

180 | 0.3569 0.1135| 0.0328 | 0.3013 0.0873| 0.0252 | 0.2901 0.0753| 0.0217

210 | 0.3048 0.0713| 0.0206 | 0.3110 0.1063| 0.0307 | 0.3133 0.0961| 0.0277

240 | 0.3144 0.0679| 0.0196| 0.2722 0.0455| 0.0131 | 0.3427 0.1027| 0.0297

Table 4: Descriptive Statistics — APRMS — EC

Descriptive Statistics - APRMS EC - CONDITION 2 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.5003| 0.1377| 0.0397 | 0.4287 0.1046| 0.0302 | 0.4321 0.1125| 0.0325

30 | 0.4444 0.1221| 0.0353 | 0.3983 0.0699| 0.0202 | 0.4300 0.0908| 0.0262

60 | 0.5085 0.1366| 0.0394 | 0.4503 0.1293| 0.0373| 0.4056 0.0670| 0.0194

90 | 0.5025 0.1535| 0.0443 | 0.4028% 0.0665| 0.0192 | 0.3940 0.0986| 0.0284

120 | 0.4630 0.1098| 0.0317 | 0.4614 0.1423| 0.0411| 0.4074 0.0876| 0.0253

150 | 0.4778 0.1542| 0.0445| 0.4062 0.0969| 0.0280 | 0.4279 0.1028| 0.0297

180 | 0.4752 0.1236| 0.0357| 0.4133 0.1085| 0.0313 | 0.4361 0.1093| 0.0316

210 | 0.4703 0.1096| 0.0316| 0.4211 0.0964| 0.0278 | 0.4101 0.0873| 0.0252

240 | 0.5114 0.1197| 0.0345| 0.42130.0987| 0.0285| 0.4167 0.1012| 0.0292
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Table 5: Descriptive Statistics — APRMS — EOSRV

Descriptive Statistics - APRMS EOSRV - CONDITION 3 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.5368| 0.2398| 0.0692 | 0.4413 0.1466| 0.0423 | 0.4094 0.1017| 0.0294

30 | 0.4199 0.1516] 0.0438| 0.4052 0.1373| 0.0396 | 0.4405 0.1308| 0.0378

60 | 0.4668 0.1793| 0.0517 | 0.4653 0.1424| 0.0411| 0.4655% 0.1926| 0.0556

90 | 0.4654 0.1444| 0.0417| 0.43790.1598| 0.0461 | 0.4098 0.1582| 0.0457

120 | 0.492@G 0.0959| 0.0277 | 0.4406 0.1506| 0.0435| 0.4253 0.1049| 0.0303

150 | 0.4646 0.1112| 0.0321 | 0.4222 0.1156| 0.0334 | 0.451710.1613| 0.0466

180 | 0.4728 0.2080| 0.0600| 0.4052 0.1158| 0.0334 | 0.4464 0.1111| 0.0321

210 | 0.5189 0.1795| 0.0518 | 0.4095% 0.1622| 0.0468 | 0.5062 0.2437| 0.0703

240 | 0.4608 0.1455| 0.0420| 0.41700.0799| 0.0231 | 0.43710.1556| 0.0449

Table 6: Descriptive Statistics — APRMS — EOSRP

Descriptive Statistics - APRMS EOSRP - CONDITION 4 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.8707| 0.6202| 0.1790 | 0.6762 0.2909| 0.0840| 0.8734 0.6021| 0.1738

30 | 0.7305 0.3193| 0.0922 | 0.7550 0.5158| 0.1489| 0.7824 0.4678| 0.1350

60 | 0.7824 0.3832| 0.1106 | 0.7249 0.4213| 0.1216 | 0.8248 0.4215| 0.1217

90 | 0.7497| 0.3265| 0.0943 | 0.8113 0.4543| 0.1311| 0.7586 0.4152| 0.1199

120 | 0.8132 0.3637| 0.1050 | 0.7315 0.3840| 0.1108 | 0.9062 0.4550| 0.1314

150 | 0.8152 0.4201| 0.1213| 0.7931 0.3338| 0.0964 | 0.8885 0.6353| 0.1834

180 | 0.8725 0.5580| 0.1611| 0.7350 0.3324| 0.0960 | 0.8809 0.5091| 0.1470

210 | 0.9202 0.5485| 0.1583| 0.7099 0.2761| 0.0797 | 0.7916 0.3814| 0.1101

240 | 0.8500 0.5918| 0.1709 | 0.6936 0.3392| 0.0979 | 0.8033 0.3995| 0.1153
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Table 7: Descriptive Statistics — APRMS — ECSRP

Descriptive Statistics - APRMS ECSRP - CONDITION 5 (N=11)

LOW

TACTICAL

WORK

Mean

Std.
Dev

Std.
Error

Mean

Std.
Dev

Std.
Error

Mean

Std.
Dev

Std.
Error

PRE

1.5959

0.7212

0.2175

1.6431

| 0.6315

0.1904

1.571¢

0.5963

0.1798

30

1.6352

0.7198

0.2170

1.633%

1 0.6254

0.1886

1.6343

0.5669

0.1709

60

1.6096

0.5996

0.1808

1.6846

» 0.5163

0.1557

1.7314

1 0.5481

0.1653

90

1.4659

0.4577

0.1380

1.548¢

0.5951

0.1794

1.6924

} 0.6052

0.1825

120

1.6376

0.6566

0.1980

1.7162

10.7171

0.2162

1.7978

0.6998

0.2110

150

1.6306

0.7192

0.2169

1.5723

30.7419

0.2237

1.6869

) 0.7387

0.2227

180

1.6544

0.7819

0.2358

1.6696

» 0.6338

0.1911

1.8901

1 1.0136

0.3056

210

1.5957

0.5798

0.1748

1.563(

0.6934

0.2091

1.9206

0.9353

0.2820

240

1.7293

0.8199

0.2472

1.513¢

0.6246

0.1883

1.7101

1 0.8091

0.2440

Table 8: Descriptive Statistics — APRMS — EOSRVP

Descriptive Statistics - APRMS EOSRVP - CONDITION 6 (N=12

LOW

TACTICAL

WORK

Mean

Std.
Dev

Std.
Error

Mean

Std.
Dev

Std.
Error

Mean

Std.
Dev

Std.
Error

PRE

1.5246

0.7611

0.2197

2.0007

11.1715

0.3382

1.7067

1 0.8244

0.2380

30

1.5848

0.9403

0.2715

1.9267

10.8095

0.2337

1.7573

0.7598

0.2193

60

1.6878

0.8102

0.2339

2.0697

?0.9469

0.2733

1.8614

1 0.9367

0.2704

90

1.7225

0.8272

0.2388

2.2764

2 0.9803

0.2830

1.8824

1 0.9307

0.2687

120

1.4906

0.7041

0.2032

1.8244

) 0.9579

0.2765

1.9823

0.9831

0.2838

150

1.8256

0.9426

0.2721

2.0071

| 1.0618

0.3065

2.110¢

1.1238

0.3244

180

1.5933

0.9718

0.2805

1.96771

11.0347

0.2987

1.9411

1 1.0246

0.2958

210

1.6328

0.8624

0.2489

1.8643

3 0.9752

0.2815

1.9057%

1.0988

0.3172

240

1.6220

0.8743

0.2524

1.5096

» 0.7781

0.2246

1.812(

1.0293

0.2971
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Table 9: Descriptive Statistics — APVEL — EO

Descriptive Statistics - APVEL EO - CONDITION 1 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.9814| 0.1156| 0.0334 | 0.9307 0.0999| 0.0288 | 0.9116 0.0684| 0.0198

30 | 0.9655 0.1184| 0.0342 | 0.93910.1376| 0.0397 | 0.9206 0.1024| 0.0296

60 | 0.8908 0.0888| 0.0256 | 0.9237 0.1041| 0.0300| 0.9233 0.1467| 0.0424

90 | 0.9103 0.0816] 0.0236 | 0.91510.1261| 0.0364 | 0.9175 0.1006| 0.0290

120 | 0.9197 0.0814| 0.0235| 0.9329 0.1175| 0.0339 | 0.9380 0.0831| 0.0240

150 | 0.8722 0.0660| 0.0191 | 0.9085% 0.0990| 0.0286 | 0.9183 0.1320| 0.0381

180 | 0.9051 0.1087| 0.0314 | 0.92510.0961| 0.0277 | 0.8982 0.0735| 0.0212

210 | 0.9273 0.0874| 0.0252 | 0.9267 0.1260| 0.0364 | 0.9373 0.1902| 0.0549

240 | 0.9273 0.0978| 0.0282| 0.9083 0.1046| 0.0302 | 0.9753 0.1910| 0.0551

Table 10: Descriptive Statistics — APVEL — EC

Descriptive Statistics - APVEL EC - CONDITION 2 (N=11)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 1.2394| 0.1683| 0.0507 | 1.2424 0.1596| 0.0481 | 1.2245 0.1640| 0.0494

30 | 1.1985 0.1477| 0.0445| 1.1861 0.2336| 0.0704 | 1.1680 0.2023| 0.0610

60 | 1.1742 0.1621| 0.0489 | 1.2543 0.2909| 0.0877 | 1.0657 0.0969| 0.0292

90 | 1.2166 0.1753| 0.0529 | 1.2186 0.1977| 0.0596 | 1.1738 0.1500| 0.0452

120 | 1.2033 0.1761| 0.0531| 1.2760 0.2740| 0.0826 | 1.1301 0.1829| 0.0552

150 | 1.1817 0.1747| 0.0527 | 1.19740.1990| 0.0600 | 1.1803 0.1606| 0.0484

180 | 1.1911 0.2054| 0.0619 | 1.2083 0.1910| 0.0576 | 1.1762 0.1639| 0.0494

210 | 1.1560 0.1727| 0.0521| 1.21390.2032| 0.0613 | 1.1318 0.1517| 0.0458

240 | 1.2453 0.2783| 0.0839 | 1.2402 0.1925| 0.0580 | 1.1683 0.1559| 0.0470
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Table 11: Descriptive Statistics — APVEL — EOSRV

Descriptive Statistics - APVEL EOSRV - CONDITION 3 (N=11)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 1.3406| 0.2840| 0.0856 | 1.2073 0.1293| 0.0390 | 1.1821 0.1618| 0.0488

30 | 1.1462 0.1544| 0.0465| 1.1962 0.1957| 0.0590 | 1.1788 0.1618| 0.0488

60 | 1.1499 0.1618| 0.0488 | 1.2092 0.1821| 0.0549| 1.1627 0.2107| 0.0635

90 | 1.2063 0.2018| 0.0608 | 1.1814 0.1960| 0.0591 | 1.1836 0.1906| 0.0575

120 | 1.1962 0.1809| 0.0545| 1.19370.1734| 0.0523 | 1.2057 0.1824| 0.0550

150 | 1.1813 0.1870| 0.0564 | 1.1731 0.2094| 0.0631 | 1.2210 0.2103| 0.0634

180 | 1.1677 0.1764| 0.0532| 1.1818 0.1804| 0.0544 | 1.2430 0.0981| 0.0296

210 | 1.2426 0.2116| 0.0638 | 1.1604 0.1951| 0.0588 | 1.2779 0.2886| 0.0870

240 | 1.1525 0.1175| 0.0354| 1.21700.1566| 0.0472 | 1.2124 0.1568| 0.0473

Table 12: Descriptive Statistics — APVEL — EOSRP

Descriptive Statistics - APVEL EOSRP - CONDITION 4 (N=10)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 1.5012| 0.3586| 0.1134 | 1.5529 0.2265| 0.0716| 1.5956 0.3414| 0.1080

30 | 1.4155 0.2463| 0.0779 | 1.4699 0.3241| 0.1025| 1.4876 0.2685| 0.0849

60 | 1.3603 0.1352| 0.0428 | 1.4380 0.3397| 0.1074 | 1.44940.2513| 0.0795

90 | 1.3842 0.1978| 0.0626 | 1.4091 0.2240| 0.0708 | 1.4028 0.1809| 0.0572

120 | 1.4502 0.3162| 0.1000 | 1.4269 0.3396| 0.1074 | 1.4190 0.2418| 0.0765

150 | 1.3662 0.2605| 0.0824 | 1.3848 0.3097| 0.0979 | 1.5436 0.3383| 0.1070

180 | 1.4285 0.2570| 0.0813| 1.3927 0.2915| 0.0922 | 1.4697 0.2093| 0.0662

210 | 1.4660 0.3245| 0.1026| 1.3627 0.3707| 0.1172| 1.41170.2113| 0.0668

240 | 1.4644 0.2252| 0.0712| 1.41110.3505| 0.1108 | 1.4575 0.2850| 0.0901
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Table 13: Descriptive Statistics — APVEL — ECSRP

Descriptive Statistics - APVEL ECSRP - CONDITION 5 (N=9)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 3.0886| 0.8067| 0.2689 | 3.347(0 0.6008| 0.2003 | 2.8449 0.7057| 0.2352

30 | 2.9687| 0.7127| 0.2376 | 2.8753 0.3765| 0.1255| 3.0016 0.4899| 0.1633

60 | 2.7472 0.6129| 0.2043 | 3.1191 0.4676| 0.1559| 2.8624 0.6391| 0.2130

90 | 2.5937| 0.5396| 0.1799| 2.7832 0.5715| 0.1905| 2.81130.5162| 0.1721

120 | 2.7883 0.5950| 0.1983| 3.0829 0.2285| 0.0762 | 2.7603% 0.5155| 0.1718

150 | 2.6918 0.4998| 0.1666 | 2.7396 0.4179| 0.1393 | 2.689( 0.3773| 0.1258

180 | 2.7242 0.5753| 0.1918| 3.0681 0.8200| 0.2733 | 2.8222 0.6620| 0.2207

210 | 2.5814 0.4327| 0.1442 | 2.63470.7749| 0.2583 | 2.7865 0.5246| 0.1749

240 | 2.5330 0.4045| 0.1348| 2.5686 0.5909| 0.1970 | 2.8876 0.3290| 0.1097

Table 14: Descriptive Statistics — APVEL — EOSRVP

Descriptive Statistics - APVEL EOSRVP - CONDITION 6 (N=9)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 2.7400| 0.7368| 0.2456 | 2.8081 0.6559| 0.2186 | 2.8836 0.4862| 0.1621

30 | 2.5295 0.6544| 0.2181 | 2.5057 0.4240| 0.1413| 2.6148 0.4122| 0.1374

60 | 2.5383 0.5927| 0.1976| 2.6063 0.6078| 0.2026 | 2.6411 0.3704| 0.1235

90 | 2.7129 0.7976| 0.2659 | 2.6020 0.7086| 0.2362 | 2.4587 0.3230| 0.1077

120 | 2.4087 0.4158| 0.1386 | 2.3426 0.4302| 0.1434 | 2.37310.27/85| 0.0928

150 | 2.4509 0.6386| 0.2129 | 2.2546 0.4099| 0.1366 | 2.6314 0.3575| 0.1192

180 | 2.4634 0.5250| 0.1750 | 2.4895 0.7024| 0.2341 | 2.4380 0.3052| 0.1017

210 | 2.4957 0.5899| 0.1966 | 2.5073 0.4232| 0.1411 | 2.4299 0.2578| 0.0859

240 | 2.4879 0.3960| 0.1320 | 2.2895% 0.4100( 0.1367 | 2.31050.3131| 0.1044
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Table 15: Descriptive Statistics — MLRMS — EO

Descriptive Statistics - MLRMS EO - CONDITION 1 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.1550| 0.0398| 0.0115| 0.1536 0.0602| 0.0174| 0.1279 0.0373| 0.0108

30 | 0.1603 0.0447| 0.0129 | 0.1453 0.0528| 0.0152| 0.1361 0.0430| 0.0124

60 | 0.1725 0.0504| 0.0145| 0.1647 0.0689| 0.0199 | 0.1965 0.1084| 0.0313

90 | 0.1760 0.0495| 0.0143| 0.1720 0.0711| 0.0205| 0.1712 0.0798| 0.0230

120 | 0.1778 0.0560| 0.0162 | 0.1809 0.1165| 0.0336 | 0.1433 0.0430| 0.0124

150 | 0.1637 0.0435| 0.0126 | 0.1618 0.0680| 0.0196 | 0.1501 0.0441| 0.0127

180 | 0.1648 0.0325| 0.0094 | 0.1776 0.0661| 0.0191 | 0.1505% 0.0616| 0.0178

210 | 0.1717 0.0510| 0.0147 | 0.15450.0647| 0.0187 | 0.1611 0.0660| 0.0191

240 | 0.1868 0.0473| 0.0137| 0.1798 0.0565| 0.0163 | 0.2004 0.1114| 0.0322

Table 16: Descriptive Statistics — MLRMS — EC

Descriptive Statistics - MLRMS EC - CONDITION 2 (N=10)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.1825| 0.0454| 0.0143 | 0.1374 0.0367| 0.0116| 0.1330 0.0366| 0.0116

30 | 0.1845 0.0400| 0.0126 | 0.1660 0.0551| 0.0174| 0.1485 0.0450| 0.0142

60 | 0.2087| 0.0399| 0.0126 | 0.1850 0.0616| 0.0195| 0.1488 0.0377| 0.0119

90 | 0.1912 0.0365| 0.0115| 0.1741 0.0540| 0.0171| 0.1554 0.0501| 0.0158

120 | 0.2161 0.0663| 0.0210| 0.1692 0.0547| 0.0173 | 0.1634 0.0486| 0.0154

150 | 0.2037 0.0660| 0.0209 | 0.1767 0.0548| 0.017/3| 0.1674 0.0527| 0.0167

]
|
|
180 | 0.2123 0.0594| 0.0188 | 0.1759 0.0416| 0.0132 | 0.2044 0.0687| 0.0217

210 | 0.2124 0.0689| 0.0218| 0.1962 0.0757| 0.0239 | 0.1867 0.0589| 0.0186

240 | 0.2165 0.0665| 0.0210 | 0.1915%0.0681| 0.0215| 0.1970 0.0503| 0.0159
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Table 17: Descriptive Statistics — MLRMS — EOSRV

Descriptive Statistics - MLRMS EOSRV - CONDITION 3 (N=10)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.1972| 0.0649| 0.0205| 0.1632 0.0745| 0.0236| 0.1372 0.0528| 0.0167

30 | 0.2019 0.0860| 0.0272| 0.1961 0.1100| 0.0348 | 0.1576 0.0403| 0.0127

60 | 0.1837| 0.0548| 0.0173 | 0.1675 0.0549| 0.0174| 0.17790.0787| 0.0249

90 | 0.1926/ 0.0478| 0.0151| 0.228% 0.1384| 0.0438 | 0.1818 0.0500| 0.0158

120 | 0.1963 0.0540| 0.0171| 0.2073 0.0500| 0.0158 | 0.1441 0.0465| 0.0147

150 | 0.1749 0.0405| 0.0128 | 0.1781 0.0675| 0.0213 | 0.1829 0.0453| 0.0143

180 | 0.2084 0.0478| 0.0151| 0.2019 0.0591| 0.0187 | 0.2460 0.1348| 0.0426

210 | 0.2145 0.0907| 0.0287 | 0.2096 0.0706| 0.0223 | 0.2153 0.1038| 0.0328

240 | 0.2214 0.0737| 0.0233| 0.2065 0.0555| 0.0175| 0.2167 0.0822| 0.0260

Table 18: Descriptive Statistics — MLRMS — EOSRP

Descriptive Statistics - MLRMS EOSRP - CONDITION 4 (N=11)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.2526| 0.0963| 0.0290 | 0.183% 0.0549| 0.0166 | 0.1725 0.0448| 0.0135

30 | 0.2829 0.1138| 0.0343 | 0.2006 0.0687| 0.0207 | 0.1990 0.0545| 0.0164

60 | 0.2426/ 0.1000| 0.0302 | 0.193% 0.0529| 0.0159 | 0.1915 0.0829| 0.0250

90 | 0.2375 0.0585| 0.0177 | 0.2342 0.1494| 0.0450| 0.2041 0.0598| 0.0180

120 | 0.2695 0.0839| 0.0253 | 0.2301 0.0791| 0.0238 | 0.2261 0.0946| 0.0285

150 | 0.2345 0.0868| 0.0262 | 0.2024 0.0557| 0.0168 | 0.2404 0.1010| 0.0305

180 | 0.2831 0.0718| 0.0216| 0.2348 0.1007| 0.0304 | 0.2249 0.0723| 0.0218

210 | 0.2881] 0.1189| 0.0359| 0.2493 0.1318| 0.0397 | 0.2621 0.0936| 0.0282

240 | 0.2710 0.0722| 0.0218 | 0.2328 0.0888| 0.0268 | 0.2650 0.1177| 0.0355
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Table 19: Descriptive Statistics — MLRMS — ECSRP

Descriptive Statistics - MLRMS ECSRP - CONDITION 5 (N=10)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.3328| 0.1032| 0.0326 | 0.3034 0.0817| 0.0258 | 0.2883 0.1067| 0.0337

30 | 0.3650 0.1208| 0.0382 | 0.3044 0.0951| 0.0301 | 0.3053 0.0730| 0.0231

60 | 0.3915 0.1081| 0.0342 | 0.3734 0.1068| 0.0338 | 0.3414 0.1082| 0.0342

90 | 0.3573 0.0960| 0.0303| 0.31710.0895| 0.0283 | 0.3798 0.1393| 0.0441

120 | 0.3953 0.0947| 0.0300 | 0.357% 0.1446| 0.0457 | 0.3456 0.1309| 0.0414

150 | 0.3455 0.0792| 0.0251 | 0.34150.1097| 0.0347 | 0.32320.1117| 0.0353

180 | 0.3935 0.1216| 0.0385| 0.4062 0.1483| 0.0469 | 0.3672 0.1433| 0.0453

210 | 0.3400 0.0891| 0.0282 | 0.36790.1071| 0.0339 | 0.3503 0.1130| 0.0357

240 | 0.3549 0.0997| 0.0315| 0.3439 0.0905| 0.0286 | 0.3520 0.1024| 0.0324

Table 20: Descriptive Statistics — MLRMS — EOSRVP

Descriptive Statistics - MLRMS EOSRVP - CONDITION 6 (N=11

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.2971| 0.0715| 0.0216 | 0.2702 0.0851| 0.0257 | 0.2508 0.0973| 0.0293

30 | 0.3178 0.1244| 0.0375| 0.2690 0.0629| 0.0190| 0.2857 0.0870| 0.0262

60 | 0.3238 0.1069| 0.0322 | 0.3070 0.0718| 0.0217 | 0.2936 0.0924| 0.0279

90 | 0.3373 0.1254| 0.0378 | 0.3270 0.1226| 0.0370| 0.2866 0.1036| 0.0312

120 | 0.3075 0.0799| 0.0241 | 0.3149 0.0909| 0.0274 | 0.3220 0.1127| 0.0340

150 | 0.3244 0.1015| 0.0306 | 0.3267 0.0785| 0.0237 | 0.3344 0.0813| 0.0245

180 | 0.3415 0.1182| 0.0356 | 0.35710.1165| 0.0351 | 0.3434 0.0923| 0.0278

210 | 0.2954 0.0969| 0.0292 | 0.3496 0.0778| 0.0235| 0.2929 0.0974| 0.0294

240 | 0.3373 0.1105| 0.0333 | 0.29510.0631| 0.0190 | 0.3665 0.1616| 0.0487
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Table 21: Descriptive Statistics — MLVEL — EO

Descriptive Statistics - MLVEL EO - CONDITION 1 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.7936| 0.0746| 0.0215| 0.7593 0.0717| 0.0207 | 0.7360 0.0599| 0.0173

30 | 0.7518 0.0509| 0.0147 | 0.7608 0.0997| 0.0288 | 0.7346 0.0574| 0.0166

60 | 0.7296 0.0470| 0.0136| 0.7765 0.1105| 0.0319| 0.7424 0.1094| 0.0316

90 | 0.7427,0.0827| 0.0239 | 0.7522 0.0855| 0.0247 | 0.7543 0.0948| 0.0274

120 | 0.7404 0.0520| 0.0150| 0.7496 0.0664| 0.0192 | 0.7496 0.0826| 0.0239

150 | 0.7260 0.0628| 0.0181 | 0.7293 0.0643| 0.0186| 0.7159 0.0728| 0.0210

180 | 0.7319 0.0773| 0.0223| 0.7514 0.0706| 0.0204 | 0.7138 0.0402| 0.0116

210 | 0.7637 0.0773| 0.0223 | 0.7500 0.0822| 0.0237 | 0.7146 0.0682| 0.0197

240 | 0.7540 0.0592| 0.0171| 0.7282 0.0673| 0.0194 | 0.7599 0.1164| 0.0336

Table 22: Descriptive Statistics — MLVEL — EC

Descriptive Statistics - MLVEL EC - CONDITION 2 (N=11)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.8258| 0.0847| 0.0256 | 0.8304 0.0740| 0.0223 | 0.8068 0.0700| 0.0211

30 | 0.8269 0.0768| 0.0232| 0.7964 0.0896| 0.0270| 0.7820 0.0928| 0.0280

60 | 0.8152 0.0663| 0.0200 | 0.8063 0.0949| 0.0286 | 0.7718 0.0700| 0.0211

90 | 0.8028 0.0694| 0.0209 | 0.8024 0.0692| 0.0209| 0.7778 0.0729| 0.0220

120 | 0.8003 0.0719| 0.0217 | 0.8048 0.0915| 0.0276 | 0.7596 0.0620| 0.0187

150 | 0.7939 0.0766| 0.0231| 0.7941 0.0881| 0.0266 | 0.7901 0.0840| 0.0253

180 | 0.8011 0.0832| 0.0251| 0.8180 0.1038| 0.0313 | 0.7877 0.0875| 0.0264

210 | 0.8106 0.0834| 0.0251| 0.8028 0.0875| 0.0264 | 0.765% 0.0639| 0.0193

240 | 0.8055 0.1046| 0.0315| 0.8323 0.0878| 0.0265 | 0.7873 0.0638| 0.0192
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Table 23: Descriptive Statistics — MLVEL — EOSRV

Descriptive Statistics - MLVEL EOSRYV - CONDITION 3 (N=12)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.8316| 0.0903| 0.0261 | 0.777%0.0594| 0.0171| 0.7785 0.0546| 0.0158

30 | 0.7921 0.0786| 0.0227 | 0.798% 0.1126| 0.0325| 0.7828 0.0672| 0.0194

60 | 0.7825 0.0701| 0.0202 | 0.7919 0.1075| 0.0310| 0.7587 0.0756| 0.0218

90 | 0.7876 0.0732| 0.0211| 0.7801 0.0815| 0.0235| 0.7667 0.0851| 0.0246

120 | 0.7943 0.0935| 0.0270 | 0.7953 0.0854| 0.0247 | 0.7662 0.0993| 0.0287

150 | 0.8002 0.0903| 0.0261 | 0.7872 0.0909| 0.0262 | 0.7810 0.0996| 0.0288

180 | 0.7852 0.0878| 0.0253 | 0.8016 0.0946| 0.0273 | 0.7911 0.0811| 0.0234

210 | 0.8071 0.0796| 0.0230 | 0.7920 0.0825| 0.0238 | 0.7964 0.0940| 0.0271

240 | 0.8048 0.0588| 0.0170| 0.8147 0.0967| 0.0279 | 0.7799 0.0793| 0.0229

Table 24: Descriptive Statistics — MLVEL — EOSRP

Descriptive Statistics - MLVEL EOSRP - CONDITION 4 (N=8)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 0.8833| 0.0531| 0.0188 | 0.886& 0.0685| 0.0242 | 0.8635 0.0413| 0.0146

30 | 0.8611 0.0719| 0.0254 | 0.8541 0.1096| 0.0388 | 0.8422 0.0448| 0.0158

60 | 0.8463 0.0595| 0.0210| 0.85310.0767| 0.0271| 0.8312 0.0468| 0.0166

90 | 0.8655 0.0479| 0.0169 | 0.8480 0.0851| 0.0301| 0.8452 0.0509| 0.0180

120 | 0.8989 0.0766| 0.0271| 0.8701 0.0836| 0.0296 | 0.8358 0.0695| 0.0246

150 | 0.8633 0.0962| 0.0340 | 0.8484 0.0886| 0.0313 | 0.8499 0.0668| 0.0236

180 | 0.8842 0.1266| 0.0447 | 0.8485% 0.0819| 0.0290 | 0.8416 0.0342| 0.0121

210 | 0.9002 0.0945| 0.0334| 0.8465 0.1038| 0.0367 | 0.84910.0437| 0.0155

240 | 0.8959 0.0784| 0.0277 | 0.8564 0.0739| 0.0261 | 0.8570 0.0593| 0.0209
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Table 25: Descriptive Statistics — MLVEL — ECSRP

Descriptive Statistics - MLVEL ECSRP - CONDITION 5 (N=10)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 1.2056| 0.1345| 0.0425| 1.2544 0.1753| 0.0554 | 1.1621 0.2286| 0.0723

30 | 1.2061] 0.1562| 0.0494 | 1.15710.2243| 0.0709 | 1.1186 0.1017| 0.0322

60 | 1.1590 0.1351| 0.0427 | 1.2045 0.1165| 0.0368 | 1.1017 0.1274| 0.0403

90 | 1.1228 0.1092| 0.0345| 1.11450.0777| 0.0246 | 1.1099 0.1360| 0.0430

120 | 1.1809 0.1840| 0.0582 | 1.15530.1481| 0.0468 | 1.11750.1410| 0.0446

150 | 1.1343 0.1513| 0.0478| 1.10140.1147| 0.0363 | 1.0827 0.1191| 0.0377

180 | 1.1611 0.2239| 0.0708 | 1.182% 0.1930| 0.0610 | 1.0691 0.1666| 0.0527

210 | 1.1070 0.1261| 0.0399 | 1.1485% 0.2155| 0.0682 | 1.0861 0.1437| 0.0454

240 | 1.1313 0.1757| 0.0556| 1.1019 0.1867| 0.0590 | 1.11410.1324| 0.0419

Table 26: Descriptive Statistics — MLVEL — EOSRVP

Descriptive Statistics - MLVEL EOSRVP - CONDITION 6 (N=11)

LOW TACTICAL WORK
Mean Std. Std. Mean Std. Std. Mean Std. Std.
Dev Error Dev Error Dev Error

PRE| 1.0540| 0.1491| 0.0450 | 1.15930.2071| 0.0624 | 1.0412 0.1299| 0.0392

30 | 1.0462 0.1518| 0.0458 | 1.0693 0.1251| 0.0377| 1.0302 0.0975| 0.0294

60 | 1.0465 0.1325| 0.0400| 1.0976 0.1860| 0.0561 | 1.0107 0.1343| 0.0405

90 | 1.0600 0.1847| 0.0557 | 1.0881 0.1483| 0.0447 | 1.0344 0.1967| 0.0593

120 | 1.0112 0.1329| 0.0401 | 1.0260 0.1132| 0.0341| 1.005% 0.1187| 0.0358

150 | 1.0402 0.1736| 0.0523 | 1.0387 0.1298| 0.0391| 1.0410 0.1467| 0.0442

180 | 1.0316 0.1608| 0.0485| 1.0886 0.1792| 0.0540 | 1.0233 0.1183| 0.0357

210 | 1.0365 0.1552| 0.0468 | 1.06350.1712| 0.0516 | 1.01790.1297| 0.0391

240 | 1.0703 0.1229| 0.0371| 1.0263 0.1349| 0.0407 | 1.0290 0.1150| 0.0347
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‘RECRUITMENT SCRIPT”

(Verbal, in person: A brief version of the consent document.)

My name is Mr. Harish Chander, Dr. Garner, Waddell or Wadgraal(ate student,
faculty member, ) from the Department of HESRM at the University of Mississippi. | would
like to invite you to participate in my research study, the change of postaindity over

extended periods of time from walking in different types of industry standard faotwe

You may participate if you do not have any musculoskeletal disorders or medical
conditions that may be aggravated by exercise. Please do not particypatd&ve amnjury to
the lower or upper extremities, or balance disorders. As a participantjilybe asked to walk
along a flat surface on for separate days. You will be asked to walk for a period of Avwtule
you are tested every 30 minutes for balance and muscle fatigue changedalTtimae will be

4.5 hours per sessions.

This exercise may cause muscle soreness, or possible falls due to lagnoébal
However, injuries and falls are highly unlikely. Subjects are responsibley@mahall medical
costs that may result from injury during or related to the study. To completidyeysu will
be required to attend a total of 4 sessions each lasting 4.5hr each. Your decisionavimether

to participate will not affect your course credit or university standing.

If you are interested in participating, please place your name andagtdeglss on the
signup sheet that is being passed around. A member of the Biomechanics labl §tafin
contact to set up testing times. Do you have any questions now? If you have quatgrons |

please contact me following class.
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INFORMED CONSENT

Consent to Participate in an Experimental Study
Title: The effect of extended durations of walking on ballast rock and a sloped gace on
postural stability

Co-Investigator

Investigator Harish Chander, B.P.T

John C. Garner, Ph.D., CSCS Department of Health, Exercise Science, and
Department of Health, Exercise Science, and Recreational Management

Recreational Management University of Mississippi — 215 Turner
University of Mississippi — 215 Turner Center University, MS 38677

Center University, MS 38677 Tel: (662) 915-7211

Tel: (662) 915-7573

Description

You are being asked to participate in a research study for the purpose of ativestlte effects

of extended durations of walking/standing on a hard flat surface while wedfergmli types of
footwear. The long-term goal of this proposed research is to minimize the radkngf &nd

injuries in individuals working in challenging work environments for long periodsnef, t

leading towards implementing appropriate intervention strategies. Tlud tse knowledge

might improve injury prevention among the working population. In this study, we will focus on
balance and muscle fatigue. More specifically, we will look at the changss imuscle fatigue
and balance due to walking on in different types of shoes for long periods of time.

Your participation is voluntary. If you decide to participate in the researdly,Sour visits are
required to complete the testing. Each visit will last approximately 4.5 hoursg@arch visit,
you will receive participate in an experimental procedure related todeaéand walking
(explained below).

You will participate in a total of four protocols during the course of the visdda exposed to
four different footwear types (one each visit). The types of footwear ardobiaftat sole/slip
resistant (restaurant type), work boots (industry standard), and tactical bib¢asy(or law
enforcement).
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Protocol 1) NeuroCom Equitest Balance procedures

Protocol 2) Muscle fatigue testing

When you come in for the testing session, a member of the research teanplaiii the overall
goal of this study and emphasize the importance of walking as naturally asgtssibghout
the experiment. Each of the following will be completed with each of the footymes.

Balance Testing:

1) You will be fitted into the safety harness which will be attached to the balaraseinmg
equipment.

2) You will be asked to stand with you arms crossed in front of your body while the floor
beneath you and the screen in front of you moves at a very slow rate.

3) This procedure will be done one time for a total of 2.5 minutes.

4) At the completion of the balance measurements, you will be removed from ttye safe
harness.

5) This process will take approximately 3 minutes.

6) You will be escorted to the walking surface.

Muscle testing:

1) You will be asked to sit in a chair with both feet placed flat on the floor.

2) EMG electrodes will be placed on your leg corresponding to a muscle

2) At a given instructions on the muscle being tested, you will be asked toctdmata
muscle. The muscle consist of the ankle and knee muscles.

3) After muscle testing you will be asked to walk onto the assigned surface

4) You will be asked to begin walking at your own pace.

This complete cycle will occur 9 times (0, 30, 60, 90, 120, 150, 180, 210, 240min), for each of
the 3 surfaces. Your total time will be 5 hours per session for a total of 15 hours ewer a f
weeks time.

As part of the research study, we will record video of your movements whikengialhese
images will consist of your face, body, and body movements while walking. The e
CD will be kept indefinitely. Your name will not be recorded in any way on the QL. ydpur
subject number and date of testing will be written on the CD’s label. Unleggwoseparate
permission below, only the investigators associated with this study will ksaessato the CD.
The CD and any identifiable material will be stored in a locked filing cakiikin the Applied
Biomechanics and Ergonomics Laboratory, in which only the investigatorsavil access.
This recording will be studied by the research team for use in the resegjegdt. py¥We would
also like you to indicate below to what other uses of these digital recoradingse willing to
consent. In each of the uses listed below, images, such as your face and moezmeetgd on
the CD will be used for the purpose of describing the research procedures andssidmnsof
research findings. If you are not willing to consent to other uses of the degitetiimgs, you are
still eligible to participate in the study. We will only use the CDs in the waygich you
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agree. In any use of these CDs, your name would not be identified; however, such use does
present a risk for loss of confidentiality because your image will not becli® prevent your
identification. These CDs will be kept indefinitely.

1. The digital recordings can be shown to subjects in other experiments...

Initials
2. The digital recordings can be used for scientific publications............
Initials
3. The digital recordings can be shown at meetings of scientists............
Initials
4. The digital recordings can be shown in classrooms to students..........
Initials
5. The digital recordings can be shown in public presentations to
NONSCIENTITIC GrOUPS. ... ettt e e e e e e e e
Initials
6. The digital recordings can be used on television...........................
Initials

7. The digital recordings can be used on a public website maintained
by the research group..........coooe i

Initials

Risks and Benefits
Adverse events of this research study are listed with the following risocets:

“Rare” — occur in less than 1% or less than 1 in 100 people

Balance and Gaitlnjury risk is rare. The only possible risk would be due to an unexpected fall.
The incidence of falling is rare and will be protected against through the peefdaboratory

staff. There are other potential risks for injuries even if the subject doedlmottéethe ground:
Muscle pull, muscle tear, skin abrasion, chafing, and sudden movement-related (gajgries
being jerked), which may occur in the event of an equilibrium loss. At all times chalagce
testing, the subject will wear a safety harness designed to elirttieatisk of falling during the
balance testing protocol.

You will likely receive no direct benefit from taking part in this researchyst&hould the
testing procedures performed yield results that are abnormal, e.g. abbalamagle, abnormal
walking, you will be advised. If you decide to speak to your physician, it wilbbe y
responsibility set up an appointment with him/her. The results will be availatecarst,
should you or your physician request them.

102



Confidentiality

Any information about you obtained from or for this research study will be kept adeursl
(private) as possible. The records identifying your name will be (1) stoeetbcked file
cabinet and/or in a password-protected computer file, (2) kept separatééroesttof the
research records, and (3) be accessible to only the researchers listetirenghge of this form
and their staff. Your identity on the other research records will be indicatddse number
rather than by your name. You will not be identified by name in any publication ofsterch
results unless you sign a separate form giving your permission &eleas

Right to Withdraw

Your participation in this research study, to include the use and disclosure afigwotifiable
information for the purposes described above, is completely voluntary. (Note, howetdr, t
you do not provide your consent for the use and disclosure of your identifiable intorriwati
the purposes for the use of the recordings described above, you will still be albopatidipate
in the research study, and the recordings will not be used for anything other tlyars doyathe
staff.) Whether or not you provide your consent for participation in this reseadshvall have
no affect on your current or future relationship with the University of Miggss

You may withdraw, at any time for any reason, your consent for pariangatthis research
study, to include the use and disclosure of your identifiable information for the purposes
described above. This voluntary withdraw can be for any reasons such as: ghysaafort of
any kind, emotional distress, feeling uneasy about the testing procedureptishr@iats, and/or
lack of interests in participation. Any reason for which you feel as though you easiato
continue can be a means of discontinuing the study. Any and all identifiablechesea
information (CDs) recorded for, or resulting from, your participation inrdgsarch study prior
to the date that you formally withdrew your consent will be destroyed immigdiate

If you start the study and decide that you do not want to finish, all you have to do i$Xo tell
John Garner, Dr. Chip Wade, Dr. Dwight Waddell, or Mr. Harish Chander in person gy lett
or by telephone at the Department of Health, Exercise Science, and Reclkdddioagement,

215 Turner Center, The University of Mississippi, University MS 38677, or 915-5561. Whether
or not you choose to participate or to withdraw will not affect your standing hatBépartment

of Health, Exercise Science, and Recreational Management, or with the upizerd it will

not cause you to lose any benefits to which you are entitled.

IRB Approval

This study has been reviewed by The University of Mississippi’s InstitaitiReview Board
(IRB). The IRB has determined that this study fulfills the human researactspbptections
obligations required by state and federal law and University policiesu lhgee any questions,
concerns or reports regarding your rights as a participant of researchk, qoateact the IRB at
(662) 915-7482.
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Statement of Consent
| have read the above information. | have been given a copy of this form. | have had an
opportunity to ask questions, and | have received answers. | consent to participat&tunly.

Signature of Participant Date

Signature of Investigator Date

Statement of Consento be Contacted for Future Studies

The staff of the Applied Biomechanics and Ergonomics Laboratory and/orGaaposition
Laboratory may be of interested in contacting you to participate in futudeest Signing below
allows us to contact you to contact you with information on future studies.

Signature of Participant Date

Signature of Investigator Date

NOTE TO PARTICIPANTS: DO NOT SIGN THIS FORM
IF THE IRB APPROVAL STAMP ON THE FIRST PAGE HAS EXPIRED.
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APPENDIX: D

RECRUITMENT FLYER
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Men
18 to 45 years old
The Applied Biomechanics and Ergonomics Laboratory (ABEL) at

the University of Mississippi is conducting a research study onfhow
individuals walk in different types of footwear.

> Participants will be asked to come in for 4 visits.
> Sessions will last about 4.5 hours.

Must not have a heart condition
Must not have balance/dizziness complaints
Must not have joint movement problems
Must not have epilepsy, tremors, or a stroke
Must walk normally

If interested, cal(662) 915-7211
Ask for Mr. Harish Chander (UMABEL@olemiss.edu)
215 Turner Center, University of Mississippi

APPLIED BIOHECHANICS & ERCONOMILS LABORATORY
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APPENDIX: E

OCCUPATIONAL FOOTWEAR TYPES
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WORK BOOT: ANSI — 741 — 1991 STANDARDS

TACTICAL BOOT

LOW -TOP SLIP-RESISTANT SHOE
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Employment History:

2007 — 2008 Peadiatric Physical Therapist
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Appointments:
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Appointments:
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University, MS
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110



	Impacts on Balance When Walking in Occupational Footwear
	Recommended Citation

	Microsoft Word - $ASQ148431_supp_undefined_46D8A50C-9C5F-11E1-A69D-4C3CEF8616FA.docx

