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ABSTRACT
THE EFFECTS OF STATIC STRETCHING VERSUS DYNAMIC SERCHING

ON LOWER EXTREMITY JOINT RANGE OF MOTION, STATIC BRANCE,
AND DYNAMIC BALANCE

by
Wenging Wang

The University of Wisconsin-Milwaukee, 2013
Under the Supervision of Professomifer Earl-Boehm

The purpose of this study was to examineeffects of static stretching (SS)
versus dynamic stretching (SS) on lower extrenuigtjrange of motion (ROM),
static balance, and dynamic balance. Fifteen astipgects with tight hamstring and
calf muscles participated. Hip flexion and kneeeaston ROM angle was measured
using a fluid inclinometer. A closed-chain methdan@asuring ankle dorsiflexion
ROM was used. Static balance was assessed in-gggtance on a force plate using
the time-to-boundary (TTB) measurement. The StauEsion Balance Test (SEBT)
was used to assess dynamic balance in three dimecirThese measurements were
assessed before and after each of three intermsni5, SS or warm-up alone (CN).
The dependent variables included ROM measuredléhimn, knee extension, and
ankle dorsiflexion), SEBT measures (anterior (ANI9sterior-medial (PM),
posterior-lateral (PL)), and TTB mean in anteriosterior (AP) and medial-lateral
(ML). Repeated measures ANOVA were used to andlyzelata.

There was a significant main effect (p < .fab time. Repeated measures

ANOVA showed that knee extension ROM, hip flexio®R, ankle dorsiflexion



ROM, the SEBT (ANT, PM, PL) significantly (P<0.05) inased regardless of what
intervention (SS, DS, CN) was performed. There wersignificant differences
(p>0.05) for the TTB (ML, AP) and there were alspsignificant interaction (p>0.05)
between interventions (SS, DS, CN) and time.

The less stiff muscles and more slack coiveetissue around the joints
following stretching might attribute to the incredgoint ROM. The enhanced ability
to maintain dynamic balance after an increasedbiliiy might be due to a
desensitized stretch reflex. A less responsivecétneflex could suppress the postural
deviations, enhance the proprioceptive input, &nd take it easier to establish
equilibrium. Another contributor might be elevatadscle and body temperature,
which enhance nerve conduction velocity. The senspstems might play a dominant
role in regulating the static postural control. Adshal research is needed to more

clearly understand the relationship between alt®@i, balance and stretching.
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CHAPTER 1: INTRODUCTION
Background
One of the most common things that individuaie instructed to do prior to
exercise is “warm-up”. A regular warm-up usuallynssts of three components:
aerobic exercise, stretching, and a rehearsakoftbvements that will be used in the
subsequent training exercise or sports competiStmretching is often utilized for a
wide variety of populations to be an essential pag warm-up, which includes
ballistic stretching, proprioceptive neuromusctiuilitation (PNF) stretching, static
stretching (SS), and dynamic stretching (DS) (Rafakaslow, 1984; Sady, Wortman,
& Blanke, 1982). The benefits of stretching includet are not limited to improve
joint range of motion (ROM), enhance muscular pentance, and reduced risk of
injury (Pasanen, Parkkari, Pasanen, & Kannus, 2808llock & Prentice, 1985; G. J.
Wilson, Murphy, & Pryor, 1994; Witvrouw, Mahieu, Daeels, & McNair, 2004; W. B.
Young & Behm, 2002). However, there was recentlyldmver the effectiveness of
SS, as studies have demonstrated that SS decieasgsdividual's performance in
force, strength, and power (A. Nelson & Kokkone®QZ2; Power, Behm, Cabhill,
Carroll, & Young, 2004). It is therefore increadiynguggested that individuals should
turn to DS warm-up to more closely mimic movementhe subsequent training
exercises or sports competition, and DS has bemmrsto improve muscular
performance (Fletcher, 2010; Little & Williams, Z2)McMillian, Moore, Hatler, &
Taylor, 2006). Since balance is important for aevidnge of populations that include

recreationally active individuals, elite athletasd elderly to not only produce



optimal performance but also to prevent fall ouryj it is critical to understand how
physical intervention affects it. One are that hasbeen thoroughly investigated is
the effects of stretching on balance. Posturallgiator balance, relies heavily on the
contribution of information from proprioceptive eators located within the muscle
and connective tissue. Because stretching chahgdsrgth of the muscles and
tendons, it is possible that either DS or SS mae fzan influence on proprioception,
and therefore balance.

Ballistic stretching (BS) is a kind of passive &trethat forces the limb into a
guick and jerking motion, which suddenly producdmance beyond a leg or arm’s
normal ROM. Thus, it is recommended that individugtiould not perform BS unless
they are high-level athletes or being supervisdteravise it may cause serious injury
(Sady et al., 1982).

Proprioceptive neuromuscular facilitation (PNFegthing, defined as a
combination of passive stretch and isometric catitras of the target muscle, is
often utilized to increase the joint ROM, muscugaengthen, and neuromuscular
control in a clinical and rehabilitation environmiéMarek et al., 2005). However,
PNF stretching has been proven to decrease veital performance and leg
extension power in recreationally active individuéBradley, Olsen, & Portas, 2007;
Marek et al., 2005). Therefore, it is suggestetl BiNF stretching should not be
performed immediately prior to an explosive movetkiring physical activity.

Static stretching (SS) is described as graduatigtleening a muscle to an

elongated position as tolerated to a point of digfoot, and holding position for a



particular length of time. SS has often been wideljized to be a component of a
warm up in the training exercise or sports comjagti{De Vries, 1962). Traditionally,
SS has been shown to increase the joint ROM, impp&rformance, and prevent
injury (Bandy, Irion, & Briggler, 1997; Smith, 199W. B. Young & Behm, 2002) .
Increased ROM was one of the greastest benefiigedeirom SS. This was primarily
due to changes in the length and stiffness of matdinous unit (MTU), with
greater ROM generated by a less stiff MTU (G. Wilsé/ood, & Elliott, 1992).
However, there was recently doubt over the effectdss of SS. Studies have
demonstrated that SS decreased an individual'®geénce in force, strength, and
power. These performances included maximal volyrgantraction (MVC) isometric
force, one repetition maximum lifts, vertical jungmrint, running, and agility effects
(Behm, Bambury, Cahill, & Power, 2004; A. Nelsork&kkonen, 2001; Power et al.,
2004). Additionally, several studies have conclutted SS had no effect or increased
the risk of injury (Chaouachi et al., 2008; Faigawminm, Bellucci, Bernieri, Bakker, &
Hoorens, 2005; McHugh & Cosgrave, 2009; McNeal &&a 2003). Therefore, the
use of SS remains controversial.

It is increasingly suggested that individuals sdduln to dynamic stretching
(DS) designed warm-up due to the close mimic movesia the subsequent training
exercise or sports competition, rather than SS (M et al., 2006; Yamaguchi &
Ishii, 2005). Dynamic stretching is defined as atoalled movement through the joint
active range of motion while moving but not excegdndividual's extensibility

limits (Fletcher & Jones, 2004). Some studies ldarmonstrated that DS exhibited



similar increases in ROM as SS, while other autsaggested that SS created greater
effects on ROM than DS (Bandy, Irion, & Briggle98; Beedle & Mann, 2007,
Herman & Smith, 2008). Thus, there is no consepsuhe effects of DS or SS on
ROM. Additionally, improved muscular performancddwing DS were seen in the
areas of shuttle run time, medicine ball throwatise, jump and sprint performance,
and leg extension power (Fletcher, 2010; Fletché&n&ess, 2007; Little & Williams,
2006; McMillian et al., 2006; Thompsen, KackleyJutabo, & Faigenbaum, 2007;
Yamaguchi & Ishii, 2005; Yamaguchi, Ishii, YamanakaYasuda, 2007). Several
possible mechanisms by which DS improved muscuddopmnance could be elevated
muscle and body temperature (Fletcher & Jones,)2@04t-activation potentiation
(PAP) in the stretched muscle (Torres et al., 2088) stimulation of the nervous
system (Yamaguchi & Ishii, 2005). However, thesehamisms have not been fully
explored and the reason behind why DS helps pedocenis as yet unknown. Since
coaches, athletic trainers, and fithess professeua increasingly aware of the
advantage of DS in improving muscular performatice,use of DS rather than SS for
the warm-up is increasingly more common. Howeverdw not yet know the effects
that DS has on balance.

In biomechanics, balance is defined as the altdityaintain the individual's
center of gravity within their base of support witimimal postural sway
(Shumway-Cook, Anson, & Haller, 1988). Balance barseparated into static
balance and dynamic balance.

Static balance is defined as individual maintairargtable base of support



while minimizing segment and body movement (Breséahker, Kras, & Heath,
2007). Instruments, such as the Balance Error 8g@ystem or Berg Balance Scale,
have been widely used to measure static balan€gxitfble, Hertel, & Denegar,
2007), however they are somewhat subjective. TwAeeundary (TTB) provides an
objective novel postural control approach to assed& balance. Alower TTB
outcome indicates greater postural instability sitiee center of pressure (CoP) is
closer in time to reaching the boundary of the ldsipport (van Emmerik & van
Wegen, 2002). TTB measures can assess CoP exaunsigiation to the boundaries
of the base of stability that is not addresseddgitional postural control measures
and has been proven to be more sensitive at degaatprovements in static postural
control compared with traditional CoP-based meas(iertel & Olmsted-Kramer,
2007; Mckeon et al., 2008). However, stability ate balance might not translate
necessarily to postural control during dynamic rmeats due to the task and
environmental demands of a dynamic movement begng different from standing
quietly.

Dynamic balance is defined as an individual perfogra purposeful
movement around a base of support without compiamite base of support.
Dynamic balance measurements, such as Star ExaBsiance test or wobble board,
have been demonstrated to be more closely to mdenitands of physical activity
than static balance assessments (P. A. GribbleéeH&rPlisky, 2012). The Star
Excursion Balance Test (SEBT) is a cost-effect®asy-to-use clinical technique to

measure dynamic balance in the rehabilitationyyngvaluation and prediction, and



research applications (Hertel, Miller, & Denegd0Q; Kinzey & Armstrong, 1998;
Plisky, Rauh, Kaminski, & Underwood, 2006). The SERquires individual’s
postural control, strength, range of motion, camatibn and proprioceptive abilities.
The farther distance the touching leg reachesy¢fter dynamic balance it displays
(Hertel et al., 2000). Hertel et al (2006) simgldithe SEBT that using three reach
directions (anterior, posteromedial, and posteeodd} from the center of the grid to
identify individuals with chronic ankle instabilifCAl) (Hertel, Braham, Hale, &
Olmsted-Kramer, 2006). To make valid comparisonSBBT, reaching distances
need to be normalized to individual’s limb lengh A. Gribble & Hertel, 2003). In
addition, several other anthropometric and physialéactors, such as range of
motion, fatigue, or interventions, have also cdniréd to SEBT performance. Given
that the interference between dorsiflexion in thiele, knee flexion, and hip flexion
with the SEBT (P. A. Gribble, Hertel, Denegar, &dgley, 2004; P. A. Gribble et al.,
2012; M.C. Hoch, Staton, & McKeon, 2011), it issenable to assume that alteration
in ROM following stretching could affect the penfioance of the SEBT, and therefore
dynamic balance.

Postural stability, or balance, relies hgawih the contribution of information
from proprioceptive receptors located within thesela and connective tissue.
Proprioception includes input from sensory neuiartbe inner ear and in the stretch
receptors in the muscles and the joint ligameataniimportant contributor to control
postural stability (Di Giulio, Maganaris, Baltzogos, & Loram, 2009). It is possible

that a small change in the activity of a propridoegould lead to a greater change in



balance (Diener, Dichgans, Guschlbauer, & Mau, 1#8dprioceptors affect postural
stability through the relationship between senijtimnd muscle stiffness, or the
stretch-reflex response (L. M. Nashner, 1981)f&tihuscles produce a greater reflex
response (Sinkjaer, Toft, Andreassen, & Hornema@88) which leads to a more
rapid response to slight perturbations of musaigtle. A faster response to
perturbation would result in better balance (PE&tltppi, Emonet-Denand, Hunt, &
Laporte, 1990). Since stretching has the abilitghtange the muscle stiffness, muscle
length, and increase joint ROM, it is reasonablpdstulate that stretching could
affect proprioception and therefore balance (Behal.e2004; Chong & Do, 2002;
McHugh & Cosgrave, 2009).

There was little research focusing on the relatignbetween balance and
stretching. Several studies support that SS endaorckad no adverse effect on
dynamic balance (P.B. Costa, B.S. Graves, M. Whitgh& P.L. Jacobs, 2009;
Handrakis et al., 2010; Lewis, Brismée, James, rS&&awyer, 2009; A. G. Nelson,
Kokkonen, Arnall, & Li, 2011). Costa et al (2009eduated the effects of different
durations of SS on dynamic balance. The resultsisfstudy indicated that SS of 45 s
did not adversely affect dynamic balance while $& 5 s may improve dynamic
balance (P.B. Costa et al., 2009). While Handraka (2010) found that ten minutes
of acute SS enhanced dynamic balance in activelealged adults (Handrakis et al.,
2010). Furthermore, Nelson et al (2011) investigdie acute effect of SS on postural
stability in non-balance trained individuals comggawith experienced balance

trainers. They found that SS improved balance éor-balance trained individuals,



but not for those with greater balance experieAc&s Nelson et al., 2011). On the
other hand, studies indicated that SS resultedvarae effects on static balance (Behm
et al., 2004). Behm et al (2004) evaluated theceffiéacute lower limb SS on static
balance, force, proprioception, reaction time amy@ment time. It found that there
was a significant (P < 0.009) decrease in balaocees in the SS condition (decreasing
for 9.2%) compared with the control condition (ieasing for 17.3%) (Behm et al.,
2004). This was consistent with Nagano et al (28d6)ding, which suggested that SS
of the calf muscles increased postural sway, ansl dldversely affected static balance
(Nagano, Yoshioka, Hay, Himeno, & Fukashiro, 20@ice many training exercise
or sports competition requires both types of badastatic and dynamic, it would be
therefore advantageous to incorporate static andrdic balance task together when
investigating the effect of SS on balance perforrean an integrated research
environment.

As discussed above, the benefits of DS on musgpeldormance have been
distinctly proven and there is a tendency to WilS to be a component of a
warm-up rather than SS. However, it is still uncle effects of DS on static or
dynamic balance, since no research has been ceadncthis area. This study will
add preliminary research to reveal the effects 8fdd static balance or dynamic

balance.



Purpose

The purpose of this study was to examine the effetcstatic stretching versus

dynamic stretching on lower extremity joint ROMatst balance, and dynamic

balance.

Specific Aims
. To compare the effects of SS and DS on joint ROMipfflexion, knee extension,
and dorsiflexion, it was hypothesized that: 1) $#&intervention would have an
increase in joint ROM of the hip, knee, and anR)ethe DS intervention would
have an increase in joint ROM of the hip, knee, amkle, but less than the SS
group, 3) there would be no change in the joint R@iNhe control intervention.
. To compare the effects of SS and DS on static bal@RTB), it was hypothesized
that: 1) the SS intervention would have a decr@aperformance of static
balance, 2) the DS intervention would have incrégmeformance of static
balance, 3) there would be no change static balafites control intervention.
. To compare the effects of SS and DS dynamic bal¢BEBT), it was
hypothesized that: 1) the SS intervention wouldehdecreased dynamic balance,
2) the DS intervention would have increased dyndralance, 3) there would be
no change in the dynamic balance of the contrelugntion.

Delimitations

The results of this study were applied to those at@orecreationally active

individuals with or without hamstring or calf musdightness, both for men and

women ages from 18-45. It was not applied to chidiadults older than 45 and
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anyone who is not recreationally active. The resoltthis study only applied to static
and dynamic balance, and have limited applicationther athletic activities that
require additional skills.

This study only examined balance performance anillR@ameters (TTB
variables, SEBT scores, dorsiflexion, knee extansand hip flexion ROM). No
conclusion was made with respect to neural actwdgvels, such as changes in
musculotendinous unit (MTU) stiffness and propriutoge sense since they were not
being examined.

Assumptions

Some assumptions were made in this study. Theasgimption was that
participants honestly completed the questionnaiteacurately reported their
current activity level and injury/surgery histofjhe second assumption was that
participants continued their recreationally actercise or sports with no change of
the regular physical activity’s level, but refraihieom it 24 hours prior to testing
sessions. The third assumption was that there was little learning effect across the
study. The learning effect was controlled by thesjionnaire, orientation and data
analysis that calculates different valuables betwae and post balance tests. The
participants completed all trials with maximal effavas the final assumption.

Limitations

The only limitation of this study was learning effeAlthough it was

controlled by the questionnaire, orientation anth@aalysis that calculates different

valuables between pre and post balance testsatgea éxtent, it is impossible to
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completely eliminate it.
Significance
The significance of this study was that il add the body knowledge that will
allow coaches, athletic trainers, and fitness msifmals to make evidence based
decisions on how to prepare the individuals witmbkting and calf muscle tightness
for utilizing a proper stretchingchnique during warm-up session. Additionally, it
will also provide basic scientific evidence on imfong future research that focus on

lower extremity functional balance rehabilitatiofttwspecific stretching technique.
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CHAPTER 2: LITERATURE REVIEW
Introduction

A regular warm-up usually consists of threenponents. The first component
is aerobic exercise, which raises core body andclatemperature (Bishop, 2003a).
Bishop (2003b) suggests that an aerobic warm-d4p-&0% VQ max for 5-10
minutes followed by 5 minutes of recovery is optiteastimulate short-term physical
function and enhance athletic performance (BisR6P3b). The second component is
stretching that has been widely proven to enhaeceomuscular performance,
including stimulates core body and muscle tempegatocreases the joint range of
motion (ROM), enhances muscle strength, and prosrméance and coordination
(Pasanen et al., 2009; Shellock & Prentice, 1985rduw et al., 2004; W. B. Young
& Behm, 2002). The third component is a rehearsti®@movements that will be
used in the subsequent training exercise or sportgpetition (W. B. Young & Behm,
2002). The integrated warm-up components are adaptiensively for a wide of
population, not only for recreationally active imidiuals, but also for elite athletes.

Various types of stretching technique havenbdeveloped to be applied not
only in the training exercise or sports competitioat also in clinical and
rehabilitation environment. These stretching teghas include ballistic stretching
(BS), proprioceptive neuromuscular facilitation @Ntretching, static stretching
(SS), and dynamic stretching (DS). Recently, theas doubt over the effectiveness
of SS due to its adverse effect on performance ¢Gdehi et al., 2008; Faigenbaum et

al., 2005; McNeal & Sands, 2003). In additionsitncreasingly suggested that
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individual should turn to DS as a component of f&céve warm-up due to its
distinct benefits on muscular performance (McMilliet al., 2006; Yamaguchi & Ishii,
2005).

Impaired balance is a factor to provide negatiedfgcts on athletic
performance (Irrgang, Whitney, & Cox, 1994). In idd, a balance deficit is
attributed to increase the risk of a fall and igjgvicGuine, Greene, Best, & Leverson,
2000; Trojian & McKeag, 2006; Tropp, Ekstrand, &l@uiist, 1984). Since balance
plays such an important role in the lifespan, @riical to understand how physical
interventions affect it. Proprioception was considieas one of the mechanisms to
control balance and is sensitive to muscle tensi@hlength that could be changed by
stretching (Behm et al., 2004; Chong & Do, 2002Hvgh & Cosgrave, 2009).
Therefore, it is reasonable to suppose that sirgjaould have an influence on
balance.

There was little research focusing on the relatignbetween balance and
stretching. Several studies support that SS endasicead no adverse effects on
dynamic balance (P.B. Costa et al., 2009; Handetkss., 2010; Lewis et al., 2009; A.
G. Nelson et al., 2011). However, Behm et al (200dicated that SS resulted in
adverse effects on static balance (Behm et al42@nce these studies separated
static balance and dynamic balance task, and nmaimyrtg exercise or sports
competition requires both types of balance, it wida¢ advantageous to incorporate
static and dynamic balance task together in agiated research. Furthermore, it is

still unclear the effects of DS on static or dynaimalance, since no research has been
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conducted in this area.

Therefore, the purpose of this literature reviewisdiscuss the effects of
various types of stretching techniques, staticémmic balance, and the
relationship between stretching and static or dyodralance.

Stretching Techniques

Various types of stretching techniques have begaldped in the training,
sports competition, clinic, and rehabilitation s&j$ in order to gain an increase in
range of motion (ROM), an improvement in muscukerf@rmance, and reduce the
risk of injury. These stretches include ballistieghing (BS), proprioceptive
neuromuscular facilitation (PNF) stretching, statietching (SS), and dynamic
stretching (DS) (Ranna & Koslow, 1984; Sady et¥32).

Ballistic Stretching

Ballistic stretching is a kind of stretch that fescthe limb into a quick and
jerking motion, which suddenly produces a boungebd a leg or arm’s normal
ROM. Thus, it is recommended that individuals sHodt perform BS unless they
are high-level athletes or supervised by a perdoaigler, otherwise it may cause
serious injury (Bradley et al., 2007; Sady et E#82). In addition, it has been
demonstrated that BS resulted a decrease in the pemiormance and maximal
strength (Bradley et al., 2007; A. Nelson & Kokkan2001). Bradley et al (2007)
found that there was a decrease in the verticgb jperformance (2.7%, p> 0.05)
following a standard cycle warm-up along with 1(haies BS (Bradley et al., 2007).

Nelson and Kokkonen (2001) also found that BS redunaximal muscle strength in
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the knee extension and flexion (A. Nelson & Kokkoen2001). Therefore, BS has not
been widely supported in the literature to be apament of a warm-up.
PNF Stretching

PNF stretching, defined as a combination of passiiretch and isometric
contractions of the target muscle, is often utdizre increase the joint ROM, muscular
strengthen, and neuromuscular control by a thdrapwinical and rehabilitation
environment (Marek et al., 2005). Weng et al (2008nd that PNF stretching was
more effective on muscle strength than SS followsmdinetic muscle strengthen
exercises in 132 patients with knee osteoarthitlsng et al., 2009). However,
Bradley et al (2007) demonstrated that PNF stragcdecreased muscular
performance. They found that vertical jump perfancewas diminished (5.1%) for
15 minutes following a standard cycle warm-up alwitlp PNF stretching (Bradley et
al., 2007). Thus, it is suggested that PNF stratckhould not be performed
immediately prior to an explosive movement in thggical activity.
Static Stretching

Static stretching is described as gradually lengthenuscle to an elongated
position as tolerated and that position is then i@l a particular length of time to a
point of discomfort (De Vries, 1962). Traditionallyhad generally been believed that
SS increased the joint ROM, enhanced muscular pesgioce, and prevent injury
(Bandy et al., 1998; O'Sullivan, Murray, & Sainsp009; Power et al., 2004; Smith,
1994; W. B. Young & Behm, 2002). However, recentsts have demonstrated that

SS reduced force, strength and power productias, decreased performance
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(Chaouachi et al., 2008; Faigenbaum et al., 2003\ é4l & Sands, 2003). These
performance included isometric muscular contra¢tspmint, and jump performance.
Fowles et al (2000) found that isometric musculeergth in the ankle plantarflexors
has been decreased for up to 1 h after perforn8ngidtic dorsiflexion stretches of
135 s each over 33 minutes in ten young adults Was interpreted by Kubo et al
(2001) who indicated that tendon structure and eotive tissue were inclined to be
more compliant and muscle force was prone to ek $tdlowing SS, which led to a
lower rate of force production (Kubo, Kanehisa, k&ami, & Fukunaga, 2001). In
addition, vertical jump performances diminisheddaled by SS in the hip and knee
extensors for 100 s (Cornwell, Nelson, Heise, &&idy, 2001). The reason behind
this could be that a decrease rate occurred irahg#ansmission with SS and thus
caused a delay in muscle contraction velocity (Kmund Bennett, Corn, Leick, &
Smith, 2001). Furthermore, Fletcher and Anness{R6fund that 50-m sprint
performance decreased followed by 800-m jogged wasralone with SS compared
with active DS in eighteen experienced sprintelst@fer & Anness, 2007). This
could be illustrated that a decreased ability erttusculotendinous unit (MTU)
happened after SS, and then lead to a decreasenemascle activation and force
production (Cornwell, Nelson, Heise, & Sidaway, 20@®ne study combined
running and jump performance following SS. Faigembat al (2005) compared the
acute effects of 3 different warm-up protocols (@ures of walking with 5 minutes
of SS, 10 minutes of DS, and 10 minutes of DS Bldsop jumps from 15-cm boxes).

They found that long-jump, vertical-jump and she#tlin performance reduced
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significantly (p< 0.05) following SS (Faigenbaumagt 2005).

Since it has been questioned the wisdom of SS acutar performance, it is
suggested that SS should be avoided as a compaingatm-up session.
Dynamic Stretching

Dynamic stretching is defined as a controftea’ement through the joint
active range of motion while moving but not excegdndividual's extensibility
limits (Fletcher & Jones, 2004). The objective @ I3 to increase dynamic flexibility
in the target muscle by contracting the antaganisscle without bouncing
(Yamaguchi & Ishii, 2005). DS has increasingly gairpopularity due to a number of
studies showing an increase in high intensity perémce in the joint ROM, leg
power output, jump, running, sprint, and agilityeteher, 2010; Fletcher & Anness,
2007, Little & Williams, 2006; McMillian et al., ZI6; Ranna & Koslow, 1984
Thompsen et al., 2007; Yamaguchi & Ishii, 2005; éagunchi et al., 2007).

Previous study showed that the gain of DS and StReROM was almost
identical. Ranna and Koslow (1984) compared thecgdfof SS, DS and PNF
stretching on the ROM of hamstring-gastrocnemiusaias. The findings indicated
that all three stretches produced significant inaproent (p< 0.001) in the ROM
during the pretest and posttest. No differencefaasd between all three stretches
condition (Ranna & Koslow, 1984). This was agreetth Werman &Smith (2008)’s
finding (Herman & Smith, 2008).

However, O'Sullivan et al's (2009) questioned thevpus finding. They

investigated the short-term effects of a generathwap, SS and DS on the
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hamstrings ROM following assessing passive kneensibn test in individuals with
previous hamstrings injury and uninjured contrtléound that passive knee
extension ROM significantly increased after a gahesarm-up (p < 0.001), further
significantly increased (p = 0.04) after SS, wisilgnificantly decreased after DS (p =
0.013). The increased ROM after warm-up and SScestisignificantly (p < 0.001)
after 15 minutes rest and further remained sigaifity greater than that at baseline (p
< 0.001). The results of this study indicated thateffect of a general warm-up and
SS on ROM was greater in those with hamstringgaajundividuals, but not in DS
(O'Sullivan et al., 2009). Therefore, the effecD& on hamstrings flexibility or ROM
was conflict.

Dynamic stretching has been demonstrated to ineneasscular power output
(Yamaguchi & Ishii, 2005; Yamaguchi et al., 200¥amaguchi and his colleagues
worked on two studies related to leg power outpat.their first study, under various
loads at 5%, 30%, and 60% maximum voluntary cotitea@1VC) torque with
isometric leg extension, DS group was significaplyc 0.05) greater than that in the
no-stretching (NS) condition under each load (5%@®4468.4 + 102.6 W vs. 430.1 =
73.0 W; 30% MVC: 520.4 + 108.5 W vs. 491.0 + 93.068% MVC: 487.1 + 100.6
W vs. 450.8 + 83.7 W) (Yamaguchi et al., 2007). theo study that measured leg
extension power before and after stretches prad&b, SS, and NS) was consistent
with above finding. DS and SS protocols focusedianlower limbs muscle groups,
which were plantar flexors, hip extensors, hamggirmip flexors, and quadriceps

femoris. DS group was significantly (0 < 0.01) gezdhan that in the SS group
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(2022.3 £ 121.0 W). No significant difference wasifid between SS (1788.5 + 85.7
W) and NS (1784.8 + 108.4 W) condition (Yamaguchis&ii, 2005). Yamaguchi and
his colleagues mentioned that post-activation g@ton (PAP) caused by voluntary
contractions of the antagonist of the target musels the possible reason behind DS
increased leg power output. Since PAP shortenetirtieeto peak torque and
increased the rate of torque development follow&d D

Besides the benefits in the power output, it has Been proven that DS
increased running, sprint, agility, and jump parfance (Fletcher, 2010; Fletcher &
Anness, 2007; Little & Williams, 2006). Little amtilliams (2006) found that DS
(1.87 £ 0.09) produced a significantly (p< 0.00&gter 10-m sprint acceleration time
than NS conditions (1.83 + 0.08 seconds) and saamifly (p< 0.005) faster Zig-zag
agility performance (5.14 + 0.17 seconds) than I88h(5.20 + 0.16 seconds) and NS
groups (5.22 £ 0.18 seconds). This study informedessional soccer player that DS
was most effective as preparation for the subsddugh-speed performance (Little
& Williams, 2006). Similarly, Fletcher and Anneg007) notified that active DS
significantly (men p= 0.002; women p= 0.043) desezh50-m sprint time in
experienced sprinters (Fletcher & Anness, 2007).

One study compared the effects of different DS aitiks on jump
performance. Fetcher (2010) found that faster wiglaé DS (100 b/min) had a
significant (p< 0.001) greater in all three jumpfpemance, square jump (SJ), drop
jump (DJ), and countermovement jump (CMJ) than lothe slow velocity of DS

(50 b/min) and NS condition, and slow DS also reslin significant (p<0.001)
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greater performance in the DJ and SJ than NS g¢ondithe mechanisms behind this
were related to increases in heart rate and corpdrature, and also linked to greater
nervous system activation, shown by gastrocnemitisd CMJ significant higher in
EMG output(p<0.005) followed fast DS(Fletcher, 2010

Given that the BS, PNF stretching, and SS resdétdmental effects in
muscular performance and thus may increase théance of injury, coaches, athletic
trainers, fitness professionals therefore incraeggisuggest that individuals should
turn to a designed DS as a component of an effeetarm-up due to its higher
benefits on muscular performance (McMillian et 2006; Yamaguchi & Ishii, 2005).
Physiological Mechanisms Relating to Dynamic Streling

Several physiological mechanisms that could explamadvantages of DS on
muscular performance included increased core bodyrauscle temperature,
alteration in musculotendinous unit (MTU) stiffnepsst-activation potentiation
(PAP), and myotatic reflex.

Positive effects of DS could be resulted from iasexl core body and muscle
temperature within warm-up process (Yamaguchi & ,12005). This led to stimulate
peripheral blood flow and then enhanced muscle égatpre (Smith, 1994), further
resulted in an increase in the nerve receptor thatsand nerve impulse velocity,
and then produce a more rapid rate of muscle ottigraand power production
(Faigenbaum et al. 2005).

Bishop (2003a) indicated that DS had the abilitgiter MTU stiffness. MTU

stiffness incorporating with muscles, tendon, amanective tissue contracts tightly to
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transmit internal muscle forces to the skeletalesys(G. J. Wilson et al., 1994).
Stiffer MTU was required for a faster transmisstdmmuscular force to bones, then
generating a forceful movement (Kubo, Kanehisa,ukuhaga, 2001). This further
led to favorable changes in the force-velocitytrefeship (Bishop, 2003a). However,
a compliant MTU allowed less force rate of trangiis during muscle contraction
(Kokkonen et al, 1998), less able to store elastergy (Fletcher & Jones, 2004), and
increase the time of force transmission from there¢ nervous system (CNS) to the
muscle skeletal system (Fowles, Sale, & MacDougal00).

Post-activation potentiation (PAP) is defined aspghocess when the
contractile history of muscle holds a role in supsnt muscle contraction (Bishop
2003). This meant that a heavier loading applietitigcle prior to an explosive
movement could cause a higher stimulation of th&@Nallow a forceful muscle
contraction immediately (Chiu et al., 2003). THRAP resulted in more rapid or
forceful muscle contraction, and shortened the tiongeak torque and increases the
rate of torque development following DS (Fowleslet2000; Yamaguchi et al.,
2007).

Myotatic reflex is defined as muscle conti@tin response to stretching
within the muscle. It has been proven that fagtetching speed could cause to
greater action potential of the myotatic reflex ([Bafer & Rapp, 1993; Gottlieb &
Agarwal, 1979). Fletcher (2010) demonstrated thstisr velocity of DS had
significantly faster take-off velocity and vertigamp performance than the slower

velocity of DS (Fletcher, 2010).
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Although these possible physiological meckasi provided basic evidence
for DS linked to muscular performance, future resieds still required to better
illustrate high intensity muscular performance behbS.

Static Balance and Dynamic Balance

In biomechanics, balance is defined as the alidityjaintain the individual’s
center of gravity within their base of support witinimal postural sway
(Shumway-Cook et al., 1988). Balance can sepan&testatic balance and dynamic
balance (Winter, Patla, & Frank, 1990). Static bedais defined as individual
maintaining a stable base of support while miningzsegment and body movement
(Bressel et al., 2007). Several valid measuren@mnttnical scales, such as a force
platform, the Balance Error Scoring System (BES3erg Balance Scale (BBS),
can be used to measure static balance (P. Gribhle 2007). Although static balance
provide useful clinical information or researchamarhe, the underlying task of
standing as still as possible, such as posturay,awight not translate necessarily to
movement tasks. Dynamic balance is defined asiohai performing expected
movement around a base of support to a new locatidimmediately attempting to
remain as motionless as possible. Dynamic balam@sarements, such as Star
Excursion Balance Test (SEBT), or wobble board,e@dosely mimic demands of
physical activity than static balance assessméni. (Gribble et al., 2012). Since
many training exercise or sports competition rezgilvoth types of balance skills, it
should incorporate static balance and dynamic lalémgether within exercise or

research.
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Two studies compared static and dynamic balandenths relatively relevant
to the current designed study. Bressel et al (2060f)pared static and dynamic
balance among collegiate athletes competing inespbasketball, and gymnastics.
BESS was used to assess static balance. Partgipariormed 3 stance variations
(double leg, single leg, and tandem leg) on 2 seddstiff and compliant). SEBT was
used to assess dynamic balance. Participants peromultidirectional maximal
single-leg reaches from a unilateral base of supfidound that BESS error scores
for the gymnastics group were 55% lower than fertiasketball group and SEBT
scores were 7% higher in the soccer group thabdkketball group. The results of
this study indicated that gymnasts and soccer @agié not differ in terms of static
and dynamic balance. In contrast, basketball ptagimplayed inferior static balance
compared with gymnasts and inferior dynamic balarmrepared with soccer players
(Bressel et al., 2007). Similarly, Ross & Guskiexvf2004) determined static and
dynamic postural stability differences with funct# ankle instability individuals. A
single leg stance for 20 seconds was used to meeagiic postural stability, while a
single jump-landing test that required to jump 5@5% of participants’ maximum
vertical jump height and maintained motionlessZdrseconds after landing was used
to assess dynamic postural stability. The resntteated that mean sway was not
significantly different between groups in the ameposterior (P = 0.28) and
medial/lateral (P = 0.65) directions. The functioaakle instability group took
significantly longer to stabilize in the anteriaviterior (3.27 £ 0.72 seconds vs. 2.33 =

0.33 seconds; P < 0.001) and medial/lateral (2.8%8 seconds vs. 2.00 + 0.65
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seconds; P = 0.04) directions. It came to a comaiubat individuals with functional
ankle instability took significantly longer to sthie than individuals with stable
ankles after a single-leg jump landing, while thewses no difference between groups
with mean sway measured during single-leg stanosgR Guskiewicz, 2004).

Based on different static balance measurement aeallabove, it is therefore
necessary to examine the effects of static baldmoegh a more sensitive and reliable
tool.

Time-to-Boundary

Postural control is the specific terminology desiog static balance. Postural
control plays an important role not only in theuiryj prevention, but also in the
athletic performance. Increased postural contrgeiserally linked with increased risk
of falling with neurological impairment (Matinokit al., 2007), unstable ability in
dynamic tasks (Latash, Ferreira, Wieczorek, & Daja2003), and with higher risk for
ankle sprains (McGuine et al., 2000).

Traditionally, maintaining postural control is degd as the amount of postural
sway of the center of mass (COM) or center of presgCOP) to return the center of
gravity to a centralized position over the bassumfport (Rietdyk, Patla, Winter, Ishac,
& Little, 1999). The postural sway measures thguency against time by assessing
medial-lateral and anterior-posterior displacenoérthe center of pressure (Patla,
1990; Winter et al., 1990). A small amount of COMGDP excursion is considered
as more stable than a larger amount of COM or C@HBrsion (Woollacott,

Shumway-Cook, & Nashner, 1986).
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Time-to-boundary (TTB) provides a novel postwontrol approach to assess
static balance. TTB is defined as estimating e tit would take for the COP to
reach the boundary of the base of support if th® @@s to continue on its trajectory
at its instantaneous velocity (Hertel & Olmsted-#ex, 2007). A lower TTB outcome
indicates greater postural instability since theRd©closer in time to reaching the
boundary of the base of support (van Emmerik & Wagen, 2002). TTB measures
have been shown to have intrasession reliabiliti witraclass correlation
coefficients ranging from .34 to .87 (Hertel, Oladstkramer, & Challis, 2006). TTB
measures can assess COP excursions in relatiba tiotindaries of the base of
stability that is not addressed by traditional postcontrol measures. TTB has been
proven to be more sensitive at detecting improvesiernstatic postural control
compared with summary COP-based measures (Mckean 8008), and as well as
in detecting postural control deficits associateith WAl than traditional postural
control measures (Hertel & Olmsted-Kramer, 200herefore, TTB measures were
used in this study rather than traditional postavehy measurement.

Star Excursion Balance Test

The star excursion balance test (SEBT) is a clinezhnigue to measure
dynamic balance during rehabilitation, injury exalan, and research applications
(Hertel et al., 2000; Kinzey & Armstrong, 1998).EBEhas been proven to not only
an easy-to-use outcome tool to measure dynamiadmia research, but also a
clinical application to predict the risk of injutg lower extremity (Plisky et al., 2006).

The SEBT usually consists of a series of loweraarity reaching tasks in 8
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directions (anterior, anteromedial, anterolateradial, lateral, posterior,
posteromedial, and posterolateral) from the ceoftgrid that require individual's
postural control, strength, range of motion, camatibn and proprioceptive abilities.
The farther distance the touching leg reacheshétter dynamic balance it displays.
The ability to reach farther with the touching kdgo requires a combination ability of
better dynamic balance on the contralateral stigéHertel et al., 2000). Hertel et al
(2006) simplified the SEBT that using three reairhddions (anterior, posteromedial,
and posterolateral) to identify individuals with C@dlertel, Braham, et al., 2006) .
The SEBT has a strong intratester and intertestiability. The intraclass correlation
coefficients was ranging from .85 to .96 for ingster reliability and from .81 to .93
for intertester reliability (Hertel et al., 2000irkey & Armstrong, 1998).
Factors Contributing to SEBT Performance

To make valid comparisons of SEBT, reachiisgatices need to be
normalized to individual’s limb length as measufiexin the anterosuperior iliac spine
to the medial malleolus (P. A. Gribble & Hertel 03). Besides limb length, several
other anthropometric and physiologic factors intilgdROM, fatigue, and
interventions also potentially contributed to SE@rformance.
Range of Motion

Dorsiflexion range of motion in the ankle wasrelated strongly with anterior
reaching distance in the SEBT. Hoch et al (201&@red the relationships between
maximum dorsiflexion range of motion on the weigkearing lunge test (WBLT) and

normalized reach distance in three directions (areosteromedial, and
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posterolateral) on the SEBT. Thirty-five healthylisl performed three trials of the
SEBT in three directions on each limb to assessamyn balance, and then three trials
of the WBLT to measure maximum dorsiflexion ran§enotion. It found that only

the anterior direction (798 5.8%) of the SEBT was significantly related to the
WBLT (11.9+ 2.7 cm),r = 0.53 p = 0.001). The WBLT explained 28% of the
variance in the anterior normalized reach distgné&e.28). This results indicated that
the anterior direction of the SEBT may be a desitadcal measure to assess the
effects of maximum dorsiflexion range of motionaynamic balance (M.C. Hoch et
al., 2011).

There are 2 studies related to how kinenfattors (hip and knee flexion) can
affect SEBT performance between participants wiith without CAl. Gribble et al
(2007) investigated the influence of CAl on thefpamance of SEBT after fatiguing
protocol. Thirty subjects completed the SEBT befomd after a lunging fatigue
protocol. Pre-post fatigue change scores were med$or sagittal plane kinematics
of the stance leg and the normalized reach dissaWgben reaching anteriorly after
the lunge fatigue in CAl group, the changes in kaee hip flexion predicted
approximately 49 % of the variance in normalizeattedistances (R2 = .487; p
=.001). When reaching medially under lunge fatigu€AIl group, the changes in
knee and hip flexion predicted approximately 20fhe variance in normalized
reach distances (R2 =.198; p = .014). The resulisated that CAl significantly
affected the variances in normalized reach dis@atter a fatigue protocol (P.

Gribble et al., 2007). In another similar desigsadly, Gribble et al (2004) found that
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the injured side of the CAI subjects displayed sigantly smaller reach distance
values and knee flexion angles for all 3 reachiingations compared with the
uninjured side and the healthy group (P. A. Grilddlal., 2004). With 2 studies, the
differences of kinematic pattern in the knee amddiithe sagittal plane after
performing the SEBT suggest that those who with @A$ associated with a
reduction in dynamic balance.

Given that the interference with dorsiflexiorthe ankle, knee flexion and hip
flexion in the sagittal plane on the SEBT, thisormhation might be helpful for
clinicians to design specific rehabilitation pratbfor patients with dynamic postural
control impairments.

Fatigue

It is widely accepted that fatigue can affgeysical performance. Gribble et al
(2009) examined the effects of fatigue on perforceameasures of the SEBT in three
directions (anterior, posteromedial, and posteecdd}. 16 healthy young adults
performed the SEBT before and after 4 differengtang conditions (isometrically
applied fatigue to the ankle, knee, and hip andicoaus lunging). The normalized
reach distances and sagittal-plane kinematicseoktiee and hip were recorded. It
found that fatigue produced deficits in normalizedch distances and decreased knee
flexion in all 3 reaching directions (P. A. GribbRobinson, Hertel, & Denegar, 2009).
This was consistent with previous two studies, Blgket al (2004) and Gribble et al
(2007) that suggest that SEBT performance mightigeoa useful approach for

assessing decline in dynamic balance from fatigue.
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Interventions

Some studies have examined the effects off[SEBmprovements in
performance and reduce the risk of injury afteigiesd exercise interventions as an
outcome tool, including balance training, core #itgttraining, and neuromuscular
control exercise programs (Filipa, Byrnes, Pateliyger, & Hewett, 2010; FitzgeralD,
Trakarnratanakul, Smyth, & Caulfield, 2010; Halertél, & Olmsted-Kramer, 2007;
Mckeon et al., 2008).

Mckeon et al (2008) investigated the effda d week balance training
program on static and dynamic postural controhwse with CAl. The intervention
consisted of a 4 week supervised balance trainiogram that emphasized dynamic
stabilization in single-limb stance. They foundtttie balance training group had
significant improvements in reach distances withgbsteromedial (P = .01) and the
posterolateral (P = .03) directions of the SEBT kbtn et al., 2008). Similarly, Hale
et al (2007) also found differences in the postedial (P = .03), posterolateral (P
=.01) reach directions of the SEBT and a compasitee of all 8 directions (P =.03)
following a 4 week intervention of strength, RONhdaneuromuscular control
exercises in those who with CAIl (Hale et al., 2007)

Kahle and Gribble (2009) focused on a 6 wiagkvention training program
in healthy and physically active young adults. Thmynd that the exercise group
improved their scores by more than 4 % (P= .001ihénanteromedial direction and
improved 6% from baseline and was more than 6%eb#tan the control group in

the medial direction with moderate to strong eff@zes (Kahle & Gribble, 2009).
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Fitzgerald et al (2010) revealed improvements 85% to 9.4% in the anterior,
posteromedial, and posterolateral reach directhdBEBT after 12 exercise sessions
of wobble board or postural stability training. $arly, Filipa et al (2010) found that
8 weeks of neuromuscular control training in yotemale athletes improved
performance in the same 3 directions by 1.75%5809 Neuromuscular control
training was provided by mostly moderate to strefigct sizes that ranged from 0.58
to 1.00 (Filipa et al., 2010; FitzgeralD et al. 12].

Since stretching could affect alteration @M and neuromuscular control
that has been associated with the SEBT, it is itapoto understand the relationship
between stretching and the SEBT, namely dynamanoal.

Stretching and Balance

Balance is important for a wide of population, whincludes recreationally
active individuals, elite athletes, and elderlyr f® recreationally active individuals
and elite athletes, impaired balance affects optatidetic performance, and even
cause injury incidence. For the elderly, a balatedgit is prone to the higher risk of a
fall, and then cause osteoporotic fractures (MN&son et al., 1994). Since balance
plays an important role in the lifespan, it isicat to understand how physical
interventions, especially stretching, affect it.

Performance

Several studies have focused on the relationshipdas SS and static or

dynamic balance, but no research has concentratédteceffects of DS on either

static or dynamic balance.
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One study focused on the SS and joint positionesegBhaffarinejad et al
(2007) investigated the effect of SS in relatiomtascle surrounding the knee on the
knee joint position sense (JPS). JPS was measu@ayh the absolute angular error
(AAE) in order to estimate the ability to reach ttmoget positions (20° and 45° of
flexion) in the dominant knee. Thirty-nine healtydents was tested by three 30 s
SS with a 30s rest. AAE values were measured regehtee times before and
immediately after SS trials. They found that theEAdecreased significantly after the
stretching protocols for quadriceps (3.5 (1.3) w5(@.4); p<0.001), hamstring (3.6
(2.2) vs 1.6 (3.1); p=110.016), and adductors (3.7 (2.8) vs 1.7 (2.4)+p/0.016) in
45° of flexion. The results suggest that the krie® ilnprovement in 45° of flexion
following SS was contributed to the knee joint 8igb This was expected to improve
balance since joint position sense was linked dpgoceptive response (Ghaffarinejad,
Taghizadeh, & Mohammadi, 2007).

Three studies examined the effects of SS on dynhaiance, while using
different dynamic balance measurements, stabilam@érg Balance Scale (BBS), and
Dynamic Stability Index (DSI), but not the SEBT.

Costa et al (2009) evaluated the effectdftdrént durations of SS on
dynamic balance. The SS protocols consisted otk @rgometer warm-up at 70 rpm
and 70 W followed by SS (passive unilateral knegifin, supine hip flexion, ankle
dorsiflexion with an extended knee, and ankle dlerson with a flexed knee) on the
target muscle groups (quadriceps, hamstring, aeuttqnl flexor). Each stretching

repeated 3 times with 15 seconds rest of periodstanpositions were held for 15 or
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45 seconds to the point of mild discomfort. Thetomlrone consisted of the same
cycle ergometer warm-up with a 26-minute rest afquebetween pretests and
posttests. Dynamic balance was measured usingBSevBhich was similar to actual
physical activities that resulted in instabilityady found that the balance scores were
significantly improved (p<0.01) in the 15-s stretghcondition and no significant

was found in the 45 s stretching condition. Theiltesof this study indicated that SS
of 45 s did not adversely affect dynamic balanad &8 with 15-second may improve
dynamic balance (P.B. Costa et al., 2009).

Similarly, Handrakis et al (2010) tested ten migaige subjects (age: 40-60 yr.)
from a martial arts school following 10 minutes\8i#h 30 seconds hold for session.
Dynamic Stability Index (DSI) was used to test dyiabalance for single-leg stance.
Smaller DSI meant improved dynamic balance whitatgr DSI indicated opposite
effect. Other dependent variables included distaif@ebroad jump, single hop, triple
hop, and crossover hop; elapsed time for a 6-mdtihog. They found that DSI of SS
group was significantly smaller than that in the ¢¢8up (3.5 £ 0.7 vs. 4.3 + 1.4 DS,
p < 0.05). No significant difference was foundlie bther dependent variables in both
two groups. Thus, it came to a conclusion that irutes of acute SS with 30seconds
hold enhanced dynamic balance in active middle-agledts.(Handrakis et al., 2010).

In comparison with non-balance trained individuaith experienced balance
trainers, Nelson et al (2011) investigated theat$fef SS on postural stability in
forty-two college students and ten surfers perfarin@lance testing on a stabilometer

on two separate days following either 30 min ofeggitting or 30 min of SS
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protocols. For the dynamic balance, the average tifkeeping on the stabilometer
was recorded at 180° for two 30s periods. For ttetching protocol, it consisted of
five different SS exercises (sit-and reach, stretod lotus or butterfly stretch, the
heel cord or calf stretch, a standing half lotustsh, and a quadriceps stretch) for 3
times unassisted and 3 time assisted to the mugaeagps of the hip, knee, and ankle.
The results indicated that improved flexibility weignificant (p<.05) following the

SS protocols for increasing (6.5 + 2.7 cm) in sl aeach test. In addition, balance
time for non-balance trained individuals also imya significantly by 11.4% (2.0s
increase), but no significant change in the surfelnsis, SS improved maintenance of
dynamic balance for non-balance trained individualg not for the experienced
balance trainers (A. G. Nelson et al., 2011).

Besides research on the relationship between S8yarainic balance, three
studies examined the effects of SS on static balasimg a wobble board and postural
sway, respectively, but not related to TTB.

Behm et al (2004) evaluated the effect of an aB@en static balance, force,
proprioception, reaction time and movement timgte®in subjects were tested before
and after both with a SS of the quadriceps, hantgstand plantar flexors or a similar
duration in the control condition. The stretchingtpcol consisted of a 5-min cycle
warm-up followed three stretches to the point stdmfort of 45s each with 15s rest.
SS included a series of unilateral knee flexiop,flexion with extended leg in the
supine position, extended leg dorsiflexion in ttending position, and flexed knee

dorsiflexion in the standing position. Measuremeémttuded maximal voluntary
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isometric contraction (MVC) force of the leg exterss static balance using a wobble
board, reaction and movement time of the domimaméet limb. They found that there
was a significant (P < 0.009) decrease in balaooees with the SS condition
(decreasing for 9.2%) compared with the controldition (increasing for 17.3%).
There was significant difference (P< 0.01) in resac{decreasing for 5.8%)

and movement (decreasing for 5.7%) time in therobobndition and (increasing for
4.0% and 1.9% ) in the SS condition The resultgcated that an acute SS adversely
affect performance on static balance and reactionément time (Behm et al., 2004).

The finding of Behm et al (2004) was supported agaho et al (2006)’s study,
which evaluated the effects of vision and SS ofcdlé muscles on postural sway
during quiet standing. Participants first stoodadierce plate in 30 s for both legs and
the postural sway of the ground reaction force @@B recorded. Participants then
stood quietly on a device incorporating a statidejoint dorsiflexion stretching in
3 min. After that, postural sway was recorded aggle findings of this study
indicated that postural sway significantly increhaéter SS in the dependent
variables: sweep speed, sway speed, standard idayiaaximal anteroposterior
range, mean anteroposterior position (Nagano ,e2@06).

Similarly, Lewis et al (2009) investigated the effef SS on postural sway and
on the kinematic variables in gender. SS and N8pgavere tested separately prior
to balance testing with electromyographic (EMG)orelings of muscle responses. In
the SS protocol, the quadriceps, hamstring, anuatgdlexors of bilateral were

passively stretched in the supine position witleé5 s and a 15 s rest of period.
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Testing during the NS condition began after thgesilvested quietly for an equivalent
period of time as in the SS condition. Balancengsncluded the Postural Evoked
Response Test, Adaptation Test, Motor Control T&shsory Organization Test, and
Unilateral Stance Test. They found that no sigatitcmain effect for SS and 2
significant main effects for gender for the Motarr@ol Test (P = 0.021) and latency
of tibialis anterior (P = 0.009). The results iratied SS did not affect balance
performance during computerized dynamic posturdgrdymth for women and men
(Lewis et al., 2009).

Since many physical activity and rehabilitatioremventions requires both
types of balance (static and dynamic), it wouldh®refore advantageous to
incorporate static and dynamic balance task togethen investigating the effect of
SS on performance in an integrated research. liti@uaidt is also important to
understand how DS would affect on static or dynamaiance since no research has
focused on it.

Mechanism

Keeping balance is described as the ability to mairthe base of support
with minimal movement (Winter et al., 1990). A cdespnervous system with
automatic postural responses, volitional motor @drand reflexive responses
controls the ability of balance (Bloem, Allum, Canter, & Honegger, 2000; Shiratori
& Latash, 2000). This integrated system or meclmamssadjusted mainly by the CNS
as expressing self-promoted postural perturbatidnsn, Forrest, & Latash, 1998),

and also influence individual's movement in theligbof coordination, ROM, muscle
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strength, and power production (Grigg, 1994, L.Nees, 1976; R. M. Palmieri et al.,
2003; R. Palmieri, Ingersoll, Stone, & Krause, 2002function of physiological
mechanism were changed, the performance of balaockl be affected, and may
further increase the risk of a fall or injury.

One possible physiological mechanism that affdesability and performance
of balance in relation to stretching could be piageption. Proprioception is one of
contributors to control postural stability (Di Giulet al., 2009). Proprioception is
composed of sense from sensory neurons in the @areand in the stretch receptors
in the muscles and the joint ligaments. Propriaeemense originating from joint and
muscle receptors plays an integral role in the diatgoreparing, maintaining, and
restoring stability of postural stability of entibedy and the joint stability of the
segments (Riemann & Lephart, 200R)s possible that a small change in the activity
of a proprioceptor, it could lead to a greater ¢feaim balance (Diener et al., 1984).
Proprioceptors affect postural stability through #tretch-reflex response (L. M.
Nashner, 1981), which sensitivity could be influetddy muscle stiffness, with stiffer
muscles producing a greater reflex response (Snlghal., 1988). This was possible
due to the postural control maintained by stifferseies through greater or more
rapid responses to slight perturbations in musmgth (Petit et al., 1990). Since
stretching has ability to change the muscle sti#snenuscle length, and increase joint
ROM, it is reasonable to postulate that stretclkimgid affect function of balance

(Behm et al., 2004; Chong & Do, 2002; McHugh & Cesg, 2009).
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Summary

Since SS has been doubted its effectiveness oorperhce and injury
prevention, DS has been widely accepted to be gonent of a warm-up due to its
benefits on muscular performance. In addition eéialsle measure of dynamic
balance, SEBT could be influenced by ROM, fatigared balancing training and
neuromuscular control interventions, however, gtiB unclear the effects of SS and
DS on the SEBT, and the relationship of the SEBFtatic balance. Moreover,
proprioceptors are sensitive to muscle tensionlemgth, it is therefore reasonable to
postulate that stretching could affect balance. Bedies have focused on the
relationship between SS and static or dynamic lsalaaind no research has
concentrated on the effects of DS on either stat@ynamic balance. This study will
provide basic scientific evidence and clinical agadion for informing future research
that focus on lower extremity muscular performarajeyy prevention, and

rehabilitation with regard to altered ROM, balareed stretching.
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CHAPTER 3: METHODS
Purpose

The purpose of this study was to examine the effetcstatic and dynamic

stretching on lower extremity joint ROM, static #ate, and dynamic balance.
Participants

Participants were recruited by informational flyposted at University of
Wisconsin-Milwaukee. The flyers provided the coniatormation of the investigator
and a brief description of the study including thepose, and the criteria for
inclusion and exclusion. Classroom visits were nadsontact potential participants
who may be interested in participating. These wisiet the guidelines of Institutional
Review Board. Both males and females between a@8 ahd 45 were eligible for
the study.

The inclusion criteria of the participant was ttred individual was: 1) male or
female between the age of 18-45, and 2) recredlyoaetive (engage in some form of
physical activity at least 30mins and 3-4 daysvpeek) (A. G. Nelson et al., 2011).
To maximize the potential effects of the stretchpngtocols, individuals who
demonstrate muscular tightness in the gastrocnésoiesis and hamstring muscles
formed the study sample. The assessment procederesdescribed in the following
“Protocol” section.

The exclusion criteria of the participant was tihat individual was: 1) free
from lower extremity pain or injury in the past ®@nth or any other physical deficit

that limited them in performing the balance testimgl stretching protocols, 2) No
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history of concussion or balance disorders withalast 6 months, and 3) No history
of participating in a proprioceptive or balanceriiag activity in the past 6 months.
Regardless of current level of physical activitgrticipants agreed not to change the
intensity or frequency of physical activity duritige testing session and refrain from
them 24 hours prior to testing sessions.

Statistical power analysis based on previous ssu@andy et al., 1997; R.
Gajdosik & Lusin, 1983; Handrakis Bandy & Irion,9%B Nagano et al., 2006)
concluded that 15 participants would provide sigfit power for the analyses. All
participants provided written informed consent ptadata collection.

Instrumentation

A fluid inclinometer was used to identify maximunp flexion angle, and
maximum knee extension angle in the Active KneeeEsion (AKE) test.

A tape measure was used to measure the stidistance between the great
toe and the wall in the weight-bearing lung testaasessment of dorsiflexion ROM.
A light dowel was used for the Deep Squat (DS) test

The time-to-boundary (TTB) was assessed b&Miil force plate (Model
OR-6-7-2000, Advanced Mechanical Technology, Inat&town, MA) at a
sampling rate of 100 Hz to measure the functioealgsmance of static balance.

A written program (Matlab, v. 7.6.0, The MathWotks, Natick, MA) was used to
compute a time series of time-to-boundary. Triatoates (Fx, Fy, Fz) and moments
(Mx, My, Mz) was recorded at 100 Hz and a timeesenf 500 Center of Pressure

(COP) data points for each trial was calculatethieySwaywinl software program
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(AMTI Corp., Watertown, MA).

Dynamic balance was assessed using the Star ExxuBsiance Test (SEBT).
The testing grid consisted of 3 lines, each 120rchangth extending to anterior,
posteromedial, and posterolateral direction inti@fato the stance foot. Standard
athletic tape placed on the surface of grid. Theereof the grid was marked with
crosshairs that participants were instructed todsta the center of the grid during
testing (Hertel, Braham, et al., 2006).

A treadmill was used for a general warm-upe University of
Wisconsin-Milwaukee Neuromechanics laboratory ptedi space for participants to
perform stretching interventions.

Protocol

All of the study activities took place at the Unisigy of

Wisconsin-Milwaukee Neuromechanics Laboratory. Aagal testing protocol

overview is provided below in Figure.l.
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Orientation Session (1 hour)
Explanation of the concept of the study and fill paperwork
Screening tests: AKE test and DS test

Range of motion test (dorsiflexion, knee extensiop flexion)

A

Orientation of the procedures
1) Balance testing (TTB and SEBT)
2) Warm-up protocols
Testing Session 1-3 (1 hour)
Repeated Measures Test
1. Balance testing (TTB and SEBT)
2. Warm-up protocols (counterbalanced within partioiga
3) 5 minutes general warm-up with dynamic stretches
4) 5 minutes general warm-up with static stretches
5) 5 minutes general warm-up alone
3. Balance testing (TTB and SEBT)

4. Range of motion test (dorsiflexion, knee extenskop,flexion)

Fig.1: Testing protocols flow-chart.
Orientation Session

The purpose of the orientation session was to ¢duha participants to better
understand the process of the study, to elimirregossibility of a learning effect
that could confound the balance testing following interventions, and to test their
baseline of range of motion angles. All particiganere provided a clear explanation
of the brief concept of the study, the proceduneetrequirement, compensation and
risks of the study prior to the data collectionrtiegpants were also familiarized with
the laboratory environment, the investigator anglather laboratory researchers who

assisted in the study. All testing procedures vagm@roved by the University of
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Wisconsin-Milwaukee'’s Institutional Review Board@rto conducting the study, and
after the participant providing consent the tesbegan.

Participants were asked to continue their regutgsigal activity but refrain
from them the day before testing. Questionnairggpéhdix C) were completed by all
participants to assess their current level of gtalsactivity, injury, balance disorders
and surgery history. Additional anthropometric datduding leg length (from the
anterior superior iliac spine to the distal tiptkeé medial malleolus), height, weight
and age was also collected.

Range of Motion Tests

The participant’s tested leg, defined as the tighganstring leg in the
screening session, was measured throughout thg @@M and Balance tests). The
range of motion tests that include ankle dorsifiexvia the weight-bearing lunge test
(WBLT) with barefoot, knee extension via the activeee extension (AKE) test, and
hip flexion via active hip flexion in a supine piieh were tested before and after each
of intervention (knee extension, hip flexion, amdla dorsiflexion). Three trials of
each test were performed and the mean value wasoisdata analysis. No warm-up
was allowed prior to the tests and the same inya&tsti made all ROM measurements
throughout the study.

Weight-bearing Lunge Test

Participants performed the weight-bearingltest (WBLT) to assess their

maximal dorsiflexion range of motion, based onVieenzino et al (2006) study.

Participants were barefoot in a standing positieegding the second toe, center of the
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heel, and knee in the sagittal plane, while plantire test heel firmly on the floor and
flexing their knee to touch the wall. The oppositg was used to maintain stability
behind the test leg (Figure.2). Participants thergéd forward until their knee
touches the wall. The stance foot was then incréaiignmoved away from the wall
until maximal dorsiflexion, which was defined ae flurthest distance between the
great toe and the wall without the heel lifting tfé ground and the knee still
touching the wall, is reached. The investigatoduséape-measure the furthest

distance (Vicenzino, Branjerdporn, Teys, & Jordz006).

Fig.2: Participants positioning for thieight-bearing lung test

Active Knee Extension Test

Active Knee Extension (AKE) test was used bothsireening the hamstrings
tightness and measuring knee extension degreed bas€uilart et al (2005) study.
The reliability of AKE test has been previously derstrated to be excellent (R.
Gajdosik & Lusin, 1983). Participants were in s@oposition with left hip flexion in

0°, maintained by a Velcro strap secured to thietéigure.3).
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Fig.3: The angle was greater thahdt5more from the vertical
position indicated tight hamstringsl avas a criterion for inclusion.

The patrticipants first flexed the right thigh in°9@ith the right ischial
tuberosity placed against the box. The right midtitwas maintained by a Velcro
strap secured to the box as well. Participants wene instructed to slowly extend
their tested knee with the foot relaxed in plafitation to their terminal position,
defined as the point at which the participants dampf a feeling of discomfort or
tightness in the hamstring muscles or the investigaerceived resistance to stretch.
Zero degree of knee extension from the verticaitjppswas considered complete
knee extension and full hamstring muscle flexipilithe measured angle greater than
15° from the vertical position met the inclusioitenion of hamstring tightness
(Kuilart, Woollam, Barling, & Lucas, 2005). The dadrom vertical was recorded in
degrees, and used for analysis. The intra-clagslation coefficient was calculated
in the Kuilart et al (2005) study, which suggestedellent intra-tester reliability (ICC
0.99, 95% CI1 0.99-1.00), and pilot testing confichtke reliability of the primary

investigator.
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Hip Flexion Test

Participants wer the supine position. Pelvic movement westricted by ¢
strap firmly across the contralateral distal thiA fluid inclinometerwas attached to
a strap around the thigh of the test leg, and ziwoth the leg in a horizontal restil
position. The participarthen flexed the hip as far as possiiéh the knee in flexion
until a firm end feel is reach (Figure.4). Hip flexion angle waken measured kthe
inclinometerrelative to the horizontal plan(Pua, Wrigley, Wrigley, Cowan, «

Bennell, 2008).

Fig.4: Participants positioning for the hip flexiorste

Deep Squat Test

Participants firsstooc upright with their feeshoulder width apart a with
their feet facing forward, and wearing their owthlatic” style shoe: Participants
were therasked to grab the dowand press it over head with the feet shoulder w
apart. Afterwards, grticipantswere instructedo squat down as low as they can wi
keeping their Bels on the flocs, and letheir thighs drop below parallel w the floor

and keep their kneeser their toe. Participants werelso instructed to keep ti
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overhead dowel above their head thus keeping timi tpproximately parallel with
the angle of the tibia (Figure.5). Participants whao successfully squat down so that
their thighs fall past horizontal while keepingitheeels on the floor DO NOT have
calf tightness, and were therefore excluded. Rpatits who cannot complete the
deep squat as described DO have calf tightnessvaralincluded in the study (Butler,

Plisky, Southers, Scoma, & Kiesel, 2010).

Fig.5: Deep squat test: participants squatendvhile keeping the dowel overhead
and keeping the trunk approximatelyafial with the angle of the tibia
Task Practice
The participants practiced the static balance(#€EB), dynamic balance test
(SEBT), and stretching protocols (static stretclang dynamic stretching) during the
orientation session.
Participants were instructed to practice all thiafize testing and stretching

protocols until they feel comfortable performingii. To minimize the learning
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effect of TTB, participants performed 3 practicalf in the single leg stance (30s) for
the test leg with 1 minute rest of periods betweach trail in the orientation session
(A. G. Nelson et al., 2011). To minimize the leameffect of SEBT, each participant
performed 6 practice trials in each of the 3 dimetd on the test leg with 1 minute rest
of periods between each trail in the orientatiossg® (Hertel et al., 2000).
Balance Testing

Participants wore shorts and laboratory sandalisgltine static balance test.
A standardized sandal method was chosen becalas fireviously been used to
assess static balance using the time-to-boundattyotiéCobb, Joshi, Bazett-Jones,
& Earl-Boehm, 2012)The Star Excursion Balance test was measured with
participant’s barefoot. Balance tests (TTB firegnn SEBT) were measured before
and after each of interventions (static stretchdygmamic stretching, control
warm-up).
Time-to-Boundary

Time-to-Boundary was used to assess the $tatance. Each participant
performed three trails with 10s of single leg s&as still as possible with eyes closed
on an AMTI force platform (Model OR-6-7-2000, Adwaad Mechanical Technology,
Inc, Watertown, MA) to collect ground reaction ferdata. For all three trials, the
stance foot was meticulously placed in the saméippnon the force plate that has a
detailed grid on its surface to allow for exactgeliment. The hands were kept on the
waist, and the opposite leg will be flexed at tigpdnd knee to approximately 30°.

The data collection began after the participardtdsthes a stable posture on the force
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platform. Data was recorded at 100Hz and the maare\of three trails was used for
data analysis. If participants lose their balanu# @e unable to complete a trial, the
trial will be repeated. Arial will also be repeated if participants opeaitleyes
during the eye closed condition. Center of Pres@D@P) data was then filtered with
a fourth order zero lag, low pass filter with aaftifrequency of 5 Hz.
Star Excursion Balance Test

Star Excursion Balance Test (SEBT) was used tsasimamic balance
based on Hertel et al (2006) study. Athlete taps placed on the floor to create a “Y”
shaped pattern with 3 lines extending from theearerthe 3 lines are named
according to the direction of reach in relatiorirte stance leg: anterior, posteromedial,
and posterolateral. A crosshairs was drawn atehéec of the grid. The most distal
aspect of the great toe was placed at the crosshaine center of the grid.
Participants maintained a single-leg stance whitecbntralateral leg reaches to touch
as far as possible along the each line. Particiganiched the furthest point possible
on the line with the most distal part of their fedoot. The reach foot touched the
furthest point on the line as lightly as possildédtsat the reach leg did not provide
considerable support in the maintenance of uppgiture. If it is determined that the
reach leg is used for support or the stable basapmdort is compromised, the trial
will be performed again. Reach distance was mawk#ddon the tape with a marker
immediately after each trail. Participants themmegd to a bilateral stance. The
investigator manually measured the distance inmmeller from the center of the grid

to the touch point with an athletic tape basedhemark. Reach distances were then
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normalized to participants’ leg length (P. A. Gt Hertel, 2003). The order of
reach directions were counterbalanced to avoidrafiects from contaminating the
data (Stevens, 2001).

Participants performed 3 trials in each directiod the mean value was used
for data analysis. Ten seconds periods of reston@sded between each trial. Visual
cues and objects on the floor and people in frétit® participants were not allowed
in the study to eliminate visual and auditory iefhiees. No encouragement or further
instruction was given to participants throughowt tibsting (Hertel, Braham, et al.,
2006).

Warm-up Protocols

There were three warm-up interventions (a geneaainaup with dynamic
stretching, a general warm-up with static stretghand a general warm-up alone).
The order of target muscles (quadriceps, hamstranys plantar flexors) both for
dynamic stretching and static stretching were rarided. The individual testing
sessions occurred over a three to four week peniad,at least 48, but no more than
96 hours between testing. The interventions wevatssbalanced to prevent order
bias and learning effect. An attempt was madedbatk participants at the same time
of day to be as consistent as possible. During gdehvention participants wore their
typical athletic type footwear.

A general warm-up
A general warm-up consisted of 5 minutes of ligigging on a treadmill at

self-selected comfortable pace was performed biycgaants before dynamic and
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static stretching interventions.
Dynamic Stretching

Dynamic stretching consisted of 4 repetitions tdteral dynamic stretches of
the quadriceps, hamstrings, and plantar flexorggétitions in total x 3 muscle
groups x two limbs) for 30s each and 20s periodest The stretching protocols
based on Behm et al (2011), but dynamic hamsttiregch has been modified to more
directly focus on this muscle group. Participanesevasked to achieve the highest
range of motion possible for all dynamic stretcheslescription of each dynamic
stretch can be found in Table 1.

Table 1: Dynamic Stretching Protocol

Muscle group Body position Movement

Quadriceps Standing Walking “butt kicks”
that causes dynamic
knee flexion and hip
extension

Hamstrings Standing Walking hip flexion
with knee extended that
causes the leg swinging
up to the anterior aspect
of the body

Plantar Flexors Standing facing the wall, handsgia | Push off or rebound
on the wall at shoulder height. Feet from the wall to
should be positioned far enough away| produce a dynamic
from the way to elicit a stretching feelingstretch

in the calf muscles.

Static Stretching
Static stretching consisted of 4 repetitiohstatic stretches for the right and
left quadriceps, hamstrings, and plantar flexorse@ktitions in total x 3 muscle

groups X two limbs), holding at the point of disdormfor 30s each and 20s periods
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of rest (Behm et al., 2011). A description of eatdtic stretch can be found in Table
2.

Table 2: Static Stretching Protocol

Muscle group Body position Movement

Quadriceps Standing Flex the knee with
using their arm to pull
the foot towards the
buttocks as far as
possible producing a
stretching sensation.

Hamstrings Standing Flexing the hip and
placing the heel on a 50
cm high platform, then
reach forward with
their arms towards the
extended leg as far as
possible producing a
stretching sensation.

Plantar Flexors Standing facing the wall, handsegdeon | Leaning forward while
the wall at shoulder height. Feet should|deeeping the feet flat on
positioned far enough away from the wayhe floor as far as

to elicit a stretching feeling in the calf | possible producing a
muscles. stretching sensation.

Data Analysis
The threshold for ground reaction forces was s80hk The global and local
coordinate systems was right handed and anatomicasled. The X axis pointed
medio-laterally, the Y axis anterior-posterior @hd Z axis was vertical and aligned
with the long axis of the right side of the body.
To calculate TTB measures, the foot was rmeatlak a rectangle to allow for

separation of the anterior-posterior (AP) and middiaral (ML) of CoP (van
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Emmerik & van Wegen, 2002). The CoP ML position artbcity was used to
calculate TTB ML. If the CoP ML is moving mediallthe distance between CoP ML
and the medial border of the foot will be calcutat€his distance was then divided by
the corresponding velocity of CoP ML to calculdte time it would take the CoP ML
to reach the medial border of the foot if it wesecontinue moving in the same
direction with no acceleration or deceleratiorth CoP ML is moving laterally, the
distance between CoP ML and the lateral bordenefdot will be calculated and
divided by the corresponding velocity of CoP ML.uBha time series of TTB ML
measures was generated. A time series of corresppmdB AP measures was
similarly generated by determining the time it wibtdke CoP AP to reach either the
anterior or posterior boundary of the foot (Her@lImsted-Kramer, et al., 2006). The
absolute minimum and mean of minimum samples ifMheand AP direction
represent the temporal margin to the boundary st and standard deviation of
minimum samples in the ML and AP direction représéts variability (Hertel,
Olmsted-Kramer, et al., 2006).

The distance scores (cm) for each directiche® SEBT was averaged over
the 3 trials and normalized to leg length (readtadice/leg length x 100 = percentage
of leg length).

Statistical Analysis

A 3x2 (warm-up x time) Repeated measures Analysisasiance (ANOVA)

was used to identify any alteration in the depehdariables. The independent

variables were the three interventions (DS, SSti@Hnand time (pre and post).
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Three separate ANOVA's was performed on each sdepéndent variables: ROM
measures (Hip flexion, knee extension, and ankisifliexion), SEBT measures
(Anterior, posterior-medial, and posterior-laterald TTB measures (the absolute
minimum, and standard deviation of minimum in the &d AP direction). The
alpha level for determining significance was set @5 for all calculations and all

statistical analyses were performed with SPSS ¥er$d.0 (SPSS Inc., Chicago, IL).
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CHAPTER 4: RESULTS
Fifteen participants completed the entirelgti total of 23 people were
screened, 15 were included and 8 were excludea plnticipants’ test leg was the
right leg and remaining six was the left leg. Otaethropometrical parameters are
provided below (Table 3).

Table 3: Descriptive Statistics

Gender # Age Height(cm) Weight(kg)  Leg Length(cm) SIL_KE(°SUL_KE(°)

Male 8 24+2.8 179.745.1 73.3+10.2 89.9+5.9 36.7+9.9 26.7+8.1

Female 7 26.1+5.6  164.7+4.5 59.1+12.1  79.7+5.3 31.0+8.8 24.1+7.9

SIL_KE=Screen involved limb for knee extension rag motion
SUL_KE=Screen uninvolved limb for knee extensiange of motion

Range of Motion

There was a significant main effect (all p.85) for time (pre and post).
Pairwise comparisons showed that knee extension R@Mficantly ¢ [1, 14] =90.2,
P<0.001) increased by 7.5°, hip flexion ROM sigrafitly  [1, 14] =7.2, p=0.019)
increased by 2.2°, ankle dorsiflexion ROM signifitta (F [1, 14] =78.2, p<0.001)
increased by 0.8cm (Table 4, Table 5, Table 6 audier12)

Knee extension ROM significantly (P<0.05)re@&sed regardless of what
stretching intervention (SS, DS) or the control §@Ns performed. For the SS, the
change in active knee extension ROM between prepastdtest was 7.8°. For the DS,
the change in active knee extension ROM betweeammigost-test was 6.7°. For the
CN, the change in active knee extension ROM betvpeemnd post-test was 7.9°

(Table 4).
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Table 4: Means and SD of Knee Extension ROM (degreeneasures for
interventions (SS, DS, and CN)

Pre Knee Extension Post Knee Extension AROM P-value

Static Stretching 32.3+£10.2 24 51.0* 7.8 P<0.001
Dynamic Stretching 29.7+9.3 23.00t2* 6.7 P<0.001
Warm-up only 322+9.2 24.3.49 7.9 P<0.001
Overall 31.4+23 23.95%2 7.5 P<0.001

*Significant improvement over the pre score

Hip flexion ROM significantly (P<0.05) increed regardless of what
stretching intervention (SS, DS) or the control j@Ns performedror the SS, the
change in hip flexion ROM between pre and postuest 2.7°. For the DS, the
change in hip flexion ROM between pre and postuest 2.2°. For the CN, the

change in hip flexion ROM between pre and postuest 1.8° (Table 5).

Table 5: Means and SD of Hip Flexion ROM (degree) gasures for interventions
(SS, DS, and CN)

Pre Hip Flexion Post Hig¥bn AROM P-value
Static stretching 1304 +12.4 13812.2* 2.7 P=0.019
Dynamic stretching 128.8£12.8 131.00£2* 2.2 P=0.019
Warm-up alone 1285+12.3 130.D4A1 1.8 P=0.019
Overall 129.2+3.1 131.5+2.7* 2.2 P=0.019

*Significant improvement over the pre score

Ankle dorsiflexion ROMsignificantly (P<0.05) increased regardless of what
stretching intervention (SS, DS) or the control §@Ns performed. For the SS, the
change in ankle dorsiflexion ROM between pre argt-pest was 0.8°. For the DS,
the change in ankle dorsiflexion ROM between pré post-test was 0.7°. For the CN,

the change in ankle dorsiflexion ROM between pre @ost-test was 0.8° (Table 6).
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Table 6: Means and SD of Ankle Dorsiflexion ROM (crhmeasures for
interventions (SS, DS, and CN)

Pre Dorsiflexion Post Dolesxion AROM P-value
Static Stretching 8.1+£29 8.9.9* 0.8 P<0.001
Dynamic Stretching 78+25 8.5 #2. 0.7 P<0.001
Warm-up only 8.1+26 8.9+209* 0.8 P<0.001
Overall 8.0+0.7 8.8+0.7* 0.8 P<0.001

*Significant improvement over the pre score

Dynamic Balance

All three directions for the SEBT (anteripgsteromedial, and posterolateral)
significantly (P<0.05) increased regardless of watedtching intervention (SS, DS) or
the control (CN) was performed. The anterior (ANSEBT direction significantly
increasedK [1, 14] =25.3, p<0.001) by 2.71 %, the posterokdtd?M) SEBT
direction significantly increasedr (1, 14] =18.9, p=0.001) by 3.10 % and the
posteromedial (PL) SEBT direction significantly ieasedk [1, 14] =50.9, p<0.001)
by 3.93 % (Table 7, Table 8, Table 9 and Table 12).

Both stretching interventions (SS, DS) areldbntrol (CN) significantly
(p<0.001) increased in ANT direction of the SEB®r Ehe SS, the change in ANT
direction of the SEBT between pre and post-test3%. For the DS, the change in
ANT direction of the SEBT between pre and post+est 2.3%. For the CN, the

change in ANT direction of the SEBT between pre post-test was 2.4% (Table 7).
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Table 7: Means and SD of normalized anterior (ANTdirection of SEBT for
interventions (SS, DS, and CN)

Pre ANT SEBT Post ANT SEBT  ADistance P-value

Static Stretching 77.0+£6.6 80.4 £8.1* 3.4 P<0.001
Dynamic Stretching 75.8+6.7 78.1+8.1* 2.3 P<0.001
Warm-up only 76.7 £8.1 79.1 69, 2.4 P<0.001
Overall 76.5+1.7 79.2 +2.1* 2.7 P<0.001

*Significant improvement over the pre score

Both stretching interventions (SS, DS) arel¢bntrol (CN) significantly
(p<0.001) increased in PM direction of SEBT. Fa 865, the change in PM direction
of SEBT between pre and post-test was 3.7 %. oD, the change in PM direction
of SEBT between pre and post-test was 3.1 %. o€, the change in PM

direction of SEBT between pre and post-test wa$2 (Gable 8).

Table 8: Means and SD of normalized posteromediaPM) direction of SEBT for
interventions (SS, DS, and CN)

Pre PM SEBT Post PM SEBT ADistance P-value

Static Stretching 1124+ 7.5 11649 3.7 P=0.001
Dynamic Stretching 1115+8.1 114.6 8. 3.1 P=0.001
Warm-up only 111.6+£7.3 114.2 £7.9 2.6 P=0.001
Overall 111.9+1.8 1149 +2.0 3.1 P=0.001

*Significant improvement over the pre score

Both stretching interventions (SS, DS) and the @{€N) significantly
(p<0.001) increased in PL direction of the SEBT. fhe SS, the change in PL
direction of SEBT between pre and post-test wa®&.Bor the DS, the change in PL
direction of SEBT between pre and post-test wa®/@.60r the CN, the change in PL

direction of SEBT between pre and post-test wa®a(Jable 9).
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Table 9: Means and SD of normalized posterolatergPL) direction of SEBT for
interventions (SS, DS, and CN)

Pre PL SEBT Post PL SEBT ADistance P-value

Static Stretching 104.5+£9.3 100 10.4* 5.0 P<0.001
Dynamic Stretching 105.3+£10.3 1089.9* 3.6 P<0.001
Warm-up only 106.6 £+ 9.4 109.9at6x 3.3 P<0.001
Overall 105.5+24 109.2 .6* 3.9 P<0.001

*Significant improvement over the pre score

Static Balance
There were no significant differences for the mefithme TTB minima in the
ML (F [1, 14] =0.8, p=0.402) and TTB AF (1, 14] =0.4, p=0.527) directions (Table

10, Table 11 and Table 12).

Table 10: Means and SD of the TTB minima (s) in thanteroposterior (AP)
direction

Pre AP TTB Post AP TTB Atime P-value
Static Stretching 2.73+0.85 2.7580. 0.02 P>0.05
Dynamic Stretching 2.69 +0.95 2.56 0.7 -0.13 P>0.05
Warm-up only 2.63+1.04 2.86 + 0.93 0.23 P>0.05
Overall 2.69+0.21 2.73+0.19 0.04 P>0.05

No Significant improvement over the pre score

Table 11: Means and SD of the TTB minima (s) in thenediolateral (ML)
direction

Pre ML TTB Post ML TTB Atime P-value
Static Stretching 0.98+0.33 1.0330 0.05 P>0.05
Dynamic Stretching 1.08 +0.44 0.96 390. -0.12 P>0.05
Warm-up only 0.95+0.33 1.10+043 0.15 P>0.05
Overall 1.01+0.08 1.03+£0.08 0.02 P>0.05

No Significant improvement over the pre score
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Interactions and Stretching Main Effects

Repeated measures ANOVA revealed that there wo significant interaction
(all p>0.05) for hip flexion ROMK [2, 28] =0.1, p=0.876), knee extension ROM (
[2, 28] =0.4, P=0.675), ankle dorsiflexion ROM[@, 28] =0.1, p=0.865), all 3
directions for SEBT ANTEK [2, 28] =0.9, p=0.427), PMH[2, 28]=0.5, p=0.601), PL
(F [2, 28] =1.5,p=0.233), TTB MLK [2, 28] =2.3, p=0.114) and TTB AF (2, 28]
=1.1, p=0.349) between interventions (SS, DS, aNji&hd time (pretest and posttest)
(Table 12).

In addition, there was no significant (atk 9.05) main effect for stretching
interventions (SS, DS) and the control (CN) for ahyhe dependent variables tested,
which involved hip flexion ROMK [2, 28] =2.0, p=0.154), knee extension ROM (
[2, 28] =1.8, p=0.177), ankle dorsiflexion ROK [2, 28] =1.5, p=0.245), all 3
directions for SEBT ANTF [2, 28] =1.2, p=0.323), PMH([2, 28] =0.9, p=0.429), PL
(F[2, 28] =1.0, p=0.392), TTB MLK [2, 28] =0.03, p=0.969) and TTB AF (2, 28]

=0.3, p=0.764) (Table 12).



Table 12: ANOVA table for intervention, time and interaction main effect
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Source Measure F value P value
Intervention| AKET F [2, 28]=1.846 p=0.177
HFT F [2, 28]=2.005 p=0.154
WBLT F[2, 28]=1.479 p=0.245
SEBT_ANT F[2, 28]=1.178 p=0.323
SEBT_PM F[2, 28]=0. 873 p=0.429
SEBT_PL F [2, 28]=0.970 p=0. 392
TTB_ML F [2, 28]=0.032 p=0.969
TTB_AP F [2, 28]=0.271 p=0.764
Time AKET F[1, 14]=90.223 P<0.001
HFT F[1, 14]=7.238 p=0.019
WBLT F[1, 14]=78.193 p<0.001
SEBT_ANT F[1, 14]=25.335 p<0.001
SEBT_PM F[1, 14]=18.935 p=0.001
SEBT_PL F[1, 14]=50.895 p<0.001
TTB_ML F[1, 14]=0.754 p=0.402
TTB_AP F[1, 14]=0.420 p=0.527
Interaction AKET F [2, 28]=0.427 P=0.675
HFT F[2, 28]=0.134 p=0.876
WBLT F[2, 28]=0.146 p=0.865
SEBT_ANT F[2, 28]=0.877 p=0.427
SEBT_PM F[2, 28]=0.518 p=0.601
SEBT_PL F[2, 28]=1.533 p=0.233
TTB_ML F[2, 28]=2.349 p=0.114
TTB_AP F[2, 28]=1.092 p=0.349




61

CHAPTER 5: DISCUSSION

The purpose of this study was to examineeffexts of static stretching (SS)
versus dynamic stretching (SS) on lower extrenuigtjrange of motion (ROM),
static balance, and dynamic balance. The resuttso&tudy indicated that both
stretching interventions (SS, DS), and the cof®) resulted in a significant
increase on the lower extremity joint ROM (hip flexx, knee extension, and ankle
dorsiflexion) and improvement in dynamic balancalirthree directions (anterior,
posteromedial, posterolateral) of the Star Excuar8ialance Test (SEBT). There was
no significant difference in static balance, as snead by the Time to boundary (TTB)
measure. In addition, there was no significantradgon between interventions (SS,
DS, and CN) and time (pre and post) meaning tthahaihges seen in range of motion
and dynamic balance occurred regardless of whigmiantion (SS, DS, and CN) was
performed. This chapter will first discuss our fimgs and compare them to the
previous literature, followed by interpretation axplanation of the findings,
limitations, and direction for future research.
Knee Extension Range of Motion

Increased hamstring flexibility is suggestedbe an effective way to reduce
the incidence of hamstring strains (Liemohn, 19Wjich are one of the most
common injuries experienced in the sports competitir physical activity (Worrell &
Perrin, 1992). In relation to change in ROM of kee&ension, our findings showed
that all interventions (SS, DS and CN) resulted significant knee extension ROM

increase. It is interesting to note that 13 out®participants would still have been



62

considered “tight” for our inclusion criteria (knegtension ROM >15°) after each
intervention. The less stiff hamstring muscle araterslack connective tissue around
the knee joint following stretching (SS and DS)J amproved neuromuscular
performance (enhanced core body temperature anebised muscular activation)
from 5mins jogging warm-up attributed to the inae@ knee extension ROM.

The observed hamstring flexibility in our uéts was partly supported by
previous research. Bandy et al (1998) found th#t B& (pre 41.9 £ 10.1°, post 39.9
+ 6.0°) and DS (pre 30.5 + 9.1°, post 35.7 + 6i6€yeased hamstring flexibility
(passive knee extension ROM) but SS increased hagéexibility significantly
more than DS (Bandy et al., 1998). This was coaststith our finding to some
extent, which indicated that the change of activeekextension ROM in SS (pre 32.3
+10.2°, post 24.5 + 11.0°) was greater than in(R® 29.7 £+ 9.3°, post 23.0 £ 10.2°),
although no significant difference was found. HoeeBandy et al (1998) defined as
tight hamstring as having greater than 30° lodgek extension, which was greater
than in our study ( >15° met the inclusion critgri@an the other hand, our results
added to the inconclusive findings from previousesach. O'Sullivan et al (2009)
revealed that knee extension ROM significantly éased with 5 minutes warm-up,
then further increased with SS but significantlgréased after DS in those with
previous injured hamstring (O'Sullivan et al., 2D0khis partly contradicted with our
results that DS significantly increased knee extenROM rather than a decrease,
and the increase of SS and warm-up alone was aldeical. Moreover, De Weijer

et al (2003) found that warm-up alone only (10 néswf stair climbing at 70% of
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maximum heart rate) minimally increase knee exten®8OM while the greatest
increase (10.3°) appeared in the warm-up and SSpg@§€sive static stretches of the
hamstring) group (De Weijer, Gorniak, & Shamus,200ur study found a similar
increase in knee extension ROM following warm-ugnal (CN), however, we did not
find any additional increase in knee extension R84 7.9° vs CN 7.8°) following
SS.

There were some methodological differences betwleestudies, which may
explain the differences within the results. To begith, the current study and De
Weijer et al (2003) measured subjects’ knee exd@nRIOM by active knee extension
test (AKET), whereas O'Sullivan et al (2009) anch@aet al (1998) used passive
knee extension test (PKET). It has been demondtthtd values obtained for knee
extension ROM using PKET and AKET varied by almb®t, since AKET may only
measure initial hamstrings length whereas PKET nredsmaximal hamstrings
length (RL Gajdosik, Rieck, Sullivan, & Wightmar@43). This might have resulted
in the different outcomes. Secondly, the targetateusf stretching was different
within studies. The hamstring was the only main cfeistretched in Bandy et al
(1998), O'Sullivan et al (2009) and De Weijer ef24l03), whereas our study focused
on three main muscle groups: quadriceps, hamstrargsplantar flexors. Thus, our
stretching protocol might be more effective onshbsequent knee extension ROM
performance after stretching. Thirdly, in ordentaximally increase ROM in tight
hamstrings, the duration of SS plays an importalet in the subsequent effects.

Bandy & Irion (1994) demonstrated that 30s and@(&S were more effective at
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increasing flexibility of hamstring muscles tharesthing for 15s, and 30s of SS was
as effective as the longer duration of 1 minutéhenimprovement of hamstring
tightness (Handrakis Bandy & Irion, 1994). The diaraof SS in our study was 30s,
which was consistent with Behm et al (2011). HoweBandy et al (1998) examined
the effects of hamstring flexibility before andeafé weeks stretching interventions,
while the current study and other previous resefrchsed on the acute effect of
stretching conditions.
Ankle Dorsiflexion Range of Motion

It has been demonstrated that calf musobdckting was an effective method
to increase ankle dorsiflexion, which could redtieesymptoms of disorders with
associated with calf muscle tightness (RadfordnBuBuchbinder, Landorf, & Cook,
2006). Our results showed that all interventiors, (8BS and CN) resulted in a
significant ankle dorsiflexion ROM increase. Thergased ankle dorsiflexion ROM
might have been mainly due to the improved calfateuiexibility resulting from the
stretching interventions (SS, DS) and advantagastér nerve conduction velocity
following warm-up (jogging). This resulted in mazempliant calf muscle and less
ankle joint stiffness. In addition, Samukawa gt28l11) found that a significant distal
displacement of the myotendinous junction was ofeskby ultrasonography after DS.
Thus, the lengthen ankle plantar flexor muscle-g@erfdllowing DS might be another
contributor to increased ankle dorsiflexion (SanwkaHattori, Sugama, & Takeda,
2011). Therefore, both factors might be respondiri@enerating more distance

between the great toe and the wall as measuredmabankle dorsiflexion ROM in
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the Weight-bearing Lunge Test.

We chose to use the Weight-bearing Lunge (WH&LT) to assess dorsiflexion
ROM because it has been thought to more accunagfigct the available ankle
dorsiflexion ROM and more reliable than in a nonighé-bearing position (Bennell et
al., 1998). Most measurement techniques for webglatring ankle dorsiflexion ROM
include the use of a standard goniometer (Norkd@92, an inclinometer (Cosby &
Hertel, 2011), or a tape measure (Matthew C HodWickeon, 2011). A tape WBLT
measure that was used in our study has been ptovest require the technical
proficiency associated with a goniometer or inaliveder and is more sensitive to
change compared to measures of motion in degre#kn&; Teys, & Vicenzino,
2004). Therefore comparison of our data to prevgiudies should be interpreted
with caution.

Previous research found that the combinexdcting protocol (running first,
then SS) (pre 18.3 £ 6.2°, post 20.6 + 5.6°) wasenedfective than the running only
(pre 18.6 + 6.6°, post 18.8 + 6.1°) for increasamgle dorsiflexion ROM (McNair &
Stanley, 1996), while our study did not find angrsiicant difference within SS
intervention (pre 8.1 = 2.9 cm, post 8.9 + 2.9 @amdl the control (warm-up alone)
(pre 8.1 £ 2.6 cm, post 8.9 + 2.9 cm). The Weighdiiing Lunge test was measured as
electrogoniometer in McNair & Stanley (1996) studfile our study used a tape
measure. In addition, the current study designedran-up alone protocol with
self-control comfortable speed jogging on treadmaithich was different with

controlling at 60% maximum heart rate running inNMd@r & Stanley (1996). This
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could result in different aerobic metabolism pearfance. Moreover, Hoch et al (2011)
found that the mean value of the WBLT was 11.9%cn in healthy population,
which was relatively greater than our finding (38 8.1 £ 2.9 cm, DS pre 7.8 £ 2.5
cm, CN pre 8.1 £ 2.6 cm) (M.C. Hoch et al., 20The inclusion criteria of having
tight calf muscle may explain this difference. Yaadind associates indicated that a
30s or 60s per day for 6-weeks SS did not signifigancrease active ankle
dorsiflexion ROM in healthy subjects (Youdas, Kmisgan, Therneau, & Laskowski,
2003). Our study focused on acute effect of SSniheadorsiflexion ROM in those
who have tightness in their hamstring and calf fassavhile Youdas et al (2003)
examined a relative longer (6-week) stretchingrirgation in healthy population
without specific reference to muscle tightness. &thect of SS on a healthy
population ankle dorsiflexion ROM might be not astidct as in those with tight
muscles.
Hip Flexion Range of Motion

With regard to alternations in ROM of hip flexiawyr results showed that all
stretching interventions (SS, DS and CN) resultea significant hip flexion ROM
increase. The improved hip ROM was mainly due &iticreased hamstring
flexibility following stretching interventions (S&d DS). In addition, enhanced body
temperature after warm-up might also result in efieial effect.

The pre value of hip flexion ROM in our fimdi (SS 130.4 £ 12.4°, DS 130.4

+12.4°, CN 128.5 + 12.3°) was all greater thaRura et al (2008) (118.8+15.9°)

(Pua et al., 2008). However, Pua et al (2008) fedus those with hip osteoarthritis
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that might have greater limitation of hip flexio®R! than the young healthy subjects
in our study.

Our results were consistent with Godges €é1289), who compared the two
stretching techniques (Static stretching and Pogpptive neuromuscular facilitation)
to determine which was most effective for improviig ROM. SS resulted in
significant improvement in hip flexion ROM (GodgdéacRae, Longdon, Tinberg, &
Macrae, 1989), which was similar to our study. @uing was also supported by
Cipriani et al (2003)’s research, which demonsttaignificant gains in ROM for hip
flexion over the 6 weeks training (2 minutes stigtg twice daily), although they
only stretched hamstring muscles (Cipriani, AbeR&witz, 2003).

However, there were no significant changdteixibility as a result of either
warm-up in Young et al (2004), whose protocol ineal five minutes of
sub-maximum running followed by seven practice &iakd following 4.5 minutes SS
of the hip flexors and quadriceps. This could sukted from different warm-up
protocol design. Young et al (2004) added pradticks while our protocol did not
involve them. In addition, hip ROM in Young et abP4) was measured in hip
extension using a modified Thomas test, which natyhave been sensitive to
estimate the acute change in flexibility from wanmmand stretching (W Young,
Clothier, Otago, Bruce, & Liddell, 2004).

Dynamic Balance (SEBT)
With respect to improvement in dynamic basgraur results showed that all

interventions (SS, DS and CN) resulted in a sigaiit increase in three directions
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(ANT, PM, and PL) of SEBT, which indicated that dynic balance performance was
improved despite no difference occurred withiniwations. The possible reason
behind this might be due to a desensitized stnetibdéx after an increased muscle and
joint flexibility following stretching. As a resuyla less responsive stretch reflex could
suppress the postural deviations, thus make ieetsestablish dynamic equilibrium
(A. G. Nelson et al., 2011).

For the ANT direction of the SEBT, the préueaof our results (SS pre 77.0 £
6.6 %, DS pre 75.8 £ 6.7%, and CN pre 76.7 + 8.0 slightly smaller than Hertel
et al (2006) finding in healthy subjects (79 + 12 ¥4owever, the pre value of the PM
(SS pre 112.4 £ 7.5%, DS pre 111.5 + 8.1%, CN pfe6l+ 7.3%) and PL (SS
prel04.5 + 9.3%, DS pre 105.3 = 10.3%, CN pre 1@064%) directions of the
SEBT was both greater than Hertel et al (2006)ifigdPM 90 + 13%, PL 81 + 13%)
(Hertel, Braham, et al., 2006). This comparisoimtisrpreted as despite the
participants in our study having tight calf and lstniing muscles, their dynamic
balance performance was similar to previously reggbhealthy subjects.

To better understand the relationship betweemreased joint ROM and
increased SEBT performance seen in our study, wdumied a post-hoc correlational
analysis of these variables. None of the pre-t€tIRneasurements were
significantly correlated with the SEBT reach distamn any direction (Appendix G).
Previously, Hoch et al (2011) examined the relatimps between dorsiflexion range
of motion on the WBLT and normalized reach distainciaree directions on the

SEBT in healthy subjects (M.C. Hoch et al., 20They found that the ANT direction
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of the SEBT (mean: 79.0 £ 5.8%) was significantiyrelated to the WBLT (mean:
11.9+ 2.7 cm; r = 0.53%2x 0.28, p = 0.001) and dorsiflexion ROM accountedain
estimated 28% of the variance in ANT reach, whikeré¢ were no significant
correlations between the WBLT and the PM direcfimean: 90.0 £ 9.1%; r = 0.2% r
=0.04, p = 0.23) or the PL direction (mean: 8218+1%; r = 0.22,2= 0.05, p =
0.20). However, our results did not find any sigraht correlation between the
dorsiflexion ROM and 3 normalized reach distanedsch was consistent with
previous research (P. A. Gribble & Hertel, 2003)e@hing need to be noted that the
subjects in our study were those with tight call @aamstring muscles, and these
participants may differ from “typical healthy” paipants in terms of mechanical
properties of the muscle, muscle-tendon, and cdiveetissue in the lower extremity.
Therefore, the tight muscle might limit the relasbip between dorsiflexion ROM
and the SEBT performance in our study. A new cbation to the literature on SEBT
performance is that it does not appear to be tlatavailable joint ROM in hip
flexion, knee extension, or dorsiflexion.

A second set of post-hoc correlations watopmied to determine if there was
a relationship between the amount of ROM gaineldfohg the intervention
(APre-Post ROM) and the improvement in SEBT scaRré-Post reach distance).
Results of this analysis indicated that the galmpdlexion ROM was significantly
correlated with the improvement PM direction of 8&€BT for the DS intervention (r
=0.57, r?= 0.32, p = 0.03) (Appendix Ghis is not surprise since previous research

has shown that hip flexion alone accounted for @8ahd 94.5% of the variance in
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the PM and PL directions, respectively (Robinso@gbble, 2008). The additional
hip flexion ROM may contribute to the improved SEBy allowing lower center of
mass to produce greater potential leg reach dista¥he significance was found for
the remaining correlation between the increased R@Mthe improved SEBT.

Previous research examined the effects air5&namic balance using
different dynamic balance measurements, Biodex téé@ystem (BBS) (Pablo B
Costa, Barbara S Graves, Michael Whitehurst, &i€latr Jacobs, 2009) , Dynamic
Stability Index (DSI) , and stabilometer (A. G. B&h et al., 2011), but none have
used the SEBT. Therefore, comparison of our findingrevious research should be
illustrated with caution.

Our findings agreed with Costa et al (20@3earch, who evaluated the
effects of different durations (15s and 45s) ofd8Slynamic balance on young
women. The SS protocols was based on Behm et @#j21ut involved with 15s and
45s duration. Dynamic balance was measured as tisrngiodex Medical System,
which was similar to actual physical activitiestthesulted in postural instability. A
warm-up on a cycle ergometer at 70 rpm for 5 mimwas performed before each
condition. The results of this study indicated tB8tof 45s did not adversely affect
dynamic balance and 15s of SS improved dynamimbalarhis suggested that
shorter duration of SS (15s) might be more effectm dynamic balance
improvement, however, our SS protocol resultedriprovement in the 3 directions of
the SEBT utilizing a 30s duration SS protocol. fFatstudy need to further compare

with the different duration of SS under various alyric balance measurements. In
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addition, they did not find any significant changehe control condition (warm-up
alone), although they used a similar cycle warnpigiocol as Behm et al (2004).

Dynamic Stability Index (DSI) was another dynamédamce measurement
that has been used to test dynamic postural camdioy a single-leg stance. Smaller
DSI meant improved dynamic balance while greatelrib@cated opposite effect
(Handrakis et al., 2010). Handrakis et al (201@ntbthat DSI of SS group (no
aerobic warm-up, SS alone) was significantly snnalian that in the NS group (no
aerobic warm-up). However, their recruited subjeatse from martial arts school,
which was quite different from healthy recreatidyalctive individuals who have not
experienced specific martial or exercise trainmghie current study

In comparison with non-balance trained indiixls with experienced balance
trainers, Nelson et al (2011) found that balanme tior non-balance trained
individuals improved significantly by 11.4% (2s rease), but no significant change
in the experienced balance trainers (surfers).ri@aldesting was performed on a
stabilometer following either 30 min of quiet sitjior 30 min of SS protocols (20
mins stretching and 10 mins relax, no aerobic wamifier both groups) (A. G.
Nelson et al., 2011).

All previous studies focused on the effecE8fon dynamic balance, none of
them focused on the effect of DS on dynamic bala@ce study, therefore, added
preliminary data to understand the effects of D$lymamic balance (SEBT)
performance, and based on these data neithertstrgtcondition had a significant

effect on dynamic balance.
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Static Balance (TTB)

In relation to modification in static balance, eesults showed that none of the
interventions (SS, DS and CN) had a significareafbn the mean of TTB minima in
the anterior-posterior (AP) and in the medio-ldté¥él) directions. This meant that
all three interventions (SS, DS, and CN) had neatfbn static balance. The pre
values of the mean of TTB AP (SS 2.73 £ 0.85, 082 0.95, CN 2.63 + 1.04) and
TTB ML minima (SS 0.98 + 0.33, DS 1.08 + 0.44, C®+ 0.33) in our study were
all relatively smaller than from Mckeon et al (20@@&ding (TTB AP 5.32 £ 1.77 and
ML 1.84 + 0.53) in those with a history of chromigkle instability (CAI) (Mckeon et
al., 2008). The mean of the TTB minima for the Midahe AP directions represents
the measurement of TTB magnitude, which indicdtegiimes where the
sensorimotor system had the least time to makestud correction to maintain
single leg stance over the base of support (Hédlehsted-Kramer, et al., 2006). Thus,
our results indicated that the subjects with ticddf and hamstring muscle was more
prone to postural instability than those with C8he point should be note that the
DS intervention resulted in a tendency to decr@d@¥ AP (pre 2.69 + 0.95s vs post
2.56 £0.74s) and TTB ML (pre 1.08 £ 0.44s vs (@86 + 0.35s), while SS and CN
increased in TTB AP (SS pre 2.73+ 0.85s vs podi 2.0.87s; CN pre 2.63 = 1.04s vs
2.86 + 0.93s) and TTB ML (SS pre 0.98 + 0.33s vst 3003 + 0.37s; CN pre 0.95 +
0.33s vs post 1.10 * 0.43s), although there wasigroficant difference. Since we
hypothesized a lower TTB measure indicated greaistural instability (Hertel,

Olmsted-Kramer, et al., 2006), DS might negati\adfgct static balance.
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The first possible explanation of observedliing on static balance might be
that the current DS protocol (5 min warm-up pluggetitions with 30s of bilateral
DS of the quadriceps, hamstrings, and plantar fi@xmight cause fatigue for subjects,
which resulted in a relatively lower TTB value srfatigue has been previously
proven to adversely affect balance (Vuillerme, Raydsableu, & Demetz, 2006).
This is because the slow rate of firing of musgliedles and reflex receptors caused
by fatigue could result in the slow nerve transioigsate from CNS to maintain the
center of gravity within their base of support,shatatic balance. Therefore, the
positive effect of DS on static balance that wedtkipsized might be compensated by
fatigue factor. In addition, since sensory systévismon and vestibular) was thought
to maintain static postural control (L. M. Nashri81), the fact that no significant
difference was found in static balance might betduée role of sensory systems in
regulating the static postural control greater timnaproved neuromuscular
performance resulted from stretching interventi(®s, DS) or a general warm-up.

Our finding was supported by Lewis et al (20@vho utilized a
comprehensive balance measurement, consistingsbfifad Evoked Response Test,
Adaptation Test, Motor Control Test, Sensory Orgation Test, and Unilateral
Stance Test to assess the effect of SS on posturtabl without any aerobic warm-up
component. No significant effect of lower extremstyetching on postural control
was detected (Lewis et al., 2009). Converselyr aftaluating the effect of an acute
SS on balance, force, proprioception, reaction &meé movement time, Behm et al

(2004) found that an acute SS adversely affectdt dialance performance
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(decreasing for 9.2%) and reaction/movement timeréasing for 4.0% and 1.9%),
while the control condition (warm-up alone) incredshe balance score for 17.3%
and decreased reaction/movement time for 5.8% attd Behm et al., 2004). Both
conditions involved a 5-min cycle on a cycle ergtanat 70 rpm with 1-kp resistance
warm-up. Thus, the obtained positive effect mightloe to the enhanced body
temperature physiological benefits after cycle waipn The static balance was
measured as a computerized 30s wobble board tese e wobble board involved
unanticipated perturbations to equilibrium and waatidirectional that could be a
more complex task, it might be more difficulty t@imtain static postural control
compared with TTB that participants stood on alstatatform in our study. In
addition, Nagano and his associate also indicé@stretching of the calf muscles
has the effect on increasing postural sway (Nagaiah, 2006). Future research need
to determine if stretching could alter sensoryeays, which is vital important in
those sports that static postural control plays anitical role.

The control group of our study showed no ificgnt improvement in static
balance with SS. The reason might be that the ivegetfects of SS on static balance
that we hypothesized was diluted by a positivectftd a jogging component of the
warm-up (Warren Young & Elliott, 2001). The joggititat the current study involved
is a common warm-up section. Based on Behm et08I4{ it could be speculated
that in the absence of the 5 min of jogging warmtbp static balance performance
might have been decreased to a greater extentefbiney future studies should

consider avoiding active warm-up influence whengtéeg a stretching protocol.
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Mechanisms Relating Stretching to Range of Motionrad Balance

The results of this study indicated thairgkrventions (SS, DS, and CN)
resulted in a significant increase on the lowereagrity joint ROM (hip flexion, knee
extension, and ankle dorsiflexion) and improvenmemtynamic balanceAlthough
the mechanisms responsible for the increases anbalperformance following
stretching have not been thoroughly investigatedesal mechanisms based on
previous research will be discussed with the carfiadings.

One explanation for our findings of both i@sed ROM and improved
dynamic balance is that all three of the intenamdiincluded a general aerobic
warm-up. The observed benefits of improved neura@wmias performance might also
be due to elevated muscle and body temperaturicigle& Jones, 2004). The
similarity of warm-up and DS is the aerobic natof¢he task, which could allow for
an increase in body temperature. This would paditiaffect the force-velocity and
length-tension relationships, enhance nerve receptusitivity, and nerve conduction
velocity (Morrin & Redding, 2013; Worrell, Smith, @inegardner, 1994). One
explanation for our findings of both increased R@Ml improved dynamic balance is
that all three of the interventions included a gahaerobic warm-up. Although body
temperature was not measured, it is possible theat @ small change in temperature
led to the positive effects that have been preWodisscribed in the literature.

Our results contradicted the previous medmarthat stiffer muscle producing
a greater reflex response resulted in greater oe mapid responses to slight

perturbations in muscle length, thus better dynarailance performance (Petit et al.,
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1990), since our data reached the opposite direttiat less stiff muscle resulted
from stretching (SS or DS) or jogging warm-up migbantribute to the beneficial
effect on dynamic balance. In addition, the curdatt also questioned Behm et al
(2004)’s view with related to the alteration in mutendinous (MTU) influence on
static balance. The increase ROM is commonly duec@ase the length and
decrease stiffness of MTU, which incorporates thesete, tendon, and other
associated connective tissue (G. J. Wilson e1884), following stretching (G.
Wilson et al., 1992). A more compliant MTU mightcdease the rate of force
transmission and the rate at which changes in raulsobth or tension detected by the
Golgi tendon organs (GTO) (Bishop, 2003a). As alteg might decrease the ability
of stretch receptors to provide proprioceptive inphus negatively affecting static
balance, reaction and movement times (Behm €2@04). However, our results did
not find any change on static balance (TTB) aftestshing (SS and DS). Therefore,
our data do not explicitly support either one afst proposed relationship between
stretching and balance.

Our finding that both stretching intervensdi®S and DS) and the control
resulted in increased dynamic balance performagsed with Nelson et al (2011)’s
theory as mentioned before, which suggested tieatihhanced ability to maintain
dynamic balance after an increased flexibility Heslifrom stretching was due to a
desensitized stretch reflex (Nelson et al., 2084 )a result, a less responsive stretch
reflex could suppress the postural deviations, ecéghe proprioceptive input, and

thus make it easier to establish dynamic equiliarithis view was further supported
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by Ghaffarinejad et al (2007), who suggested that koiee position sense improved
following SS due to increased proprioceptive sé@deffarinejad et al., 2007).

Our data demonstrate that regardless of thaerf stretching performed
ROM and dynamic balance improved. We did not diyeoeasure MTU stiffness, so
these comparisons are made with caution. Additicesdarch is needed to more
clearly understand the relationship between alt®®§1, MTU stiffness, and
balance.
Limitations and Directions for Future Research

One of the limitations of this study was pgussibility of a learning effect,
particular for the SEBT measurements. We usedralatd protocol that has been
established to minimize the potential for a leagreffect (Hertel, Braham, et al.,
2006). Other strategies to control this were thestjonnaire, orientation session and
practice trials. Despite these efforts it is poestibat participants improved their
SEBT scores from practice alone. The fact thastaditching interventions improved
the SEBT scores similarly could indicate that aneay effect was present.

Previous study indicated that the combineetahing protocol consisting of
SS and DS displayed significantly greater changdmmstring muscle ROM than DS
and further showed lower COP movement comparedtarl NS (Morrin &
Redding, 2013). However, the current study didenamine the effects of combined
stretching (SS and DS) on ROM and balance. Theretbe finding of this study was
limited to compare with the effect of the combirsgktching protocol.

Our results are also limited to the acuteaff of stretching, no conclusion
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was made in terms of the long-term effect. Furtesearch need to compare the
difference between acute and long-term effect @#hand DS.

Although several mechanisms have been proposdidstrate the relationship
of stretching on ROM and balance, additional rede& needed to further examine
the exact mechanism to thoroughly explain the @dtgons in ROM and balance
performance after stretching interventions (DS &8JL

The control group of our study showed a $igaint improvement in ROM and
SEBT performance and there was no additional imgm@nt with SS or DS. The
reason might be that the effects of SS was dilbted positive effect of a jogging
warm-up (Warren Young & Elliott, 2001). Therefofeture studies should consider
avoiding active warm-up influence.

The subjects in the current study were those whaeareationally active
individuals with hamstring and calf muscle tightaesiture research need to
investigate if the finding of this study would appb general population, athletes, or
patients with specific disorder.

Our study used a practical combination ofdoextremity stretches, which
was considered to be a common stretching routirfenmeed before exercising or
participating in an athletic event. The duratiod aamber of repetitions were
consistent with Behm et al (2011). Future reseasgd to comprehensively compare

the effects of different designed stretching protec
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Conclusion

The results of this study indicated thairgirventions (SS, DS, and control
(CN)) resulted in a significant increase on thedowxtremity joint ROM (hip flexion,
knee extension, and ankle dorsiflexion) and impnoset in dynamic balance
meaning that all alterations observed ROM and dyo&alance occurred regardless
of which stretching intervention was conducted.

Although recent studies have demonstrated thae8&ced force, strength and
power production, the results of our study didfirad any negative effect with regard
to SS. In addition, our finding added preliminagtalto begin to understand any
potential effects of DS on dynamic balance perforoea

The clinical significance of this study waltld the body knowledge that will
allow coaches, athletic trainers, and fitness msifmals to make evidence based
decisions on how to prepare the individuals fdiaitig a proper stretchingchnique
during warm-up sessionspecially in those sports that static or dynarostyral
control plays in a critical role. Based on our détappears that a general warm-up
period followed by either SS or DS will have a piwsi effect on joint ROM and
dynamic balance. The findings of the current staildp may inform future research
that focus on lower extremity functional balancleatailitation with specific stretching
technique, particularly for those who with tighiigtring or calf muscle patients. The
scientific impact of this study is that future segishould attempt to consider the
mechanisms behind each intervention separatelyMiT&J stiffness, body

temperature, proprioception, etc.) in order to neprecifically understand the
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relationship between stretching, balance, and RDM. In addition, future studies
should consider avoiding active warm-up influendeew designed a stretching

protocol.
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Appendix A
IRB Manager Protocol

SECTION A: Title

Al. Full Study Title: The Effects of Static Stretching versus Dynamietgtring on Lower
Extremity Joint Range of Motion, Static Balanced &ynamic Balance

SECTION B: Study Duration

B1l. What is the expected start date?
03/15/2013

B2. What is the expected end date?
12/31/2014

SECTION C: Summary

C1. Write a brief descriptive summary of this studyin Layman Terms (non-technical
language):

The area of the research is in biomechanics ifieleeof Kinesiology. This study will
investigate the effects of two stretching techngjome joint range of motion and balance
performance. Healthy individuals who demonstratesenlar tightness in the hamstring and
calf muscle will be recruited to participate. Alinicipants will have their hip, knee, and
ankle range of motion, and balance measured bafatafter they complete two different
stretching protocols. The first stretching protogsés static stretches (holding the muscle in a
stretched position for about 30 seconds) and wittch the hamstring, quadriceps, and calf
muscles. The second stretching protocol uses dynstndtches (the participant actively
moves the leg through functional movements toctréte muscle) and focuses on the same
muscle groups as above. The range of motion armhtaltests will be done before and after
the stretching, on two different days.

C2. Describe the purpose/objective and the signifimice of the research:

The purpose of this study is to examine the effetta/o stretching techniques on range of
motion in the ankle, knee and hip, and balanceopidince. This study may help establishing
favorable stretching technique on how to prepaedntividuals with hamstrings and calf
muscle tightness during warm-up session. Alsofititings of this study could be used to
design better rehabilitation protocol on functiobalance.

C3. Cite any relevant literature pertaining to theproposed research:

Static stretching (SS) and dynamic stretching (&8)often utilized for a wide variety of
populations to be an essential part of a warm-tp. enefits of stretching include, but are
not limited to, improved joint range of motion (RQMnhanced muscular performance, and
reduced risk of injury. However, there was recedtiybt over the effectiveness of SS.
Studies have demonstrated that SS decreased &idiralis performance in force, strength,
and power. These performances included maximahtaty contraction (MVC) isometric
force, one repetition maximum lifts, vertical jungprint, running, and agility effects. It is
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therefore increasingly suggested that individubtutd turn to DS warm-up to more closely
mimic movements in the subsequent training exeisports competition. DS has been
shown to improve muscular performance includingtdoun time, medicine ball throw
distance, jump and sprint performance, and legsibe power.

Postural stability, or balance, relies heawitythe contribution of information from
proprioceptive receptors located within the museld connective tissue. Because stretching
changes the length of the muscles and tendorsspdssible that either DS or SS may have an
influence on proprioception, and therefore balaitere has been little research focusing on
the relationship between stretching and balanciarBa can be further divided into static
balance (maintaining stability in a single leg s&position) or dynamic balance (maintaining
stability during movement). Several studies supfitat SS enhanced or had no adverse effect
on dynamic balance. Costa et al evaluated theteftédifferent durations of SS on dynamic
balance. The results of this study indicated tt&b545s did not adversely affect dynamic
balance while SS with 15s may improve dynamic badaklandrakis et al found that ten
minutes of acute SS enhanced dynamic balanceiireantddle-aged adults. Furthermore,
Nelson et al found that SS improved maintenand®t#nce for non-balance trained
individuals, but not for the experienced balanaéers. For static balance, Behm et al found
that there was a significant (P < 0.009) decreadmiance scores in the SS condition
(decreasing for 9.2%) compared with the controldition (increasing for 17.3%). This was
consistent with Nagano et al’s finding, which sugigd that SS of the calf muscles increased
postural sway, and thus adversely affected statange. It is still unclear what effects DS has
on static or dynamic balance, since no researclhéas conducted in this area. Since
individuals with hamstring and calf muscle tighthese likely to have a more robust response
to stretching it is necessary to examine how dietcand balance are related in this
population.

SECTION D: Subject Population

D1. Identify any population(s) that you will be speifically targeting for the study
None

Describe the subject group and enter the total numér to be enrolled for each group
15 healthy adults with muscular tightness in théarad hamstring muscles will be enrolled
in this study.

D3. List any major inclusion and exclusion criteria

Inclusion Criteria

1) Male or female

2) Age 18-45 years

3) Recreationally active (engage in some form ofspdal activity at least 30mins and 3-4
days per week)

4) Tightness in the hamstring muscles (assessdtievidctive Knee Extension Test, described
later)

5) Tightness in the calf muscles (assessed vigp siguat test, described later) Healthy,
active males and females are being recruited fsrstindy. To maximize the potential effects
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of the stretching protocols individuals with tighss in their hamstrings and calf are forming
the sample.

Exclusion Criteria

1) Lower extremity pain or injury in the past 6 nttos

2) Any other physical deficit that will limit themo perform the balance testing and stretching
protocols

3) History of concussion or balance disorders withie last 6 months

4) History of participating in a proprioceptive lzgilance training in the past 6 months
Factors such as pain, injury, or other conditidvag tmpair balance or stretching are being
excluded as they may potentially influence the messents. To create a more homogenous
sample, individuals with specific balance or propeptive training are also being excluded.

SECTION E: Informed Consent

E1. Describe how the subjects will be recruited

Participants will be recruited by informationaldhg (Appendix A) posted at University of
Wisconsin-Milwaukee. The flyers will provide thentact information of the investigator and
a brief description of the study including the msg, and the criteria for inclusion and
exclusion. The primary investigator will also regupermission from course instructors to
make announcements prior to classes (i.e. KIN 220, 460) offered in the Department of
Kinesiology.

E2. Describe the forms that will be used for eachubject group
Standard adult informed consent will be used fahesaubject.
Recruitment flyer- to be posted on the UWM campus
Screening Questionnaire- to determine study elitgibi

Data collection form- to record the measurements

E3. Describe who will obtain consent and where anghen consent will be obtained

The Co-PI (Wang) will obtain the consent duringeatation session at Neuromechanics
Laboratory (Enderis Hall, Room 132A) at UnivergifiWisconsin-Milwaukee. All
participants will have the opportunity to ask qi@s in person prior to giving their written
consent to participate. The consent process wilticae informally throughout the study and
participants will be reassured that they are foewithdraw penalty or harm.

SECTION F: Data Collection and Design

F1. In the table below, chronologically describe &bktudy activities where human subjects
are involved.
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A. Activity
Name:

B. Activity Description:

C. Activity Risks
and Safeguards:

Recruiting

Participants will be recruited by infational flyers
(Appendix A) posted at University of Wisconsin-Mawkee.
The flyers will provide the contact information thie
investigator and a brief description of the stualytuding the
purpose, and the criteria for inclusion and exduasiThe
primary investigator will also request permissioonfi course
instructors to make announcements prior to clagseKIN
270, 320, 460) offered in the Department of Kinksgg.
Recruitment will begin in March 2013 after IRB appal is
received, and continue until May 2013

No risk

Consent

All study activities will occur in the Nemnechanics
Laboratory (Enderis 132).
All participants will be informed of the study eguient and
procedures and will provide written consent in adaace with
institutional guidelines.
The consenting process should take no longer thanidutes

No risk

Testing
sessions

There will be 4 testing days each occurring betwt&®986
hours apart.
Day 1- Screening and practice of balance teststetthing
protocols (60 minutes)
Day 2,3,4 (60 minutes)
0 Range of motion tests
o Balance assessment
0 Stretching protocols (each performed on a differen
day: Dynamic Stretch, Static Stretch, Warm-up
only(control))
o Balance assessment
0 Range of motion tests

Minimal risk-
participants will be
given instructions
and allowed to
practice each test
until they feel
comfortable.

Screening

e All screening and data collection will occur in the
Neuromechanics Laboratory (Enderis 132)

e Only the dominant leg (defined as the leg with viahice
participant would kick a ball) will be screened aasted.

e The Screening Questionnaire (Appendix B) will be
completed.

e Two screening tests (active knee extension (AKE)aad
deep squat (DS) test) will be provided for parteits to
meet the inclusion criteria:

AKE Test

Participants will be in supine position with thenriest leg in a

straight resting position on an examination talAlsmall bench

will be placed under the test leg with the hip &nde flexed to
90°. A strap will be placed around the non-testdid the table

Minimal risk-
participants will be
given instructions
and allowed to
practice each test
until they feel
comfortable.
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at the mid-thigh position to prevent movement @ thg
during testing. A second strap will be placed arbthe test leg
thigh and bench to maintain the hip in a vertiaadipon. A
fluid inclinometer will be placed on the lateraldvghin and
lateral mid-thigh of the test leg and used to meathe knee
extension angle. Participants will be instructeddtvely
straighten their test leg as far as possible. iftienometer
will measure the angle between the shin and vériite
measured angle greater than 15° from the vertiasitipn will
meet the inclusion criterion of hamstring tightness

Deep Squat Test (DS)
Participants will be standing and be asked to hadight

wooden dowel and press it over their head withfele¢
shoulder width apart. Participants will be instagtto squat
down as low as they can while keeping their heelthe floor,
keeping the dowel above their head. Participants @an
successfully squat down so that their thighs fafitfhorizontal
while keeping their heels on the floor DO NOT hawdf
tightness, and will therefore be excluded. Pardiotp who
cannot complete the deep squat as described DOcladfve
tightness and will be included in the study.
e Height and weight will be measured using a standeate
and stadiometer.
e Leg length will be measured from the Anterior Sugrer
lliac Spine to the most distal point of the medhellleolus.
The screening tasks should take no longer thanitQtes

Participants will be
assigned a unique
code that will not
be identifiable.

The only document
that links
participant’s
information with
the code will be
kept by the primary
investigator in a
locked cabinet.
This document will
be destroyed upon
completion of the
study.

Task practice|

Height, weight, and leg length wdllmneasured and recorded
on the Data Collection Form (Appendix C). During th
screening session (Day 1) participants will berireted on
each of the balance assessments and stretchirappiots
described below. All participants will be requiredpractice
each test/stretch 3-5 times to minimize the leagreffiect and
ensure proper performance of each task. The tasitipe
session should take no longer than 60 minutes.

Minimal risk-
participants will be
given instructions
and allowed to
practice each test
until they feel
comfortable.

Range of
motion tests

e Laboratory sandal and tight-fitting shorts will peovided
to participants for the testing session. The rasfgaotion
test should take no longer than 15 minutes

e Range of motion tests will be performed before after
each balancessessments.

0 Hip Flexion participants will be in the supine
position. A fluid inclinometer will be attached &o
strap around the thigh of the test leg, and zevadd

the leg in a horizontal resting position. The

Minimal risk-
participants will be
given instructions
and allowed to
practice each test
until they feel
comfortable.
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investigator will then flex the hip with the knee i
flexion, until a firm end feel is reached. Hip fler
angle will be then measured by the fluid inclinoeret|
relative to the horizontal plane.

0 Ankle Dorsiflexion: participants will be in standing

position facing a wall approximately 3 inches away|
from the wall. The opposite leg will be used to
maintain stability behind the test leg. Keeping the
second toe, center of the heel and knee in lingt, an
keeping the test heel firmly planted on the floor,
participants will lunge forward to touch the walithv
their knee. If successful, the stance foot willrtie
incrementally moved away from the wall until the
knee can no longer touch the wall while keeping th
heel on the ground. This will be defined as maxima
dorsiflexion, and measured as the distance betwee
the great toe and the wall. The investigator wsi @&
tape-measure the furthest distance.

o Knee ExtensionThe AKE test, as described in the
screening section, will be used to assess the knee
extension ROM. This test will not be repeatedhas t
measurement was made during the screening

D

Balance
assessments

Static Balance Test (Time-to-boundary): Partictpamill
place the dominant leg on the center of the fotatep
The hands will be kept on the waist, while the agpigoleg
will be flexed at the hip and knee to approximat&y.
After the participant feels stable in their sintig stance,
they will be asked to close their eyes, and dalleatmn
will begin. A computer and software program will teged
to record the movement of the Ground Reaction Force
which will be used for data analysis. Participamils
perform three, 10s trails.

Dynamic Balance Test (Star Excursion Balance test):
Participants will stand in the center of a “Y” skdmrid
marked on the floor. The great toe will be placed mark
in the center of the grid. Standing on the test leg
participants will be instructed to maintain a sexgg
stance while the contralateral leg reaches assfapssible
along each of the 3 lines extended from the ceoftdre
“Y” (anterior, posteromedial, and posterolateraiyia
touches the line as lightly as possible with diptatt of
their reach foot then will return to a bilateradrste. The
reach distance will be marked with a pencil onftber
immediately after each trail. Participants will qolete 3

Minimal risk-
minor muscle
soreness similar to
mild physical
activity
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trials in each direction with 30s rest between d&ah
The investigator will manually measure the distaince
centimeters from the center of the grid to eaclehiquoint
with a tape measure, and use these data for analysi
The balance assessments should take no longet$han
minutes.

Stretching

Dynamic Stretch: A general warm-up consisted of 6
minutes of light-jogging on a treadmill at self-aeed
comfortable pace will be performed by participdefore
the DS intervention. DS will consist of bilateraindmic
stretches on the quadriceps, hamstrings, and planta
flexors. Each dynamic stretching movement will fast
30 seconds, with 20 seconds of rest in betweend aveds
will be performed. Participants will be asked thiave
the highest range of motion possible for all dyrmami
stretches. For the quadriceps, participants wilkwiautt
kicks” that perform dynamic knee flexion and hip
extension. For the hamstrings, participants willknsith
high hip flexion with knee extended that causedeheout
in front of the body. For plantar flexors, partiaigs stand
facing a wall with their hands placed on the waitid will
push off or rebound from the wall to give the p&ant
flexors a dynamic stretch.

Static StretchThe SS will also target the quadriceps,
hamstrings, and plantar flexors. Each static dtietc
position will be held for 30 seconds, with 20 set®of
rest in between, and 4 sets will be performed. S&ewill
then be repeated on the opposite leg. For quadxicep
participants will flex the knee with using theinato pull
the foot towards the buttocks. For hamstrings,i@pents
will flex the hip and place the heel on a 50 crmhhig
platform, then reach forward with their arms tovsatide
extended leg. For plantar flexors, participantd aitend
dorsiflexion while standing with keeping the felett fon
the floor and then leaning, supporting their bodgiast a
wall.

Control (Warm-up only): For the control session, only
the general warm-up consisting of 6 minutes of
light-jogging on a treadmill at self-selected contéible
pace will be performed.

Each stretching protocol should take no longer ttan
minutes

Minimal risk-
minor muscle
soreness similar to
mild physical
activity
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F2. Explain how the privacy and confidentiality ofthe participants' data will be
maintained after study closure:

All data will be stored in a locked filing cabinata locked room. All data will be given a
letter and number that is uniquely associated péttticipants. This code will not contain any
partial identifiers (i.e. last four digits of yo&SN) and will be stored in a separate locked
office in a locked filing cabinet. No identifierslixbe stored with the research data. Only
those individuals with an active role in this sty have access to the research data and
only the Pl and Co-PI will have access to identifyinformation. When all participants
complete active participants in the study and datigction is completed, the code will be
destroyed. All appropriate measures to protect powate information will be taken.

F3. Explain how the data will be analyzed or studi@ and how the data will be reported

Data Analysis

e Awritten program (Matlab, v.7.6.9, The MathWorks | Natick, MA) will be used to
calculate the time-to-boundary (TTB) data. To cltaiTTB measures, the foot will be
modeled as a rectangle to allow for separatioh@ginterior-posterior (AP) and
medial-lateral (ML) of center of pressure (COP)eT®OP ML position and velocity will
be used to calculate TTB ML. If the COP ML is magymedially, the distance between
COP ML and the medial border of the foot will bécadated. This distance will be then
divided by the corresponding velocity of COP MLcidculate the time it would take the
COP ML to reach the medial border of the foot ifsére to continue moving in the same
direction with no acceleration or deceleratiorthd COP ML is moving laterally, the
distance between COP ML and the lateral bordemefaot will be calculated and
divided by the corresponding velocity of COP ML.UEha time series of TTB ML
measures will be generated. A time series of cpomding TTB AP measures will be
similarly generated by determining the time it wbtdke COP AP to reach either the
anterior or posterior boundary of the foot.

e The distance scores (cm) for each direction oktheexcursion balance test (SEBT) will
be averaged over the 3 trials and normalized tdéelegth (reach distance/leg length x 100
= percentage of leg length). The normalized distanc each direction will then be
summed for the test leg.

Statistical Analysis

A 3x2 (warm-up x time) Repeated measures Analyisi@dance (ANOVA) will be used in
SPSS for Windows (version 16.0, Chicago, IL, USA\jdentify any alteration in the
dependent variables. The independent variabledwithe three interventions (a general
warm-up with dynamic stretching, a general warmaifh static stretching, and a general
warm-up alone), and time (pre and post). ThreeragpANOVA's will be performed on each
set of dependent variables: range of motion meaghip flexion, knee extension, and ankle
dorsiflexion), SEBT measures (anterior, posteriedial, and posterior-lateral), and TTB
measures (the absolute minimum, mean of minimunpkzsnand standard deviation of
minimum samples in the ML and AP direction). Post-tvill be used to further evaluate any
significant findings. The alpha level for determigisignificance will be set &t.05 for all
calculations. Data will only be reported in aggtegform.
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SECTION G: Benefits and Risk/Benefit Analysis

G1. Describe any benefits to the individual partighants.
There are no benefits to you other than to funtheearch.

G2. Risks to research participants should be justiéd by the anticipated benefits to the
participants or society
1 Physical risks: Muscle soreness as the restitteofesting (unlikely)

Musculoskeletal injuries such as meisttain (unlikely)

2 Psychological, social risks: None

3 Protection of Physical Risks: to reduce the abiskes, tasks practice will be performed
prior to data collection to allow participants méaeniliar with each test. If participants feel
any soreness or strain while participating in thigly, please tell the investigators as soon as
possible. Participants will you initial be provideadre by investigators, who are all certified in
first aid and CPR, and will then be referred to Mweris Health Center (student) for

follow-up care or participants’ personal physic{an-students) for follow-up care.

SECTION H: Subject Incentives/ Compensations

H1. Does this study involve incentives or compensah to the subjects?
[X] Yes

H2. Explain what (a) the item is, (b) the amount oapproximate value of the item, and (c)
when it will be given. For extra credit, state thenumber of credit hours and/or points

The awarding of extra credit and its amount is ddpat upon your instructor. Please contact
your instructor before participating if you haveyauestions. If extra credit is awarded and
you choose to not participate, the instructor wffler an equitable alternative. Participants
who complete all visits will receive $30 in giftrda

H3. If extra credit is offered as compensation/inagtive,
Student may be compensated in the form of courdeexira credit if an instructor deems the
research an extra credit opportunity

SECTION I: Deception/ Incomplete Disclosure (INSERT‘NA” IF NOT APPLICABLE)

I1. Describe (a) what information will be withheldfrom the subject (b) why such
deception/ incomplete disclosure is necessary, at@) when the subjects will be debriefed
about the deception/ incomplete disclosure.

NA
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Appendix B
Informed Consent Form

UNIVERSITY OF WISCONSIN — MILWAUKEE
CONSENT TO PARTICIPATE IN RESEARCH

1. General Information

Study title:
The Effects of Static Stretching versus Dynamietstring on Lower Extremity Joint Range
of Motion, Static Balance, and Dynamic Balance

Person in Charge of Study (Principal Investigator):

The Principal Investigator (PI) for this study endifer Earl-Boehm, PhD, LAT. Dr.
Earl-Boehm is a faculty member in the DepartmerKiogsiology and is the Director of the
Athletic Training Education Program. The Co-PI biststudy is Wenging Wang. Wenging is
a Master’s student in the Department of Kinesiology

2. Study Description

You are being asked to participate in a researatyst Your participation is completely
voluntary. You do not have to participate if yourtt want to.

Study description:
The purpose of this study is to examine the effetta/o stretching techniques on range of
motion in the ankle, knee and hip, and balanceoperdnce.

This study will help us learn more about which tefneng technique might be best to prepare
the individuals with hamstrings and calf musclétigess for exercise. Also, the results could
be used to design better rehabilitation protoocmisrhproving balance.

The study is being done in the Neuromechanics laboy (Enderis 132A) University of
Wisconsin-Milwaukee.

There will be 15 participants in this study andheparticipant. There will be 4 visits to the
laboratory, each lasting about an hour.

3. Study Procedures

What will | be asked to do if | participate in the study?
If you agree to participate you will be asked tatgohe Neuromechanics Laboratory (Enderis
Hall, Room 132A) at University of Wisconsin-Milwae for 4 testing sessions.

e You will need to wear appropriate shorts and samdehich are both provided by the
laboratory. There will be 4 testing days each agegrbetween 48-96 hours apart.
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Screening SessianYou will be asked some questions about your hysbbprevious leg

injuries and your physical activity. We will measwour leg length, weight, and height.

After that, there will be two screening tests:
Deep Squat Test: You will be asked to grab the dowel and pressér head with
the feet shoulder width apart. Then you will bernnsted to squat down as low as you
can while keeping your heels on the floors. If yoe unable to squat low while
keeping your heels on the floor it means that yawettight hamstring and calf
muscles, and you will be able to continue in thuelgt If you are able to squat low
and keep your heels on the floor, it means youatdiave tightness, and you are not
able to continue in the study.

Active Knee Extension TesYou will lie on your back on an exam table witbuy

hip bent and your leg resting on top of a benchou Will then try to straighten your
knee all the way. A device called a fluid inclinet@r will be used to measure the
knee angle. If he knee angle is greater than 1 the vertical position you will be
included for the study. If it is not, it means yboi not have hamstring tightness and
you will not be included in the study (20 minutes)

Range of MotionYou will be measured the bilateral leg range ofiorotn the ankle
by a tape measure and hip by a fluid inclinomeéfote and after balance tests. (10
minutes)

0 Hip Flexion:You will lie on your back on an exam table. A tool
measure joint angle (fluid inclinometer) will besathed to a strap around
your thigh. The investigator will then bend youp ith your knee
bent, until a firm end feel is reached. Hip fleximmgle will be then
measured by the fluid inclinometer.

o Ankle Dorsiflexion: You will stand facing a wall approximately 3
inches away from the wall. One leg will be plabethind the other and
used to maintain stability. Keeping the second teeter of the heel and
knee in line, and keeping the test heel firmly pgaron the floor, you
will lunge forward to try and touch the wall witloyr knee. If successful,
you will move the foot you are standing on awayrfrithe wall until the
knee can no longer touch the wall while keepinghéel on the ground.
The investigator will use a tape-measure the fsttbstance between
your toe and the wall.

0 Knee Extension: The AKE test, as described in the screening @ecti
will be used to assess the knee extension rang@tén. This test will
not be repeated, as the measurement was made theisgreening.

Balance Testsfwo balance tests will be performbdforeandafter the stretching
routine on each day.
o Static Balance: You will stand as still as possish a force plate on
one leg with your eyes closed for 10 seconds. witibe able to
practice, and then we will collect 3 trials.
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o Dynamic Balance: You will stand in the center diva shaped grid
marked on the floor. You will need to maintain ybalance on one leg
while your opposite leg reaches to touch as fgpossible along the 3
lines that extend from the center of the “Y”. Y@l perform 3 trials in
each direction with 30s rest between each trail.njinutes)

Stretching Protocolsrou will perform three different stretching proaie during the
study. Each one will be done on a different day th 48-96 hours apart. Each day
you will start with 6 minutes of light jogging atsalf-selected pace on a treadmill.
Then you will be stretching your quadriceps (frofiyour thigh), hamstrings (back of
your thigh), and calf muscles during each differenttine. Each stretching protocol
should take no longer than 15 minutes
o Dynamic Stretch: For the quadriceps, you will perform walking “but
kicks” that include dynamically bending your hipddknee. For the
hamstrings, you will walk with “high kicks” that hds the leg out in
front of the body while keeping your knee straidgfdr your calf muscles,
you will stand facing a wall with your hands placedthe wall, and will
push off or rebound from the wall to give the galiscles a dynamic
stretch. Each stretching movement will last fors88onds, with 20
seconds of rest in between, and 4 sets will beopadd.  You will be
asked to achieve the highest range of motion plesiiball dynamic
stretches
e Static StretchFor the quadriceps, you will bend your knee usiogr
arm to pull the foot towards the buttocks. For lthenstrings, you will
bend the hip and place the heel on a 50 cm higfopta, then reach
forward with your arms towards your toes. For thi, ¢you will keep
your feet flat on the floor and then lean in tovgadwall. Each static
stretching position will be held for 30 secondghw0 seconds of rest in
between, and 4 sets will be performed. The SStheth be repeated on
the opposite leg.
e Control (Warm-up only): For the control session, only the general
warm-up consisting of 6 minutes of light-jogging atreadmill at
self-selected comfortable pace will be performed.

4. Risks and Minimizing Risks

What risks will | face by participating in this study?

Physical risks:
Muscle soreness as the result of the testing (eiyhik
Musculoskeletal injuries such as muscle strainilkehy)

Psychological, social risks:
None
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Protection of Physical Risks:

To reduce the above risks, you will be allowedractice all tests prior to data collection until
you feel comfortable with the task. If you feel asoreness or strain while participating in this
study, please tell the investigators as soon asifles You will you initial be provided care by
investigators, who are all certified in first aidaCPR, and will then be referred to the Norris
Health Center (student) for follow-up care or ypersonal physician (non-students) for
follow-up care.

Risks to Privacy and Confidentially:
Since your private information will be collected this study, there is always a risk of breach
of confidentiality (less than 1%)

Protection of Risks to Privacy and Confidentially:

All data will be stored in a locked filing cabinata locked room. All data will be given a

letter and number that is uniquely associated ygth This code will not contain any partial
identifiers (i.e. last four digits of your SSN) anill be stored in a separate locked office in a
locked filing cabinet. No identifiers will be starevith the research data. Only those
individuals with an active role in this study wilave access to the research data and only the
Pl and Co-PI will have access to identifying infation. When all participants complete
active participants in the study and data collectiocompleted, the code will be destroyed.

All appropriate measures to protect your privaferimation will be taken.

5. Benefits

Will | receive any benefit from my participation in this study?
There are no benefits to you other than to funtheearch

6. Study Costs and Compensation

Will | be charged anything for participating in thi s study?
You will not be responsible for any of the costanfirtaking part in this research study

Are subjects paid or given anything for being in tke study?
You may be able to earn extra credit in some of yowrses. Participants who complete all
visits will receive $30 in gift card.

7. Confidentiality

What happens to the information collected?

All information collected about you during the cseirof this study will be kept confidential to
the extent permitted by law. We may decide to preatat we find to others, or publish our
results in scientific journals or at scientific ¢erences. Only the Pl and Co-PlI, will have
access to the information. However, the InstindidReview Board at UW-Milwaukee or
appropriate federal agencies like the Office fontdm Research Protections may review this
study’s records.
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The confidentiality of your data and informatioriiide safeguarded as outlined in “Risks &
Minimizing Risks” section under the “Protection®isks to Privacy and Confidentiality”
header.

8. Alternatives

Are there alternatives to participating in the study?
There are no known alternatives available to ydieiothan not taking part in this study.

9. Voluntary Participation and Withdrawal

What happens if | decide not to be in this study?

Your participation in this study is entirely vol@any. You may choose not to take part in this
study. If you decide to take part, you can char@e mind later and withdraw from the
study. You are free to not answer any questiongitidraw at any time. Your decision will
not change any present or future relationships thighUniversity of Wisconsin Milwaukee.
If you choose to withdraw, we will use the informoat collected about you to that point. If
you are a student, your refusal to take part irstbdy will not affect your grade or class
standing.

10. Questions

Who do | contact for questions about this study?
For more information about the study or the stutycpdures or treatments, or to withdraw
from the study, contact:
Jennifer Earl-Boehm, PhD, LAT
Athletic Training Education Program
Pavilion, 367 PO Box 413 Milwaukee, WI 53201
414-229-3227
Who do | contact for questions about my rights or omplaints towards my treatment as
a research subject?
The Institutional Review Board may ask your nama,al complaints are kept in confidence.

Institutional Review Board

Human Research Protection Program
Department of University Safety and Assurances
University of Wisconsin — Milwaukee

P.O. Box 413

Milwaukee, WI 53201

(414) 229-3173
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11. Signatures

Research Subject’'s Consent to Participate in Resedr:

To voluntarily agree to take part in this study, you must sign on the line below. If you choose to
take part in this study, you may withdraw at any time. You are not giving up any of your legal
rights by signing this form. Your signature below indicates that you have read or had read to you
this entire consent form, including the risks and benefits, and have had all of your questions
answered, and that you are 18 years of age or older.

Printed Name of Subject/ Legally Authorized Repnéatve

Signature of Subject/Legally Authorized Represéveat Date

Principal Investigator (or Designee)
| have given this research subject information lmn gtudy that is accurate and sufficient for
the subject to fully understand the nature, risid lzenefits of the study.

Printed Name of Person Obtaining Consent Study Role

Signature of Person Obtaining Consent Date
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Appendix C
Screening & Medical History Questionnaire

Screening Criteria
[ ] Yes [] No Areyou between the ages of 18 and 45 yedf ol

[ ] Yes [] No Are you current recreationally active (engagsome form of
physical activity at least 30 minutes a day, 3-yisdaf the week
for the past 6 months)?

(Above questions must be YES, for participants)

Screening Exclusion Criteria

[ ] Yes [] No Do you have a medical condition that may imyaur balance
performance (i.e. concussion, neurological impairtseetc.)?

[ ] Yes [] No Do you participate in any of a proprioceptioe balance
training in the past 6 months?

[ ] Yes [] No Do you have lower extremity pain or injurytive past 6 month

[ ] Yes [ ] No Do you have any surgery in the lower extrennitthe past 6
month?

[] Yes [ ] No Evidence or history of head injury or vestiudlisorder within
the last 6-months

(Above questions must be NO for all participants)

Exercise/Sporting Activity:

Average weekly participation (hours):
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Active Knee Extension test

Left leg:

Right leg:

(The angle is greater than 15°or more from the ver tical position)

Deep Squat test

Can squat down so the things are belowzdral while keeping the
arms above the head and the trunk strailExclude

Can NOT squat down so the things are balaizontal while keeping
the arms above the head and the trunk straghiclude

Comments/Notes:
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Appendix D
Recruitment Flyer

DO YOU HAVE TIGHT HAMSTRINGS AND CALF MUSCLES?

University of Wisconsin —Milwaukee
Neuromechanics Laboratories, END 132

Title: The Effects of Static Stretching versus Dynamiet8hing on Lower Extremity Joint
Range of Motion, Static Balance, and Dynamic Batanc

Purpose: The purpose of this study is to examine the effettwo stretching techniques on
joint range of motion in the ankle, knee and hipj halance performance.

Who can participant?
e Male and female (Ages 18 to 45)
e Recreationally active (30mins of moderate exer8igdedays /week)
e Feel tight in your hamstrings and calf muscles
¢ No lower extremity injury, concussion or balanceodders within the last 6 months
¢ No history of participating in balance trainingiaities within the last 6 months

What will | do?
¢ Initial Screening: Active Knee Extension and Deep& tests (~5 min)
Joint Range of Motion assesmsis (~5 min)
e Visit 1~3 (In 3 separate days): Balance assesafehd min)
Stretching Protote3 (~15 min)
Balance assessseril5 min)
Joint Range oftdda assessments (~10 min)
Compensation?
You may be able to earn extra credit in some of yowirses.
Participants who complete all visits will receiv@d$in gift card.

Questions?
Principal Investigator: Ryipal Investigator:
Jennifer Earl-Boehm, PhD, LAT WergjWang
414-229-3227 14420-5298

This research project has been approved by thedaysity of Wisconsin-Milwaukee
Institutional Review Board for the Protection ofrHan Subjects (IRB Protocol Number
13.309, approved on 03/06/2013)



Gender:
Age:
Height:
Weight:
Leg length:

Appendix E

Data Collection Sheet

University of Wisconsin —Milwaukee
Neuromechanics Laboratories, END 132

Shoe Size

______ Condition 1- Bymc stretches
___ Condition 2- t8tatretches

___ Condition 3- @ohtwarm-up only

Knee Extension (Active Knee Extension test)

111

PRE POST
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
Left
Right
Hip Flexion test
PRE POST
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
Left
Right
Ankle Dorsiflexion (Weight-bearing Lunge test)
PRE POST
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
Left
Right
Star Excursion Balance test
PRE POST
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3
Anterior
Posteromedial
Posterolatera
Time-to-boundary
PRE POST
Trial 1 Trial 2 Trial 3 Trial 1 Trial 2 Trial 3

Mediolateral

Anteroposterior
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Appendix F
Individual Data
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Appendix G
Linear Regression Analysis

1. Linear Regression of Range of Motion (ROM) and BBT for Static Stretching
Intervention

Ankle Dorsiflexion ROM Knee Extension ROM Hip Flexion ROM

ANT r=0.43,r>=0.19, p=0.11 r=024606,p=040 r=0.07,r>=0.01,p=0.80

PM r=0.15, r>= 0.02, p = 0.59 r=0.35r>=0.2%020 r=0.15,r?=0.02, p=0.59

PL r=0.12,3 0.01, p = 0.67 r=0.38, r>=0.15, p = 0.1 = 0.07, #= 0.004, p = 0.82

SEBT=Star Excursion Balance Test, ANT=anterior, Pdkteromedial, PL=posterolateral

2. Linear Regression of Range of Motion (ROM) and BBT for Dynamic
Stretching Intervention

Ankle Dorsiflexion ROM Knee Extension ROM Hip Flexion ROM

ANT r=0.36,r>=0.13,p =0.19 r=058%025p=006 r=0.34,r2=0.11,p=0.22
PM r=0.14,r>=0.02, p=0.61 r=0.35,r=0(2020 r=0.36,r>=0.13,p=0.18

PL r=0.05r=0.002,p=0.87 r=0.550.25p=0.06 r=0.20,r2=0.04,p=0.47

SEBT=Star Excursion Balance Test, ANT=anterior, Pekteromedial, PL=posterolateral

3. Linear Regression of Range of Motion (ROM) and BBT for Warm-up alone
Intervention (Control)

Ankle Dorsiflexion ROM Knee Extension ROM Hip Flexion ROM

ANT r=0.19, r2= 0.04, p=0.49 r=0.34, 48, p=0.21  r=0.26, r>= 0.07, p=0.35
PM r=0.02, r>=0.001, p=0.93 r=0.42,r>=0.170d2 r=0.01, r2= 0.001, p=0.98

PL r=0.11, r>= 0.012, p=0.70  r = 0.36@%3, p=0.18 r=0.07, r>= 0.005, p=0.81

SEBT=Star Excursion Balance Test, ANT=anterior, Pokteromedial, PL=posterolateral
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4. Linear Regression of gained Range of MotiomPre-Post ROM) and the
improvement SEBT (APre-Post reach distance) for Static Stretching Intezention

Ankle DorsiflexionAROM Knee ExtensionROM Hip FlexioAROM

ANT r=0.42,r>=0.17, p=0.12 r=02%5604,p=045 r=0.13,r=0.02,p=0.64

PM r=0.19, r>= 0.04, p = 0.49 r=0.18,r=0.p% 0.52 r=0.02, r<0.001, p = 0.96

PL r=0.03,40.001,p=0.93 r=0.25,r?=0.06,p=0.3%1=0.19,7=0.04, p=0.51

SEBT=Star Excursion Balance Test, ANT=anterior, Pdkteromedial, PL=posterolateral

5. Linear Regression of gained Range of MotiomPre-Post ROM) and the
improvement SEBT (APre-Post reach distance) for Dynamic Stretching
Intervention

Ankle DorsiflexionAROM Knee ExtensioAROM Hip FlexioPAROM

ANT r=0.37,r=0.14, p = 0.17 r=0.1%40.02,p=0.61 r=0.49,r2=0.24, p =0.06
PM r=0.10, r>=0.01, p=0.71 r=0.29,r2=0.p80.30 r=0.57,r2=0.32, p=0.03

PL r=0.36, r>=0.13, p=0.19 r=0380.15p=0.15 r=0.31,r?=0.10,p=0.26

SEBT=Star Excursion Balance Test, ANT=anterior, Pekteromedial, PL=posterolateral

6. Linear Regression of Range of MotionAPre-Post ROM) and the improvement
SEBT (APre-Post reach distance) for Warm-up alone Intervetion (Control)

Ankle DorsiflexionAROM Knee ExtensionROM Hip FlexioAROM

ANT r=0.14, r>= 0.02, p=0.61 r=0.27, 307, p=0.34 r=0.06, r>= 0.004, p=0.83
PM r=0.41, r>= 0.17, p=0.13 r=0.48,r>=0.230®8 r=0.33,r%=0.11, p=0.23

PL r=0.03, r>=0.001, p=0.92 r=0.39@%6, p=0.15 r=0.17, r>= 0.03, p=0.54

SEBT=Star Excursion Balance Test, ANT=anterior, Pokteromedial, PL=posterolateral
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