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ABSTRACT

THE RELATIONSHIP BETWEEN THE FUNCTIONAL MOVEMENT SREEN™
AND COUNTERMOVEMENT JUMP HEIGHT

by
Joshua K. Conlon

The University of Wisconsin-Milwaukee, 2013
Under the Supervision of Professor Kyle T. EbersBleD., ATC

Introduction: Pre-participation measures of functional movenaeat functional
performance are commonly used to gauge injuryarsk performance baselines before
engaging in activity. Functional movement can b&ated using the Functional
Movement Screen™ (FMS™). Performance on the FM&8'deen shown to be related
to injury risk by previous researchers. Functiggeaformance can be evaluated with
countermovement jump (CMJ) testing; performanca @MJ demonstrates transferable
power to athletic tasks. Performance literature dteown that there are movement
factors that influence CMJ height. However, toedasignificant relationship between
performance on functional movement and functioesfqgymance tests has not been
found. Therefore, the primary purpose of this gtwas to examine the relationship
between the FMS™ total score, scored on a 100-poitit21-point scale, and CMJ
height. The secondary purpose of the study wagitimrm an exploratory analysis
examining the relationship of the 21-point live segg method as well as a 21-point video
scoring method of the FMS™Methods: This study examined the relationship between

functional movement and functional performance@®participants. Functional



movement was evaluated with the FMS™. The FMS ™ sgased on three scoring
scales: 21-point live, 21-point video and 100-pdkutnctional performance was
guantified with CMJ height. Performance heightred CMJ was examined through the
use of a Myotest Sport unit. Bivariate Pearsomatations were used to examine the
relationships among all tested variabl&esults: All FMS™ scoring methods were
significantly related to CMJ height. Each of the &M scoring scales were also
significantly related to one anoth€&onclusions:Functional movement appears to be
related to functional performance regardless okttade used to score the FMS™,
Additionally, the strong relationship shown betwéle® scoring scales suggests that the
scales evaluate movement patterns similarly. Howewere research is needed to better
understand the relationship between these twoblasaFurther research is also needed
to determine the validity of the FMS™ scoring seadad identify if the component tests

are scored differently on each scale.
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CHAPTER I: INTRODUCTION

Background

It is widely accepted that sport participation @&xeércise are methods by which
individuals stay active and physically fit. Itriscommended that prior to participation in
physical activity, active persons utilize pre-paation measures to gauge injury risk
and performance baselines before engaging in ac{@ook, Burton, & Hoogenboom,
2006a). The use of injury risk and athletic parfance field tests have become integral
elements in the pre-participation evaluation predes exercisers and athletes (Kiesel,
Plisky & Voight, 2007; Minick et al., 2010). TheBeld testing methods are commonly
used to assess the risk of injury for an indivicaglvell as track training adaptations.
Both injury risk and athletic performance tests barused as a guideline for inclusion
and exclusion in sport participation. Despite lossible benefits of each method of
evaluation, a single method of evaluating bothrinjisk and athletic performance has
not been developed to be used in field testings plovides an opportunity to research
how current tools for injury assessment could eue evaluate athletic performance.

Pre-participation screening assessments are usexségrchers, clinicians and
coaches to establish baseline performance valesnjury risk field testing method that
has grown in popularity is the Functional Movem8oteen™ (FMS™). It was
developed as a method to evaluate the balance lofitp@nd stability within an
individual’'s movements, which may lead to injuryo@k et al., 2006a; Cook, Burton, &
Hoogenboom, 2006b). The FMS™ is a series of sta&n that purposefully place
participants in positions representing fundamemayement patterns, in an attempt to

isolate a segment, or segments, that are deficient have asymmetric (O’Connor,



Deuster, Davis, Pappas & Knapik, 2011) amountdrehgth, stability, and balance
(Kiesel et al., 2007). The seven tests of the PM8clude a Deep Squat, Hurdle Step,
In-line Lunge, Shoulder Mobility, Active Straigheh Raise, Trunk Stability Push Up,
and Rotary Stability. These tests were designedetatify areas of limitation,
asymmetry and imbalance within movement patterm®kt al., 2006a; Cook et al.,
2006b). Although pre-participation screening nrapiove identification of injury risk
(cite), a relationship between performance on @mig@pation screening and athletic
performance has yet to be established.

The Functional Movement Screen™ is a reliable (Gblorba, Chorba, Bouillon,
Overmyer & Landis, 2010; Kiesel et al., 2007; PeBeges, Lunda, Francis & Bellamy,
2007) for the identification of injury risk and hasen used on a variety of active
populations (i.e., firefighters, collegiate athketmilitary officer candidates). It provides
observable data of an individual’'s movement pastevhere compensatory motions exist
to mask current limitations. Previous literatues lattempted to find a relationship
between FMS™ and athletic performance; howevesgtipapers were unsuccessful
(Okada, Huxel & Nesser, 2011; Parchmann & McBri{#,1). In the studies that
attempted to show a relationship between functiomatement and athletic performance,
the 21-point scale was used to score all seves. t&#spite the varying movement
complexities, each of the movement tests was samredf the same total number of
points. By treating each test similarly, the 21apscale may limit the precision of the
FMS™ as it serves to identify large movement litndtas. Improved specificity of the
scoring system used with the FMS™ may provide aempoecise relationship between

movement and athletic performance.



One way that the scoring of the FMS™ has become mpi@cise is through the
use of a 100-point scale. The 100-point scorinthot originally described by Butler et
al. (2012), was developed to add precision to toeiisg method of the movements and
sensitivity to the measurement scale by allottimgeater total point value to more
complex movements. As a result, the total aggeegatre increased from 21-points to
100-points (Butler et al., 2012). In Butler et@o012), the reliability of the 100-point
scale was shown to be strong between raters (I0Q%). Therefore, both the 21-point
and the 100-point scales of measurement for the M&ch have high interrater
reliability (Butler et al., 2012). Butler et aR@12) also suggested that through further
research using a more precise method of scoringM&™ that a relationship between
one’s functional movement and athletic performarmad be established.

A variety of athletic performance measures have loeenpared to the FMS™
without successful findings of a positive relatibips(Okada et al., 2011; Parchmann &
McBride, 2011). These performance measures wexggbt out through a series of tests
assessing flexibility, power, strength and spedwer, strength and speed have been
shown to be variables of interest as each elemamglates well into many sport-specific
tasks (Lees, Vanrenterghem, & De Clercq, 2004; baebet al., 2003; Moran and
Wallace, 2007; Salles et al., 2011; Vanrentergheah £2008). Field tests, such as a
vertical jump, can be used to assess athletic prdioce by quantifying many variables
that translate well to sport (Aragon-Vargas, 200f@nin & Hansen, 2005; Luebbers et
al., 2003). More specifically, countermovement pju(@MJ) testing, a method of vertical
jumping, demonstrates the explosive power thatoeagenerated by the lower extremity

muscles during sport tasks that also requires rdgwlopment of strength and power



(Domire & Challis, 2007; Hartmann et al., 2012; ¥ars & Lees, 2005). Methods of
jump height measurement exist as ways to quartéypbwer generated by the lower
extremity. Of the methods available, the MyoTgsbrd Unit will be used for this study
as it is both a valid and reliable method of meaguump height (Bubanj, Stankovic,
Bubanj, Bojic, Dindic, & Dimic, 2010; Casartelli, \ller, & Maffiuletti, 2010; Nuzzo et
al., 2011).

The use of the FMS™ is well-documented as a preegaation risk assessment
tool; yet, previous findings have been unablernd f relationship between functional
movement ability and athletic performance tasksa@@ket al., 2011; Parchmann &
McBride, 2011). This review suggests that the FMB®&Yy be related to
countermovement jump performance when scored cala that provides a greater
amount of detail from the tests. The ensuing tesuhy provide evidence toward a
relationship between functional movement capaacity fanctional performance.
Purpose

The primary purpose of this study was to examieerétationship between the
FMS™ total score, scored on a 100-point and 21Emale, and CMJ height. The
secondary purpose of the study was to perform ploetory analysis examining the
relationship of the 21-point live scoring methodi @he 21-point video scoring method of
the FMS™,

Hypotheses

A 21-point scale does not provide enough detavanous physiological and

biomechanical measures that would contribute teetlyishg performance; however, the

100-point scoring scale for the FMS™ has a higlegrele of precision to evaluate a



participant’s movement patterns in more detailwds hypothesized that those who
perform better on the FMS™, when scored on a 100tgcale, will demonstrate a
positive relationship with countermovement jumpghei It was also hypothesized that a
relationship exists between the scoring scalee®@MS™ (i.e., 21-point live, 21-point
video, 100-point).

Significance

Scientific significance. This study offers scientific significance as it whse first
study to test the possible relationship betweegtfanal movement, measured by the
FMS™ on a 100-point scale, and functional perforoeafie., CMJ peak height). The
MyoTest SPORT unit was used to determine CMJ pexdoice so that the influence that
functional movement has on peak height could bé&uated. Additional significance can
be taken from this study as it offered a comparisiomvo methods of scoring the FMS™
21-point scales. If the two methods are signifigacorrelated to one another, FMS™
scoring on a 21-point scale could be compared tedfferent methods of tests
evaluation.

Practical significance. This study was the first to delve into the relasiom
between functional movement, which is defined astttal FMS™ score, and functional
performance, defined as CMJ height. This studyides a contribution to a current gap
in the literature, by attempting to understand p@sformance markers could be
influenced by one’s ability to move. The resultshos study may shed light on how
athletes who have greater amounts of mobility anhchic stability, as well as fewer
compensatory movement patterns, may be betterrpggfs in a jumping task. A

relationship already exists between functional nnoset and injury risk assists. If a



relationship is found between the FMS™ and a fmeti performance task (i.e., CMJ
height), a case could be made that a relationshipexist between injury risk and
athletic performance. This potential relationshipuld suggest that someone that has
greater movement ability will not only perform legtin an explosive movement task, but
will also be less likely to sustain an injury duitheir performance. Significance may
also be found by comparing two methods of scoimeg2l-point scale. A comparison of
the two scoring methods, live and video assessmeastexamined to determine the
reliability of the compared methods. If a relasbip is found between each of the
methods of scoring, practitioners and cliniciansagishe FMS™ will be able to use live
and post hoc video analysis interchangeably.
Delimitations

The delimitations of this study were put in placed¢duce the influence of factors
(i.e., injury history, gender, age, physical agsivevel, body mass index, FMS™
experience) that may influence an individual’'s parfance in both FMS™ and CMJ
testing. In an attempt to reduce injury risk dgrdata collection, all participants that had
recently had an injury, surgery, or bone abnorneslifi.e., of the shoulder, hip, knee,
and/ or the ankle), were currently taking medicafar illness, had a heart condition and/
or chest pain, suffered from dizziness, and/ ordadaring impairment (due to the need
to hear the auditory stimulus from the MyoTest)reweot be allowed to participate in
this study. Another variable that was being cdild@towas gender. Only male
participants were evaluated in this study in aerafit to build on the previous primary
research that has used the FMS™ (Frost, Beachadbalh, & McGill, 2012; Goss,

Christopher, Faulk, & Moore, 2009; Kiesel et aD0Z; Kiesel, Plisky, & Butler, 2011;



O’Connor et al., 2011). In addition, while eviderdemonstrates a lack of significant
difference between males and females in total @ggeeFMS™ score on a 21-point
scale, differences existed within the individuatnpmnent test scores that make up the
total FMS™ score (Schneiders, Davidsson, Horma8u#ivan, 2011). Since the
FMS™ scored on a 100-point scale does not haveiadditotal scores for each of the
tests and allows for a wider range of achievablatppit is possible that the individual
test score differences may become more promineoigih the use of a more precise
scoring method; therefore, only males were be reatdor this study. Age was also a
potential influencing factor to an individual’'s FN*'Sand CMJ performance. To remain
consistent with the age range of populations usedea current literature, all participants
were between the ages of 18-30 years old (Butlat.,e2010; Chorba et al., 2010; Frost
et al., 2012; Goss et al., 2009; Onate et al., R0ARe can have additional effects on
performance. Evidence exists to support age-etkatedon degeneration as early as 30
years of age (Bosco & Komi, 1980). Furthermoreguce the influence that training
had on jump height, only participants that selfritifeed as exercising at least to the
American College of Sports Medicine (ACSM) guidebnwere included in this study.
Athletes and those currently participating in ongad training to actively improve their
vertical jump performance were excluded. Lastipse who have had previous
experience with the FMS™ were excluded from thiglgtin an attempt to control for the
learning effect that one may have from previouseeignmce with the component tests. By
following this set of inclusion criteria, the resubf this study are not generalizable
beyond those who do not fit the populous examitteetefore, further research in this

area is needed in order to make more global colciss



Assumptions

This study made the following assumptions: (a)ipigdnts answered the
Inclusion Criteria and the Exercise History Quastiaire honestly; (b) participants met
the minimum weekly requirement of physical actiyeg set by the ACSM guidelines, (c)
participants refrained from smoking (or the usamy tobacco products) and the intake of
caffeine within the four hours prior to testingdameavy resistance exercise in the 24-48
hours that separate the two days of testing; (djggaants performed a maximum effort
jump for each of the CMJ trials; and (e) perforra EMS™ to their best ability.
Limitations

Major limitations of this study included possibbgerimenter and equipment
error. Experimenter error may have resulted frbendubjective interpretation that is
involved with scoring the FMS™ as well as errorshe measurement of the
anthropometric data. Anthropometric errors majuerice the equipment used to
determine jump height. The MyoTest accelerometessured jump height through a
programmed equation that takes the participantightento account when determining

flight time.



CHAPTER II: LITERATURE REVIEW

Introduction

Active populations such as athletes, both profesdiand tactical, make use of
injury risk and athletic performance field test®{& et al., 2006a; Cook et al., 2006b).
Performance testing and injury risk assessmenng¢gate used to establish baseline
performance levels and measure the effectivenegaining (Kiesel et al., 2007; Minick
et al., 2010). Such information may be usefulesearch and clinical settings to improve
the performance of participants, clients, and pagieluring exercise. Despite the
prevalence of each of these tests, a gap existe iourrent literature as to how with the
FMS™ total score relates with athletic performance.

One test that is used to assess an individualsyimjsk is the Functional
Movement Screen™ (FMS™). The FMS™ is a reliabtd tsed for identifying injury
risk and has been used in a variety of active s (i.e., firefighters, collegiate
athletes, military officer candidates) (Chorbalet2010; Kiesel et al., 2007; Peate et al.,
2007). This pre-participation screen grades imtigl’'s on their movement patterns and
compensatory motions that exist due to functiomaitations (Cook et al., 2006a).
Previous literature has attempted to find a refetingp between the FMS™ and athletic
performance (Okada et al., 2011; Parchmann & MaBrad11). These papers used the
21-point scale to score each of the functional moaa tests. Despite a variety of
athletic performance tasks, there were no sigmficalationships made between the total
FMS™ score and any athletic performance measutés possible that the 21-point
scale lacks the precision to distinguish a relatmn between FMS™ score and athletic

performance as all seven tests are scored equesdpyitd representing varying levels of
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complexity across the tests (Butler et al., 20¥BsFet al., 2012). This review will
describe a FMS™ scale that has a greater amoymmeoision with an attempt to 100-
point scale of measurement.

One commonly used measure of athletic performamatedemonstrates a
representation of power, strength and speed igcaejump testing (Aragon-Vargas,
2000; Luebbers et al., 2003). For this reviewsperformance is defined as mean jump
height and will be further elaborated upon in 8tisdy. Specifically, this review will
focus on a countermovement jump (CMJ) as a spofoqmeance. The use of a CMJ test
during pre-participation screening provides insighperformance variables that are
transferrable to sport such as power, strengthspredd (Cronin & Hansen, 2005;
Vanezis & Lees, 2005). Performance on CMJ is mtdre of the explosive power that
can be generated during a rapid full body mover(i@amire & Challis, 2007; Hartmann
et al., 2012; Vanezis & Lees, 2005). It is progbsethis study that an individual’s
ability to jump is influenced by their ability toowe. The current literature has not
successfully shown a relationship between functiomavement (i.e., FMS™) and
functional performance (i.e., CMJ). It is possitilat this lack of a relationship is due the
over-simplified 21-point scale of measurement fa inovement tests and that a more
precise method of measurement is needed to identiyement deficiencies that
influence athletic performance. This review wilbpide evidence toward the possible
relationship between the FMS™, assessed on a 1id0gmale, and CMJ height.

The Functional Movement Screen™
Traditionally, prior to the participation in athiles, athletes and exercisers have

undergone pre-training physicals and performansesssnents (Cook et al., 2006a).
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While some of these tests are able to provide imébion as to where performance
strengths and weaknesses exist, others lack they &bigauge the individual’'s
movement patterns and movement deficiencies thgtieaa to injury over time (Cook et
al., 2006a; Cook et al., 2006b). The Functional®toent Screen™ (FMS™), a series of
seven movement tests, was developed by Gray Cabkdleagues as a tool to address
this gap in pre-participation screening. The FM&™4sed to identify functional
movement pattern limitations and muscle asymmeitvidsn an individual during
motion (Cook et al., 2006a; Cook et al., 2006b; @ifor et al., 2011). The seven that
comprise the FMS™ are: the Deep Squat, Hurdle &tdme Lunge, Shoulder Mobility,
Straight Leg Raise, Pushup, and Rotary Stabiligo{Cet al., 2006a; Cook et al., 2006b).

The FMS™ rates the balance, range of motion, mussigpensation and quality
of movement through each of the seven movemers (Kstsel et al., 2007). In
reference to the functional pyramid (Appendix Bg guality of a movement pattern is
influenced by a combination of the mobility andosliy, and is considered functional
movement. These factors of movement may be ovetbby more traditional methods
of physical assessment (Cook et al., 2006a; Coak,2006b). Through the use of the
FMS™ this series of movement tests highlight ometsement pattern compensations
and asymmetries that may lead to an increaseafiskury (Cook et al., 2006a; Cook et
al., 2006b).

Description of the FMS™scoring and tests.The scoring protocol and
descriptions of each of the movement tests is addpom the founders of the FMS™

(Cook et al., 2006a; Cook et al., 2006b).
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Scoring. The scoring method that was originally developadlie FMS™ was a
live, in real time scoring of the seven tests, Binpscale. Each of the seven tests is
scored on a subset of a zero to three points, wlheoere of three is deemed a maximum
score. A score of three is given to an individihal performs the correct movement
pattern without asymmetries or compensations. okesof two is given when an
individual performs the correct movement patterm{gh the recruitment of at least one
compensation or asymmetry. A score of one is gwken the individual cannot achieve
the proper movement pattern despite the recruitmiecdmpensatory movements, but
doesn’t experience any pain through the range dfomo If during any of the
movements pain is experienced by the participaetrésulting score is a zero (Cook et
al., 2006a; Cook et al., 2006b). The seven téstiscomprise the FMS™ are the Deep
Squat, Hurdle Step, In-line Lunge, Shoulder MopilActive Straight Leg Raise, Trunk
Stability Push Up, and Rotary Stability (Cook et 2006a; Cook et al., 2006b).

Deep squat.The Deep Squat test is performed to lowest depttmowrt pain with
a dowel overhead. To begin the test, the indiMidtands straight with their feet
shoulder width apart, toes facing forward. Frois gosition, the dowel is extended
overhead so that the arms and back are straigit, Mhe individual squats to their
lowest depth without pain, while attempting to ntain their arms overhead, a straight
back that is parallel to the tibia, and the knesdsimd the toes. Throughout the test, the
individual should remain with their feet fully ohe ground. The test consists of five
slow and controlled squats with the rater assesbigig movements from their front, side,

and back before proceeding to the next motion.
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Impairments that can be identified from the Degpé include limited hip, trunk,
and shoulder mobility, poor hip, knee, and ankdifin, and low stability. In the event
that an individual is not able to elicit the tagbimotion during the Deep Squat, the
FMS™ board is placed under the heels, with the toethe ground, to adjust the initial
position of the Deep Squat. By doing so, lessadkirsiflexion is required to squat to a
greater depth. The individual would repeat the emognt up to five times before moving
to the next motion.

Hurdle step. The Hurdle Step is performed with a dowel acrossstioulders,
parallel to the ground, as the individual steps ¢nedle. To start the test, the height of
the individual’s tibial tuberosity is taken to $ké height of a rubber strap; this strap is
used as the crossbar of the hurdle and is adjtstetdndardize for the height of the
individual. The test begins with the dowel laidass the shoulders behind the head and
the individual’s feet together, behind the hurdighvthe toes in contact with the base.
The individual is then instructed to raise a foféttee ground and reach it over the hurdle
so that they can lightly tap their heel to the gmbon the opposite side of the hurdle.
They are not allowed to look down at the rubbeagstior may they shift their weight
forward onto the lead heel. They are then instditd bring their foot back over the
hurdle to the initial position.

Impairments from the Hurdle Step that may be foomay result from poor
movement patterns opposed to a single limb’s mowesnaPoor bilateral, asymmetric
hip stability and dynamic stability as well as psorgle-limb stance are major

contributing factors to decreased performance erHiwrdle Step test. The Hurdle Step
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also assesses both the left and the right sideaeba providing a left-right comparison
that identifies asymmetrical movement patterns iwithe movement pattern.

In-line Lunge. The In-line Lunge is a controlled lowering taskttrequires
spinal and pelvic stability while the upper bodyimtains a neutral position, with respect
to the lower body. To begin this test, the hemjtihe tibial tuberosity is measured. The
individual begins in the stride position with ore®f behind the start line on the FMS™
board, and the other foot is standing firmly onEMS™ board. The distance between
the start line and the heel of the lead foot shbel@qual to the length of the tibial
tuberosity. The arm positioning is in a reciprogattern to the leg position. With a
dowel positioned in parallel with the individuagpine, one arm is raised overhead to
grasp the dowel near the neck while the other aanlres behind the back near the
lumbar spine to hold the dowel near the small eftihck. The individual is then
instructed to lunge forward so that the rear kne&es contact with the lead heel and
board, while maintaining a straight back and wité dowel in contact with the lumbar
spine, between the shoulder blades, and the batle ¢fead. These three points help the
observer gauge how well the participant is ablemd the lunging movement to the
sagittal plane.

Impairments that are observed during the In-lineade may relate to ankle, knee,
or hip mobility, trunk flexibility, and dynamic dtdity on a small base of support.
Deficiencies may result in a forward lean of thestg a rise in the heels off the board, or
a compensatory twist in the trunk to assist thaaxirof the rear knee and lead heel. The
In-line Lunge is another test where both the Iaft aght side are assessed independently

for asymmetrical movement patterns.
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Shoulder Mobility. The Shoulder Mobility test is used to assess tlatioaship
between the spine and shoulders during a recipesgaimotion. Prior to the start of the
Shoulder Mobility test, a clearance test is perfedrto identify pain in the joint that is
otherwise missed during the screen movement. Hiotdst, the hand is raised to the
opposite shoulder so that the palm comes in comtitletthe shoulder near the clavicle.
The elbow is then raised so that it points forwahile keeping the palm in contact with
the shoulder. If no pain is felt, a (-) is marled the participant is allowed to perform
the Shoulder Mobility test. If pain is felt, howezy a (+) is marked next to Shoulder
Mobility, and the individual receives a zero. Tgeeticipant skips the Shoulder Mobility
test and proceeds to the next test.

To begin the Shoulder Mobility test, the individgdtand must be measured as
the length of the hand is used as the landmaridwribility. The measurement is taken
from the most distal crease of the wrist to theofithe middle finger. With the feet
positioned together and an erect posture, the icha makes fists by wrapping their
fingers around their thumbs. In one smooth motibe,arms move in unison. The
participant will reach each hand, as a fist, towhelcenter of the back, one over the top
and one underneath, to bring them as close togathpossible in one fluid motion. The
goal of this test is to have the measured distiesethan or equal to the length of the
hand. This test is repeated up to five times &mheside.

Factors that may affect an individual’s performannehe Shoulder Mobility test
include shoulder and trunk mobility as well as postand core stability. A lack in any

of these areas will increase the distance measateeen the two fists. Additionally,
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overdevelopment of the abdominals and chest mustdgsexhibit as a rounding of the
shoulders that decreases the mobility of the glenral joint.

Active Straight Leg RaiseThe Active Straight Leg Raise is a movement that
assesses the amount of flexibility the individuas Im their legs when the legs are
separated in an unloaded position. To begin thte tlee individual will lay supine with
the palms up and the FMS™ placed underneath thesknehe dowel is positioned
vertically between the anterior superior iliac gpand the joint line of the knee. While
keeping the feet at a 90° angle, one leg is raofkeithe ground while the other leg
remains flat on the floor. At the leg’s peak posit the malleolus position with respect
to the dowel is assessed and scored appropriaiélg.goal of this test is to have the
malleolus at least reach the position of the dowdilis test is repeated a maximum of
five times before assessing the opposite sides fBst assesses each side of the body
independently to provide a left-right comparisorthad scores.

Limitations that are found during the Active Sgtati Leg Raise result from poor
flexibility of the gluteal muscles, hamstrings, ahdtibial band, poor core stability, and
limited extension of the opposite hip. In the evdiat the individual has movement
limitations that do not allow for the malleolusdorpass the dowel, the dowel is placed
on the superior side of the board, just above tleekand the Active Straight Leg Raise
is repeated. If the malleolus still cannot passdbwel, the dowel is repositioned to the
inferior portion of the board. The test is thepeated.

Trunk Stability Push Up This test assesses core stability more thanruygmty
strength. This test begins with a clearance teptdtect the participant from painful

motions. This clearance test is similar to ¢bbra stretch Prone on the ground with
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their legs together and palms flat on the matjridevidual then pushes the upper body
up into a spinal extension bringing the head towhedceiling. If pain is recorded, a (+)
is marked for the Trunk Stability Push Up and & ts scored as a zero. The Trunk
Stability Push Up is then skipped and the partitigmoceeds to the next test.

The Trunk Stability Push Up test is similar to anstard push up except for a
modification to the placement of the hands. Th#igpant will begin this test prone on
the ground with the legs and feet extended togethérthe hands on the ground with
fanned fingers. Men will begin with their thumlpsline with their forehead and women
will begin with their thumbs in line with their ali Next, the individual will position the
toes into the ground, raising the legs and hipsh&ffground. When instructed, the
individual will push into the ground and raise #f®ulders and back in one motion. This
test is done to a maximum of three times.

Poor performance on the Trunk Stability Push Uy nesult from poor
stabilization of the core muscles, insufficient appody strength and/ or scapular
stability, and reduced hip and thoracic spine $tgbiAs a result of such insufficiencies,
the shoulders and back will not rise in unisonthd individual is not able to lift their
body as a single entity, the hand placement caadpested lower, closer to standard push
up position. For men, the hand placement woultbWwered to the chin, and women’s
hands would be lowered to the clavicle.

Rotary Stability. The Rotary Stability test is a coordination testt thssesses the
individual’s ability to maintain core stability the quadruped position. A clearance test
is performed prior to the beginning of this tesidentify pain that the participant may

have. From the quadruped position, the individuallld flex the neck bringing the head
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to the chest while simultaneously arching the bd€kain is observed, a (+) is marked
for the Rotary Stability test and a zero is recdrfte the score. If no pain is observed, a
(-) is marked and the participant proceeds withRb&ary Stability test.

To begin the test, the FMS™ board is positioneceameiath and in parallel with
the individual’s spine so the hands and knees maté@ground on either side and in
contact with the board, while in the quadruped fomsi The test requires the individual
to raise their ipsilateral hand and knee so thatdised elbow and knee can make
contact, above the ground, before the hand anddatesn back to the initial position.

Factors that may limit one’s performance on théaRoStability test include
reduced shoulder, spine, hip, and knee mobilitgr gaapular and hip stability, and
reflexive stability of the trunk and core muscl@hese deficiencies result in a rounding
of the hips and shoulders as the individual attergtouch elbow to knee without
falling. If compensations are observed due taath@ve deficiencies, the test can be
modified to a diagonal motion of opposite shoulaled hip motion, which result in
contact between the knee and the elbow over thelboa

FMS™ populations. While the use of the FMS™ is still in its relativéancy, it
has thus far been used on a variety of populatitmgarticular, the 21-point FMS™ has
been used to assess risk of injury (Chorba e2@l0; Goss et al., 2009; Kiesel et al.,
2007; Kiesel et al., 2011; O’'Connor et al., 2014ate et al., 2007) as well as the
effectiveness of training interventions (Frostlet2012). Populations of interest
included female volleyball, basketball, and sogiayers (Chorba et al., 2010), male and
female firefighters (Frost et al., 2012; Peatel e2807), male and female Special

Operations Soldiers (Goss et al., 2009), male Araarfootball players (Kiesel et al.,
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2007; Kiesel et al., 2011), male Marine officer digiates (O’Connor et al., 2011), and
collegiate male and female golfers (Parchmann & N 2011).

Gender The FMS™ has been used on many different activelptpns; the
populations, while predominantly male, have inchhdeth genders. In an effort to
determine gender differences in FMS™ testing, dystias designed to establish
normative values for both males and females iF¥i&™ using the 21-point scale
(Schneiders et al., 2011). No significant differeswere observed between genders and
FMS™ total score (males= 15.8 + 1.8; females= 15.6 + 2.0) leading the researchers
to the conclusion that the FMS™ can be used ondngander populations effectively
(Schneiders et al., 2011). Despite the lack afiant differences between the genders
in the total score, significant differences wersatved within the FMS™ comparing the
individual component test scores between gendetmgiders et al., 2011). In particular,
females performed significantly better than maleshe shoulder mobility tesf(:
17.238,p = 0.001) and the Active Straight Leg Raigex 42.097p < 0.001).
Subsequently, males significantly outperformed fiean the Trunk Stability Push Up
(y* = 64.475p < 0.001) and the Rotary Stability tegt € 7.230,p = 0.027) (Schneiders
et al., 2011). This may have occurred as sombeotdsts rely more heavily on either
strength or flexibility; both strength and flexiiyl are variables that are not congruent for
males and females (Kibler, Chandler & Maddux, 1989gles scored better on the
Trunk Stability Push Up and the Rotary Stabilitstse females in the study scored better
on the Active Straight Leg Raise and Shoulder Mgbiésts (Schneiders et al., 2011).

The Trunk Stability Push Up and the Rotary Staptkist are representational of

gender differences in muscular strength (Schneieleak, 2011). Each of these tests
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require adequate stabilizing strength of the trwitk concomitant motion in either the
upper and/or lower extremity (Cook et al., 2006K)bler and colleagues supported this
idea by examining the gender differences for fléitjpand strength tests. Females
demonstrated greater flexibility than males whilgl@s exhibited greater muscular
strength than females (Kibler et al., 1989). Thasscular strength differences may
provide further evidence to the scoring differenckserved by Schneiders and
colleagues (2011) on the FMS™ trunk and Rotaryiltatests between males and
females.

The Active Straight Leg Raise and Shoulder Mobilggts differences may also
result from innate gender differences in flexipilitin Kibler et al. (1989), of the
participants examined (n=2107), females were sigantly more flexible than males.
These observed differences in flexibility may hav&uenced the results observed by
Schneiders and others (2011). Females were oluserneve higher scores on the
Active Straight Leg Raise and Shoulder Mobilitytsethan males. Both of these tests are
designed to test the active functional range ofionathat an individual has in their
hamstrings and shoulder complex, respectively.h\igreater amount of flexibility the
resulting component score for the FMS™ was be@epok et al., 2006b). Gender
differences may support the findings that fematesed better on flexibility FMS™ tests
than males (Schneiders et al., 2011).

Aggregate FMS™ scores on a 21-point scale can impaced with mixed gender
populations. However, due to gender differencenuscular strength and flexibility, the
ability to compare individual component scoreshef EMS™ is limited. As a result,

researchers and clinicians whom utilize the FMST™aksessing injury risk are restricted
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to comparing homogeneous gender groups. In ooderetvent gender differences from
influencing the relationship between functional mment and functional performance,
only males will be allowed to participate in thtady.

Injury identification. The FMS™ was originally developed as a tool toaere
active populations and assess risk for injury bgl@ating a series of functional
movement patterns prior to participation in sp@ogk et al., 2006a). At the time of its
inception, a standardized test to evaluate injiglyin active populations had not been
developed. The FMS™ was designed to challeng&tiwional movement of the
kinetic chain as well as proprioceptive functiom @ssess the interaction between the
mobility and stability of the individual (Chorba &, 2011; Cook et al., 2006a; Cook et
al., 2006b). The 21-point FMS™ scoring methodstasvn that a significant correlation
exists between 21-point total score and injury nskctive populations (r = -.7676)
(Chorba et al., 2010). Therefore, those that lzalsver FMS™ score are at a higher risk
of injury due to the limitations observed withiretfunctional movement patterns.
Further research took a more in-depth look at ¢fegionship between the FMS™ score
and injury risk which resulted in the developmeindo athleticcut-off scorgKiesel et
al., 2007).

Cut-off score. In an effort to find the relationship between FM&m injury,
Kiesel et al. (2007) used the FMS™ as a preseagesnrang tool with a professional
American football team. Although a cause-effetdatrenship wasn’t establishedcat-
off scorefor athletic clearance for sport participation w@entified. Based on the
FMS™ total score, professional football athlete®whored less than or equal to 14 on

the FMS™ were 11 times more likely to suffer amesiinjury during the season



22

opposed to players that scored greater than a ibé€Ket al., 2007). Serious injury was
defined as an injury that relegated the athletbednjured-reserve for a minimum three
weeks. Of the professional athletes used, the mdasformulated from the results
presented a 15% probability of an injury with an &M score above 14. However,
football players that scored a 14 or below hadlewaged probability (51%) of suffering
a time-loss injury. The idea ofcait-off scorewvas further corroborated in additional
research (Chorba et al., 2010; O’Connor et al.,1201

In order to determine if the presence of compemgatmvements within a given
movement pattern was related to injury risk, theFMwas used in a population of
female Division One athletes (n=38) (Chorba et2111). The FMS™ was used as a
tool to identify movement compensations. Of tHdedes that scored a total of 14 or less
on the 21-point scale, 69% suffered an injury aad & 4-fold increase in injury risk
(Chorba et al., 2011). These findings supportectit-off scoreoriginally discovered by
Kiesel et al. (2007), despite the differences adbtivity and gender of the population
recruited.

The existence of eut-offscore was further supported in O’Connor et al. (301
A population of male Marine officer candidates (87) were pre-screened with the
FMS™ prior to inclusion in either a short cyclex(sieek) or long cycle (ten week)
training interventions. Those that scored 14eeslon the FMS™ 21-point scale had a
1.91 times (95% confidence interval (Cl) = 1.2143P < 0.01) higher any injury
incidence rate compared with a score > 14. Whéhn the short and long cycles of

training were combined, the relative risk of injunyan officer candidate was 150%
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greater in those with an FMS®'14 compared to those with a total score > 14
(O’Connor et al., 2011).

The FMS™cut-off scoreprovides a relative baseline for inclusion in #mletic
activity for both competitive and tactical athletddowever, the FMS™ is a tool that is
subjectively scored following a previously estatdid set of criteria formatted by the
founders of the FMS™. The reliability of the testéo properly evaluate each movement
may limit the utility of the FMS™ if the reliabiltbetween raters or subsequent tests is
poor.

Reliability of the Functional Movement Screen™.The FMS™ can be used to
risk stratify athletes based on the aggregate sbates scored based on their functional
movement patterns (Chorba et al., 2011; Kiesel.e2@07; O’'Connor et al., 2011). The
scoring system for the FMS™, while directed by gliites of the testing protocol, may
be subject to the training level and interpretatbthe rater (Minick et al., 2010; Onate
et al., 2012; Teyhen et al., 2012). Although trevement tests follow preset guidelines,
raters subjectively score the movement patterngh@eet al., 2012). Due to the
subjective nature of the scoring system, confiroratf the reliability of the FMS™ was
needed for the findings to hold value to furthepylations. Previous reliability studies
have supported the levels of reliability that exvgthin raters and between sessions for
the FMS™ (Gribble, Brigle, Pietrosimone, Pfile, &\ster, 2013; Minick et al., 2010;
Onate et al., 2012; Smith, Chimera, Wright, & Warr2013; Teyhen et al., 2012).

Interrater reliability is a method of determinirigetconsistency of scoring
between different raters. Onate et al. (2012) emadithe interrater reliability of raters

using a population (n = 19) of physically activemaad women that were scored by two
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raters; one was a FMS™-certified rater while tHeeowwas not. Onate et al. (2012)
confirmed that the FMS™ was highly reliable te§€lof 0.98 ¢ = 0.25)) when scored
by raters with differing levels of experience (Gnat al., 2012). While Onate and
colleagues used a small population of raters topamen(n = 2), strong reliability was
shown between raters for six of the seven teske r@&sults were surprising as one of the
raters had no experience using the FMS™. It magobeluded from these results that
those familiar with varying exercise movement patienill be able to score a FMS™
similar to a scorer that is certified.

In addition to the reliability between those withdawithout FMS™ certifications,
interrater reliability has also been examined camganovice and expert level raters.
Minick et al. (2010) described novice raters as FX4€ertified raters with less than one
year of testing experience. Expert raters weraddfas having more than 10 years of
testing experience. In order to examine the ratiglof the FMS™, both novice and
expert level raters viewed video footage of 40 tgainales performing the seven tests of
the FMS™ (Minick et al., 2010). The seven testsendivided into 17 components; both
the right and the left side of the test were tr@@® an independent component.
Substantial to excellent agreement(0.69-1.00) was found between the novice raters
on 14 of the 17 tests. Additionally, substantiaékcellent agreement € 0.60-0.95)
was recorded on 13 of the 17 components betweesxiert raters. Further analysis was
done to measure the amount of agreement in scbetvgeen the novice and the expert
raters. Substantial to excellent agreement was feeall 17 components tested<
0.74-1.00). When the standard FMS™ testing proeeduwsed, the reliability of the

scoring mechanism is strong (Minick et al., 2010).
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The interrater and intrarater reliability of the B were further examined in
Teyhen et al. (2012). Using a population (n =@4armed service workers, the seven
FMS™ tests were scored by eight novice raterstifigesessions were separated by 48-
72 hours. Interrater reliability was examined bynparing the scores that any two
testers had for a particular participant. Thernatier reliability was identified as
moderate to excellent by weighted Kappa valugs>(60%) on six of the seven tests
(Teyhen et al., 2012). The In-line Lunge (ILL)ttess not included among the tests that
had moderate to excellent Kappa values suggestatghere is enough variability within
the ILL to raise concerns about the reliabilitytlis component (Teyhen et al., 2012).
Intrarater reliability was established through tleenparison of the scores of the raters
between the first and the second test day. Thelatd error of the measurement for both
the interrater and intrarater reliability was |&s3n one point for a 21-point scale, while
the minimal detectable change ranged between 8.pdints on the 21-point scale
(Teyhen et al., 2012).

The FMS™ can be a reliable method of assessingyinigk in participants, both
within and between raters. Despite the precidian taters have while reviewing each of
the movements, the FMS™ on a 21-point scale iddnio observing to detecting large
movement limitations (Butler et al., 2012). Inpesse to the lack of specificity, a more
precise method of measurement was developed; #tisan was the 100-point scale.

The 100-point scale.As an injury risk assessment tool, the FMS™ wagydesl
to examine how an individual moves through largesgrmovement task as a means of
identifying dysfunctional movement patterns (Bugerl., 2012). While the live 21-

point scoring method is both a valid and reliabktimod of scoring the FMS™ (Minick
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et al., 2010; Onate et al., 2012; Teyhen et alLl22(t is a basic method that lacks the
precision to identify risk beyond large movemensfdpction (Butler et al., 2012). To
improve on the precision that is provided from #iepoint scale, the 100-point scale was
developed as an alternative form of scoring thavidies more precision by itemizing
each movement and scoring bilateral movements agghaby side.

Movement test itemizationThe 100-point scale has improved precision over the
21-point by itemizing each test into varying poratues (Butler et al., 2012). The
scoring rubric for the 100-point scale itemizesitiddvidual components of each
movement test (i.e., upper torso is parallel wiltrator toward vertical; knees aligned
over feet; dowel aligned overheaal)d provides a point value to each component.
Component itemization allows for a broader contmuwf scores for each of the
movement tests and may provide a more in-deptnpgretation of the total score beyond
a 0-3 ranking (Butler et al., 2012). Itemizatioaymmprove the sensitivity of the scoring
scale and may become a better reflection of thiwichaal.

Unlike the 21-point scale, not all seven testswawgh an equal number of points
on the 100-point scale. The total score of eadh@tests is based around the overall
complexity of the movements (Butler et al., 201Zhe movement tests with a lower
complexity (i.e. Shoulder Mobility) are worth lesdgal points than more complicated
movements (i.e., Deep Squat) on the 100-point gBaltder et al., 2012).

Movement test tiers: Tier 1.The lowest tier of test complexity consists of the

joint mobility tests (Butler et al., 2012). Thessts, when compared to others, have least

amount of simultaneous stabilization. The ShouMebility has a maximum score of 8
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points, 4 for each side, and the Active Straiglg Baise has a maximum of 10 points, 5
for each side (Butler et al., 2012).

Movement test tiers: Tier |II.The mid-level of the FMS™ tests consists of the

core stability tests. These movement tests regttalization of the trunk in succession
with an upper and/ or lower extremity movement(Biis tier includes both the Trunk
Stability Push Up and Rotary Stability; the maximsoore for each of these tests is 12.
While the Trunk Stability Push Up is a whole bodgwvement, the Rotary Stability is
bilateral which scores each side separately airfipper side (Butler et al., 2012).

Movement test tiers: Tier lll. The highest tier of tests includes the Deep Squat,

the Hurdle Step and the In-line Lunge. Each oféhtests requires multi-joint motion as
well as trunk stability over the course of the moeait. The Deep Squat and the Hurdle
Step each have a maximum score of 18; the Huréle iSta bilateral test, where each
side has a maximum score of 9 points. The Inilmege is worth 20 points that are
divided into a score for each bilateral movemeérttis movement test is scored as the
most valuable because of the amount of eccentrit@oused during the flexion of the
lunge on a narrow base of support (Butler et @123.

Bilateral test assessmeni he 100-point scale adds further specificity to the
FMS™ by independently rating bilateral movements separate scores (Butler et al.,
2012). In each of the five bilateral tests, bdih tight and the left side are given separate
scores. Once each side is rated, these scorsararaed together to provide a total
component score for the given movement. The 100tgoale provides greater detalil
assessing bilateral tasks as it highlights existisyggmmetries that a participant has

between each side of a given movement (Butler.e2@12).
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Video analysis.In order to score the FMS™ with a more preciseescatieo
analysis is recommended. Scoring of the FMS™ erl0-point scale is done post hoc
by recording video footage of all seven tests atithg the movement tests (Butler et al.,
2012; Frost et al., 2012). Video camera positias Iheen standardized in the
perpendicular and sagittal planes of the partidig@atler et al., 2012; Frost et al., 2012).
Scoring in such a way allows the rater to view eafcine seven tests with a greater
amount of detail than the 21-point scale. Whiis th an advantage of the use of the 100-
point scale, it is also time intensive as it inedwthe FMS™ tests as well as the post hoc
scoring. For this reason, the use of the 100-mmate has been shown to be
disadvantageous in its use because of the timeeddede performed and scored (Butler
etal., 2012).

100-point reliability. Like the 21-point scale, the 100-point scale igsgo
subjectively by the rater administering the FMSThe 21-point scale has been shown to
have high validity and reliability between ratekirfick et al., 2010; Onate et al., 2012;
Teyhen et al., 2012). To determine the repeatatafithe 100-point scale, the interrater
reliability of the 100-point scale was examinedf{Buet al., 2012). Of the seven
movement tests, six of the movements had highraterreliability (ICC = 0.98). The
In-line Lunge had an ICC of 0.98 or higher. Thditre Lunge on the left side was
slightly lower, however still highly reliable acothe raters, with an ICC of 0.91 (Butler
et al., 2012). These ICC values showed high rdilialor the 100-point scale as ICC
values greater than 0.8 are seen as near perfeargnts.

The 100-point scale was developed to further buldn the precision of the

FMS™. Movement itemization and independent bikdtscoring or movement test may
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improve the interpretations for injury risk thaeanade from the total score by
identifying the limiting component of the most lit@il movement pattern (Butler et al.,
2012). These scoring modifications increase tleeipion of evaluating the FMS™ and
may assist in the development of a link betweertional movement and functional
performance.

Functional Performance

The Functional Movement Screen™ provides cliniciang sports medicine
professionals some insight into the quality of th@vement used by an individual. In
reference to the functional pyramid (Appendix apdtional movement is the base of an
individual’'s movement and a combination of both mhtband stability. The conversion
of this functional motion into goal-orientated mawent is considered functional
performance (Cook, 2010). An individual's funct@dmovement directly affects their
risk of injury as has been shown with the FMS™ (et al., 2011; Cook et al., 2006a;
Cook et al., 2006b). Functional movement may aféect an individual’'s ability to
convert their available movement into a performasasé.

Previous research has attempted to find a reldtiprigetween functional
movement and functional performance using the FM8 1 the 21-point scoring
method. In Parchmann and McBride (2011), 25 migedder NCAA Division | golfers
were examined in both general athletic and spepéiformance measures (i.e., sprint
time, vertical jump height, T-test agility, and lslbead swing velocity) as well as
functional movement. Results indicated that tlvegee no significant findings between
any of the general or sport-specific performancasuees and the FMS™ ¢ 0.05)

(Parchmann & McBride, 2011). This may be a restthe lack of precision from the
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21-point FMS™ scoring method as it pertains to fiomal limitations that exist within
an individual.

Functional movement and functional performance vaése compared in a review
by Okada and colleagues (2011). Participatingviddials were measured on a 21-point
FMS™ scale and a variety of physical performancasuees (i.e., backwards overhead
medicine ball throw (BOMB throw), single-leg squaeud T-run agility test). While a few
individual tests of the FMS™ (Shoulder Mobility, Hile Step, and In-line Lunge) had
significant positive correlations with the BOMB ¢hw, it was suggested that the total
score of the FMS™ was not effective in predictitigetic performance (Okada et al.,
2011). These results may also be due to the natuhe FMS™ 21-point scale as an
identifier of large movements. With the use of #8®-point scoring method, the
precision of the FMS™ may improve to identify aklibpetween an individual's
movement capacity and conversion of functional moset into functional performance.

Vertical jump performance. Functional performance may be limited by the
mobility and stability of an individual. Verticalmping is an example of converting the
available functional movement that an individuas ir@to a powerful functional task
(Cook, 2010). This athletic task provides meadueedransferrable elements of many
sports such as strength, speed, and power (Lets 2004; Luebbers, Potteiger, Hulver,
Thyfault, Carper, & Lockwood, 2003; Moran & Walla@)07; Salles, Baltzopoulos, &
Rittweger, 2011; Vanrenterghem, Lees, & De Cle@f)8). In particular, one method of
vertical jump that is used to measure the amoupbuwfer that can be produced by the
lower extremities, and mimics actions relevantgorg is the counter movement jump

(CMJ) (Markovic, Dizdar, Jukic, & Cardinale, 200danezis & Lees, 2005). ACMJ is a
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vertical jump that begins in the standing then l@gleeccentrically into a squatted
position and followed by a concentric rising phage take-off. The sport-specific
expression of power, strength and speed make C#fidgea worthwhile approach for
measuring functional performance.

The use of a CMJ is not only useful as an exprassidower extremity power,
strength and speed, but it is also a reliablettegse across participants (Markovic et al.,
2004). In Markovic (2004), seven different expl@stests including five vertical
jumping tests and two horizontal jumping tests.trBbe squat jump and the CMJ were
the most reliableo{ = 0.97 and 0.98, respectively) of the power tegisithermore, the
CMJ had the greatest average intertrial correlg#fdrR) and ICC among all jump tests
(0.94 and 0.98, respectively) (Markovic et al., 200

The motions used to execute a CMJ are similardsdhn a variety of sports that
require power, strength and speed (Lees et al4;20@ebbers et al., 2003; Moran and
Wallace, 2007; Salles et al., 2011; Vanrentergheah £2008) as well as reproducible
across participants (Markovic et al., 2004). Idesrto appropriately quantify CMJ trials
across participants, reliable methods of measurearemeeded to ensure the reliability
of data for comparison.

Measurement.The peak heights of the CMJ tests can be measui@dariety of
methods. The use of these techniques are ofteendept on the amount of available
space, finances, accuracy of measurements anasleeoétransport of the testing device.
Often, the need for transport and cost limit theigapent that is used to measure the

height of a CMJ. The reliability of each testingtimod is compared to motion capture
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analysis, the gold standard for measuring the he&thh CMJ (Leard et al., 2007; Nuzzo,
Anning, & Scharfenberg, 2011).

The most accurate and valid way of measuring \edrjienp height is with a
video motion capture system. It has been deeneglald standardof vertical jump
measurement (Aragon-Vargas, 2000; Casartelli e2@10; Leard et al., 2007; Nuzzo et
al., 2011). Through the use of reflective markams)otion capture system determines the
height of a jJump by tracking the displacement od’srcenter of gravity through the
phases of a vertical jump (Leard et al., 2007).ilg\ine motion capture system is
effective, it is costly, immovable and requiresegdive calibration and training to
accurately measure jump heights (Casartelli eR@llQ; Leard et al., 2007; Nuzzo et al.,
2011).

Less costly methods of vertical jump measuremewe h@en produced that have
improved the utility of the vertical jump test watlit sacrificing validity of the jump
height. Two of the more prevalent methods of eattjump measurement are the Vertec
(Vertec, Sports Imports, Hillard, OH) and the MysT@Myotest Inc., Durango, CO)
systems. With the addition of being easily tramsggband relatively simple to use
(Bubanj et al., 2010; Casartelli et al., 2010; Ideatral., 2007; Nuzzo et al., 2011) both
the Vertec and MyoTest accurately measure jumphiheig

Vertec. The Vertec is one method of vertical jump measurdrtiet is available
to be used in field testing. This system consi§@n adjustable metal pole with plastic
swiveling panes, each representing a height inereb8.0127 meters. Jump height is
determined through the subtraction of a standing;handed maximal vertical reach

height from the height of highest displaced paheight on the Vertec pole (Klavora,
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2000 from Leard et al., 2007). Each of these hsighmeasured by counting the number
of displaced panes and adding it to the startinghhef the Vertec pole. In a
comparative study, Leard and colleagues examirneddhburacy of the Vertec test for
peak height as it related to the height recordeahfa motion-capture system. The peak
height validity of the Vertec test was shown todnavstrong correlation to the height
recorded by the motion-capture system (r = 0.9Déxid et al., 2007) illustrating the
validity of jump height when measured by the Verezasuring system.

Despite the measured jump height validity, the &ehas less accuracy when
predicting jump height. One flaw of the Vertec si@ment method that has been noted
was the significant difference in the measured Iiteadj jumps that were found in a
comparison of the Vertec and the motion captureesygLeard et al., 2007). The Vertec
method is also sensitive to the accuracies ofdabet’'s measuremen(iseard et al., 2007;
Nuzzo et al., 2011). Both the standing, two-han@eahing height and the jumping
height are measured manually by the tester andudnject to errors in counting. Lastly,
the Vertec test is limited by the innate movememrdination pattern of the jump test.

In order for the Vertec to be an accurately meagump height, the participant must
strike the panes of the Vertec pole at the pedkejump. That is, after the complex
multi-joint movement of the vertical jump, the paigant must swing their arms
vertically, while in flight, to the highest poinhd strike the panes to signify the apex of
the jump. The added arm swing may reduce the @vatcuracy for measuring jump
height by increasing the level of difficulty of thechnique needed. An added arm swing
may also decrease the accuracy of measurementegmiites adequate shoulder mobility

to swing, reach, and strike the panes of the (Letaad., 2007; Nuzzo et al., 2011).
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The use of the Vertec system for measuring jumghiés a low cost method of
measuring the peak height of a vertical jump thgidrtable and gauges jump height
similarly to a 3-camera motion-capture system (destral., 2007). While the validity of
this equipment is high when compared to a motigrttga system, there are other
devices that record jump heights more reliably leetwparticipants.

Myotest. In addition to the Vertec, the MyoTest is anothesteeffective, portable
method of measuring jump height (Casartelli et2110; Leard et al., 2007; Nuzzo et al.,
2011). The MyoTest SPORT unit (Myotest Inc., DganCO) is an accelerometer that
collects flight time and acceleration data usedatioulate jump height. Peak heights are
measured through the recorded displacement heighéaevice during a jump. The
recorded accelerations are integrated to find aartielocity by which the overall jump
height is estimated. Jump height is calculatedutyn two methods (Casartelli et al.,
2010). The first method estimates peak heightisrpreting flight time through the use
of the equation (Height = [g x flight tifig8). The second method of calculating peak
height uses takeoff velocity through the use ofdfeation (Height = max vertical
velocity’/ [2 x g]) (Casartelli et al., 2010).

Evidence exists in the literature to support tis¢-tetest reliability of the
MyoTest’s ability to estimate peak height (ICC €20.96) (Bubanj et al., 2010;
Casartelli et al., 2010; Nuzzo et al., 2011). duand colleagues (2011) examined three
methods of measurement for peak vertical jump hei@H the three methods, the
MyoTest was the most reliable with the lowest petegriation of the examined

methods (3.3%-3.9% opposed to 4.2%-5.5% for othethads) (Nuzzo et al., 2011).
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The MyoTest is not without limitations that maytres the measurement of a
true peak vertical jump height. The MyoTest equeptruses the acceleration of the
jump and the mass of the individual to determimegtheight; therefore, the accuracy of
the mass entered into the MyoTest may compromeseediability of the equipment
(Nuzzo et al., 2011). The mass values that amreminto the MyoTest increase in
increments of 0.2kg which may result in an oveuderestimation of the individuals
mass. Furthermore, while the MyoTest is a higldlydvand reliable method of
determining peak jump height, it has low validitydetermining the velocity of a vertical
jump (Casartelli et al., 2010). It is possibletttiee MyoTest-measured velocity may be
invalid due to the timing of the measured maxinmedbeity. To calculate the overall
jump height, the MyoTest, while capable of identifyinstants of takeoff and landing,
incorrectly uses the positive peak of the vertiedocity of the jump instead of the
velocity at takeoff (Casartelli et al., 2010).

Equipment summary. In order to compare jump heights within a samples, i

necessary that the reliability of the measuremauitis high. The MyoTest Sport Unit is
a tool that is not only valid and reliable betweeals for jump height, but is also an
accurate tool that compares well to the motionwapsystem. The jump measurement
equipment of choice for this study was the MyoTgsort Unit.

Factors for successful vertical jumpingSuccessful performance of a vertical
jump requires the hips, knees, and ankles to genarpowerful movement in order to
reach a maximum height (Lees et al., 2004; Parchr8acBride, 2011). The powerful
movement that is generated from the legs and hgsbe dependent on multiple factors

that may affect the overall height of a verticahju The factors that will be discussed in
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the following section that affect vertical jump fegmance, defined as jump height, in
this study will be squat depth, muscular stiffnéls,stretch-shortening cycle, and jump
practice (Domire & Challis, 2007; Fukashiro, Haylavagano, 2006; Kubo et al., 1999;
Moran & Wallace, 2007).

Squat depth.The depth to which someone can squat depth mayitmtiag
factor in one’s ability to achieve maximum jumpfpemance (Domire & Challis, 2007;
Hartmann et al., 2012; Kubo et al., 1999; Moran &llte, 2007; Salles et al., 2011,
Vanrenterghem et al., 2008). Evidence is availabtbe literature to support the notion
that muscle length and flexibility of the musclasolved in squatting will affect the
depth of a squat and influence jump height. Maexcsically, the amount that a muscle
can lengthen during the eccentric phase of a Clillleinces the joint angle that is created
at the hip and knee (Domire & Challis, 2007; Sa#leal., 2011). In a study that focused
on the influence of squat depth and its relatigmnsbivertical jump height, it was stated
that the deeper a participant was able to squaidiMJ, the higher the participants were
able to jump (Domire & Challis, 2007). By increagithe depth of the squat, the time
that the contributing muscles could generate forceeased (Domire & Challis, 2007)
which may ultimately increase the peak height thachieved in a vertical jump.

These findings were further corroborated in anrirgstion study using both deep
and quarter squats (Hartman et al., 2012). Inrhtantand colleagues, after 10 weeks of
resistance training, 1-repetition maximum (1RM) mowyed angle specific strength for the
%4 squat group; however, no significant peak jumpghttechanges or dynamic strength
changes were established (Hartman et al., 2018psd that trained through a greater

range of motion were able to produce greater ansoofrétrength that could be converted
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into a greater peak height during a CMJ (Hartmaral.e2012). It can be demonstrated
that increases in the length of the muscle withalb deeper squat in the eccentric
lowering portion of the vertical jump (Kubo et d999; Moran & Wallace, 2007; Salles
et al., 2011; Vanrenterghem et al., 2008). Ultehata deeper squat may result in a
greater peak vertical jump.

Squat depth during a CMJ may also be affected éyléxibility of the muscles
involved with the extension of the hips, knees, ankles (Domire & Challis, 2007; Kritz
et al., 2009; Moran & Wallace, 2007; Salles et2011). A deeper squat requires a
greater angle of hip flexion and knee flexion (D8 Challis, 2007; Kritz et al., 2009;
Moran & Wallace, 2007; Salles et al., 2011). Sadleal. (2011) examined squat depths
of 25°, 50°, 70°, and 90° of knee flexion and tHfecat that the squat depth had on
countermovement jumps height. Angles of knee flexivere used with respect to 0°
where 0° was defined as standing knee extensibe. dEeper countermovement jumps
resulted in higher recorded jumps (Salles et QlL12. It was noted in this study that
increases in knee flexion increased the anglepfléxion, the primary power source of
a vertical jump, and resulted in an increase irkpaap height. These findings were
further supported by Moran and Wallace (2007) whe@mined three types of jump
(i.e., drop, countermovement, and squat) at botraid 90° of knee flexion. For each
type of jJump used, greater heights were recordeshvehgreater amount of knee flexion
was utilized (Moran & Wallace, 2007).

Squat depth has been shown the influence the peghktrachieved during jump
performance (cite). More specifically, the useafeeper squat in the eccentric phase of

a CMJ has been shown to have a positive impaceak jump height when compared to
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shallow squats. Greater flexibility in the lowettremity may allow an individual to

lower to a greater extent in the eccentric phaseszfuat and increase jump performance
(Domire & Challis, 2007; Moran & Wallace, 2007; fealet al., 2011). The stiffness of
the connective tissue surrounding the muscles guhie eccentric phase may be an
influencing factor on jump performance.

Stiffness. Another factor that may limit an individual’s alylito reach maximal
vertical jump height is the stiffness of the elastbmponents of the muscle. The greater
the stretch of the elastic components of the muduoéegreater the maximal vertical jump
height (Domire & Challis, 2007; Fukashiro et aD0B; Kubo et al., 1999; Nagano et al.,
2004). The stiffness, or tension, is produced ftam sources: the parallel elastic
component (PEC) and the series elastic compon&@)SThe PEC structure is aligned
in parallel with the SEC. Both the PEC and SECdascribed with reference to the
contractile component (CC), the thin actin andkmygyosin filaments that are
responsible for muscular contraction.

The PEC, SEC, and CC are all components of theti#le-component model of
the muscle. The PEC refers to the interstitialnemtive tissue (i.e., epimysium,
perimysium, endomysium) which surrounds and rumallgh to the contracting muscle
fibers and associated sarcolemma membrane (De88; Macintosh & MacNaughton,
2005). The SEC refers to the tendon and aponeuobsne muscle (Fukashiro et al.,
2006; Kubo et al., 1999; MacIntosh & MacNaughtod)Z, Nagano et al., 2004a) and is
positioned in series to the CC. The SEC is resptbr returning the muscle to its
original resting length after contraction. The ¢onmation of these two elastic

components with the active muscle creates the mdsaoldon complex (MTC).
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Compliance of the entire MTC has been shown tceiee the benefits of a
countermovement motion in an explosive task (Nagarad., 2004a). These results
regarding jump height and the compliance of thetel@omponents of muscle were
corroborated in other literature as well (Bobb28)1; Fukashiro et al., 2006; Kubo et
al., 1999; Lichtwark & Wilson, 2005).

The PEC is responsible for some of the passivedenkat is present in the
muscle at rest. When the active muscle fiber lesgt, the PEC is stretched, increasing
the amount of tension within the PEC (Macintosh &daughton, 2005). Despite the
amount of tension that resides in the PEC in rgstinscle, the influence that it has on
the height of a vertical jump is questionable (Kawa, Fukunaga & Fukashiro, 2001).
As such, this review will not emphasize the PEC.

While the MTC as a whole is able to store elastiergy, the majority of this
energy is stored specifically in the tendon, or$iiC. The elasticity, or compliance, of
this structure directly affects the height of atigggant’s jump (Domire & Challis, 2007;
Fukashiro et al., 2006; Kubo et al., 1999; Nagaral.e2004). In Nagano and colleagues
(2004), a computer model was used to simulate eSEC, and the PEC to determine
how to raise an inertial body to its highest poititwas found that more elasticity in the
SEC resulted in the highest jump height of the body

Through the use of a computer simulation investigathe compliance of the
triceps surae, jump height was shown to be atigisdst when the corresponding SEC
compliance was also at its highest (Bobbert, 2001 this study, compliance was
determined by the percent of SEC strain at a maxinsemetric force. At the highest

strain, 10%, jump height improved the most, 9cmbBert, 2001). Additionally, Bobbert
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and colleagues reported an increase in the eftigieattio, the ratio of energy transferred
into the jump to the total amount of work done hnah increase in SEC compliance.
This may relate back to the MTC. It has been shthaha more compliant MTC will
increase the use of elastic energy as well asaserthe performance of a vertical jump
(Kubo et al., 1999). Therefore, an increase in $&@pliance may improve the height
of a vertical jump through an increase in the cdapamnd efficiency of use of the stored
strain energy (Bobbert, 2001; Fukashiro et al. &2®Qbo et al., 1999).

Along with tendon compliance, the length of a tamdtso contributes to vertical
jump performance (Fukashiro et al., 2006). Thetlerthat a tendon can achieve is
important because vertical jump height will increas the tendon stretch increases
(Domire & Challis, 2007). A tendon with a greaé@nount of compliance and an
increased length will also have more elastic badrderading to a greater peak jump
height (Fukashiro et al., 2006). As the elasticawsor increases in the MTC, a relatively
longer SEC has more elastic behavior than a MT@ aitelatively shorter SEC
(Fukashiro et al., 2006). Elastic, or spring-likehavior during a stretch-shortening
cycle was defined by the length and compliancdefténdon of the MTC. A larger
amount of tendon compliance and a longer lengtiermdon result in more spring-like
tendinous behavior (Nagano et al., 2004b).

The amount of stiffness within the tendon and aporss of the muscles of the
lower extremity may influence CMJ performance. &ngount to which the SEC can
stretch in particular may influence an individugdsrformance. More specifically, the

elastic energy that is stored in the SEC is grealen the tendon and aponeurosis can
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store energy through a larger phase of movemené& conversion of the elastic energy
into CMJ performance is accomplished through thett-shortening cycle.

Stretch-shortening cycle Seldom does functional performance result puraynfr

concentric contraction. Movement often require®antermovement where the active
muscle is stretched immediately prior to contractid his countermovement is an
example of how the stretch-shortening is used rfopmance tasks. The stretch-
shortening cycle (SSC) may be a factor that infb@ésnCMJ performance (Hartmann et
al., 2012; Luebbers et al., 2003; Luhtanen & Ko9i80; Moran & Wallace, 2007;
Yamauchi & Ishi, 2007).

The presence of a countermovement may improvecegjtimp performance
through the storage of elastic energy during th€ 8&avanga & Citterio, 1974; Moran
& Wallace, 2007; Nagano et al., 2004a). Elastiergyis stored within the SEC of the
active muscle and immediately released during timeentric muscle contraction to
produce more power during the CMJ (Cavanga & Gitfer974). This expression of
power has been shown to increase jump performarergamp trials where no
countermovement was used (Moran & Wallace, 2007).

Peak jump performance improves with an initial ceamovement as elastic
energy is stored during the eccentric loading pltasemussen & Bonde-Petersen, 1974;
Moran & Wallace, 2007; Nagano et al., 2004a). Magat al. (2004a) suggested that an
increase in the SEC compliance may illicit a largeuntermovement. This in turn may
influence the possible jump height that is achieved

Using a countermovement prior to a vertical jump baen shown to improve

performance when compared to vertical jumps witllsametric initial position (Bosco,
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Viitasalo, Komi, & Luhtanen, 1982; Kubo et al., B3%oran & Wallace, 2007,
Luebbers et al., 2003; Luhtanen & Komi, 1980; Yaotaw Ishi, 2007). Moran and
Wallace (2007) examined the influence that the §&€on jump performance.
Participants jumped from a variety of squat dejptharder to achieve differing ranges
through which the SSC was active for each CMJth&gange of motion increased
during the eccentric phase of the SSC, a greatd«s jopenp height was recorded for the
tested CMJ. The eccentric load was controlleduihathe use of 70° and 90° of knee
flexion. Jump height increased by 17.4% in thentexmovement jump with greater
eccentric loading (Moran & Wallace, 2007).

The ability to store elastic energy during the SS@artially dependent on the
elastic behavior of the tendon (Kubo et al., 1998)particular, an increase in the
elasticity of the SEC will increase the power ouitand efficiency of the concentric
motion of the SSC (Lichtwark & Wilson, 2005). leases in SEC elastic compliance
were found to relate to earlier muscle activatiothie SSC with an increase in SEC
compliance (Lichtwark & Wilson, 2005). With an nease in the elasticity of the SEC,
the magnitude of optimal countermovement phaseanaticreases resulting in a greater
storage of elastic energy that is transferred imoCMJ (Nagano et al., 2004a).

The height that can be achieved during a CMJ magnpeoved by utilizing a
countermovement and activating the SSC. If the \h&€ a greater amount of
compliance, the capacity for utilization of thestia energy during the SSC will increase
(Kubo et al., 1999). In particular, the creatistgrage and conversion of elastic energy
during the SSC into power output influences CMJgrarance. The larger the SSC, the

greater the ensuing power output generated for d.CM
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Arm swing. Use of an arm swing may also influence the heiglatGMJ Arm
swing use in a CMJ was assessed in one studyithdéd players (Vanezis & Lees,
2005), in a homogeneous soccer team populatiomhigh and low jump height groups.
When allowed to use an arm swing, jump height iaeee similarly across the groups.
The improvement benefits of an arm swing were frrgupported in a jump study by
Gerodimos et al. (2008). In an effort to examime eéffects of arm swing on CMJ
performance, four groups male basketball playavijed by age, were studied. The
addition of an arm swing to a CMJ increased thghtesignificantly (p < 0.05) within
each of the four age ranges (Gerodimos et al.,)20B68&ight increases were 4-7cm or a
16-20% increase in all age groups. The use of@mmsaving during a CMJ will improve
the height achieved during a CMJ (Gerodimos eR8D8; Vanezis & Lees, 2005). Itis
possible that lack of shoulder movement ability wdgatively impact the influence of
the arm swing on a CMJ.

Jump practice. Jump performance may be influenced by neuromustadsors

as well as the biomechanical and physiologicabiascof the muscle. Specifically, the
guantity of practice jumps provided prior to datdlection trials may influence peak
jump performance. In literature that has usedtf@drials to reduce the learning effect
of a CMJ task in inexperienced jumpers, no mora fthee practice jumps were used
prior to data collection (Aragon-Vargas, 2000; Glemwos et al., 2008; Harman,
Rosenstein, Frykman & Rosenstein, 1990; Luhtanéfo&i, 1980). These trials are
often used by the researcher to provide feedbatkeqguality of the movement (i.e.,
proper hip, knee, and ankle flexion; trunk flexianm and hand position). Research

providing specific evidence to support the amoudrgractice trials needed for an
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individual to learn a CMJ task is limited; howevétre rationale for the use of practice
jumps can be substantiated.

The use of explosive warm-up may prepare the neusoaiar innervations of the
lower extremity. Practice jumps as a warm-up #qlesive jump performance were
shown to have a positive influence on jump perfarcea(Young & Behm, 2003). The
optimal number of jumps that is necessary to mazenperformance may be task
dependent, but the rehearsal of the task duringranvup may facilitate motor unit
activation. Increased facilitation of the motortwmas described as an opening of the
site-specific neural pathway. These findings warther evidenced by Trimble and
Harp (1998). It was shown that the performanceakimal voluntary contractions may
create a post-activation potentiation of the motat that may result in a decreased
recruitment threshold (Trimble & Harp, 1998). Tasglecific, explosive warm-ups
increase the ensuing performance on a jump tefstdijtating motor unit activation of
the lower extremity.

Complex explosive tasks are multifactorial in thBuences that can affect
performance. Biomechanical, physiological and aswscular factors all contribute to
the performance of a CMJ. Similarly, the FMS™ haen used in athletic populations to
gauge the overall quality of an individual’s movernpatterns by examining full body
mobility and stability. Poor movement patterns rbaya result of inefficient
biomechanical, physiological and neuromuscularmiacthat also affect jump
performance. It is possible that the same undeglfactors that inhibit quality
movement patterns that leave individuals at a higkk of injury may also inhibit CMJ

performance.
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FMS™ and CMJ

The factors that may affect the achievable heigithfa vertical jump are the
squat depth, tension of the elastic componentsusicia, the SSC, and CMJ practice
(Domire & Challis, 2007; Fukashiro et al., 2006;d¢uet al., 1999; Moran & Wallace,
2007; Young & Behm, 2003). When limitations exrsthe above factors, vertical jump
performance suffers. The FMS™ is a tool that n@yiole detail as to some current
limitations that a participant may have that woilkiibit jump performance.

Deep Squat. The first test of the FMS™ is the Deep Squatcrédcial element of
the Deep Squat is whether or not the participaable to squat low enough so that their
knees are bent to at least 90°. Limitations irifigity may be related to tightness in key
hip flexors such as the iliopsoas, sartorius, @utius femoris as these muscles may limit
one’s ability to lower into a deep squat. When caenot squat to or below this cut off
of 90°, a limitation is present that may affect gegformance on a vertical jump through
a deficient amount of eccentric loading during3&C. A 90° knee angle has been
shown to be the optimal angle for maximal jump he{@loran & Wallace, 2007; Salles
et al., 2011). Additionally, optimal performance thhe Deep Squat requires that both the
trunk and tibia are parallel to one another atibiggom of the squat. Failure to maintain
this posture becomes evident with an excessive ahajdorward flexion beyond
parallel with the tibia. This is not to say thaterect spine is needed throughout the
Deep Squat. Research has shown that an optimaittsmguposition has some trunk
flexion in order to maximize the hip extension masdKritz et al., 2009;
Vanrenterghem et al., 2008). Furthermore, the 886Ge quadriceps muscles and the

calf muscles must be complaint enough for the idial to complete the test. For



46

example, without adequate Achilles SEC compliatioe participant will not be able to
keep their heels on the ground during the DeeptSdoauch testing cases, the FMS™
reflects the elastic insufficiency in the scoririgis possible that someone may perform
poorly on the vertical jump if they have a low sson the FMS™ Deep Squat.

Hurdle Step. The Hurdle Step test from the FMS™ is anotherttes provides
relevant information for a vertical jump. In orderperform the Hurdle Step test
appropriately, the participant needs hip flexiangke-leg stability, and spinal stability to
complete the test. Comparable to the Deep Squatliopsoas and rectus femoris
require sufficient flexibility and contralaterabsility to properly perform this movement
test. Insufficient amounts of hip flexion would &&dent in the Hurdle Step test as the
participant would struggle to flex their thigh teetr torso as they raise the leg up and
over the rubber band. Inferences could be mageigh this test that inadequate hip
flexion to raise the leg over the rubber band neayllto a reduction in squat depth and
lower amounts of eccentric loading for a verticathp. In such cases, observable
compensatory movement patterns, such as hip eweesie utilized to lift the thigh up to
the set height for foot clearance. A participdwattiacks sufficient hip flexion to perform
the Hurdle Step test may struggle to generate dnbipggflexion in the eccentric phase of
their vertical jump to reach a maximum height.

In-line Lunge. The In-line Lunge may show limitations that woalfect a
participant’s ability to perform a vertical jumjuke both the Deep Squat and the Hurdle
Step, the In-line Lunge requires hip flexion to gdete the task; however, the stabilizing
muscles of the task must be active simultaneousiyng spinal extension. Poor

performance in the In-line Lunge test may resualtrfinadequate hip flexion, low rectus
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femoris flexibility, and an imbalance in the hipdalstor’'s and adductor’s flexibility and
strength. Insufficiencies may exist either in lds&d or rear leg that can affect an
individual's performance on the in-line lunge tekbw mobility of the hips that would
be evidenced by the In-line Lunge may reflect aiced depth of a squat in the eccentric
phase of a vertical jump. Unlike the Deep Squme,Spine must remain erect through this
movement. A common adaptation seen in the Inllumgge is a forward lean of the trunk
during the lunging movement. This may describac bf mobility in the hip flexors in
the lead leg that would be used during the eceephrase of the SSC where elastic
energy is stored; on the other hand, if causedhéydar leg, decreased mobility of the
hip extensors may allude to a decrease in the@fty of the use of the stored elastic
energy during the concentric take off in the S$G participant performs poorly on the
In-line lunge, they may also perform poorly on axmaal vertical jump.

Shoulder Mobility. The Shoulder Mobility test’s primary effect oiCd1J
relates to the level of shoulder extension durimguamn swing that one can utilize during
the eccentric loading phase. Arm swing during aJd®é4ds to an increase in the amount
of eccentric load applied to the lower extremityaryincrease in the amount of forward
flexion of the trunk (Vanezis & Lees, 2005). Liedtmobility seen in the Shoulder
Mobility test may have a negative effect on the mmm height that can be achieved in a
jump as it reduces the arm swing. A decreased atadishoulder extension used during
the arm swing may result in a smaller vertical heigMuscular limitations that are found
through the Shoulder Mobility test may be respdesibr decreased performance in a
maximal CMJ. One limiting factor of the ShouldeoMlity test may be tightness in the

latissimus dorsi. Observed tightness in the leigs dorsi may limit the amount of
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forward flexion of the trunk that one can produceing the eccentric phase of the SSC.
This may occur in the CMJ tests that are performigld and without an arm swing.

Active Straight Leg Raise. The Active Straight Leg Raise may also provide
insight as to how well a participant will perfornrCMJ. This test measures the amount
of active flexibility that a participant has in thamstrings as well as hip mobility in the
contralateral leg. Limitations that arise durihgsttest may relate to one’s ability to
perform a maximal CMJ. For example, poor mobitifythe hip may lead to a decreased
ability to lower into a deep squat during the etgemportion of the CMJ. Furthermore,
reduced functional flexibility of the hamstrings, seen by the inability to flex the
hamstring to the desired height, may also limit imat CMJ height. At the bottom of
the deep squat, before the amortization phasdammstrings are contracted. At the
initiation of the concentric phase, the hamstriagsvely lengthen as the quadriceps
drive the body up into the takeoff of the CMJ. ellaction in the functional flexibility of
the hamstrings may prevent the quadriceps frony fidhtracting, reducing the amount
of work that can be done at the hip, the most ingmbijoint for jump height production
(Vanezis & Lees, 2005), during a CMJ.

Trunk Stability Push Up. The Trunk Stability Push Up test provides
information regarding the strength as well as tabibty of the trunk and abdominal
muscles. Core stability may be useful in the pobidn of height in a CMJ; especially
during trials where an arm swing is used. Faitarperform an appropriate Trunk
Stability Push Up may relate to poor core streragthvell as poor upper body strength.
During the Push Up, an individual is encouragedraxe or tighten the abdominal

muscles to execute a proper movement. Failuraise the body as one unit, shoulders
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and trunk, may be a consequence of reduced cemgsirand stability. In the midst of a
CMJ with an arm swing, the trunk flexion recruiiedreases, which leads to an increase
in jump height (Vanezis & Lees, 2005). If the midual has limited amounts of core
strength, the amount of trunk flexion during an awing may become too great, and
result in a limitation in the height of the CMJ. hilé other FMS™ tests are able to
illustrate limitations to one’s ability to have appriate trunk flexion during a CMJ, such
as the Deep Squat, Hurdle Step and In-line LurigeTtunk Stability Push Up identifies
weaknesses in the core that can lead to excessiward lean opposed to the other tests
that allude to abdominal weakness or hip flexdnttigss.

Rotary Stability. Similar to the Trunk Stability Push Up, the Rot&tability
test may also identify weakness in the trunk ané aauscles that may prove to be a
hindrance to performance. To be successful inRNIS™ test, a participant is required
to flex and hold the muscles in the core to stabithe trunk during contralateral and
ipsilateral movements of the shoulders and higglufe to maintain this flexion may
lead to poor CMJ performance. During a CMJ, sammekt flexion in the eccentric
portion of the SSC improves jump height. Withdw ability to control the amount of
hip and trunk flexion in the eccentric phase, tb&ibn may become too great, and
decrease the performance of the jump. Unlike tted>5quat, Hurdle Step and the In-
line Lunge, that all can denote excessive forwagh] this test can identify weaknesses
specific to the core muscles, like the Trunk StabRush Up, that lead to trunk stability
limitations during jJump performances.

The FMS™ and CMJ tests are each field tools thateaused to benefit athletes

and exercisers to identify injury risk and to asgesrformance. The tightness, weakness,
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and muscular asymmetries that can be noted thraighe FMS™, with either scoring
method, are contributing factors that may indidcad®& movement impairments ultimately
affect performance. A common theme can be dematestbetween measures of
functional movement and functional performance wiigizing the FMS™ for CMJ
performance.

Conclusion

Functional performance testing, such as meas@Mg peak height, is a
commonly used method to assess the amount of petwength, and speed that an
individual can produce in the lower extremitiesg¢keet al., 2004; Luebbers et al., 2003;
Moran & Wallace, 2007; Parchmann & McBride, 201all&s et al., 2011;
Vanrenterghem et al., 2008). Peak performancediMa may be limited by one’s ability
to achieve depth in the eccentric phase of a CMthess in the SEC of the muscle, the
effectiveness of the SSC to use elastic energyf@dmount of jump practice prior to
testing. Itis possible that the FMS™ may be ablielentify some of these limiting
factors that affect CMJ performance.

The relationship between the FMS™ and athleticqgerdnce has been attempted
with little success; however, previous literatues lused a 21-point scale to score the
FMS™ a less specific method of grading movemetiepas. In an attempt to bridge the
gap in the literature between the FMS™ and perfoeafuture research should identify
if a relationship exists between athletic perforseameasures and the FMS™ 100-point
scale. Through the use of the 100-point scalesehath greater mobility and stability as

scored on the FMS™ may have the capacity to actigleer peak CMJ heights.
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The primary purpose of this study was to examieerétationship between the
FMS™ total score, scored on a 100-point and 21tmmale, and CMJ height. The
secondary purpose of the study was to perform ploetory analysis examining the
relationship of the 21-point live scoring methodnal as a 21-point video scoring

method of the FMS™.,
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CHAPTER IIl: METHODS

Introduction

The primary purpose of this study was to examimerélationship between a
Functional Movement Screen™ (FMS™) total scorefet@n a 100-point and 21-point
scale, and countermovement jump (CMJ) height. SEBwendary purpose of the study
was to perform an exploratory analysis examinirggridationship of the 21-point live
scoring method as well as a 21-point video scameghod of the FMS™. This study
was the first of its kind to assess the possilionship between the FMS™, scored on
a 100-point scale, and athletic performance. Tirfgs of this study provide new
insight for a tool that is currently a reliable kosed for injury risk stratification as well
as build a foundation for functional strength tnagnto improve athletic performance.
The methodology utilized in this study was consisteith the purposes of this study,
including the participants, instrumentation andipowent, measurement procedures, and
data processing, and will be described in the Yahg sections. This study was
approved by the Institutional Review Board (IRB}lo¢ University of Wisconsin-
Milwaukee (UW-M) on April 1, 2013 (IRB Protocol Nuyer = 13.313).
Participants

A sample of 36 male participants participatechi $tudy. The results from an
estimated power analysis using G-Power (Faul, EtdfeLang & Buchner, 2007) based
on a power of 0.8 and a moderate effect size gfiOdicated that the sample size would
need to be at least 27. This study exceeded thienmm number of participants to
provide more power for additional analyses; a tofé@l6 participants were recruited. The

participants for this study were recruited from té&-M campus and the surrounding
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Milwaukee, W1 area. Details of this study were adiged through the use of flyers
(Appendix A), undergraduate student lecture anneomants, and word of mouth.
Selection for this study was contingent upon thige@a for Inclusion. Participants did
not receive monetary compensation for their pgréton in this study.

Criteria for exclusion. Prior to explanation of study details, participatio
eligibility was dictated by a set of exclusion eria. A participant was ineligible for this
study if: (a) he had a bone abnormality; (b) hadh@mry, orthopedic surgery, or had
received rehabilitation services for an injury witkthe last year (i.e., of the shoulder, hip,
knee, and/ or ankle); (c) had been told by a mégicdessional that he should avoid
jumping, landing, and/ or running exercise; (d) hazurrent heart condition and/ or chest
pain; (e) suffered from dizziness; (f) had a hegarmpairment (participants needed to be
able to hear the auditory stimulus from the MyoTedtegin CMJ trials); (g) had
previous experience using the FMS™; (h) was takmegcribed medication for an
illness; (i) was at the time or had ever been terdollegiate Division | athlete; (j) was
taking part in organized training to actively inase vertical jump height, or; (k) did not
meet any of the following gender, age, body madexnand/ or activity level criteria for
this study.

Gender. Only males were recruited for participation thisdst In the literature,
FMS™ total scores on a 21-point scale between naaldgemales have not shown
differences between genders; however, differengsseel within the individual
component test scores that made up the total $8chaeiders et al., 2011). Researchers
examining the FMS™ as a method of movement pastesessment have recruited both

males and females; however, males are typicallyerheavily represented, if not
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exclusively represented, in the populations stu@iedst et al., 2012; Goss et al., 2009;
Kiesel et al., 2007; Kiesel et al., 2011; O’'Congrbal., 2011). The results of these
studies are more generalizable to men than thetpavemen. While there is literature
in existence on the female performance on the FM@&tes were solely recruited for
this study to add to the primary literature regagdihe FMS™.

The total score of a FMS™ may be similar on thgiht scale between genders.
However, gender could be a confounding variablenndansidering functional
performance. Males were recruited in an attempénaove gender as a confounding
variable in this study and provide greater releedioc comparing the 21-point score to
the 100-point score within the context of the catiderature. Evidence is available in
the literature that demonstrates that differengest between male and female jump
heights. In Cardinale & Stone (2006), compariseaee made between CMJ heights and
gender. Males were shown to have significarly 0.001) higher vertical jump heights
than females (Cardinale & Stone, 2006). Mixed-gersdmples may mislead the
relationship between functional movement and fumeti performance. In order to
reduce the influence that gender may have on thgaeship of the FMS™ and CMJ
height, only males will be recruited in this propdsstudy.

Age. The age of the participants recruited was a catefor inclusion; age of
participants was limited to a range of 18-30 yedrse majority of the current literature
that uses the FMS™ as a method of movement assathias recruited participants
within the age range of 18-30 years (Butler et2)1,0; Chorba et al., 2010; Frost et al.,

2012; Goss et al., 2009; Onate et al., 2012).nlateempt to build upon the previously
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established research, participants for this stuesevalso recruited within a similar age
range.

Age may also be a factor that may affect perforream¢ith age, the structure and
function of tendons has been shown to decreaseagah(Tuite et al., 1997). Reports of
age-related degeneration have been identifiedrisasaone’s early 30’s (Bosco &
Komi, 1980). By this rationale, this study narralitbe age range of participants to 18-
30 years to limit the subsequent impact that agledmethe relationship between the
FMS™ score and CMJ height measurements.

Body mass indexParticipation in this study was also dependenhen t
individual’'s Body Mass Index (BMI). A negative celation has been identified in the
literature between BMI and FMS™ total score (P&rgoehle, 2013). Individuals that
have a BMI > 30 have been shown to have signifigdoiver scores on the FMS™ than
participants with a BMI under 30 (Perry & Koehl®13). To remove the effects that
body size has been shown to have on the relatipistiveen the FMS™ total score and
CMJ height, only those with a BMI < 30 were incldda this study.

Activity level. The amount of activity and level of fithess waatsntrolled for
in those who participated in this study. All peiiants for this study provided a self-
report of how often they engaged in regular exerbessed on the American College of
Sports Medicine (ACSM) minimum guidelines. Papamts needed to meet the
minimum exercise requirements (i2.30 min of moderate intensity exercise five days/
week or> 20 min vigorous exercise three days/ week; Gagbal., 2011) for at least the
Six consecutive months prior to participation irststudy in order to be eligible. This

was gauged with an exercise history questionnaéhin this questionnaire,
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participants were asked to describe through wipsg(s) of activity they met the

minimum ACSM guidelines.

Participants Recruited. The recruitment process of participants for this

study is illustrated in Figure 1. A total of 45rpeipants were recruited for this study.

Of these 45, 37 underwent and completed Phas#hlo$tudy. The nine that did not

advance through the first phase of testing weréuded due to a: BMI outside the

inclusion criteria i = 2), activity level outside the inclusion crii(h = 1), change in

health statusn(= 2), or were a no show to Phasa £(4). Of the 37 that completed

Phase I, 36 advanced through and completed Pha&éhis study. The individual that

did not advance to Phase Il voluntarily withdreanfrthe study after Phase I. All

participants were recruited from UW-Milwaukee (UW-Fampus and the Greater

Milwaukee area.
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Figure 1. Flowchart of participant recruitment
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Participant characteristics. The mean age of the participants that completed
this study was 21.8 (+ 1.6) years. Mean heighhefparticipants was 177.9 (£7.0)
centimeters (cm), mean bodyweight was 78.1 (£1diléyrams (kg), and mean body
mass index (BMI) was 24.6 (x2.7).

Correlational Design

This study took place over the course of two dayach of the test days was
conducted in the Human Performance and Sport PlogsigHPSP) Laboratory, located
within the UW-M Pavilion, Room 365 (3409 N. Downf&ve, Milwaukee, W1 53211).
Criteria for inclusion were met by the participah&fore the beginning of Day 1.
Participants were asked to refrain from smokingu@® of any other tobacco product) as
well as caffeine intake 4 hours prior to participatin this study Furthermore,
participants were asked to abstain from heavy vikighg and/ or maximal aerobic
exercise, for the 24-48 hours between testing dagsmaintain the highest amount of
accuracy throughout this study, all measurementseoénthropometrics, FMS™, and
countermovement jumps were be conducted by theapyistudent investigator (Joshua
K. Conlon).

Day 1. On the first day of testing, the participant wagegi an Informed Consent
Document (Appendix D) to read and complete priah®study explanation detail.
Participants were also given an exercise histogstionnaire (Appendix E) to read and
complete that verified that the participant fit it the range of physical activity that was
recruited. The exercise questionnaire was nouded into the data analysis; however,
rather it was used to assess the mode and quahgiercise that an individual partook

in on a weekly basis. This information was usebdtier describe the physical activity
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history of the participants and to verify that papants had fulfilled the minimum
activity level requested in the Criteria for Indlus.

Height and weight.Both height and weight measurements were be také&new
weigh beam eye-level physician scale and mountatisheter (Deteco, Webb City,
MO). Height was recorded to the nearest centin{etaj and weight in kilograms (kg)
to the nearest tenth. From the anthropometric, tat@dy mass index (BMI) was
calculated by dividing weight (kg) by height squi¢er). The BMI score was rounded
to the nearest tenth decimal place. Height anghteneasurements were used to
confirm the self-reported height and weight usedstomate BMI as part of the Criteria
for Inclusion Questionnaire.

Functional Movement Screen™All seven tasks of the FMS™ were
subjectively scored by the primary investigatohePparticipant was instructed to
perform each of the seven movement tests to theobéseir ability as described by the
investigator. The movements were scored on a 21-fpee scale with a paper and
pencil scoring sheet that followed the guidelinethe 21-point scale. The seven
movement tests were also video recorded to bereseored on a 21-point and 100-point
scale. The seven tasks that were performed wexep Bquat, Hurdle Step, In-line
Lunge, Shoulder Mobility, Active Straight Leg Raideunk Stability Push Up, and
Rotary Stability. While the 21-point scale hasaimum of 3 points per test, the 100-
point scale maximum score ranges were between@&€ible points depending on the
component test.

21-point scale. The current study included a 21-point scoring évaluated both

live as well as a post hoc video review of the livevement tests. The live 21-point
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scale was scored in person on the first day oig$ty the student Pl as the participant
executed each movement. The tests were simultalyeadeo recorded. After the first
day of testing, the tests were then be rescoredigifr a review of the video recording of
the live tests on an identical 21-point scale. ridgofor the 21-point scale followed the
guidelines laid out in previous literature (Cookakt 2006a; Cook et al., 2006b).

100-point scale.The study also used the 100-point scoring scegeltl more

precision to the scoring of the live movement tedtse total 100-point scoring method
was evaluated post hoc using the video recorded™NE3ts. The scoring rubric for this
method was identical to that outlined in previaterature (Butler et al., 2012). The 100-
point scale scoring guidelines evaluate the movésngmilarly to the 21-point scale;
however, test point values are weighted more hgéased on the individual test’s
complexity.

Video recording:All seven of the FMS™ tests were video recordedhanfirst

day of testing. The tests were video recorded antiPad-imbedded camera from three
different perspectives (i.e., from the front, fréime side, from behind) in both the frontal
and sagittal planes (Butler et al., 2012; Frosle2012). The video recorded
movements were used to re-score the live FMS™ pestshoc on both a total 21-point
and 100-point scale. The video-rated 21-pointeseals used for an exploratory analysis
to determine if differences were present betweerrgbults of the 21-point live and 21-
point video-rated scoring procedures. Previoesdiure using the 100-point scale for
scoring the FMS™ tests has used video to recordhtheement tests. This allowed the
reviewer(s) adequate time and frequency of viewinggder to score with the more

involved scale with the depth that is required (8uét al., 2012; Frost et al., 2012).
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Description of the FMS™ testsEach of the tests for the FMS™ is described
below as the participant was instructed and is &adbfpom the literature that originated
the 100-point scale (Butler et al., 2012). Eaclvemeent was completed by the
participant to the best of his ability.

Deep SquatThis test required the participant to hold a ligleight plastic dowel
rod over the head with arms extended throughoguatanotion. The participant was
asked to squat down as low as they comfortablydcoudrhis task was repeated up to five
times (18-point maximum).

Hurdle Step:A test which involved holding the aforementioneavebrod across
the shoulders with a concomitant step, one legtiat@ over a rubber tube that was
anchored to two stationary poles. The heighhefrubber band was level with the tibial
tuberosity, just below the knee. This task wageated up to five times. Each side was
scored separately (18-point maximum; 9 per side).

In-line Lunge: This test involved the participant lunging forwavldile standing

on top of the FMS™ board. The participants wekedgo touch the knee of the back
leg to the heel of the front foot while extendihg back. This was repeated up to five
times. Each side was scored separately (20-pamtmum; 10 per side).

Shoulder Mobility: This test was preceded by a clearance test thedses for

pain that would inhibit the completion of the te3the clearance test required the
participant to reach a hand to the opposite shoglol¢hat the palm came in contact with
the shoulder near the clavicle. The elbow was thesed so that it pointed forward while
keeping the palm in contact with the shoulder. sTdacurred for both sides. If no pain

was felt, the (YES) was circled, inferring thatytipassed the test, and the participant was
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allowed to perform the Shoulder Mobility test. Hower, if pain was felt, the (NO) was
circled next to Shoulder Mobility, and the indivaduid not perform the Shoulder

Mobility test. The Shoulder Mobility test was dge assess the range of motion of the
shoulder. The participant reached each handfias toward the center of the back, one
over the top and one underneath, to bring thentogs together as possible in a single
motion. The distance that separated the two haadsmeasured. This test was repeated
three times. Both shoulders were assessed andekectvas scored separately (8-point
maximum; 4 per side).

Active Straight Leg RaiseA single, straight-leg raise, which involved the

participant lying on his back and raising one legnom the ground while the knee was
kept flat on the ground. This test was repeatetbdjve times. Both legs were assessed
and scored separately (12-point maximum; 6 pelside

Trunk Stability Push Up: This movement test was preceded by a clearance test

that assessed for pain. This clearance test itasita acobra stretch Prone on the
ground in a standard push up position, the indaddvill push the upper body up into a
spinal extension as the arms extend. If pain vedsd) the (NO) was circled next to the
Trunk Stability Push Up and the test was scorea z2v0. This test was primarily a
strength task, involving the performance of a puplwith the hands placed at the level
of the chin or clavicle. This task was repeatedaifive times (12-point maximum).

Rotary Stability: This test was preceded by a clearance test ards&skfor pain

prior to the execution of this test. This cleaetest was initiated from the quadruped
position (arms and legs) in contact with the groumtie participant flexed the neck

bringing their chin toward their chest while sinameously arching the back. The rotary
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Stability test was a measure of core strength &afdlgy, which involved the participant
being positioned in a quadruped stance and tryrigihg an elbow to the ipsilateral
knee. This was repeated up to five times for esaady and each side was scored
separately (12-point maximum; 6 per side).

Countermovement Jump

Countermovement jump practice trials. At the end of the first testing day, the
participant was given basic instructions for hoveeonplete the CMJ as well as an
example jump from the primary student investigatbhne participant then conducted five
practice trials while wearing the MyoTest SPORTt aleivice to gain experience on
performing the task within the confines of the guént. These practice trials were used
in an attempt to diminish the learning effect offpeming a CMJ task. The CMJ
technique was described to the participant in atawre with the testing protocol
(Appendix B).

Myotest SPORT unit.The measurement device that was used to record
maximum jump height during the CMJ was the MyoT&BORT unit. The MyoTest
SPORT unit (Myotest Inc., Durango, CO) is an acostester that stores flight time and
acceleration data that was used to calculate pgag height. The recorded accelerations
were integrated to find vertical velocity by whittte overall jump height was estimated
(Casartelli et al., 2010). Jump height was catealdhrough two methods utilized by the
MyoTest SPORT unit (Casartelli et al., 2010). Tirg method estimated peak height by
interpreting flight time through the use of the ation (Height = [g x flight tim&/8).

The second method of calculating peak height uslegbff velocity through the use of

the equation (Height = max vertical veloéitj2 x g]) (Casartelli et al., 2010). In the
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literature, the test-retest reliability of the My&st's ability to estimate peak height
through the use of flight time, was high (ICC =DB®.96) (Casartelli et al., 2010). For
this study, the MyoTest data were downloaded torapuiter for later analysis and to
determine the jump height using MyoTest Softwdfer consistency, the MyoTest
device was worn by the participant for all practicals as well as the data collection
trials in this study.

CMJ practice script The participant was instructed on four main pooftthe

CMJ: the eccentric squatting motion, backward ammg extension, maintenance of a
straight back during the task, and the upward aving The participant was also
instructed that each of the jumps that were caetould be a maximal effort. With the
MyoTest SPORT unit firmly around the waist, thetjggsant stood upright with their
arms down at the sides, feet shoulder width apad,awaited the initiation beep
(Myotest). At the sound of a beep, the particidantered himself into a squat, swung
his arms back into an extension, followed by an adiate jump with a concomitant
upward arm swing driving them to a maximum jumpghei The depth at which the
participant squatted was not controlled for; howettee participant was instructed to
squat to a depth that would provide the greatespjbeight. The participant was
encouraged to land with bent knees at the endadf peactice trial. The participant was
given five practice jumps or until they felt contimiole with the movements of the task.
In literature that has used practice trials to oedine learning effect of a CMJ task in
inexperienced jumpers, no more than five practioegs were used prior to data
collection (Aragon-Vargas, 2000; Gerodimos et2008; Harman et al., 1990; Luhtanen

& Komi, 1980).
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Day 2. Day 2 was scheduled no more than 48 hours afterlDat the start of
the second day, participants warmed up with a S4teinycling bout at a self-selected
intensity and pace on a stationary Monark Ergom888E bicycle ergometer (Monark
Exercise, Vansboro, Sweden). Upon completion @fwarm-up, the participant was re-
equipped with the MyoTest SPORT unit and then gihenopportunity to practice the
CMJ movement again.

CMJ practice. The participant was reminded of the jump paramdters Day 1
and given five practice CMJ attempts. These attersgrved to further familiarize the
participant with the CMJ protocol as well as allthe participant to become more
comfortable with the CMJ motion within the confirgfthe equipment. After the five
practice jumps were completed, the participant grasn a 1-3 minute rest and then
advanced to the data collection of the jump trials.

Countermovement jump trialsThe participant performed three maximal effort
CMJ trials. The MyoTest unit was secured to thié ddeove the participant’s left hip.
Once the participant and student Pl were readystildent Pl activated the MyoTest for
the beginning of the trial. When the beep wasdheae participant followed the
practiced jump protocol from Day 1 and Day 2. Pplaeticipant was instructed to jump
as quickly and powerfully as possible and againimded to land with bent knees at the
end of each trial. Upon the completion of a sustd<CMJ trial, the MyoTest unit saved
the peak height value for each participant trialnay of the MyoTest SPORT unit.

Peak height was recorded by the MyoTest for eacbessful trial. A CMJ trial
was deemed unsuccessful if the participant stante¢ump before the beep (i.e., false

start), if the MyoTest SPORT unit was bumped dutimgarm swing of the jump, or if
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the MyoTest was not able to properly record the.trifo guarantee that each trial was a
maximal jump, participants received verbal encoenagnt and feedback both before and
after each trial from the student PI. After theeecessful trials were recorded, the
MyoTest Sport unit was removed and the particigaodmmitment to the study was
finished. The jump data was downloaded to a paskypwrotected computer for
subsequent jump height analysis.
Statistical Analysis

All statistical analyses were calculated using IBMSS Statistics 21 software
(IBM Corporation, Armonk, New York). Pearson cdateons were performed between
CMJ height and each of the FMS™ scoring scales (b, 21 live, 21 video). An
exploratory analysis was also conducted as a fellpwwomparison between the FMS™
scoring scales. Pearson correlations were perfibtmexamine the relationship between
each of the scoring scales of the FMS™. An alehallof significance was set at 0.05

for all comparisons.
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CHAPTER IV: RESULTS

Introduction

The primary purpose of this study was to examieeréfationship between
the Functional Movement Screen™ (FMS™) score oiadoint scale and the height
achieved by a countermovement jump (CMJ). Thersdaxy purpose of the study was to
perform an exploratory analysis examining the retethip of the 21-point live scoring
method as well as a 21-point video scoring metHadeFMS™. It was hypothesized
that greater functional movement, scored on the F\M®&ould result in greater
functional performance, quantified by CMJ heightwas also hypothesized that the
FMS™ scored on a live 21-point scale would havesitiwe correlation to the 21-point
video scoring method.

In order to test these hypotheses, a correlatidesibn was used to examine
the variables of interest (i.e., functional movetremd functional performance). After
participants proved to be eligible for participatioy fulfilling adequate physical activity,
BMI, age and gender requirements, they completegéven FMS™ movement tests.
These tests were scored live on a 21-point scEeoughout the testing session, each of
the movements was videotaped from anterior, |gtaral posterior angles for post hoc
scoring on the 100-point scale. The participargsavthen instructed on how to perform
a CMJ and given five practice trials. Test triaksre recorded within 48 hours of the first
testing session for a total of three maximal CN&lgr

Outcomes of interest. The primary outcome of interest was the relatigmshi
between the measures of functional movement S ™) and functional performance

(i.e., CMJ height). The secondary outcome wasdlationship between the scoring
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methods of the FMS™ (i.e., 21-point live and 21apeideo). The subsequent chapter is
divided into participant recruitment, charactedstof those that were eligible for this
study and rationale for participant exclusion. Dlécomes of the primary and secondary
purposes are presented as well as a descriptithe @halyses performed. Lastly, this
chapter will include a summary of the overall fingls of this study.
Functional Movement Screen™ scores.

The overall FMS™ scores ranged from 9-17 on th@@ht live scale, 8-17
on the 21-point video scale, and 28-78 on the 1d@tscale. The mean FMS™ scores
on the 21-point live and 21-point video scoring noels were 12.8 (x1.6) and 12.9
(x1.7), respectively. The mean 100-point scaleesoams 45.1 (£10.2).

Table 1. Descriptive Statistics for the FMS™ arddXResults

Minimum Maximum Mean Std. Deviation

FMS 21-point live 9 17 12.8 1.6
FMS 21-point video 8 17 12.9 1.7
FMS 100-point 28 78 45.1 10.2
CMJ Height (cm) 37 73 51.1 7.8

Counter movement jump performance. Performance values for CMJ were
reported as the mean of the three trials for eactiqpant. The mean jump height of all
participants was 51.1cm (+7.8).

Outcomes of Interest
Primary outcome. The correlation between the FMS™ and CMJ was

significant for each method of scoring the FMS™.



Table 2. FMS™ and CMJ Correlations

FMS

CMJ height (cm)
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21-point live

r = 0.346,p = 0.039

21-point video

r=0.436,0=0.008

100-point

r=0.428,p=0.009

’ < 0.05. Correlation matrix of primary outcome adies. Each FMS™ scoring

method has a significant relationship to CMJ height
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Figure 2. Aggregate FMS™ 21-point live score vs. CMJ Hel(gm). FMS™ 21-

point live score was not significantly correlatedMean CMJ Heightr(= 0.346,p =

0.039).
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FMS™ 100 video vs Mean CMJ Height (cm)
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Figure 3 Aggregate FMS™ 100-point video score vs. CMJgHe(cm). FMS™
100-point video score was significantly correlateanean CMJ height = 0.428p =
0.009).

Secondary outcomesBivariate Pearson correlations were used to examine
the relationship between the 21-point scales aad @®-point scale. These correlations
are described in more detail in Table 3. Eacthefdcoring scales of the FMS™ was
significantly correlated to one another. The 21npéive scoring method had a significant
correlation to the 21-point video scoring methoe 0.893,p < 0.001). The 21-point
live scoring method was also significantly correthto the 100-point video scoring

method ( = 0.714p =p < 0.001).



Table 3. FMS™ Scoring Method Correlations

Scoring method 21-point live 21-point video

21-point video r =0.893p<0.001

100-point r=0.714p<0.001| r=0.771p<0.001

*p < 0.05. Correlation matrix of secondary outcomealdes. The FMS™

scoring methods, live and video, have a significalationship.
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Chapter V: Discussion

Introduction

The use of both functional movement and functigreformance testing prior to
activity participation is well documented (Cookagt 2006a; Cook et al., 2006b;
Hoffman, Tenenbaum, Maresh & Kraemer, 1996). Hawew is unclear whether
performance on these two tests is related. Rdse@rbave previously examined the
relationship between functional movement and fumeti performance, and have
demonstrated minimal overlap between the Functidwlement Screen™ (FMS™) and
measures of performance (i.e., countermovement jusight) (Okada et al., 2011;
Parchmann & McBride, 2011).The aim of this studyswaexamine the relationship
between measures of functional movement and fumaltioerformance with a more
precise method of scoring for the FMS™. The priymaurpose of this study was to
examine the relationship between the FMS™ totalessxored on a 100-point and 21-
point scale, and CMJ height. The secondary purpb#ee study was to perform an
exploratory analysis examining the relationshiphef 21-point live scoring method as
well as a 21-point video scoring method of the FMS™

This study was organized into two phases of ddtaatmn. Phase | began with
collection of the anthropometric data as well asdhccessful completion of the FMS™,
concluding with an introduction to the countermoestjump (CMJ) which included
five practice trials jumps. Phase Il was conduetétin 48 hours of Phase I, in which

participants performed a warm-up, five practice GN&ls, and three CMJ data trials. A
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total of 45 participants were recruited for thigdst, with 37 advancing through Phase |
and 36 completing Phase II.

The results of the current study for total FMS™resdGribble, Brigle,
Pietrosimone, Pfile & Webster, 2013; Schneide.e011; Smith, Chimera, Wright &
Warren, 2013) and BMI (Duncan & Stanley, 2012; DamcStanley & Wright, 2013;
Perry & Koehle, 2013) for the sample recruited wasesimilar to previously established
norms. However, CMJ height reported for the curstndy was within established
norms for similar samples (Nufez et al., 2008; Muetzal., 2011; Vanezis & Lees,
2005). Differences in the population, power tas& acoring method of the FMS™ may
have resulted in differing results between theaentrstudy and previously reported
results. The following discussion will establiga) how the sample population recruited
relates to those that have been recruited in pueviterature and (b) how limitations in
previous literature enhanced the exclusion critieniahe current study.

Comparison of sample to previous literature

Functional movement screen™.The mean score for the live FMS™ 21-point
scale, post hoc video 21-point scale, and 100-suale were 12.8+1.6, 12.9+1.7, and
45.1+10.2, respectively. The mean values for thp@nt scale are below what has been
deemed the athletic cut-o#14) for participation without risk for injury (Chioa et al.,
2011; Kiesel et al., 2007; Kiesel et al., 2011; G@or et al., 2011).

The reported mean FMS™ total scores were also bptewiously established
normal total scores. Schneiders et al. (2011)rtedanean FMS™ values for the 21-
point live scale of 15.8+1.8. Smith et al. (20i&)orted mean FMS™ scores for the 21-

point live scale of 14.3+1.5. Gribble et al. (2Di8ported mean FMS™ scores for the
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21-point video scale of 13.69+£0.98. Comparativiéig, FMS™ scores from the current
study were lower than those reported in previogssaeh.

The FMS™ total score means from the current stuelyevlower than previously
established means for each of the scales usedprékmusly established athletic
participationcut-off score £14) was created from highly athletic populations.(i
professional football; collegiate athletes; miltafficers). The current sample may have
been below thisut-offdue to differences in physical activity then thased to establish
this cut-offfor athletic participation. Mean FMS™ total scomeere also lower than
means reported from recreationally active poputetiolt is possible that the primary
investigator was strict in following the scoringoric of the FMS™. However, it should
be noted that this level of movement criticism wasintained for both 21-point scales.
To date, adult norms for the FMS™ 100-point scaleehnot been established. Butler et
al. (2012), reported mean values for the FMS™ 18i@tscale of 57.2+1.9 for middle
school aged children. The results from the curstidy address an immediate gap in the
literature by presenting a set of 100-point scaleies for recreationally active adult
males.

Countermovement jump. The mean CMJ height for male participants in the
current study was 51.1+7.8 cm. These results wéhen the range of jump
performances reported in by previous researchi@gfiez et al., 2008; Nuzzo et al.,
2011; Vanezis & Lees, 2005). Nuzzo et al. (20&pprted CMJ trial means using the
Myotest Sport Unit with lower heights of 44.2+7/,c44.1+7.5 cm and 44.8+7.4 cm for
males. Conversely, Vanezis and Lees (2005) redotdé] heights of 57.9£2.1 cm.

Nufiez et al. (2008) reported male CMJ mean hetitlatsmost closely resembled the
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results of this study 52.7+4.8 cm. Similar to phesent study, the CMJ trials for these
studies required participants to utilize an armngwiThe CMJ results from the current
study were consistent with those of prior studigggesting that the CMJ task used as the
comparative task for FMS was at least consistettt prior studies.

Body mass index.A BMI of 30 or greater was an exclusion criteria fo
participating in this study. The mean BMI of thédgects for the current study was
24.6+2.7. Researchers have established a negatikedation between BMI and FMS™
stating that BMI is a confounding variable to FM$®®formance (Duncan & Stanley,
2011; Duncan et al., 2013; Perry & Koehle, 201Bgrry and Koehle (2013) established
BMI norms for adults between 20-39 years of agg6ad+3.9 (Perry & Koehle, 2013).
The established adult norms from Perry and Koeldeewof a mixed gender population
and may infer that a strictly male adult populatodrthe same age demographic would be
greater than 26. Schneiders et al. (2011) alsortegh a mean BMI of 25.0+2.9 for
active, healthy males between the ages of 18-4G ygage. The participants of the
present study were below this established normedis w

A Pearson correlation was conducted to examinegilagonship in the present
study between BMI and FMS™ scores. The relatignalas not found to be significant
between BMI and the FMS™ 100-poimt< -0.011,p = 0.951), live 21-pointr(= -0.023,
p = 0.895), and video 21-poift = 0.183,p = 0.285). However, the implications may
need to be taken with caution. Unlike other FMS8¥earch, the population in the
current study was designed to exclude BMI's gretitan 29. The lack of significant
correlation between BMI and FMS score in the curstndy may be due to the small

amount of variability in the population BMI in thsudy.
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Sample comparison summarylhe sample recruited for the current study
performed similarly in CMJ performance to otheragpd means despite lower mean
FMS™ performance and a lower mean BMI. The physictwity restrictions, BMI
restriction and gender restriction may have infeezhthe mean reported values for
FMS™ performance. With an understanding of howctineent participant populations
compares to that of previous research, the subsediszussion sections will examine
the relationship between FMS™ and CMJ and the emibe of FMS™ scoring method.
FMS™ and CMJ

Previous researchers have been unable to estahigdationship between these
two variables (Okada et al., 2011; Parchmann & N#&r2011), however the results of
the current study indicate that functional movenmaay influence performance. The
current study found a significant relationship betw CMJ and FMS™ as measured by
the 100-point scaler(= 0.428,p = 0.009), the 21-point live scale£ 0.346,p = 0.039),
and the 21-point video scale< 0.436,p = 0.008). Thus there was a significant
relationship between the FMS™ and CMJ regardlesiseo§cale used to score the
FMS™. The current study was the first to find gngficant relationship between
functional movement and functional performanceardlgss of the scoring method used
for the FMS™. It is possible that the differenaepopulation, power task, and
measurement method contributed to the currentteesul

Population characteristics. Unlike previous literature that examined the
relationship between the FMS™ and CMJ height (Olatdd., 2011; Parchmann &
McBride, 2011), the current study established othimum (i.e., American College of

Sports Medicine guidelines) and maximum (i.e., atiletes; non-jump training)
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physical activity parameters as a requirement éstigpation. This restriction was
established in order to reduce the influence thgsigal activity extremes would have on
performance for either the FMS™ or CMJ height. éthotentially influential factors
may have included gender and body mass index (BMI).

Gender may have been a factor that limited theiogiship between functional
movement and functional performance. Okada €R@lL1) recruited a recreationally
active population of males and females that wgteyrfree for at least one year prior to
participation and there were not exclusion critéaaed on BMI. Parchmann and
McBride (2011) also recruited an athletic populatrath no history of time-loss due to
injury in the last 12 months to examine the relalup between functional movement
and functional performance. However, unlike in @kat al. (2011), the population
recruited was a mixed gender sample of Divisionlf gthletes opposed to recreationally
active healthy adults. Athletes were not excluldegny BMI values. Performance on
the FMS™ for these populations may not have begmfsiantly correlated to CMJ
height because of the mixed-gender samples onttesion of all BMI values.

Mixed-gender samples that were recruited may hddecanother confounding
variable to the relationship between the FMS™ aNtl Geight. Schneiders et al.
(2011), stated that total FMS™ scores are not Bogmtly different between genders
when scored on a live 21-point scale; however, @BIghts are significantly different
between genders (Alegre, Lara, Elvira & Aguado,®00The similar FMS™ total scores
within a mixed-gender sample and wide range of @kights may cloud the influence
that functional movement has on functional perfaroea Therefore, the inclusion of

another variable (i.e., gender) to the relationgf@ween functional movement and
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functional performance may have hindered the sigamice of the relationships in
previous research.

In the current study, BMI was a restriction forggapation. A Pearson
correlation was used to examine the relationshiggéen BMI and FMS™ performance
on the current sample. A significant relationshigs not found between BMI and the 21-
live (r =-0.011,p=0.951), 21-videor(= -0.023,p = 0.895), and 100-point scales{
0.183,p = 0.285). The low correlation coefficient suggebtest BMI did not influence
FMS™ performance in the current study and was ssteky controlled for in the
current study.

The BMI of those recruited in previous studies rhaye influenced performance
on the FMS™. Perry et al. (2013) found a signiftaaegative correlation between the
FMS™ and BMI when controlled for age% -0.24,p < 0.001). Duncan and Stanley
(2012) have found similar relationships betweenRRES™ and BMI in an adolescent
population. It is possible that a participant’s Bfile.,>30) may have decreased FMS™
performance and compromised the relationship tlaatfeund between movement and
performance in previous studies.

The exclusion criteria for participation in the @t study narrowed and limited
participation to a more homogenous group than wiagtrecruited by other researchers.
The restriction of BMI and gender, which have beeted to have influence on the
variables of interest (i.e., functional movemend gerformance), may have resulted in
the significant relationship between functional mment and functional performance. In
order to establish a relationship between the FM&t'CMJ height, a more restrictive

criteria for inclusion may be necessary.



78

Power task. The method of quantifying functional performanceyrhave
resulted in the significant findings of the curretudy that were not found in other
literature. In the current study, a CMJ with amawing was the power task used to
guantify an individual’s functional performancehi3 task is representative of a full body
power task as it involves motion in both the upgedl lower extremity to achieve a quick
displacement of one’s center of mass to a maximeight. Since the FMS™ is a full
body movement screen, a full body power task was @@ to measure functional
performance. Researchers that examined the neshijp between functional movement
and functional performance may have not establishediationship because of the power
task used.

In Okada et al. (2011), the relationship betweerttional movement and
functional performance was examined. The meadysewer used was a backwards
overhead medicine ball (BOMB) throw. Functionalvement was assessed using the
live FMS™ 21-point scale. While some of the comgarscores of the FMS™ tests
were found to have a significant relationship toNB®throw performance (i.e., right side
Hurdle Stepr(= 0.415), Trunk Stability Push Up £ 0.407), right side Rotary Stability
(r = 0.391)), the total score was not significanttyrelated to performance (Okada et al.,
2011). While the BOMB throw is a full body powessk, this task may be more
dependent on upper extremity mobility, stabilitylggower.

The disparity between Okada et al. (2011) and tineent study may reside in this
task difference. Okada et al. (2011) used the BQMBw as a power performance
measure while a three-trial mean of CMJ height &t swing was used to assess power

in the current study. While each is a designdaetan explosive task that recruits power
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from a full body movement, it may be that the BORBow is more dependent on upper
body mobility, stability and power whereas the Cidlles more heavily on lower body
mobility, stability and power. It is possible tlitae component tests of the FMS™ may
relate more favorably to performance tasks thgtoallower body functional movement
and performance opposed to that of the upper badge Okada et al. (2011), Parchmann
and McBride (2011) also examined the potentiati@ighip between movement and
performance.

The relationship between functional movement amgtional performance was
also examined by Parchmann and McBride (2011 Parchmann and McBride (2011) a
non-significant relationship was suggested betwkerFMS™ 21-point live scale and
CMJ height = 0.249) (Parchmann & McBride, 2011). While Panelmn and McBride
used the same power task as the current study,de&eted in the initial position of the
arms prior to an arm swing. There is the poteitat the initial position of the arms
prior to the execution of a CMJ may have influenttezlrelationship between CMJ
height and FMS™ performance.

There is the potential that a difference in th&ahposition of the arms prior to
CMJ performance may have influenced the relatignbkiween functional movement
and functional performance. Part of the FMS™ es3ihoulder Mobility test that
examines an individual’s shoulder and latissimusidmobility. It is possible that
restriction in the upper extremity, as seen inSheulder Mobility test, could reduce arm
swing follow through and reduce CMJ performance.

A moderate correlation existed in the current stoeyeveen the FMS™ and CMJ

height. However, it is possible that those reediinay have been able to compensate for
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movement dysfunction in a CMJ test. For exampbey=MS™ deep squat scores may
not have been reflected in CMJ performance as cosgtery movement patterns could
mask dysfunctional movement in an acute task. eSiine FMS™ evaluates movement
patterns for chronic injury risk, a stronger caaten may result from a more prolonged
power task as movement compensation may affecbqpeaince over time (i.e., shuttle
runs; sprints; cone drills). It is possible thahare precise power task may have
correlated better to functional movement, simitahow the 100-point scale may
correlate better to functional performance.

Scoring method. The method that was used to score the FMS™ may have
limited the relationship between functional movetreamd functional performance. In the
current study the FMS™ was used as a measureiatlandual’s functional movement
and scored with a 21-point live, 21-point video 49@-point scale. Previous research
had used the original 21-point live scale for fumtal movement assessment. The 100-
point scale was used as a more precise scoringoghefithe FMS™ and may have
improved the ability of the FMS™ total score toredate to functional performance (i.e.,
CMJ).

The method of scoring used in Okada and collea(2@s1) may have limited the
relationship between functional movement and perésice. Okada et al. (2011) scored
each of the bilateral FMS™ component tests sefdgrayeside. A significant
relationship between the right side Hurdle Stepragitt side Rotary Stability was noted
to performance (i.e., BOMB throw). However, theat®core was not significantly
correlated to BOMB throw performance. All FMS™ raegements were done with the

21-point live scale.
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Parchmann and McBride (2011) also used the livpdtt scoring method to rate
FMS™ performance. While all recruited participantre rated by the same
administrator, the use of the 21-point live scaledrrelate functional movement to
performance may have been a limitation. Like Olaida. (2011), FMS™ total score
and CMJ height were not significantly correlatedt@ another. The method of scoring
in both studies may limited the relationship betwde FMS™ and CMJ height as 21-
point live scale may lack the precision to inforagarding performance capacity. In
addition to the 21-point live scale, the 21-poimten and the 100-point scales were used
in the current study to score the FMS™.

A moderately significant relationship was foundhe current study between all
scales of the FMS™ and CMJ height. The abilitpaase, rewind and replay the
component tests of the FMS™ may have improved teeigion of the scoring in the 21-
point video and 100-point scales. Opposed todoaing, freezing a movement in time
while viewing a video allows the rater to verify lmple limb locations at a given time to
better score according to the standardized rubric.

FMS™ scoring relationship.

The secondary purpose of the current study wasrtomn an exploratory
analysis examining the relationship of the 21-pbu# scoring method as well as a 21-
point video scoring method of the FMS™. Previatesdture has established a
relationship between the 21-point live and 21-pweideo scales (Shultz, Anderson,
Matheson, Marcello & Besier, 2013). However, titer&ture cannot support a
relationship between either of the 21-point scales the 100-point FMS™ scoring

method.
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The current study examined the relationship betwkenwo 21-point scales of
measurement for the FMS™ (i.e., live and post hdea). Video was recorded during
the live evaluation of the FMS™ movements fromdhéerior, lateral, and posterior
sides. The current study demonstrated a strorrglation between the two 21-point
scalesi(= 0.893p < 0.001). The findings of the present study adthker support to the
relationship between each method of scoring on-pdit scale, allowing implications
of the 21-point scale to be applicable regardléskeoscoring method used.

The current study corroborates what has been esgakin previous literature.
The reliability between the two methods of measwmnfior the 21-point scale (i.e., live
and video) was examined in the FMS™ literature (&hat al., 2013). Shultz et al.
(2013) examined the consistency that both thedi video 21-point scales scored the
FMS™. The findings from Shultz et al. (2013) demstoated excellent reliability
between the two testing methods (ICC = 0.92). &m0 Shultz et al. (2013), the current
study demonstrated excellent reliability (ICC =%).8etween the two methods of scoring
on the 21-point scale.

The 100-point scale is a more precise method afrsgthe FMS™; however, it
has not been determined if a relationship existwd®n 100-point and 21-point scales.
The 21-point scale is both a valid and reliablehudtof rating the quality of movement
patterns. Despite the validity and reliabilityeth1-point scale is limited in its ability to
rate overall movement without identifying specifiaiting components of a movement.
Therefore, the 100-point scale was developed toesddhe need for a more precise

method of rating movement patterns (Butler et2112). Butler et al. (2012), found that
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the 100-point scale had high reliability betweetersfor both the total score (ICC =
0.99) and the component scores of each test (I0Q%1.00) (Butler et al., 2012).

In the current study, a strong correlation was tbhatween the 100-point scale
and the live 21-pointr(= 0.714,p < 0.001) and video 21-point £ 0.771,p < 0.001)
scales. The 100-point and 21-point scales hawmagsrelationship which demonstrates
that a rater using either scale may be able tailgenovement pattern limitations
precisely regardless of the scale used. This stuadythe first to provide new
significance to the current body of literature lais telationship between the 100-point
and 21-point scales had not been previously estsdali
Conclusions

Performance on the FMS™ and CMJ height were saggmfly correlated to one
another which supported the primary purpose ottheent study. The implications that
can be drawn from the primary purpose provide exddg¢hat movement efficiency and
greater amount of functional movement may not daayelated to reduced injury risk,
but also greater performance on a jump task. dygraater functional movement may
lead to greater acute power production while retyajury risk.

The scales of scoring the FMS™ were significantigrelated to one another
supporting the secondary purpose of the currendiystifhe strong relationship between
the scales of the FMS™ signifies that each of tades evaluate movement function
similarly. Despite the significance that was ekshled in this study, the current study

was not without limitations.
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Limitations

Like other research, the current study was notoutlits share of limitations.
Given the small sample size (n = 36), the genehliity to active populations beyond
the sample recruited is limited. Future reseahdukl continue to identify the
relationship between functional movement and fumeti performance. This could be
accomplished by examining this relationship witlsirger groups of recreationally active
males using the parameters of the current study.

Another limitation to the current study was theluston of a male-only
population. In the future, researchers shouldidengxpanding to an active female
population to determine if the relationship betwéarctional movement and functional
performance exists for females as well. The cursardy excluded both Division |
athletes and those with a BMI of 30 or greater fpmarticipation. These exclusions
resulted in a narrow population of interest. Redw®ars building upon the current study
should investigate the relationship between fumetiperformance of higher athletic
populations and the FMS™. It may also be relet@mvestigate athletic populations
with a BMI greater than 30 to further investigate tnfluence that BMI has on FMS™
and athletic performance. This may aid in ideimigyhow BMI is a confounding
variable for the FMS™. For example, in order tentify the relationship between the
FMS™ and BMI in a recreationally active populatiarfpllow-up to the current study
could be conducted with males with a BMI of 30 oeager.

The current study was also limited as functioreafg@rmance was defined and
measured with a single power task (i.e., CMJ h¢ightopposed to multiple expressions

of power. Including additional power tasks (iBOMB throw, standing long jump,
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sprint speed, sport-specific power expression) assyst in gaining a greater
understanding of the relationship between functiomavement and functional
performance. In particular, more specific powskgacould be used that better represent
the recruited sample. For example, the use ofraneguin drag for firefighters or the
power that a football player hits a sled would oty better inform researchers to the
relationship between functional movement and fumati performance, but also better
assist the population achieve greater performance.

The FMS™ may also have been a limiting factor mc¢hrrent study. While the
student Pl was the only administrator of the FMS3R®,instructions prior to each of the
FMS™ component tests were not completely standeddiFuture research should
standardize the instructions that are given to sablfiect and reduce the possible
variability in the instructions. This could be aoaplished by providing participants with
either a written or video set of instructions fack component test. Similar means were
reported for both of the 21-point scales. Whilehea@s significant to performance, the
21-video scale had a stronger relationship to C&igHt. Individual differences between
aggregate score on the 21-point scales may haweiaied for the similarities in the
means but differences in significance. Researdterald pursue the validity of the two
21-point scales and identify if the component tesésscored differently on each scale.
While it can be seen as a strength that the samderst Pl was the administrator of the
FMS™ and rater for each subject and scale, fuesearch should include multiple raters
for each subject and each scale to strengtheretagonship between the FMS™ and a
performance variable. The mean total FMS™ scoere Wower for the 21-point scale

than reported means from other research (Gribldé ,2013; Schneiders et al., 2011,
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Smith et al., 2013). The student PI for this stotgy have been more critical of
movement patterns than previous researchers.dbr to remedy this, future research
should delve in a consistent method of trainingnsat For example, utilizing both the
live and video scales to evaluate and improvedheretest reliability for identical
movements. This could create a potential acceptaitoff of test-retest reliability score
for researchers ensuring the strength of futurdirfigs.

Significance

Scientific significance. The current study provides practical significanzéhie
body of literature by identifying a strong corrébait between the scales of the FMS™
(i.e., live 21-point, video 21-point, 100-pointiowever, only scoring methods rated
using video analysis were significantly correlatedunctional performance. From an
injury risk perspective, the current study supptresuse of any scoring method of the
FMS™ for injury identification. This indicates th@gardless of the methods that
researchers have at their disposal to assess maveatéerns, when administered
correctly, the FMS™ is reliable across all scalBgspite the significant relationship, the
nature of the relationship between functional mosetand functional performance is
still unknown.

Practical significance. The current study also has practical significaihes tan
be gleaned. First of all, a new potential influagdactor to functional performance was
identified, functional movement. Unlike finding®i previous research, a significant
relationship was found between functional movenagat functional performance for
recreationally active males in the current stud@ifierefore, strength coaches and

clinicians should take particular note in not oalglients’ performance, but also the



87

functional baseline of movement that their clidmise. The FMS™ is a well-established
tool for injury risk identification (Chorba et ap10; Kiesel et al., 2007; Kiesel et al.,
2011; O'Connor et al., 2011). As identified by therent study, there is a significant,
albeit moderate, relationship between functionatemoent and performance. Itis
encouraged that the FMS™ be used in scouting amdio@-style testing as a time
efficient and portable screen that provides insaghboth injury risk as well as functional

performance.
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PARTICIPANTS NEEDED!

A study investigating the relationship betweenFeactional Movement Screen™
(FMS™)and peak counter movement jump height is being wcted by researchers in
the Human Performance & Sport Physiology Lab PAS 36

e Eligible Participants Include:
0 MALES between 18-30 years of age.
0 Individuals who:
= Engage in regular exercise (e.g., 150 minutes/ wéekoderate or
75 minutes/ week of vigorous exercise).
= Are nota member of a competitive, elite level sports téam.,
UWM athletics team).
= Are nottaking prescribed medication for a symptomatieeidis,
have_nothad an injury, surgery, or bone abnormalitieshart
knees, hips, or ankles, have had recent (one year) physical
rehabilitation, do nohave a heart condition or any chest pain, do
not suffer from dizziness, do not have prior expereawith the
Functional Movement Screen(FMs™)and/or do nohave hearing
impairments.
*= Must have a BMI less than 30

e This study will take place over two total testirggsions. Estimated total
commitment time is 1.5 — 2 hours. Approximatelymifiutes per day.

e Participants will perform a series of 7 movememésn tests including a Deep
Squat, Hurdle Step, In-line Lunge, Shoulder MoWpjlActive Straight Leg Raise,
Trunk Stability Push Up, and a Rotary Stabilityttes

e Participants will perform a counter movement jumer{ical jump) and
researchers will measure various performance asab

e This study is completely non-invasig€eno side effects/injuries are expected.

Please contact Josh ConlgkcOnlon@uwm.ed)if you are interested in participating.
All testing sessions will be held in the Human Barfance & Sport Physiology Lab in
Room 365 of the Pavilion.

Functional Movement

Screen Study

Functional Movement

Screen Study

Functional Movement

Screen Study

Functional Movement
Screen Study
Josh K. Conlon

Functional Movement

Screen Study

Functional Movement
Screen Study
Josh K. Conlon
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ikconlon@uwm.edu
ikconlon@uwm.edu
ikconlon@uwm.edu
ikconlon@uwm.edu
ikconlon@uwm.edu
Josh K. Conlon
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Testing Protocol

Before the participant can advance to Phase Jpdheipant must pass the Criteria for
Inclusion Questionnaire (see Appendix C).

Phase | Protocol:

The participant will read and sign the Informed €emt paperwork, agreeing to
the study’s protocol (see Appendix D).

The participant will complete the Exercise Hist@yestionnaire (Appendix E)
The researchers will explain the testing protoodhe participant and answer any
guestions.

The participant will have both their height anditlveeight measured. Their BMI
will be calculated from these measurements.

If the participant gives Informed Consent and méstsphysical activity and
criteria for exclusion requirements, the participarnl move to the FMS™ tests.
If the participant does not, their participatiortie study is over.

The participant will perform each of the seven comgnt tests of the FMS™,
Each test will be scored on a 21-point live scakech test will also be
simultaneously video recorded.

Upon completion of the FMS™, the participant wil &llowed to practice the
counter movement jump to become familiarized whith mmovement. The
participant will then be fitted with the Myotestitiand belt.

Five practice jumps will be provided. Countermoveirjamp instructions will be
given.

After completion of the five practice jumps, Phéasell be completed.
Participants will return within 24-48 hours to cdetp Phase Il

Phase Il Protocol:

The participant will first perform a brief, five mite warm-up on the bicycle
ergometer with a light, self-chosen, resistancellev

The participant will then be fitted with the Myotesit and belt.

Five practice jumps will be provided. Countermoveirjamp instructions will be
given.

After the five practice jumps, the participant vidé given 1-3 minutes of rest.
The participants will perform this vertical jumpéle successful times and will be
given as many attempts as needed to do so. 1-3esinfirest will be provided
between each trial.

After three successful jump trials are complethd,Myotest will be removed and
the participant’s investment to the study will heen

Counter Movement Jump Instructions

The participant will begin each jump (trial) witheiir arms by their sides.
The participant will be instructed to listen foeteound of the second beep
(stimulus) from the Myotest. The participant véfuat in a downward motion
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and propel themselves upward, and jump off themguias high and as fast as
they can, with their hands remaining on their hips.
A trial will be considered unsuccessful and willdadsequently discarded if:
0 The participant starts their movement before tloper stimulus (false
start)
0 The participant initial movement of their armsasvard.
0 The Myotest unit cannot properly assess the trial
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103

3409 N. Downer Ave ID#:

Pavilion — Physical Therapy, Room 365

Milwaukee, WI 53211 Date:

Criteria for Inclusion Questionnaire

Eligible to Participate: YES N(

The Relationship between the Functional Movement $een™ and Countermovement jump height-
Joshua K. Conlon Thesis

The following questions will help determine if ymeet the criteria for inclusion into the study.slt

important that you accurately answer each question.
Please answer the following questions with a yes oo response.

YES

NO

1. Are you currently between the ages of 18 and 3@syelal?

2. Do you consider yourself a physically active indival?

3. Have you engaged in at least 150 minutes of moel@ngnsity physical activity or at
least 75 minutes of vigorous intensity physicahigt per week, for the last 6 months?

4. Inthe last year (including now), have you traifi@dor competed in a competitive spqart
or another competitive physical activity (e.g., arathon, collegiate athletic team)?

5. Is your estimated BMI greater than 30? BMI is aldted by taking height in cm and
dividing by weight in kg squared.

6. Do you currently take any prescribed medicatiomgriatment of a symptomatic illness
or condition?

7. Have you received rehabilitation services for garinwithin the last year (i.e., of the
shoulder, hip, knee, and/ or ankle)

8. Have you had any surgery on your shoulder, hipekaad/or ankle within the last
year?

9. Do you have any bone, joint, or muscle abnormalitiee. arthritis, muscle pain)?

10. Has your doctor ever said that you have a headiton and that you should only do
physical activity recommended by a doctor?

11. Has a medical professional every told you that steauld avoid jumping, landing, and
or running exercise?

12. Do you feel pain in your chest when you do physadivity?

13. In the past year, have you had chest pain wheray@uotdoing physical activity?

14. Do you often feel faint or have severe spells afitiess?

15. Do you feel any pain in your joints and/or limbsemjumping or stretching?

16. Do you have previous experience participating énuke of the Functional Movement
Screen™ (FMS™)?

17. Are you participating in an organized exercise paogto actively improve your
vertical jump height?

18. Do you have any hearing impairments or difficulgahing certain auditory tones?
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UNIVERSITY OF WISCONSIN — MILWAUKEE
CONSENT TO PARTICIPATE IN RESEARCH

1. General Information

Study title:
The Relationship between the Functional Movemen¢&t" and Countermovement jump

height

Person in Charge of Study (Principal Investigator):
Kyle T. Ebersole, Ph.D., LAT (PIl/Adviser)
Associate Professor, Department of Kinesiology
College of Health Sciences

Joshua K. Conlon, B.S., CSCS (Thesis)
Masters of Kinesiology Graduate Student, Departroéktinesiology
College of Health Sciences

2. Study Description

You are being asked to participate in a researaffystYour participation is completely
voluntary. You do not have to participate if youmbt want to.

Study description:

The primary purpose of the proposed study is terdghe the relationship between a Functional
Movement Screen™ (FMS™) total score, scored onOapbint and 21-point scale, and peak
countermovement jump (CMJ, which is like a verticahp) height. The secondary purpose of
this proposed study is to perform an exploratoglysis examining the validity of the 21-point
live scoring method as well as a 21-point videaisgomethod of the FMS™. This will be
accomplished by examining the differences in variphysiological measurements (i.e., height
and weight) and FMS™ scores. It is possible that ivell someone can move may be related to
how well they can perform the jump task. The gddhis study is to examine the possible
relationship between the FMS™ (a test of how watheone can move) and CMJ peak height by
using a more detailed scale of measurement whemgdbe FMS™.

All activities in this study will take place in thduman Performance & Sport Physiology
Laboratory (HPSPL) located in Room 365 of the RawilThis study will take place over the
course of two days. Participants will be recruitiedil a total of 60 have completed all tests
through the two days. The 60 participants willlmales between the ages of 18 to 30 and have
a BMI (body mass index) of less than 30. Participavill be recreationally active, but not
currently training for or competing in a competgisport (e.g., a NCAA Division | sport) or
activity (e.g., a marathon). The time commitmemtgarticipants will depend on how far they
advance through the study’s phases. On Day 1 ttieipants will complete all required
paperwork such as the Consent Form and the Exéficssery Questionnaire. This is expected to
last 10-15 minutes. Day 1 will then include heightl weight measurements. Body mass index
(BMI) will be calculated from this data. Particigamill then be introduced to the FMS™ and
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perform each of the 7 FMS™ tests according to élsearcher’s instructions. Day 1 will conclude
with CMJ instruction and practice jumps. The p@vaats will become familiar with the CMJ
task and the researchers will answer any questi@ngarticipants may have. The FMS™ tests
and CMJ practice is expected to last 30-40 min@esDay 2 researchers will conduct the CMJ
testing. Day 2 is expected to last 45 minutes.

3. Study Procedures

What will I be asked to do if | participate in the study?

If you fulfill the criteria for inclusion requirenmts and agree to participate, you will be asked to
come to Human Performance & Sport Physiology Laooydocated in Room 365 of the
Pavilion for all testing phases. This study w#l thvided into three phases. The phases are
described in detail below and will be completedhia order listed.

Day 1

- During Day 1, you will read and give informed comist® the study protocol. You will
be allowed to ask questions prior to signing tHermed consent document.

- Once you have signed the informed consent, andibekmed in to the study, you will
be given a study ID (e.g., EXS1) that will be usedode all of your data collected
during the study.

- You will also complete an exercise history questaire. This questionnaire will be used
to see both the amount and what kinds of exercidgoaysical activity you have and are
currently partaking in.

- Your height, body weight, age, and birthdate wdllrheasured and recorded and your
body mass index (BMI) will be calculated and reeatd If your BMI is >30, you will not
be included in this study and any data collectetbuthis point will be destroyed.

- You will perform the seven Functional Movement &or® (FMS™) tests. The seven
tests include: Deep Squat, Hurdle Step, In-linedayrshoulder Mobility, Active
Straight-Leg Raise, Trunk Stability Push-Up anddRpStability.

o0 Deep Squatyou will hold a lightweight plastic dowel rod ovédre head with
your arms extended and squat as far down as yourbantask will be repeated
up to five times.

0 Hurdle Step¥You will hold the dowel rod across your shoulderd atep, one leg
at a time, over a rubber tube that is attacheditostationary poles. This task
will be repeated up to five times on each side.

0 In-line Lunge: You will lunge forward and try touoh your back knee to the
heel of the front foot. This test will be repeatgxto five times on each side.

o0 Shoulder Mobility: You will bring both hands behigdur back. One hand will
come from the head down the spine and the othet b@aming from the waist up
the spine. The distance separating the two hantsenmeasured. Both
shoulders will be measured. This test will be répaap to five times.

0 Active Straight-Leg Raise: You wille on your back and raise one leg up from
the ground while keeping the other leg straightthBegs will be measured. This
test will be repeated up to five times.

0 Trunk Stability Push Up: You will perform a push-wjith your hands placed at
the level of the chin or clavicle. This task wi# bepeated up to five times.

0 Rotary Stability: You will start ira 4-point stance (on your hands and knees) and
try to bring your right elbow to your right kne&his is then repeated with the
left elbow coming to the left knee. This test vadl repeated up to five times.



107

The researchers will then verbally explain thedioms of the counter movement jump
(CMJ) task that will be used during Day 2 of thisdy (see below). You will be given
an opportunity to practice the CMJ five times wivilearing the belt.

For these practice trials, you will be fitted witte MyoTest SPORT unit and belt. The
MyoTest SPORT unit is a small device that will mgasthe height, jump force, work
output, and velocity of each of your CMJ trialshi§ device is attached to a belt that you
will have around your waist.

The researchers ask that you refrain from smolangy other tobacco product) and
caffeine intake the four hours preceding Day 2yel as any heavy resistance training
the 48 hours preceding Day 2.

The total time to complete the activities for Dawill be approximately 45 minutes.

During Day 2, you will first perform a brief, fivminute warm-up on a stationary
exercise bicycle with a light, self-selected, resise level.
You will put on the MyoTest belt and accelerometied perform five practice jumps
abiding by the CMJ instructions from Day 1.
o CMJ Instructions:
»= You will begin each jump (trial) with your arms tieg at your sides.
Your feet will be shoulder width apart.
= You will listen for the sound of the beep (stimylir®m the MyoTest
SPORT unit.
= You will squat in a downward motion while swingigigur arms
backward. Once at the bottom of your squat, youtthwdin immediately
jump up as fast as you can, swinging your arms ugpwa
* You are encouraged to land each jump trial with lkeees.
The MyoTest SPORT unit will be active during thagirce trials to make sure that it is
recording properly. The researchers will also canthat you are using correct form
during the CMJ.
You will then be given 1-3 minutes of rest befdre tlata collection trials.
You will perform CMJ trials until three success@iMJ trials are recorded. The
researchers will record information from the MyofTlestween each successful trial. A
trial will be considered unsuccessful if: you st@ur movement before the MyoTest
signals for you to start (false start), the MyoT€BORT unit cannot properly measure
the trial, or if the MyoTest SPORT unit is bumpedoocked off during the trial.
After three successful trials are recorded, the Mygh SPORT unit will be removed and
your commitment to this study will be over.
The total time to complete the activities for Dawill be approximately 45 minutes.

Video Recording

Your FMS™ testing will be video recorded on an iPad. Thaewifiles will be scored at a later
point to create the 100-point score as well agtscore the test on a 21-point scale. This will
allow for comparisons between the two differentestgpes for the FMY'. All video files will

be removed from the iPad device and stored acaptdigrour initials on a protected laptop to
prevent a linking of this identifiable informatioa all other data that will be stored according to
your study ID code. The video files will be usgdtbe researchers only to link score the FMS

test.
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4. Risks and Minimizing Risks

What risks will | face by participating in this study?

There are no expected risks for participating ia thsearch study. It is possible, although very
unlikely, that you may experience minor musculostadlinjuries such as muscle strain, muscle
soreness, and/or tightness associated with the FM&STY and CMJ trials. Since part of the
inclusion criteria for this study was participationregular exercise, it is expected that the risks
associated with these tasks are unlikely, andtiiigtisk is no different than any other form of
physical activity. The researchers will attempatoid possible musculoskeletal injuries by
having you properly warm-up before starting datéection.

Although an injury due to participation in this @yus unlikely, participants suffering an injury
will be directed to Norris Health Center (UWM stationly) or to a personal physician. Any
injury requiring emergency medical care will be mged by activating the emergency response
system (i.e., dialing 9-911 on campus phone). Wilbe responsible for any medical cost
associated with any injury occurring as a resuftaticipation in this study.

5. Benefits

Will | receive any benefit from my participation in this study?
Each participant will receive a free FMS™ test glovith recommendations for exercises to
improve their movement ability

6. Study Costs and Compensation

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

Are subjects paid or given anything for being in tle study?
Each participant will receive exercise recommerutestito improve their movement ability based
on their FMS™ scores.

No monetary compensation of any kind will be awdrde

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 presdrdtwve find to others, or publish our results
in scientific journals or at scientific conference3dnly the PI (Ebersole), student Pl (Conlon), or
approved graduate students assisting with the stiltizave access to the information.
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However, the Institutional Review Board at UW-Milukeee or appropriate federal agencies like
the Office for Human Research Protections may wevigs study’s records.

Information used to personally identify you will bellected (name and contact info) for this
project and will only be used to contact you dutinig study. This information will not be used

in the data analysis, nor will it be released toeo$. Your identity will be kept confidential,
except as might be required by law. You will beegi a study ID code (i.e., EXS1) that will be
used to code all of your data collected duringstuely. An identity key file containing your
name, study ID code, and contact information wélldbored (in a locked file in the Human
Performance & Sport Physiology Laboratory in PABB6eparate from all collected data for the
purpose of contacting you during the study. Apesimental data and associated questionnaires
will be stored in a file based on your unique stildlyode (i.e., EXS1) and separate from any
personally identifying contact information. At time will the coded data files include names or
contact information.The video files will only be stored on an encryplaotop according

to your initials as a way to prevent someone nsbeaated with this study from linking
this identifiable information to all other data thall be stored according to your study
ID code. Upon conclusion of the study, the vidiéesfwill be destroyed. It is possible
that a portion of your FMS video will be retaineglthe researchers as an exemplar to
demonstrate how movement was related to jumpinppeance. In this case, if your
video is used as an exemplar, all identifying infation (i.e., face) will be removed
before it is shared.

Results obtained from this research study will isseminated in journal articles and scientific
meetings. The data will be stored in a lockedddbinet in PAV 365 for 10 years for future use.

8. Alternatives

Are there alternatives to participating in the study?
There are no known alternatives available to ytweiothan 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 volany. You may choose not to take part in this
study. If you decide to take part, you can chay@ge mind later and withdraw from the study.
You are free to not answer any questions or withidrbany time. Your decision will not change
any present or future relationships with the Ursitgrof Wisconsin Milwaukee.

If you voluntarily withdraw or are withdrawn frorhe study prior to its completion, we will use
the information collected to that point. Withdrdram the study prior to your commitment
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being completed will result in no extra credit agked. Withdrawal from the study will in no way
affect your class standing as a student at UW-Mikes.

10.Questions

Who do | contact for questions about this study?
For more information about the study or the stuacpdures or treatments, or to withdraw from

the study, contact:

Joshua K. Conlon

Masters of Kinesiology Graduate Student
College of Health Sciences

Dept. of Kinesiology

PAV — PT, Room 375
jkconlon@uwm.edu

or

Kyle T. Ebersole, Ph.D.
College of Health Sciences
Dept. of Kinesiology

PAV - PT, Room 356
(414) 229-6717
ebersole@uwm.edu

Who do | contact for questions about my rights or omplaints towards my treatment as a

research subject?

The Institutional Review Board may ask your namg,dil 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

11. Signatures

Research Subject’'s Consent to Participate in Resezr:

To voluntarily agree to take part in this studyuyaust sign on the line below. If you choose to
take part in this study, you may withdraw at amyeti You are not giving up any of your legal
rights by signing this form. Your signature beliodicates that you have read or had read to you
this entire consent form, including the risks ameaéfits, and have had all of your questions
answered, and that you are 18 years of age or older
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Printed Name of Subject/ Legally Authorized Repnéative

Signature of Subject/Legally Authorized Represéveat Date

Principal Investigator (or Designee)
| have given this research subject information lea $tudy that is accurate and sufficient for the
subject to fully understand the nature, risks andddits of the study.

Printed Name of Person Obtaining Consent Study Role

Signature of Person Obtaining Consent Date
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Exercise History Questionnaire
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Human Performance & Sport Physiology Laboratory
University of Wisconsin-Milwaukee

Exercise History Questionnaire

Participant ID Code: Date:

1.

7.

In the last 6 months, how many days a week havespent 30 minutes or more in moderate
to strenuous exercise?

0 1 2 3 4 5 6 7

If you have been exercising, what activity have gone most often?

Walk Swim Dance Bike Run Other

If you answeredther for question 2, what is the primary other actithgt you have
done?

If you have been exercising, how long (minutes) dech exercise session been?

Less than 5 5-19 20-30 More than 30

If you have been exercising, would you say thenisity has been:

Easy Moderate Somewhat Hard Hard

If you have never exercised or are no longer egigngj what is your main reason?

Have you (or are you currently) trained/competedafeport or other competitive

physical activity (e.g., a marathon) in the lasirpe

8.

9.

Yes No

Did you compete in an organized, competitive spbdne point of your life?

Yes No

If yes for Question 8, what type of sport and wagition (or event) did you play (if
applicable)?
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Sport:

Position:

10. Do you frequently lift moderately heavy objectgpast of your daily activities?

Yes No
11. Do you frequently climb stairs as part of your gaittivities?
Yes No
12. Do you regularly engage in informal physical aties?
Yes No

a. If you circledYesfor question 12, please specify:
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Institutional Review Board Protocol Summary
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IRBManager Protocol Form

Instructions: Each Section must be completed unless directedwvaite Incomplete forms will delay the
IRB review process and may be returned to you.rBmer information in theolored boxesor place an
“X” in front of the appropriate response(s). If thesjion does not apply, writél/A.”

SECTION A: Title

Al. Full Study
Title:

The Relationship between the Functional Movemen¢&t" and Countermoveme
jump height.

SECTION B: Study Duration

B1. What is the expected start date®ata collection, screening, recruitment, enrollrhjear consenting
activities may not begin until IRB approval hasmegeanted. Format: 07/05/2011

Upon IRB approval

B2. What is the expected end dateExpected end date should take into account dadidyais, queries,
and paper write-up. Format: 07/05/2014

8/20/2014

SECTION C: Summary




117

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

Pre-participation screening has become a stapleievaluation of
athletes and exercises. One religpre-participation screening tool
(Minick et al., 2010; Onate et al., 2012; Teyhealet2012) that ha
been used to identify injury risk on a nurr of athletic populations
(Chorba et al, 2010; Goss et al, 2009; Kiesel 2@07; Kiesel et al,
2009; O’'Connor et al, 2011; Peate et al, ?) is the Functional
Movement Scree™ (FMS™). The FMS™ is a series of seven
movement tests that are designed easure the balance between
mobility and stability by putting participants imgitionsrepresenting
fundamental movement patterns (Cook et al., 20G6ak et al.
2006b). The literature has shown a relationshipieen total FMS™
score and injury risk tough an established “cut-off” score<if4
(Kiesel et al., 2007). The “c-off” score has been used in pre-
participation screening to clear an athlete forrt-participation.

In the performance literature, there are a vaéigthletic tests that
can irdicate task-specific performance. Vertical jumpfpenance tests
are commonly used as athletic performance markeathietic
populations as a method of measuring power, stneagid spee
(Aragor-Vargas, 2000; Luebbers et al., 2003). Specificalhe method
of vertical jumping reflects spcspecific power, strength and speed is
the countermovement jump (CMJ) (Cronin & Hanser)32Mori et
al., 2008; Vanezis & Lees, 2005). CMJ has been showelate tc
1RM (repetition max) hang clean (Hori et a008) indicating that
CMJ performance may indicate performance in a ghattrequire:
power and/ or strength. CMJ has also been showe #m indicator ¢
speed performance. In a study that compared atyarfigpower tasks
CMJ was shown to have the hest correlation to a 40-yard dash time
(Cronin & Hansen, 2005).

The evaluation methods of interest in this studythe FMS™ and
countermovement jump (CMJ) testing for injury reslssessment ar
athletic performance, respective

Previous literature has studied that relationsleippveen the FMS™
and athletic performance without success (Okad# ,e2011;
Parchmann & McBride, 2011). This literature hasduse traditiona
21-point FMS™ scoring method when studying the relahip
between funional movement and jump height. In this proposedst
a 10(-point scoring method (Butler et al., 2012) will bged to increase
the specificity of the seven FMS™ te

C2. Describe the purpose/objective and the signifiice of the research:
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The primary purpose of the proposed study is terda@he the relationship between a Functional
Movement Screen™ (FMS™) total score, scored onQ-point and 21-point scale, and peak
countermovement jump (CMJ) height. The secondargqae of this proposedudy is to perform an
exploratory analysis examining the validity of @&-point live scoring method as well as a 21-point
video scoring method of the FMS

Scientific Significance:

The scientific significance that this study offexghat it will be th first study to test the possible
relationship between athletic performance (i.e.,J&hd the FMS™, scored on a -point scale.
Through the use of the Myotest SPORT unit, thiglptiso is the first to address how power produc
in an explosive tas CMJ, is influenced by the physiological properiiéshe participant’s lower
extremity muscle:

The results of this study may shed light on howniitllials that have greater amounts of mobility and
dynamic stability, as well as fewer compensatoryemxnts, may be better performers. With a
relationship between functional movement and injisl already established, this proposed study
demonstrate that those whom are at a lower risknfary may also be better jumpers. A relations

may be made at the FMS™ may be able to target areas morekafaisnjury that will also limit
performance. Continued research in this area mpgrekthe realm of influence to greater populat
such as children, older adults, and rehabilitafiatients

C3. Cite any relevant literature pertaining to theproposed research:

Aragon-Vargas, L. (2000). Evaluation of four veatijump tests: Methodology, reliability, validitsgnd
accuracyMeasurement in Physical Education and Exercisergeié(4), 215-228.

Butler, R., Plisky, P., & Kiesel, K. (2012). Intater reliability of videotaped performance of the
functional movement screen using the 100-pointesédhletic Training & Sports Health Card(3),
103-109.

Chorba, R., Chorba, D., Bouillon, L., Overmyer, &l.andis, J. (2010). Use of a functional moveme
screening tool to determine injury risk in fematdlegiate athletedNorth American Journal of Sports
Physical Therapy5(2), 47-54.

Cook, G., Burton, L., & Hoogenboom, B. (2006). Pagticipation screening: The use of fundamenta
movements as an assessment of function - patbith American Journal of Sports Physical Therapy
1(2), 62-72.

Cook, G., Burton, L., & Hoogenboom, B. (2006). Pagticipation screening: The use of fundamenta
movements as an assessment of function - palb2h American Journal of Sports Physical Therapy
1(3), 132-139.

Cronin, J., & Hansen, K. (2005). Strength and popredictions of sports speetburnal of Strength
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and Conditioning Researcth9(2), 349-357.

Goss, D., Christopher, G., Faulk, R., & Moore,20(09). Functional training program bridges
rehabilitation and return to dutyournal of Special Operations Medicirg2), 29-48.

Hori, N., Newton, R., Andrews, W., Kawamori, N., Maigan, M., & Nosaka, K. (2008). Does
performance of hang power clean differentiate perénce of jumping, sprinting, and changing of
direction?.Journal of Strength and Conditioning Reseaz¥(2), 412-418.

Kiesel, K., Plisky, P., & Voight, M. (2007). Canragrus injuryin professional football be predictegdd
preseason functional movement scre@&ittth American Journal of Sports Physical Thera}{), 147-
158.

Kiesel, K., Plisky, P., & Butler, R. (2011). Furaial movement test scores improve following a
standarized off-season intervention program ingssibnal footballScandinavian Journal of Medicine
& Science in SporfL87-292.

Luebbers, P., Potteiger, J., Hulver, M., Thyfallf,Carper, M., & Lockwood, R. (2003). Effects of
plyometric training and recovery on vertical jumgrformance and anaerobic powdvurnal of Strength:
and Conditioning Researcth7(4), 704-709.

Minick, K., Kiesel, K., Burton, L., Taylor , A., Bky, P., & Butler, R. (2010). Interrater reliabjliof the
functional movement screedournal of Strength and Conditioning Reseai@#(2), 479-486.

O'Connor , F., Deuster, P., Davis, J., Pappas& ®napik, J. (2011). Functional movement screening:

Predicting injuries in officer candidate®urnal of the American College of Sports Medic2@24-
2230.

Okada, T., Huxel , K., & Nesser, T. (2011). Relasbip between core stability, functional movement
and performancelournal of Strength and Conditioning Resea2$(1), 252-261.

Onate, J., Dewey, T., Kollock, R., Thomas, K., \tamen, B., DeMaio, M., & Ringleb, S. (2012). Rec
time intersession and interrater reliability of fhactional movement screeiournal of Strength and
Conditioning Researcl26(2), 408-413.

Parchmann, C., & McBride, J. (2011). Relationshepaeen functional movement screen and athletic
performanceJournal of Strength and Conditioning Reseai2h(12), 3378-3384.

Peate, W., Bates, G., Lunda, K., Francis, S., d&8ey, K. (2007). Core strength: A new model for
injury prediction and preventindournal of Occupational Medicine and Toxicolog¢3),

Teyhen, D., Shaffer, S., Lorenson, C., HalfpapDdnofry, D., Walker, M., Dugan, J., & Childs, J.
(2012). The functional movement screen: A religptitudy.Journal of Orthopedic & Sports Physical
Therapy 42(6), 530-538.

1

SECTION D: Subject Population

Section Notes...

e D1. If this study involves analysis of de-identifidata only (i.e., no human subject interactig
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IRB submission/review may not be necessary. MigtRre-Submission section in theéB

websitefor more information.

D1. Identify any population(s) that you will be_speifically targeting for the study. Checkall that

apply: (Place an “X” in the column next to the nameof the special population.)

Not Applicable (e.g., de-identified datasets)

Institutionalized/ Nursing home
residents recruited in the nursing
home

X UWM Students of Pl or study staff

Diagnosable Psychological
Disorder/Psychiatrically impaired

Non-UWM students to be recruited in their educatlon
setting, i.e. in class or at school

Decisionally/Cognitively Impaired

UWM Staff or Faculty

Economically/Educationally
Disadvantaged

Pregnant Women/Neonates

Prisoners

Minors under 18 and ARE NOT wards of the State

Non-English Speaking

Minors under 18 and ARE wards of the State

Terminally ill

X Other (Please identify): UWM students that arestotlents of the Pl or study staff

D2. Describe the subject group and enter the totadlumber to be enrolled for each group For

example: teachers-50, students-200, parents-2&npachildren-25, student control-30, student

experimental-30, medical charts-500, dataset 0016t. Enter the total number of subjects below.

Describe subject group:

Number:

Males between 18-30 yrs of age

60

TOTAL # OF SUBJECTS: 60

TOTAL # OF SUBJECTS (If UWM is a collaborating site):
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D3. List any major inclusion and exclusion criteria(e.g., age, gender, health status/condition,
ethnicity, location, English speaking, etc.) and ate the justification for the inclusion and exclugin:

Participants must be males between the ages o01B&ticipants will be included based on theif-sel
reported responses to the Criteria for Inclusioegdionnaire. Recruitment will continue until 60
participants have been completed the study.

All participants will be screened with the Critefta Inclusion Questionnaire which includes specifi
guestions regarding lower extremity injuries andgiiole contraindications to physical activity.
Participants will be excluded if they are takingguribed medication for a symptomatic illness, &ad
injury, surgery, or bone abnormalities on theirdsenips, or ankles, have a heart condition orciuegt
pain, suffer from dizziness, have hearing impairtseare currently or have trained or competed in a
competitive sport (e.g., Division | sports team)pbiysical activity (e.g., a marathon) in the hgesar,
have previous experience with the FMS™ have a lmoays index (BMI) greater than 30, or do not
meet the minimum requirements of physical actiaiydescribed by the American College of Sports
Medicine (ACSM). No special expertise is neededd®en the participants.

The criteria for inclusion allows for comparisortween the novel study approach and the existing
literature.

SECTION E: Informed Consent

Section Notes..

3 E1l. Make sure to attach any recruitment mater@$RB approval.
. E3. The privacy of the participants must be mairgdithroughout the consent process.

E1. Describe how the subjects will be recruitedE.g., through flyers, beginning announcemendfor
class, referrals, random telephone sampling, ét¢his study involves secondary analysis of
data/charts/specimens only, provide informatiorthensource of the data, whether the data is pyblicl
available and whether the data contains direabdiréct identifiers.

Participants will be recruited through flyers paste approved places on the UWM campus and word of
mouth across the UW-M campus as well as the Milgautbommunity. Responses to solicitation will be
voluntary.

E2. Describe the forms that will be used for eachubject group (e.g., short version, combined
parent/child consent form, child assent form, verbhscript, information sheet): If data from failed
eligibility screenings will be used as part of yétgsearch data”, then these individuaie considered
research subjects and consent will need to ber@utaCopies of all forms should be attached for approval
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If requesting to waive documentation (not collegtiubject’s signature) or to waive consent all toge
state so and complete the “Waiver to Obtain-Docuridter Consent” and attach:

1. Criteria for Inclusion Questionnaire: If a participant meets all the requirements far $tudy,
then he will be invited to participate in the stuatyd complete the informed consent.

2. ID Code Sheet:Upon completion of the informed consent, all dptnts will receive a unique
ID code. The attached ID code and name sheebwilompleted by hand and not entered int
permanent computer file and will only be used totaot individuals for purposes of the study.

3. Exercise History Questionnaire:Asks questions regarding current and past phyamtality
participation in order to obtain additional infortieea regarding type of exercise activities the
participants engage in.

E3. Describe who will obtain consent and where angthen consent will be obtainedWhen appropriate

(for higher risk and complex study activities),ragess should be mentioned to assure that pamisipa
understand the information. For example, in additimthe signed consent form, describing the study
procedures verbally or visually

The student PI (J. Conlon) will talk to interestethdidates via phone, email, or in-person at thea&tu
Performance & Sport Physiology Laboratory (HPSPAYR365) to determine if the meet all the criterie
for inclusion. The student PI will make inclusierélusion decisions based on the self-reporteddyes
no) responses on the Criteria for Inclusion quesidre. If a participant answers “yes” to anylod t
questions 4-18, or “no” to any of questions 1-&ytlwill be excluded. Participation will be strictl
voluntary and participants may withdraw from thedst at any time. Consent will be obtained by the
student PI (J. Conlon). Consent will be obtairiada(private area) from the participants via ingoer
paper-pencil forms, prior to the completion of ajuestionnaires. The informed consent will be vityba
explained to each participant. Following an oppoityy to read the informed consent and ask any
questions, participants will be asked sign the €@ahsorm. Without fully completing the consentrfpr
the participants will not be allowed to participaiehe study. Participation in this study is i
voluntary.

SECTION F: Data Collection and Design

Section Notes...

e F1. Reminder, all data collection instruments stidnd attached for IRB review.

F1. The IRB welcomes the use of flowcharts andetabi the consent form for complex/
multiple study activities.

F1. In the table below, chronologically describe &ktudy activities where human subjects are

involved.

o In column A, give the activity a short name. E.g., Obtainiregd3et, Records Review,

Recruiting, Consenting, Screening, Interview, Oal8urvey, Lab Visit 1, 4 Week Follow-Up, Debriefing
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etc.

o In column B, describe in greater detail the activities (susyeudiotaped interviews, tasks, etc.

research participants will be engaged in. Addrdssre; how long, and when each activity takes place.

o In column C, describe any possible risks (e.g., physical, psipdical, social, economic, legal,

etc.) the subject magasonablyencounter. Describe tlsafeguardsthat will be put into place to minimiz

possible risks (e.g., interviews are in a privatation, data is anonymous, assigning pseudonyimes,en

data is stored, coded data, etc.) and what happtwesparticipant gets hurt or upset (e.qg., refdrio

Norris Health Center, PI will stop the interviewdasssess, given referral, el

A. Activity Name:

B. Activity Description:

C. Activity Risks and

Safeguards:

Recruitment

The student PI will recruit participants througke th
use of flyers, word of mouth, and speaking in
undergraduate lectures. The researchers will ak
the perspective participant to refrain from smokin
(or any other tobacco product) and caffeine intak
the four hours before coming into PAV 365 as we
as to abstain from any heavy resistance training
the preceding 48 hours. These measures will be
taken in case the individual qualifies for the stud

Recruitment involves
minimal risk to participants.
The PI will verbally and in
written form remind all
contacts that participation is
strictly voluntary.

Screening

Participant will complete the Criteria for Inclusio
Questionnaire prior to the start of each testing
session.

This screening process
involves minimal risk to
participants. Data will be
stored in a locked file in
PAV 365 where only the
student PI (J. Conlon) and
faculty advisor (K. Ebersole
as well as designated
Graduate students will have
access. This data will be

EXS1) and not by
participant name. The data
will only be shared in
aggregate group form
similar to what would be
presented in a manuscript.

Consenting

During Day 1, the participant will be read and giv
informed consent to the study protocol. The
participant will be allowed to ask questions ptior
signing the informed consent document.

Data will be stored in a
locked file in PAV 365
where only the student PI (!
Conlon) and faculty advisor
(K. Ebersole) as well as

categorized by ID code (e.g.

J.
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Once the participant has signed the informed
consent, and been included in to the study, thdy

code all of their data collected during the study.

be given a study ID (e.g., EXS1) that will be usedqt by participant name so

designated Graduate

students will have access.
This data will be categorized
by ID code (e.g., EXS1) and

that the data is
unidentifiable. The only
identifiable data will be the
video recorded movement
tests (see below). The data
will only be shared in
aggregate group form
similar to what would be
presented in a manuscript.

Exercise History
Questionnaire

The participant will complete a paper-pencil

assesses the frequency and type of physical acti
they have and are currently partaking in.

exercise history questionnaire. This questionnairlocked file in PAV 365

Data will be stored in a

where only the student PI (J.
Conlon) and faculty advisor
(K. Ebersole) as well as
designated Graduate
students will have access.
This data will be categorize
by ID code (e.g., EXS1) and
not by participant name. The
data will only be shared in
aggregate group form
similar to what would be
presented in a manuscript.

o

Height and Weight

The participant’s height, body weight, age, and
birthdate will be measured and recorded. Height
and weight measurements will be taken using a
weigh beam eye-level physician scale and moun
stadiometer (Detecto, Webb City, MO). The
participant’s body mass index (BMI) will then be

measurements. These measurements will be us
describe the participants in aggregate form. In
addition, actual height and body weight measure
will confirm the self-reported height and weight
used to estimate BMI as part of the Criteria for
Inclusion Questionnaire. If a participant’s actual
measured BMI is >30 upon these measurements
participants involvement in the study will be

calculated and recorded from the height and weicstudent PI (J. Conlon) and

terminated and the data collected will be destroyeaggregate group form

The potential risks for injury
due to performing any of the
movement tasks in this
study are minimal. Data will
be stored in a locked file in
PAV 365 where only the

w

faculty advisor (K. Ebersole)
as well as designated
Graduate students will have
access. This data will be
categorized by ID code (e.g.
EXS1) and not by
participant name. The data
will only be shared in

similar to what would be
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presented in a manuscript.

Functional Movement
Screen Tests

The participant will perform a battery of seven
movement tests as designed by the FMS™. All
seven tasks of the FMS™ will be subjectively
scored by the guidelines of the 100-point scale
(Butler et al., 2012). No warm-up will be provided
prior to the FMS™.

Each of the participant’'s movement tests will be
scored in person on Day 1 with a paper and penc
scoring method. In addition, each of the moveme
tests will be video recorded with an iPad camera
Each of the tests will be recorded from both the
frontal and sagittal plane.

Video recording will be used to re-score the FMS

tests from Day 1 to examine differences betweeng;q procedures. The sessic

21-point live scored tests and the post hoc resgo
of the tests to a 100 point scale through the vevie
of the video recording. In addition, the vide@éil

will be used to compare a 21 point-live to a 21AbCgych as chest pain, leg pain

scored FMS from a video.

The seven tasks include:

1. A deep squat, which involves holding a
light weight plastic dowel rod over the head with
arms extended and squatting as far down as the
participant is able to go. This task will be rejeel
up to five times. (18-point maximum)

2. A hurdle step, which involves holding th
aforementioned dowel rod across the shoulders

while stepping, one leg at a time, over a rubbke tiand procedures of the

that is anchored to two stationary poles. Thelitei
of the rubber tube is level with the tibial tubetps

just below the knee. This task will be repeatedou
five times. Each side will be scored separatel8- (1
point maximum; 9 points maximum per side)
3. An in-line lunge, which involves the
participant lunging forward and trying to touch the
knee of the back leg to the heel of the front foot.

This test will be repeated up to five times. Eaide s

The potential risks for injury
due to performing any of the
movement tasks in this
study are minimal. Itis
unlikely, but possible that
participants may experience
muscle soreness or tightne
following the testing. Itis
also possible, although
unlikely, that a participant
may experience minor
musculoskeletal strains. Al
personnel involved in testin
are trained in adult
cardiopulmonary
resuscitation (CPR) and firs

w

—

will be terminated in the
event that the participant
indicates any discomfort

or cramping or other sign
and symptom that could be
associated with a medical
condition. The testing will
also be terminated if
requested by the participan
In the event that an exercis
session is terminated for a
possible medical reason,
laboratory personnel will
manage the situation per th
standard first aid guidelines

L.

American Red Cross and
refer to their personal
physician or contact the
Emergency Medical System
in the case of an emergency.
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will be scored separately. (20-point maximum; 1C
points maximum per side).

4. A measure of shoulder mobility, which
involves the participant reaching behind their bac
with one hand coming from the head down the sf
and the other hand coming from the waist up the
spine. The distance separating the two hands wi
be measured. Both shoulders will be assessed &
each side will be scored separately. This testhveill
repeated up to five times. (8-point maximum; 4
points maximum per side).

5. A single, straight-leg raise, which
involves the participant lying on his/her back and
raising the leg up from the ground while keeping
knee straight. Both legs will be assessed andedc
separately. This test will be repeated up to five
times. (12-point maximum; 6 points maximum pe
side).

6. A push-up, which involves performing a
push-up with the hands placed at the level of the
chin or clavicle. This task will be repeated up to
five times. (12-point maximum)

7. A measure of rotary stability, which
involves the participant being positioned in a 4-
point stance (arms and legs) and trying to brimg t
right elbow to right knee. This is then repeatethw
the left elbow coming to the left knee. Each side
will be scored separately. This test will be repdat
up to five times. (12-point maximum; 6 points
maximum per side).

After the FMS™, the researchers will verbally
explain the protocol of the counter movement jun
(CMJ) that will be administered during Day 2 of
this study to the participant.

The researchers will ask that the participant nefra
from smoking (or any other tobacco product) and
caffeine intake the four hours preceding the data
collection on Day 2, as well as abstain from any

heavy resistance training in the preceding 48 hot

Video Recording

100-point scale, each of the movement tests mus
video recorded. The video recording will also be
used to examine possible differences between a

In order to accurately score the FMS™ tests on t/Collection of the video
recorded movement tests
involves minimal risk to
participants. The video
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point live scoring recording of the movement
tests will capture the full
body, face included,
throughout each of the
movement test trials. In
order to protect this
identifiable information, all
video files will be saved by
participant initials based on
printed name from the 1D
code sheet. This will
provide a non-direct link
between this identifiable
data and the other study data
that is stored by ID code.
The only way to link the
identifiable and de-identified
data will be through the
master ID code sheet
described above and only
retained by the student Pl
and faculty PI.

Once the FMS is scored
from the video files on the |-
pad, all video files (saved
with participant initials) will
be stored on an encrypted
laptop. Upon conclusion of
the study, exemplar video
files will be retained for the
purpose of improving
dissemination of data in
conference presentation
format. In this case, any
video file presented in the
dissemination efforts will be
completely de-identified by
blocking or hiding the face
prior to dissemination. Only
video files that can be
completely de-identified will
be used. All other video
files will be destroyed upon
conclusion of the study.
Only the student PI (J.
Conlon) and faculty advisor
(K. Ebersole) as well as
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designated Graduate
students will have access tc
the video recorded
movements.

Practice Jumps

After completing the FMS test, the participant wil
be fitted with the Myotest Sport unit and belt. eTh
Myotest unit is a small accelerometer based devi
that will measure the peak height (cm) of each of
the participant’s CMJ trials. This device is attegdh
to a Velcro belt that the participant will have
secured around their waist. These jumps will not
recorded. Their purpose is to familiarize that
participant with the CMJ jump protocol and the
MyoTest belt.

CMJ practice jump instructions:

1. The participant will begin each jump
(trial) with their hands relaxed by their side dadt
shoulder width apart.

2. The participant will listen for the sound
the beep (stimulus) from the MyoTest.
3. At the sound of the beep, the participan

will lower himself into a deep squat swinging thei
arms back as they squat down while maintaining
straight back.

4. At the bottom of the jump, the participar
will immediately jump upward, swinging their arm
forward and upward with as they jump.

5. The participant will be encouraged to
bend their legs upon landing from each jump trial

It is possible that
participants may experience
minor musculoskeletal
muscle strains, muscle
soreness, and/or tightness as
they might with any form of
physical activity

The practice sessions will be
terminated in the event that
the subject indicates any
discomfort such as leg pain
or cramping or other sign
and symptom that could be
associated with a medical
condition. The testing will
also be terminated if
requested by the participant.
In the event that a testing
session is terminated for a
possible medical reason,
laboratory personnel will
manage the situation per the
standard first aid guidelines
and procedures of the
American Red Cross and
refer to Norris Health Cente
or contact the Emergency
Medical System.

=

Warm-up (Day 2)

Upon arriving at the lab for the second day of
testing, the participant will perform a brief, five
minute warm-up on a bicycle ergometer with a
light, self-selected, resistance level.

The warm-up is designed tc
be submaximal and at a pa
and resistance self-selectec
by the participant. The risk
associated with this warm-
up are no greater than those
of every day physical
activity.

Uy=0

Practice Jumps

The participant will then perform five CMJ trials t
re-familiarize the participant with the jump protbc

It is possible that
participants may experience
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that was practiced on Day 1.
also watch that the participant is using correotfo
during the CMJ.

The researchets v

minor musculoskeletal
muscle strains, muscle

they might with any form of
physical activity.

The practice sessions will b
terminated in the event that
the subject indicates any
discomfort such as leg pain
or cramping or other sign
and symptom that could be
associated with a medical
condition. The testing will
also be terminated if
requested by the participan
In the event that a testing
session is terminated for a
possible medical reason,
laboratory personnel will
manage the situation per th
standard first aid guidelines
and procedures of the
American Red Cross and
refer to Norris Health Cente
or contact the Emergency
Medical System.

Jump Trials

trials that will be recorded for data analysis. The

sheet. A trial will be considered unsuccessfultife

cannot properly record the trial

After three successful trials are recorded, the
Myotest Sport unit will be removed and the
participant’s commitment to this study is over.

The participant will perform three successful CM{

researchers will hand record information from the
Myotest between each successful trial onto a dat

participant starts their movement before the prop!
stimulus (false start), the Myotest is bumped ds fe
off during the arm swing, or the Myotest Sport un

It is possible that
participants may experience
minor musculoskeletal
muscle strains, muscle
soreness, and/or tightness
they might with any form of
physical activity.

The testing sessions will be
terminated in the event that
the subject indicates any
discomfort such as leg pain
or cramping or other sign
and symptom that could be
associated with a medical
condition. The testing will
also be terminated if

soreness, and/or tightness as

.

=

requested by the participant.

t
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In the event that a testing
session is terminated for a
possible medical reason,
laboratory personnel will
manage the situation per the
standard first aid guidelines
and procedures of the
American Red Cross and
refer to Norris Health Cente
or contact the Emergency
Medical System.

=

Data Analysis

Data analysis will be conducted with Microsoft Data analysis involves
Excel and SPSS 21. Statistical measurement of minimal risk. Safeguards
interest for this study would be descriptive staiss include storing the data on
and correlational analyses between the various an encrypted, password
measures. protected laptop as well as
in a password protected
online database through the
secure password-protected
folder on the UW-M
network’s research drive.

F2. Explain how the privacy and confidentiality ofthe participants' data will be maintained after
study closure:

The information gathered in this study will be usedly for research and publication purposes.
Aggregate data obtained from the participants béllused to assist in understanding the possible
relationship between movement ability and athlpédformance. Data, in aggregate form, may b
presented at scientific meetings and in the sdietiterature. In no case will individual
participants be identified by name.

¢}

A master identity code sheet containing subjectemmarticipant ID code, and contact information
will be stored (in a locked file in the office dfd faculty PI, PAV 364) separate from all collectec
data for the purpose of contacting subjects fdoW@lup testing. All experimental data and
associated questionnaires will be stored in abfilsed on a participant ID code (e.g., EXS1) unique
to each participant and separate from any comidatrnation. At no time will the coded data files
include names or contact information. If a papéait withdraws from the study at any point, othe
than being terminated upon confirmation of BMI,ddita collected up to the point of withdrawing
will be kept, but will not be used in this study.

-

Video recorded movement tests will be stored oiPad that will be locked in the office of the
faculty advisor (K. Ebersole). It will be both rewsal from and returned to this cabinet by the
student PI (J. Conlon) or the faculty advisor. Vitleo files will be saved according to participant
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initials to eliminate the direct link between idiéiable video information to other data stored by &
unique study ID code. In the case of the vidbssfiall video files in possession by the studént P
and faculty PI will be destroyed upon conclusionhaf study. Only exemplar videos that can be
completely de-identified will be kept for assistano dissemination of data (see F1 above).

The information gathered in this study will be usedly for research and publication purposes in the
form of aggregate data only. In no case will indii)al participants be identified by name.
Aggregate data obtained from the participants éllused to assist in understanding the possible
relationship between movement ability and athlpcformance. Data, in aggregate form, may be
presented at scientific meetings and in the sdietiterature.

1§72 %

F3. Explain how the data will be analyzed or studié (i.e. quantitatively or qualitatively) and how the
data will be reported (i.e. aggregated, anonymouslypseudonyms for participants, etc.):

The information gathered in this study will be usedly for research and publication purposes.
Aggregate data obtained from the participants éllused to assist in understanding the possible
relationship between movement ability and athlpcformance. Data, in aggregate form, may be
presented at scientific meetings and in the sdiediterature. In no case will individual
participants be identified by name.

17252

SECTION G: Benefits and Risk/Benefit Analysis

Section Notes...

e Do not include Incentives/ Compensations in thidiea.

G1. Describe any benefits to the individual partighants. If there are no anticipated benefits to the

subject directly, state so. Describe potential befits to society (i.e., further knowledge to the aa of
study) or a specific group of individuals (i.e., tachers, foster children). Describe the ratio of riks to

benefits.

Participants will receive a free FMS™ test alonthwecommendations for exercises to improve
their movement.

No monetary compensation will be given to partioisa

G2. Risks to research participants should be justiéd by the anticipated benefits to the participants
or society. Provide your assessment of how the acipated risks to participants and steps taken to
minimize these risks, balance against anticipateddmefits to the individual or to society.
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We believe that the risk-to-benefit ratio for tetsidy is quite low. The risks involved in this spud
are very minimal in comparison to what the partcits are exposed to in the daily routines of life
and exercise, or completing any other survey ostipignaire. The benefits from this study will ai

It is possible that participants may experienceanmusculoskeletal muscle strains, muscle
soreness, and/or tightness as they might with amg bf physical activity.

The small potential for any risks will be reducedlier by recruiting participants who are current
active and accustomed to physical activity. Furth# personnel involved in testing are trained it
adult cardiopulmonary resuscitation (CPR) and fidtprocedures.

The testing sessions will be terminated in the etleat the subject indicates any discomfort such

The testing will also be terminated if requestedh®yparticipant. In the event that a testingisess
is terminated for a possible medical reason, laboyaersonnel will manage the situation per the
standard first aid guidelines and procedures ofitimerican Red Cross and refer to Norris Health
Center or contact the Emergency Medical System.

in the understanding the possible relationship betwmovement ability and athletic performance.

leg pain or cramping or other sign and symptom tbatd be associated with a medical condition.

ly

as

SECTION H: Subject Incentives/ Compensations

Section Notes...

e H2 & H3. The IRB recognizes the potential for unduiuence and coercion
when extra credit is offered. The UWM IRB, as alscommended by OHRP
and APA Code of Ethics, agrees when extra creditfesed or required,
prospective subjects should be given the choi@aquitable alternative. In
instances where the researcher does not know whesttra credit will be
accepted and its worth, such information shoulddrereyed to the subject in tk
recruitment materials and the consent form. Fongte, "The awarding of extr
credit and its amount is dependent upon your in&truPlease contact your
instructor before participating if you have any sfiens. If extra credit is
awarded and you choose to not participate, theuctstr will offer an equitable

alternative."
e HA4. If you intend to submit to the Travel Managem@Iffice for reimbursement purposes mak
sure you understand what each level of paymenidemtiality meangclick here for

D

additional information).

H1. Does this study involve incentives or compensah to the subjects? For example cash, class extra

credit, gift cards, or items.
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[ x ]Yes
[ ] No [SKIP THIS SECTION]

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 the number dcredit hours and/or points. (e.g., $5 after
completing each survey, subject will receive [itemagn if they do not complete the procedure, extedit
will be award at the end of the semester)

Extra credit may be provided by a student’s ingtrucT he amount of credit hours of extra credité
points is subject to the instructor’s discretion.

H3. If extra credit is offered as compensation/inaative, an alternative activity (which can be another
research study or class assignment) should becaff@ihe alternative activity (either class assigmnoe
another research study) should be similar in thetarnof time involved to complete and worth the sam
extra credit.

. If a student may receive extra credit for partitigrain this proposed study, it is at the instrutsto
iscretion to provide an alternative activity fhose that do not fit the inclusion criteria forsthi
roposed study.

H4. If cash or gift cards, select the appropriate @enfidentiality level for payments (see section no$:

[ ]Level lindicates that confidentiality of the subjectsi@ a serious issue, e.g., providing a
social security number or other identifying infortioa for payment would not pose a
serious risk to subjects.

= Choosing a Level 1 requires the researcher to aiaiatrecord of the following:
The payee's name, address, and social securityeruamb the amount paid.

= When Level 1 is selected, a formal notice is netiésl by the IRB and the
Travel Management Office assumes Level 1.

= Level 1 payment information will be retained in #sdramural account folder at
UWM/Research Services and attached to the vouoh&cdounts Payable.
These are public documents, potentially open tdipuéview.

[ ]Level 2indicates that confidentiality is an issue, buta paramount to the study, e.g., the
participant will be involved in a study researchsepsitive, yet not illegal issues.

= Choosing a Level 2 requires the researcher to aiaiatrecord of the following:
A list of names, social security numbers, home esisls and amounts paid.
= When Level 2 is selected, a formal notice will bsued by the IRB.
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= Level 2 payment information, including the names, @tached to the PIR and
become part of the voucher in Accounts Payable.réberds retained by
Accounts Payable are not considered public record.

[ ]Level 3indicates that confidentiality of the subjects b guaranteed. In this category,
identifying information such as a social securitynber would put a subject at
increased risk.

= Choosing a Level 3 requires the researcher to aiaiatrecord of the following:
research subject's name and corresponding codetifickgion. This will be the
only record of payee names, and it will stay ind¢batrol of the PI.

= Payments are made to the research subjects by pétsonal check or cash.

= Gift cards are considered cash.

= If a cash payment is made, the Pl must obtain digeeeipts.

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

Section Notes...

e If you cannot adequately state the true purpogkeo$tudy to the subject in the informed
consent, deception/ incomplete disclosure is invdlv

I1. Describe (a) what information will be withheldfrom the subject (b) why such deception/
incomplete disclosure is necessary, and (¢) wheretisubjects will be debriefed about the deception/
incomplete disclosure.

IMPORTANT — Make sure all sections are complete an@ttach this document to
your IRBManager web submission in the Attachment Pge (Y1).
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APPENDIX G

Example FMS™ 21-point Data Sheet
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Test Raw Score Final Notes
Score
1. Deep Squat o Feet Out o Foot Flattens o Knees In o
e Torso // with tibia or toward vertical Knees Out
e Femur < HZ o FWD Lean o LB Arch o LB Rounds o
e Knees over feet Arms FWD
e Dowel over feet o Heel Rises o Wt shift to R o Wt shiftto L
o “Tail tuck” o DF Issues o Torso Rot
2. Hurdle Step R o Hip ER (knee out) o Hip IR (knee in)
e Hips, knees, ankles aligned in sagittal | (stepping) o Tibial ER (foot out) o Tibial IR (foot in)

plane
e Min. movement of L-spine
e Dowel and hurdle remain //

e Loss of balance or contact w/hurdle =

o FWD Lean o Hip Hike o Limited Ankle
motion
o Trunk Rot Rto L o Trunk RotL to R

o Hip ER (knee out) o Hip IR (knee in)

L o Tibial ER (foot out) o Tibial IR (foot in)
Record Height of Band = o FWD Lean o Hip Hike o Limited Ankle
motion
o Trunk Rot Rto L o Trunk RotLto R
3. In-Line Lunge R (front) o FWD Lean o Loss of Balanceo Front
e Dowel remains in contact w/L-ext Heel Rise
e No torso movement o Rear Heel Roto Lateral FIx o Knee In
e Dowel & feet remain in sagittal plane o TrunkRotRto L o Trunk Rot L to R
e Knee touches board behind heel o FWD Lean o Loss of Balanceo Front
L Heel Rise
o Rear Heel Roto Lateral FIx o Knee In
o Trunk Rot Rto L o Trunk RotLto R
4. Shoulder Mobility R (flexed)
Impingement Clearing (NO = pain) Record Measured Hand Length =
Right YES NO Left YES
NO
e Fists w/in 1 hand length =3 L
e Fists w/in 1.5 units =2
e Fists>15units=1
5. Active SLR R o Pelvis Rotateso Down Leg rotates
e Dowel at mid-thigh (bt patella & ASIS) o Down Leg Thigh Lifts
e Dowel at superior patella o Pelvis Rotateso Down Leg rotates
o Dowel at inferior patella L o Down Leg Thigh Lifts
6. Trunk Stability PU o Trunk Rotates to Ra Trunk Rotates to L
Spinal Ext Clearing (NO = pain) o Trunk Rises Before Hips
YES NO o Hips Raise Before Trunk
e Males: 1 rep w/thumbs at top of
forehead then chin
e Females: 1 rep w/thumbs at chin then
clavicle
7. Rotary Stability R (upper o Hip Flexion oL Leg Can't Extend
Spinal Flex Clearing (NO = pain) moving) o R Shidr Dropso R Shidr Flexes
YES NO
L

e 1 correct unilateral rep w/spine // to
board
¢ Knee & elbow touch

e |l =diagonal

o Hip Flexion o R Leg Can't Extend
o L Shidr Drops o L Shidr Flexes

TOTAL SCORE =

/21
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APPENDIX H

Example FMS™ 100-point Data Sheet



ID #:

Preferred Throwing Limb:

Date:

Preferred Stance Limb:

138

Test Notes Score
8. Deep Squat (18 points) o Feet Out o Foot Flattens
o Knees In o Knees Out
___Upper torso is parallel with tibia or toward tieal (6 points) o FWD Lean o LB Arch
___Knee aligned over feet (8 points) o LB Rounds o Arms FWD
___Dowel aligned overhead (4 points) o Heel Rises o Wt shiftto R
o Wtshiftto L o “Tail tuck”
*with board** o DF Issues o Torso Rot
o Arms FWD
___Femur below horizontal (2 points)
___Upper torso is parallel with tibia or toward tieal (2 points)
___Knees are aligned over feet (2 points)
__ Dowel aligned over feet (2 points)
9. Hurdle Step- R (stepping) R R
oHipER oHipIR (stepping)
___Foot clears cord (does not touch) (5 points) o Tibial IR o FWD Lean
__Hips, knees, and ankles remain aligned in thtabplane (2 | o Hip Hike o Tibial ER
points) o Limited Ankle motion
___Minimal to no movement is noted in lumbar spih@oint) o Trunk RotR to L
__ Dowel and hurdle remain parallel (1 point) o Trunk RotLto R
L (stepping) L
oHipER oHipIR L
___Foot clears cord (does not touch) (5 points) o Tibial IR o FWD Lean
__Hips, knees, and ankles remain aligned in thtabplane (2 | o Hip Hike o Tibial ER
points) o Limited Ankle motion
___Minimal to no movement is noted in lumbar spih@oint) o Trunk RotRto L
___Dowel and hurdle remain parallel (1 point) o Trunk RotLto R
Record Height of Band =
10.In-Line Lunge R (front) R R (front)
o FWD Lean
___Knee touches behind heel (2 points) o Loss of Balance
___Dowel and feet remain in sagittal plane (2 mint o Front Heel Rise
___Dowel contacts maintained (Head, shoulders, annt2 o Rear Heel Rot
points) o Lateral Flx
___Dowel remains vertical (2 points) o Knee In
___No torso movement noted (2 points) oTrunk RotRto L
o Trunk Rot L to R
L (front)
___Knee touches behind heel (2 points) L L
___Dowel and feet remain in sagittal plane (2 mint o FWD Lean
___Dowel contacts maintained (Head, shoulders, annt2 o Loss of Balance
points) o Front Heel Rise
__ Dowel remains vertical (2 points) o Rear Heel Rot
__ No torso movement noted (2 points) o Lateral FIx
o Knee In
o Trunk RotRto L
o Trunk RotLto R
11.Shoulder Mobility — R (flexed) R R (flexed)

Record Measured Hand Length =

Impingement Clearing (NO = pain)
Right YES NO
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__Fists are within one hand length (4 points)
___Fists are within one-and-a-half hand lengthsdiats)
___Fists are not within one-and-a-half hand len¢fhsoints)

L L
L (flexed)
Left YES NO
__Fists are within one hand length (4 points)
___Fists are within one-and-a-half hand lengthsdiats)
___Fists are not within one-and-a-half hand len¢@hgoints)
12.Active SLR — R (moving) R R
o Pelvis Rotates (moving)
___Malleolus resides between mid-thigh and ASIgdiits) o Down Leg rotates
__Malleolus resides between mid-thigh and joim I{2 points) o Down Leg Thigh Lifts
___Malleolus resides below the joint line (0 pojnts
L (moving) L
o Pelvis Rotates L
___Malleolus resides between mid-thigh and ASIpdiits) o Down Leg rotates
___Malleolus resides between mid-thigh and joim I{2 points) o Down Leg Thigh Lifts
___Malleolus resides below the joint line (0 pojnts
13.Trunk Stability PU o Trunk Rotates to R
Spinal Ext Clearing (NO = pain) o Trunk Rotates to L
YES NO o Shoulders rise before back
o Back rises before shoulders
1 rep w/ thumbs at top of forehead level (1®)i
___ 1 rep w/ thumbs at chin level (5 points)
__Failure at chin level (0 points)
14.Rotary Stability o Hip Flexion R (upper
Spinal Flex Clearing (NO = pain) oL Leg Can't Extend moving)
YES NO o R Shidr Drops
o R Shidr Flexes
R (upper moving)
___Unilateral repetition (6 points)
__Diagonal Repetition (2 points) o Hip Flexion -

__Failure of diagonal repetition (0 points)
L (upper moving)
___Unilateral repetition (6 points)

___Diagonal Repetition (2 points)
___Failure of diagonal repetition (0 points)

o L Leg Can't Extend
o R Shidr Drops
o R Shidr Flexes

TOTAL SCORE = /100
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APPENDIX |

Example CMJ Data Sheet
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Human Performance & Sport Physiology Lab
Department of Kinesiology

University of Wisconsin — Milwaukee

3409 N. Downer Ave

Pavilion — Physical Therapy, Room 365
Milwaukee, WI 53211

ID #:

The Relationship between the Functional Movement $een™ and Countermovement jump
height— Joshua K. Conlon Thesis

Date:
Age: Date of Birth:
Height (cm): Weight (kg): BMI:

Counter Movement Jump Trials - Myotest

1 2 3 AVG

Height (cm)
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APPENDIX J

Functional Pyramid
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Functional Skill

Functional Performance

Functional Movement

Adapted from Cook (2010)
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APPENDIX K

Participant Descriptive Data
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ID Wt (kg) Ht (cm) BMI Age
JT1 73.1 177.8 23.1 24
JT3 77.2 177.8 24.4 18
JT5 82.2 181.6 25.4 21
JT6 82.2 177.2 26.2 23
JT7 58.1 163.8 21.7 21
JT8 82.6 179.7 25.6 22
JT9 74.9 175.3 24.4 22
JT11 84.4 184.2 24.9 20
JT12 64.5 173.9 21.6 19
JT13 78.5 163.2 29.5 24
JT14 61.9 168.3 21.9 22
JT15 80.1 175.3 26.2 22
JT16 98.1 186.7 28.2 22
JT17 77.2 180.3 23.8 21
JT18 73.8 169.5 25.7 21
JT19 86.5 186.7 24.8 19
JT20 76.3 183.5 22.7 23
JT21 78.9 173.9 26.1 24
JT22 66.5 171.5 22.6 20
JT23 72.6 181.6 22.0 23
JT24 96.7 190.5 26.6 21
JT26 91.2 181.6 27.7 21
J127 99.4 195.6 25.9 22
JT29 75.7 180.3 23.3 21
JT30 88.9 180.3 27.4 25
JT31 69.5 180.3 21.4 24
JT33 84.9 170.2 29.3 22
JT34 68.6 177.8 21.7 21
JT35 64.9 179.1 20.2 21
JT37 70.4 175.3 22.9 23
JT38 84.5 180.3 26.0 21
JT39 92.9 180.3 28.6 24
JT40 52.2 165.1 19.2 22
JT41 97.6 182.9 29.2 21
JT43 68.4 180.3 21.0 23
JT44 75.1 172.7 25.2 21
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APPENDIX L

Participant Performance Data
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ID FMS 21-pt live | FMS 21-pt video FMS 100-pt CMJ mean (cm
JT1 11 12 37 49.9
JT3 13 13 54 59.3
JT5 12 14 51 52.6
JT6 14 15 50 46.2
JT7 15 15 49 63.2
JT8 13 13 45 63.6
JT9 14 14 56 60.4
JT11 15 15 63 54.5
JT12 13 12 40 43.9
JT13 13 13 53 48.5
JT14 11 11 45 51.7
JT15 12 12 51 47.2
JT16 13 13 49 54.5
JT17 10 12 48 23.3
JT18 14 13 46 51.9
JT19 15 15 61 55.6
JT20 12 12 28 49.0
JT21 17 17 78 52.7
JT22 13 13 43 59.6
JT23 14 13 39 22.0
JT24 13 13 43 23.0
JT26 9 8 28 15.0
JT27 11 12 28 45.2
JT29 13 12 46 23.7
JT30 12 12 40 21.3
JT31 11 11 35 19.0
JT33 12 11 40 21.0
JT34 15 14 41 23.3
JT35 12 12 40 21.3
JT37 14 15 53 27.3
JT38 15 16 51 27.3
JT39 14 13 46 24.3
JT40 12 12 39 21.0
JT41 11 11 39 20.3
JT43 12 12 35 19.7
JT44 12 12 35 19.7




