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ABSTRACT

Scapular dyskinesis reflects suboptimal scapular function that may have
damaging effects on surrounding structures. Due to its association with nearly all
shoulder injuries, it has been recommentthed the dynamic scapular dyskinesis teest
performed dung the clinical evaluation proces$ shoulder injury or pairHowever, the
shouldercomplexrelies on more than just the scapula for safe and efficient function. The
ability of the shoulder complex to function efficiently depends greatly upon the fumbo
pelvic-hip complex to provide proximal stability for distal mobility, as well as to generate
the forces and energy necessary to perform many upper extremity tasks. Therefore,
previous research has also suggested the use of clinical tests ofdahigdhip complex
function to identify any proximal dysfunction that may decrease upper extremity
function. Specifically, the singleeg squat has begmoposedas an appropriate test of
lumbo-pelvic-hip complex stability, due to its ability to reveal dysfunctiomailtiple
segments of the kinetic chain in multiple planes of motion. Whiler¢lsismmendation
has existed in the literature for quite some time, no authors have examined kinematics of
the singleleg squat in individuals with upper extremity dysfunctidherefore, the
primary purpose of the current study wasexamindrunk, pelvis, hip, and knee
kinematicsduring asingleleg squatn individuals with and without scapular dyskinesis

Additionally, asingleleg drop landindestwas used as a second&egt due to its more



dynamic natureompared to the singleg squatwhich may be more revealing of
lumbo-pelvic-hip complex dysfunction not evidenttine prior testBased on results from

the scapular dyskinesis test, 32 participavege identified adaving scapular dyskinesis,
and 32 participants wetealthy controlsThe scapular dyskinesissteconsisted of 5
repetitions of weighted shoulder flexion. Dyskinesis was considered present if there was
excessive superior migratipmferior angle or medial border prominence, or
dysrhythmiaAfter the scapular dyskinesis tesitydématics were colleet while
participantgerformed 3 repetitions of the sindegy squat and singleg drop landing
tests.Results indicated that trunk rotation, hip rotation, and knee valgus during the single
leg squat were significantly greater in the dyskinesis grougpaced to the control
group.These findings may be valuable for clinicians duringstheulderevaluation

process, as well as for the development of corrective exercise strategies for patients with
shoulder injuriesThere weresomelimitations to the curnat study. Firstalthough

scapular dyskinesis is associated with shoulder pain/injury, it is not considered an injury
in and of itself. Therefore, the scapular dyskinesis group included participants with and
without injury. Second, although previous research has highligitimesexdifferences

in singleleg squat and singlieg drop landing performance, bat&eswere included in

the current study ianattempt to generalize findingeross sexesuture research should
consider examining singleg squat and singlieg dop landing kinematics in individuals

with and without shoulder dysfunction wisexas an additional factor.
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CHAPTER |

INTRODUCTION

Theshoulder complewffers the greatest range of motion of any joint in the body
due to its unique anatomy, which is comprised of articulations between the humerus,
scapula, thorax, clavicle, ane&estum(Clark, 2014) Specifically, theglenohumeralGH)
joint allows for circumduction of the humerus due to its-balisocket configuration,
and primarily relies on musculature (as opposed to static ligamentous structures) for its
stability. In turnthe GH joint sacrifices stability for an increase in mobility, and must
depend on its surrounding structures for the adequate stability necessary to complete a
wide range of upper extremity tasks. Due to the complexity and lack of stability present
in theGH joint, it is susceptible to dysfunction that may lead to paimjury. Shoulder
pain has been reported in up to 21% of the general population, contributing to an
estimated cost of $39 billion per year in the United St@eagers 2001, Johnson2005
Urwin, 1998. With a small percentage of reported shoulder pain being a result of
traumatic shoulder injuries, many of these injuries have an insidious onset and are often
associated with abnormal positions and motions of the scéfiblar, 1998 Matsen
1990.

Efficient function of the upper extremity relies greatly upon the ability of the
scapula to fulfill its responsibilities to: (1) proeic stable base for Gaiticulation,

wherein the scapula must move in a coordinated manner with régplee humerus to



accommodate motion in multiple planes; (2) allow for the cooperative activation of the
scapular musculature, thereby providing shoulder gstéikility; (3) serve as a stable
base for attachment for the scapular stabilizing musculatuveell as th@rimemovers

of the humerus; (4) allow for elevation of the humerus aboveg, b3Qupwardly rotating

to increae the subacromial spacedhgh which the biceps brachii armtator cuff

tendons pass; and (5) allow for the efficient transfdorces from the lower extremity
and trunk, thereby reducing teesslaced on the smaller upper extremity muscles to
meet the demand of many upper extremity moveni&iltder, 1998 Kibler, 2016)

When the scapula is functioning properly, tfagezius, rhomboid, levator
scapulae, and serratus anterior muscles work to stabilize and rotate the scapula. During
arm elevation, the scapula moves into a position of upward rotation, and posterior tilt
(Lopes 2015) This is accomplished by the cooptve activation of the upper trapezius
(UT), lower trapeziuglL.T), and serratus anteri@®A) working as a force couple to
elevate the acromion and allow the humerus to move through its full range of motion
(Cools 2007 Yamauchj 2015) Alterations inthe normal positions and motions of the
scapula have been termed scapular dyskinesis, which is indicated by aclossalfof
retraction and posterior tilt of the scapula, resulting in protraction, anterior tilt, and
excessive internal rotatiqKibler, 2003 Kibler, 2016)

Scapular dyskinesis has many causes, which may include bony (thoracic
kyphosis, clavicle fracture), neurologic (long thoracic or spinal accessory nerve palsy),
joint (acromioclavicular (AC) or GH instability), or most commonly s@$ue (muscle
imbalance, inhibition, tightness, or injurgKibler, 201Q Kibler, 2013)Regardless of its

cause, scapular dyskinesis reflects suboptimal scapular function that can have damaging



effects on surrounding structures. Although dyskingsdf is not an injury, nor is it
directly related to any specific shoulder pathology, it is associated with decreased GH
abduction and external rotation strength, and has been reported to be presdtd#67
of shoulder injuries, such as subacromigpimgement syndrome, rotator cuff strains and
tears, labral tears, and shoulder instab{ltgbert 2002 lllyes, 2006 Kibler, 2013

Ludewig, 200Q Ogston 2007 Paletta1997. Therefore, it has been suggested that an
assessment for identifyingagaular dyskinesis should be performed during the clinical
evaluation proceder shoulder pair{Kibler, 2003 Kibler, 2008)

The current recommendation for the clinical assessment of scapular dyskinesis is
the visual assessment of the scapula statiadlyvell as during a dynamscapular
dyskinesis test (SDT). The SDiEes a Oyes/noOQ rating systedetmtethe presence of
dyskinesigKibler, 2013) The SDT involves the identification of scapular winging (any
medial border or inferior angle prominere&ay from the thoraxexcessive superior
migration of the scapular dysrhythmia (a nesmooth, stuttering, or rapid movement of
the scapula) during elevation or lowering of the arms in the sagittal or scapular plane
(Kibler, 2013 Kibler, 2016) This method for identifying scapular dyskinesis has yielded
high specificity (79%) and predictive value (74%), and therefore has been adopted for
clinical use(Kibler, 2013 Uhl, 2009.

In addition to the evaluation of scapular function, it has been sudgbste
particular attention should be given to areas proximal to thrukcan an attempt to
identify dysfunction of the trunk and lower extremit{&sbler, 2003 Kibler, 2008
Sciascia2012) Common proximal causes of upper extremity dysfunction have been

identified andinclude poor rear foot control, a lack of hip range of motion, hip extensor



and abductor tightness and/or weakness, limited spinal mobility, limited pelvic motion
and/or strentl, and poor scapular contr@ciascia2012) Sincea major role of the

scapula is to be the link in the kinetic chain that acts as a funnel for the trarfefeesf
andenergy from the lower extremity and core to the upper extremity, it is impetiaditve

the proximal segnents function efficiently to provideroximal stability for distal

mobility of the upper extremity. This requires adequate strength, stability, and mobility of
the trunk, pelvis, hips, and legs.

Trunk stability is achieved bgdequate function of the intrinsic core stabilizing
musculature, namely the multifidi, internal obliques, transverse abdominus, diaphragm,
and pelvic floor muscles. The functional arrangement cfethmeiscles and their
appropriate activation allows for ireased intraabdominal pressure, which subsequently
creates a rigid cylinder in the trunk. When these muscles are functioning properly, they
increase trunk stability preceding movement of the upper l{@bslewiski 1999
Daggfeldt 1997, Kibler, 2006) In addition to the intrinsic core stabilizers, structures
such as the quadratus lumborum, latissimus dorsi, and thoracolumbar fascia contribute to
trunk stability and function. Quadratus lumborum is primarily viewed as a frontal plane
stabilizer duringateral flexion movements. However, because it attaches at'thé12
and iliac crest, it also activates to stabilize the spine during sagittal plane trunk
movementgMcGill, 2001) The latisgmus dorsi, primarily regardeas an adductor,
extensor, anchiernal rotator of the humerus, originates at the spinous processes of the T7
through T12 vertebraghe iliac crest of the pelvis vihe thoacolumbar fascia, and ribs
9-12; andit inserts at the inferior angle of the scapula and the intertubecularegobtve

humerus. Together, the latissimus darsilthe thoracolumbar fascia cover many of the



deep muscles of the spine and trunk and assist in trunk and pelvis stabilization, while also
making a direct connection between the lower extremity (via tleugumaximus),
pelvis, scapula, and upper extren{iibler, 200§ Sciascia2012)

The hips and pelvis, along with associated musculature, serve as a base of support
for the trunk. As well as providing stability to the trunk, the muscles that attsleé to
hips and pelvis (i.e. glutealspntrol movements of the lower extremity, and can generate
large forces that are transferred to the trunk and upper extr@gfbter, 1995 Kibler,
2006) Additionally, the hips, pelvis, and trunk collectively wodkgenerate anticipatory
postural adjustments based on-pregrammed motor patter(sibler, 2006 Sciascia
2012) These activations are developed in the lumblvic-hip complex (LPHC) and
create interactive moments that provide proximal stabilityetheallowing efficient
distal mobility (Frieldi, 1984)

It has been reported that the hip and pelvis provide over half of the kinetic energy
and force associated with migmic overhead movements (elyowing and serving in
tennig, and a 20% decreagsekinetic energy generated by the LPM@uld require
either a 34% increase in arm velocity or an 80% increase in shoulder mass to deliver the
same amount of energy to the upper extremity and onto thédaér, 1995) In terms
of trunk position and sgalar function during less dynamic movements, it has been
reported that trunk rotation to the ipsilateral side during traditional scapular retraction and
GH external rotation exercises results in increased scapular external rotation and
posterior tilt, asvell as increased Lactivationand decreased Udctivation when

compared to the conventional seated position accompanying these eX&i@maschj



2015) Others have also reported altered activity of the scapular stabilizers with varied
lower extremity, pelvis, and trunk positiofiglaenhout2009 De Mey, 2013)

Due toassociations between upper extremity function apdgelvis, and trunk
position, ¢sfunction of these structures has been linked with upper extremity injury. To
emphasize theajor implications for understanding the connection of the LPHC to upper
extremity injury, one study reported that nearly half of patients who sustained labral tears
of the shoulder also had decreased hip range of motion coupled with decrease hip
abductorstrength(Burkhart 2000) Additionally, another study found a high incidence of
scapular dyskinesis in preadolescent and adolescent baseball players coupled with a
universally poor performance of the sindgg squa(SLS)test(Beckett 2014) The
findings from these studies indicated significant assocmtietween LPHC dysfunction
and upper extremity impairment, and provide support for the recommendation to examine
more proximal segments of the kinetic chain when assessing shoulder function.

The SLS is commonly used to assess LPHC function, and has previously been
suggested as an appropriate test to examine multiple points of the kinetic chain during
evaluation for shoulder injury or dysfuncti@@eckett 2014 Kibler, 2006; Sciascia
2012 Wilk, 2016) However, while several authors have suggested its use during the
upper extremity clinical evaluation process, none have examined the kinematics of the
SLS in individuals with and without scapular dyskinesis or any other shoulder pathology.
The SLSis a controlled functional task meant to resemble athletic activities (e.g. running,
cutting maneuvers) as well as activities of daily living (e.g. stair ascent and descent), and

has been studied extensively in the realm of lower extremity dysfur{Ciiaiborne



2006 Crossley 2011, Hollman, 2014 Nakagawa2012 Whatman 2011 Whatman
2013)

Individuals with LPHC weakness or lower extremity injury have exhibited
increased movement deviation in the frontal and transyéases, specificallytrunk
lateral flexion and rotatigrpelvislateral flexion and rotatigrhip adduction and rotatign
and kneevalgusduring the SLAgeberg 2010 Claiborne 2006 Crossley2011;

Dwyer, 201Q Graci 2015 Hollman, 2014;Kulas 2012; Munkh-Erdeng 2011;
Nakagawa2012 Souza2009;Willson, 2006;Yamazakj 2010;Zeller, 2003.

Differences in SLS perforrmaehave been largely associated with measures of hip
muscle strength, with increased frontal and transverse plane movement deviation of the
trunk, hip, and knee, and decreasadittal plane motionf the knee, hip, and trunk
indicatingweakness of the LPHC musculature and kinetic chain dysfunction.

A similar, yet more dynamic functional testropared to the SLS, is a singdés
drop landing (SLDL). The SLDL immostcommonly used to assess LPHC function and
readiness for returto sport due tdats likeness talynamicathletic movement&lacobs
2007 Myer, 2015 Whatman 2013 Zazulak 2005. Although kinematics of the SLDL
have been reported less in the literature, they tend to follow a sireitar when
compared to the SLBwith increased frontal and transverse plane movement and
decreased sagittal plane movement indicating LPHC weakness and an increased risk for
lower extremity injury(Ali, 2013 Coventry 2006 Jacobs2007 Kerzonek 2008
Kiriyama, 2009 Myer, 2015 Nagan 2009 Orishimq 2006 Orishimqg 2009 Oirritz,

2008 Patrek 2011, Schmitz 2007). While SLDLs are similar to the SLS in that they

require adequate strength, balance during silngle support, and neuromuscular control



of the lower extremity and LPHC musculature, the dynamic naturesoAssessment
may give further insight into possible LPHC tiysction not apparent during the SLS.
Although many functional tests for detecting LPH@unction exist, no standard test
has been adopted for clinical u3ests such as the SLS and SL®hich mimic
conditions of daily living or athletic maneuvers, aesy to administer in a clinical
setting requiring minimal equipment or space, and are valid for assessing multiple
segments of the kinetic chain sirtarieouslyare most practical and beneficial for

clinicians.

Statement of the Problem

The ability of the upper extremities to functiefficiently depends greatlyn the
ability of the LPHC to provide proximal stability for distal mobility. While clinical tests
of kinetic chain function have been suggested during the evaluation procsissifiater
injury and dysfunction, there @urrentlyno informationavailableregarding the
association between kinematics of clinical tests of LPHC function, such as the SLS or
SLDL, and the presence of scapular dyskinesis. The main goal of this stagxaine
the association between the presence of scapular dyskinesis and kinematics of the trunk,
pelvis, hip, and knee during tests thatased clinically If there isan association
between SL®r SLDL performance and scapular dyskinesis, clinicians may be able to
identify individuals who may be at risk for developing shoulder dysfunction before pain

or injury occurs.



Statement of Purpose
The purposes of this reseamgbre (1) to examine the assation between
scapular dyskinesis and kinematics during the SLS and Slylomparing maximum
trunk, pelvis, hip, and knee movement devigt@md (2) to determine if argommon
movement compensations during the SLS and SLDL have a greater prevalence in

individuals with scapular dyskinesis.

Hypotheses
Primary Objective (RQ1) — To examine the association between scapular dyskinesis and
the maximum excursion from neutral (absolute value) during the SLS and SLDL.
1) This objective wasddressed by comparimgaximum excursiokinematics of
the knee, hip, pelvis, and trunk during the SLS and SLDL in participants with and
without scapular dyskinesis.
Hi: It was hypothesized that theaximum excursiotrunk of flexion/extensiornn
those with scapular dyskinesis is different than those without scapular dyskinesis
during the SLS and SLDL.
Ha: It was hypothesized that theaximum excursionf trunk lateral flexionn
those with scapular dyskinesis is different than those withayusar dyskinesis
during the SLS and SLDL.
Hs: It was hypothesized that theaximum excursionf trunk rotationin those
with scapular dyskinesis is different than those without scapular dyskinesis during

the SLS and SLDL.



Hg: It was hypothesized that tineaximum excursionf pelvislateral flexionin

those with scapular dyskinesis is different than those without scapular dyskinesis
during the SLS and SLDL.

Hs: It was hypothesized that tieaximum excursionf pelvisrotationin those

with scapular dyskinés will be different than those without scapular dyskinesis
during the SLS and SLDL.

Hs: It was hypothesized that timeaximum excursionf hip flexion/extensiorin

those with scapular dyskinesis is different than those without scapular dyskinesis
during tre SLS and SLDL.

H-: It was hypothesized that tieaximum excursionf hip adduction/abduction

in those with scapular dyskinesis is different than those without scapular
dyskinesis during the SLS and SLDL.

Hs: It was hypothesized that tleaximum excursionf hip rotationin those with
scapular dyskinesis is different than those without scapular dyskinesis during the
SLS and SLDL.

Ho: It was hypothesized that tieaximum excursionf knee flexion/extensiom

those with scapular dyskinesis is different thawse without scapular dyskinesis
during the SLS and SLDL.

Hao: It was hypothesized that tihheaximum excursionf knee valgus/varuis

those with scapular dyskinesis is different than those without scapular dyskinesis

during the SLS and SLDL.
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Secondary Objective (RQ2) — To determine if any specific movement compensations
during the SLS and SLDL have a greater prevalence in individuals with scapular
dyskinesis.

1) This objective wagvaluated by comparingpsitionalkinematics(i.e. not

absolute value of m@ment deviationdf the knee, hip, pelvis, and trunk during

the SLS and SLDL in participants with and without scapular dyskinesis.

Hi: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of trunk lateral flextomward the test limb

H,: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of trunk rotatimward the test limb

Hs: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of pelvatéral flexiontoward thenontest limh

Hg: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of pelvis rotattomvard the nostest limh

Hs: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of hip adduction.

Hs: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of hip internal rotation.

H-: It was hypothesized that those with scapular dyskinesis would exhibit an

increased degree of knee valgus.

11



Limitations

The limitations of the current research study are as follows:

1)

2)

1)
2)

3)

4)

Participants with and without shoulder pain who have seaplylskines were
included in the dyskinesis group. Although scapular dyskinesis is present in
individuals with shoulder injuries, scapular dyskinesis itself is not an injury nor
do all individuals with scapular dyskinesis have shoulder pain or injury.
Therefore, thelyskinesis group may haveda mixture ofuninjuredand injured
participants.

Prior research has noted sogsxdifferences in SLS and SLDL performance.
However, the current study included both males and females in attempt to

generalize the findings ofi¢ current studgcross sexes

Delimitations
Kinematic data wereollected using a tethered electromagnetic tracking system.
The SDT wadilmed with a video camera for visual analysis by the rater.
Participants werghysically actie individualsbetween the ages of -3 years
and have no lower extremity injury within the past 6 moothspper extremity
surgery within the past 1 year
All data collection protocols tooflace in a controlled setting inside the Auburn
University Sports Medicine 8ovement Laboratory located on the Auburn

University campus.

12



Glossary
Kinematics — branch of mechanics that describes motion without regard to the involved
forces causing said motion. Variables include both linear and angular displacements,
velocities,and accelerations.
Kinetic Chain —a model that describes the series of interdependent, linked body segments
that (1) function in a proximéb-distal pattern in order to impart the desired action on
the most distal segment, and (2) allow for executiortpofdinated, efficient body
movements.
Lumbo-pelvic-hip Complex (LPHC) —a component of the musculoskeletal system that
includes the proximal femurs, pelvis, and lumbar vertebrae as well as all musculature
originating or inserting on these body segments.
Range of Motion — the amount of motion available at a specific joint.
Scapular Dyskinesis — the alteration of normal scapular position or motion that presents

as protraction, anterior tilt, and excessive internal rotation.
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CHAPTER Il

REVIEW OF LITERATURE

The ability of the extremities to funcheefficiently depends greattyn proximal
stability provided bythe lumbepelvic-hip complex (LPHC)However thevast majority
of the literature examining the use of clinical tests of LPHC function hassalyined
their use in regard to detecting risk of lower extremity injury and dysfunction. Recent
literature regarding upper extremity dysfunction has suggested the use of functional tests
of LPHC stability during the evaluation process for individuals wiper extremity
injuriesbut, no studies have examined the association betsiagleleg squa(SLS) and
singleleg drop landing$LDL) kinematics and the presence of scapular dyskinesis. This
study will attempt to identify the association between LPH®ikty and the presence of
scapular dyskinesis. The ability of functional tests that are commonly used in the clinical
setting to assess kinetic chain function will be employed to determine whether these tests
can predict the risk of upper extremity injun the general population of females.

This chapters divided into two sections: (Examination of literature on two
clinical tests of LPHC stability, specifically the kinematics relevant to the current study
and implications for detection of kinettain dysfunction, and (Zjerature pertaining to

the clinical assessment of scapular dyskinesis.
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Clinical Tests of Lumbo-Pelvic-Hip Complex Stability

The LPHC has been described as the functional center of the kinetic chain,
providing a stabl@roximal base for proper function and mobility of the distal extremities
(Tarnanen2012) Although there have been several definitions in previous literature,
LPHC stability can be summarized as the neuromuscular control and capacity of the
LPHC to contol the position and motion of the trunk over the pelvis and leg to allow for
optimum transfer of energy and forces throughout the kinetic ¢Kéter, 2006) Due
to the role of the LPHC in facilitating efficient movement and energy transfer to the
extramities, recent literature has highlighted the importance of including the LPHC in the
evaluation and rehabilitation of both lower and upper extremity injuKeasler, 2006
Kibler 2008)

Although there are many methods for measuring LPHC strength atrdlcan
standard functional test has been adopted for clinical use. Clinical tests of neuromuscular
function are meant to resemble conditions of daily life, as well as more strenuous
activities, and are easy to administer in clinical and research sefogsse in a clinical
setting, assessment methods that require little equipment, space, and time, and that are
capable of assessing overall neuromuscular control at multiple segments and in multiple
directions aremost practical and efficient. For thisason, functional tests are
indispensable to clinicians and researchers due to their ability to quickly and easily detect

movement patterns associated with dysfunction.
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Single Leg Squat

The SLS test is a controlled functional task commonly used ézs&$HC
strength, dynamic flexibility, balance, and overall neuromuscular control relating to a
number of athletic tasks (running, cutting, and landing tasks) as well as activities of daily
living (ambulation, stair ascent and desc¢Bblgla, 2008 Brindle, 2003 Claiborne
2006 Crossley 2011, DiMattia, 2005 Nakagawa2012 Willson, 2006) Due to the
multi-segmental and muldirectional movements associated with the SLS, control of the
entire lower extremity, as well as eccentric control of trunk, pelvis, hip, and knee
musculature is required to perform this test with minimal movemenail&viin frontal
and transverse planéSrossley 2011, McCurdy, 2010 Munkh-Erdene 2011, Zeller,

2003. Several studies of twdimensional (2D) and thredimensional (3D) kinematics
have revealed that the SLS is a valid and reliable ifmmaittest of LPHC function
(Claiborne 2006 Crossley 2011 DiMattia, 2005 Graci 2012 Graci 2015 Ireland
2003 Nakagawa2012 Willson, 2006.

SLS kinematics have been reported in numerous studies, with the majority of
studies examining the SLS in populations with lower extremity dysfunction such as
anterior knee pain (AKP), patellofemoral pain syndrome (PFPS), and anterior cruciate
ligament (ACL injury. Thus far, no normative data have been established for SLS
kinematics in healthy or injured populations, however the data from previously published
studies provide overall trends for both healthy and injured populations. For the purposes
of descrbing SLS kinematics, previously reported data on healthy populations will be
discussed first, followed byeported kinematgassociateavith injury or dysfunction

Finally, kinematics from several of the studies reviewed have analyzed at different events
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during the SLS. The majority of these studies have derived their values from subtracting
a double or singleleg Ostatic trialO or neutral stance value, and have reported SLS
kinematic data as the maximum excursion from neutral throughout the entire SLS.
Therefore, kinematics will be discussed in correspondence with this approach, with
further explanation for studies whose methodologies differ.

Trunk flexion hageen previously reported in a healthy population in only two
studies. In the first, Zeller et. §2003) reported maximum excursion of trunk flexion to
be 30.% £ 13.7 for males, and 29.% 10.1 for females (relative to a global reference
frame). Another study, which examined trunk flexion relative to the pelvis at the events
of 45j of knee flexion and peak knee flexion, found that atkitee flexion males and
females displayed trunk flexion values of 1%.49%.58 and 19.12+ 8.87, respectively,
and at peak knee flexion, males and females displayeg # D21 and 19.28+ 9.24,
respectively(Graci 2012) Although significant differences were only found in the
second of these studies, both suggest that healthy females tend to flex their trunk less than
males during the SL%raci et al. (2012fheorized that this paste in females may be a
result of inadequate hip extensor strength to control the forward displacement of the
center of mass during the descent phase of thgGtegi 2012) In support of this
concept, Nakagawa et al. (2012) found significantly decdeastvation of the gluteus
maximus during the SLS in healthy femalesnpared to males.t@er studies have
reported greater concentric and eccentric hip extensor strength in males than in females,
as well aslecreased forward trunk flexion in females dgrdrop landing tasks and

cutting maneuverfClaiborne 2006 Decker 2003 Hewett 2009 Shimokochj 2013)
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Due to its effects at the hip and knee joints, decreased forward trunk flexion
during landing tasks has been described as a possible contributor to the increased
incidence of ACL injury in females. It has been previously reported that increasing trunk
flexion during drop landings produces concomitant increases in knee and hip flexion
(Blackburn 2008)as well as decreased anterior shear forces at the knee and decreased
ground reaction forces (GRMlackburn 2009) With regard to ACL injury and the
SLS,one study required participants to perform a SLS under two conditions: (1)
minimizing the amount of forward trunk lean throughout the squat, and (2) moderately
increasing the amount of forward trunk lean throughout the squat. The results of this
study demastrated that increasing the amount of trunk flexion (frotl6.6 in the first
condition to 38.3% 5.9 in the second condition) during the SLS resulted in lower peak
ACL forces (24%) and ACL strain (169%#ulas 2012) Therefore, decreased forward
trunk flexion during the SL% likely indicative of possible LPHC dysfunction that may
place an individual at risk for injury duringare dynamic athletic maneuvers.

Maximum excursion of trunk lateral flexion has been shawwoctur in the
direction of the test limb and ranges fromjat42.3 to 26.4 + 20.1 for males, and 4.5
3.510 9.8 = 9.1 for female$Nakagawa2012 Zeller, 2003. Of the two studies that have
reportedrunk lateral flexionone found significantlgreater trunk lateral flexion in
females than in malgdlakagawa2012) while the other found significantly greater
trunk lateral flexion in male&eller, 2003) Data from an additional studyrovide a
differentrepresentation dfontal plane trunk mion suggest thatvhile females tend to
laterallyflex the trunk toward the ipsiteral side throughout the motiat,45 of knee

flexion males tend to laterally flex the trunk slightly in the direction contralateral to the
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test limb, and then shift towdthe side ipsilateral to the test limb at maximum knee
flexion (Graci 2012)

Regardindateral trunkmovementssociated with injury, one study reported that
individuals with PFPS demonstrate significantly greater trunk lateral flexion than healthy
cortrols (Nakagawa 2012)n this study, healthy controls (both sexes combined)
exhibited 6.7 = 3.0 of trunk lateral flexion toward the ipsilateral sfde. toward the test
leg) versus 9.8+ 5.3 in individuals with PFPS. This finding is consistent with other
studies that have found increased lateral trunk motion as well as decreased hip abduction
strength in individuals with PFPS during the SLS and stair de@8elatla, 2008
Crossley 2011)Furthermore, it has been reported that individuals with AKP demonstrate
delayed and reduced activation of the gluteus medius during stair ascent and descent
(tasks that are closely related to the SLS) compared to healthy cofiéroldle, 2003)

It has been proposed that laterally flexing the trunk toward the weggining
side during the SLS may reduce the demand placed on the gluteus medius to stabilize the
trunk in the frontal plane due to changes in the position of the center of mass oaseits b
of support(Nakagawa2012) Additionally, it has been stated that because the trunk and
upper extremities comprise approximately 60% of total body mass, ipsilateral trunk
motion increases the ground reaction fq@G&F) passing lateral to the kneaych
consequently, the knee abduction |¢geeéwett 2009) This suggests that while trunk
lateral flexion toward the weigiitearing side serves as compensation for visgak
abductor strength, @lsoexposeslysfuncton atmore distal locatios ofthe kinetc

chain.
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The compensation of trunk lateral flemiduring athletic movements halso
been associated with directional change during cutting and sidestepping maneuvers
known to contribute to ACL injury. Particularly, foot position away from the midline
with the vertical GRF passing lateral to the knee joint center, and the trunk leaniag in th
direction of the plant leg hav®een shown to contribute to increased knee valgus and
internal rotation loads at the knee during the weight acceptance phase gof cuttin
maneuvergDempsey2007) Furthermore, atudy by Dempsey and colleagues (2009)
determined that trunk lateral flexion toward the ipsilateral side during cutting maneuvers
is indicative of hip abductor weakness, and thatik lateral flexiorreduceshe demand
on the gluteus medius to stabilize the LP@@mpsey2009) Therefore, it is likely that
the SLS compensation of increased ipsilateral trunk lean is an appropriate indicator of
inadequate hip abductor strength, and thus LPHC control.

Transvers plane trunk rotation in healthy males and females has only been
reported in one study. It was reported that at the eventjaff4nee flexionhealthy
males and females displaye3156 + 2.74 and0.96 + 2.27, respectively; and at
maximum knee flexin, males and females display&i2l; £ 3.39 and0.34 * 3.10,
respectively(Graci 2012) In terms of overall movement, both males and females rotate
their trunk in the same direction (toward the weilgbaring limb), with females rotating
to aslightly lesser degreénother study by Graci et al. (2015) reported trunk rotation
values of4.06 + 4.31at maximum knee flexiom females with PFP.Shese data
suggest that individuals with dysfunction tend to have a greater movement deviation of

the trunk inthe transverse planparticularly toward the test limb
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Kinematics of the pelvis during the SLS have been reported in the frontal and
transverse planes. Two studies have repgrédds lateral flexionn healthy participants.
In the first of these stues, maximum excursion during the SLS was reported to he:6.4
2.3 for males, and 7;% 3.5 for femaleg§Nakagawa2012) The data from this study
suggest that both males and females tend to exhibit pelvic lateral tilt toward the
contralateral test limfa compensation that is also referred te@sralateral pelvic
drop), with no significant differences between sexes. Similarlysthdy by Graci et al.
(2012)did not find significant differences between sexesalvis lateral flexion
however the data from this study were extracted from the events khdé flexion and
maximum knee flexioifas opposed to the maximum excursion throughout the entire
motion) (Graci 2012) At 45; knee flexion, the authors reported Q.582.58 of pelvs
lateral flexion in males and0.49 + 2.40 in females, suggesting that at this point in the
SLS, males exhibit slight pelvis lateral flexion toward the contralateral side and females
exhibit slight pelvis lateral flexion toward the ipsilateral sidem@ximum knee flexion
however both sexes laterally flex the pelvis toward the side contralateral to the test limb
(males = 3.04+ 3.42; females = 3.Q2 2.33).(Graci 2012)

While no significant differences between sexes have been reporigelvisr
lateral flexionduring the SLS, Nakagawa et al. (2012) reported significantly greater
pelvis lateral flexion toward the contralateral side in participants with PFPS compared to
healthy controls. It was postulated that the increased degree of pelvis lateoal Was a
result of weak hip abductor strength. In further support of this theory, the authors
reported significantly decreased eccentric hip abductor strength in the PFPS group when

compared to healthy contrqiNakagawa2012)
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Only one study has repedpelvis transverse rotation healthy participants.
Significant differences were found between sexes jab#knee flexion, but not at
maximum knee flexion. At 4%of knee flexion males tend to rotate the pelvis toward the
nontest limb (1.17 £ 1.%), while femalesotate the pelvis toward the test limh.4g +
1.46); butat maximum knee flexion, both sexes rotate their pelvis toward théason
limb (Graci 2012)

Although the study by Graci et al. (2012) was the only study to report transverse
plane pelvis kinematics in healtindividuals more information about the pelvis may be
extracted by examining values of hip internal and external rotation. One study that
examined 2D knee frontal plane projection angle (FPPA) in relation to-timeensional
kinematics found hip external rotation in participants who presented with knee valgus in
2D (Willson 2008) However, because knee valgus is partially a result of aidduend
internal rotation of the hip, the authors clarified that the cause for the appearance of hip
external rotation was actually due to transverse plane pelvis rotation away from the test
limb, and if hip rotation had been examined relative to a glodi@idinate system (as
opposed to the pelvis), kinematic values would have displayed internal rotation of the hip
in participants with knee valgus.

Previous studies reporting hip flexion during the SLS lpesentea range of
35.7 £ 14.9 to 86.p+ 10.6in males, and 48jGt 11.3 to 76.2+ 18.0 in females.

(Dwyer, 2010 Graci 2012 Hollman 2014 Kulas, 2012 Weeks 2012 Whatman 2011
Yamazakj 201Q Zeller, 2003 This large range in values for hip flexion is partially
accounted for by differences in instructions given to participants for performing the SLS.

For example, participants in one study were instructed to squat down to a depth that they
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could maintain fol0 seconds without losing balan¢@uilas 2012) whereas participants

in other studies had to perform the SLS in much less(tio#man 2014 Zeller, 2003
Furthermore, of the studies that reported hip flexion angles, some required participants to
squat down as low as possiliéraci 2012 Weeks 2012 Yamazakj 201Q Zeller, 2003)

while others had a specific squat depth or knee flexion angle that needed to be reached
(Hollman 2014 Whatman 2011). Therefore, caution should be taken when interpreting
previously reportethip flexion values

Results from several studitgsat have examined hip flexion during the Sisve
been mixed, with just as many reporting greater hip flexidamales agn males. In
studies that found greater hip flexion in males, the lesser degree of hip flexion in females
was believed to be due to sex differences in hip extensor strength and neuromuscular
control during the eccentric phase of the s{Datyer, 2010) Additionally, the presence
of greater hip flexion in males may also help explain the more erect trunk posture in
females found in the study by Graci et al. (2012). On the other hand, a study that found
greater hip flexion in females questioned whetherfthding could be causally related to
the characteristic loss of valgus/varus control at the knee, subsequently affecting control
at the hip(Zeller, 2003)

Maximum excursion of hipdduction/abductiokinematics for healthy males and
females have rangdtbm 7.2 £ 3.8 to 15.5+ 5.0 and 14.3+ 4.6 to 20.8 7.1 of hip
adduction, respectivelfpwyer, 2010 Nakagawa2012 Weeks 2012 Zeller, 2003.

Two studies found significantly greater hip adduction in females than in (Weéeks
2012 Zeller, 2003, while the results of other studies followed a similar trghatyer,

2010; Nakagawa, 201Furthermore, one study found significant increases of hip
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adduction in females compared to males at the events of &Bee flexion and peak
knee flexion(Graci 2012) and two studies that examined the SLS as adkiem from a
raised platform also saw similar hip adduction values in fenfdlie4éman 2014 Souza
2009.

It has been suggested that the increased defteip adduction in females may
indicate that females have more difficulty controlling the hip musculature, especially the
gluteus medius, during dynamic movemégtller, 2003)Crossley et al. (201Xgported
significantly greater hip abduction isometstrength and earlier onset of the anterior and
posterior gluteus medius in individuals visually rated as OgoodO performers of the SLS,
and subsequently determined that the SLS was a valid indicator of hip abductor muscle
function when using visually igified hip adduction as a criterion ftireassessment.
Similarly, Nakagawa et al. (2012) found significantly decreased eccentric hip abductor
torque coupled with significantly increased hip adduction in females compared to males.

Once the hip moves indduction during the SLS, the femur internally rotates
and the knee is placed in a valgus position. Due to thebdiocket configuration of
the hip joint and its subsequent muirectional range of motion, performance of the
SLS relies greatly upatie eccentric control of the hip extensors, abductors, and external
rotators during descent, and concentric control during the ascent phase. If weakness or
dysfunction occur in any of these muscles, the result is decreased stabilization in any or
all planes. Therefore, it is no surprise that individuals with BFRKP, and ACL
injuries, who all present with decreased gluteal activation, display greater amounts of hip
adduction during the SLS and stair des¢Baigla, 2008 Brindle, 2003 Levinger, 2007,

Nakagawa2012 Souza 2009 Weeks 2012 Yamazakj 2010.
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A wide range ohip rotation kinematichasbeen reported in healthy participants
during the SLS. Hip internal rotation in males and females has ranged frpth&25to

9.5 £4.3and 1.2 + 7.3 10 9.7 + 5.4, respectivelyAgeberg 201Q Bolgla, 2008 Graci,

2012; Hollman, 2014 Nakagawa2012 Weeks 2012 and values of hip external

rotation have ranged fror0.7; £ 3.87 to 16.04+ 6.4 and 1.04+ 4.40to 15.¥£ 6.1 in

males and females, respectivéBwyer, 2010 Weeks 2012 Yamazakj 201Q Zeller,

2003. However, to better understand these values, the movements of the structures above
and below the hip may require attention and consideration.

Since it has been established that the pelvis typically moves in the opposite
direction of the weighbearing limb during the SLS, hip rotation data obtained relative to
the position of the pelvis may not accurately reflect the true direction of rotational
movement of the femur (i.e. relative to a global coordinate system), thus comparison of
the data both within and between different studies is somewhat difficult. Unfortunately,
while most of theaforementionedtudies examined hip rotation relative to pedvis,
only one also reported valuesp#lvis transverse rotatiat specific events of the SLS
(Graci 2012) Finally, one particular study provided a valuable perspective that may
assist in explaining why such a large range of hip rotation valusts éxithe SLS
literature. Willson and colleagues (2008) unexpectedly found values reflecting hip
external rotation in individuals who also exhibited knee valgus during the SLS, and
cautioned readers attempting to understapdotationkinematics reporekfor the SLS.
While it is known that knee valgus is, in part, a result of hip adduction and internal

rotation, the authors suggested that the hip rotation values observed in their study would
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likely be more accurate if the pelvis were somewhat more @mstr with regard to
transverse plane rotation, as it is with bilateral welggdring taskéWillson, 2008)

While several studies have controlled for squat depth of the SLS, others have not
in order to mimic a clinical situation. In the studies thatrditicontrol for depth, the
majority have found greater knee flexion in males (range;j 86387 to 89.5+ 6.2) than
females (range: 60.& 13.3 to 95.4+ 6.2)(Dwyer, 201Q Graci 2012 Weeks 2012
Whatman 2011 Yamazakj 201Q Zeller, 2003, with one study observing greater knee
flexion in female participant&eller, 2003) It has beemeportedthat females typically
display less normalized isometric torque in the knee flexors and hip extensors than males
(Willson, 2006) which couldexplain the generally decreased degree of knee flexion in
femalesreported by Zeller et al. (2003)

Knee valgus has been the most commonly studied kinematic variable in the SLS
in both healthy and injured populations due to its association withiAGty as well as
other lower extremity pathologies. Knee valgus is often a combination of internal rotation
and adduction of the femur coupled with lower leg abduction. Analysis of 3D knee
valgus kinematics in healthy participants has revealed a rar&yépt: 5.27 to 14.1+
8.8 for males, and 3.6% 4.58 to 12.4+ 9.10 for female¢Ageberg 201Q Claiborne
2006 Dwyer, 2010 Graci 2012 Nakagawa2012 Zeller, 2003. In addition to 3D
kinematic assessments of the SLS, 2D analysis has beéoyethps a less expensive,
faster, and clinically practical method for analyzing knakgus The most commmwoof
these, is the use of 2EPPA. Several studies have measured FPPA in healthy
participants. 2D FPPA values in healthy males and femalesaiaged from1.6; to

8.64 and 2.§ + 1.0 to 16.8+ 12.4 (positive numbers reflecting a more valgus position),
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respectively(Ageberg 201Q Bittencourt 2012 Munkh-Erdene 2011 Munro, 2012
Willson, 2006 Willson, 2008) Finally, varusvalueshave been shown tange from
6.48 + 4.45 to 16.p+ 15.1 of varus for males, and 3;852.78 to 14.1+ 11.5 for
femaleg(Bolgla, 2008 Claiborne 2006 Crossley 2011 Yamazakj201Q Zeller, 2003.
One study suggested that differenzepelvic width to femoral length ratios
observed in males and females may have predisposed females toward more extreme
FPPA values because they began the movement with a more valgus(ARIRAN,
2006) However, another study examined the differences in individuals with high and low
standing FPPA and found no significant differences of FPPA during thé/je®erg
2010) Furthermore, a study was conducted to examine the differences in 2D knee valgus
(also measured by pelvis width/femur length ratios) in individuals with high and low
guadriceps angles (@ngles), and found that-@hgle had no significant effect on the
amount of frontal plane knee movement observed in the(Bastanp2005) Therefore,
it is unlikely that greater standing FPPA values (i.e. static stance with a greater valgus
FPPA) in females caused the differences in frontal plane knee movement between sexes.
Differences in strength and neuromuscular control of proximal and local
stablizing musculature have also been studied with regard to knee valgus. One study
found that differences in hip abduction, knee flexion, and knee extension strength were
significant predictors dknee valgusluring the SLSClaiborne 2006) Moreover,
previous research observed that increased quadriceps and hamstring muscle strength was
associated with decreased frontal plane knee movement during the landing phase of a

drop jump(Hewett 199%). However, because these muscles have small abduction and

27



adduction moments, the authors speculated that teeroaction of these two muscles
may reduce varus and valgus movement via increases in joint compression and stiffness.

In addition to studie examining kinematics of the SLS, there have been numerous
studies that provide support for the use of the SLS as a valid clinical test of LPHC
function. Several studies have examined strength and muscle activity of trunk, hip, knee,
and ankle musculatuduring the SLS. Of particular interest has been onset and
amplitude of the gluteal muscles in injured populations as well as healthy populations
that display excessive frontal plane knee motion. One study found delayed onset of the
anterior fibers of thgluteus medius during the SLS in healthy individuals who were
rated by trained clinicians as OpoorO performers of the SLS, coupled with 29% lower hip
abduction strengt{Cowan 2009) In addition to the findings regarding hip abduction
strength, the authors of this study also found that individuals rated as OgoodO performers
had increased force production during a trunk side bridge. This study highlighted
valuable clinical implicationsegarding the use of the SLS as a veelited test for the
clinical environment. While many clinicians do not have access to sophisticated
equipment, it was concluded that the SLS was a functional task that could be used to
indicate hip and trunk muscl&ength when assessingrak persons or guide and
monitor treatments.

Additional studies have found similar results in regard to SLS performance and
hip strength. Two studies that examined hip muscle strength and average activation of the
gluteal muscle found that individuals who displayed greater peak hip internal rotation
exhibited a decrease in hip extension and abductor strength, but 64&6 gotiaation of

gluteus maximusactivity (Hollman 2014 Souza2009) It was thus speculated that these
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individuals may have been attempting to recruit a weak muscle (gluteus maximus) in an
attempt to control hip rotatiofsouza 2009) Furthermore, one study found that
participantsvho presented with increased trunk lateral flexion, hip adduction, hip
internal rotation, and knee abduction during the SLS, generated less peak eccentric hip
abduction and external rotation strength, as well as diminished activation of gluteus
medius and increased gluteus maxs activity(Nakagawa2012) Finally, in terms of
hip muscle weakness, the external rotators of the hip have been found to demonstrate
decreased strength in individuals who display medial knee displacement in studies
examining 2D kinematicMunkh-Erdeng 2011, Willson, 2006, providing additional
suppat for the use of the SLS as a clinical test of LPHC strength.

It is known that the lower extremity and LPHC are critical for both power
generation and support during dynamic upper extremity {@k&hart 200Q Kibler,
1995 Putnam 1993. However, very little has been examined specificallierms of the
SLSand upper extremity injury. It has been reported that the hips and pelvis provide over
half of the kinetic energy and forces associated with overhead athletic tasks such as the
tennisserve and overhead throwing motigfibler, 1995) Furthermore, one study found
decreased hip range of motion coupled with decreased hip abductor strength in nearly
half of the patients who sustained labral tears of the shoulder, indicating a significant
association between LPHC function and upper extremity irfBuykhart 2000)
Therefore, the SLS has been suggested as a clinical test to evaluate kinetic chain function
during the evaluation of individuals with upper extremity injuflebler, 2008)

Only one study has examined the SLS test in regard to dysfunction of the upper

extremity(Beckett 2014) This study employed video assessment of the SLS in
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preadolescent and adolescent baseball players to test functional gluteal and core strength
and its association with scapular dyskinesis. While scapular dyskinesis was present in
50% of the adolescent group and 25.9% of the preadolescent group, therévesssiiyn

poor performance of the SLS in both groups, with 0% of the preadolescent group and
only 13% of the adolescent group able to perform the SLS with no compensatory motions
in the frontal and transverse planes. While this could point to an assotiatiween

single leg squat performance and upper extremity dysfunction, it could also mean that the
participants in this studgimply lacked adequate control of the LPHC musculature and
were unable to perform the SLS. Howevapore research is neededji@ntify kinematic
values of SLS perfornmee in this population arekamine the association between SLS
performance and upper extremity dysfunction in other populations.

The use of the SLS as a clinical assessment of trunk, hip, and knee strength, and
overdl LPHC control has been shown to be both valid and reliable across several studies.
Studies that have examined kinematics, strength, and EMG indicate that decreases in
LPHC strength and neuromuscular control are often associated with compensations
observd in the trunk, pelvis, hips, and kndering the SLS. Of these compensations,
several are known risk factors associated with injury or kinetic chain dysfunction, making

the SLS a valuable tool for both researchers and clinicians.

Single-Leg Drop Landing
A similar, yet more dynamic functiahassessmemompared to the SLS, is the
singleleg drop landindSLDL) test The SLDL is commonly used by clinicians and

researchers to examine lower extrenaityl LPHC function due to it&keness to athletic
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movemats known to be associated wWAICL injury (Jacobs2007 Myer, 2015

Whatman 2013 Zazulak 2005. Like the SLS, the SLDL requires sufficient balance as

well as dynamic neuromuscular control and strength of the LPHC and lower extremity
musculature to perform the test with minimal movement deviation in the frontal and
transverse planes. Although muchtloé literature has focused primarily on ACL injury

and rehabilitation, many of the same kinematic variables examined for the SLS have been
described for the SLDL and show similar trends when compared to the SLS literature
presented earlier. In this sectjavailable kinematics for each segment will be described
briefly to provide information regarding trends in healpiayticipantduring the SLDL.

Trunk kinematics during the SLDL have only been described in one study and
were only examined in the sagitplane(Ali, 2013) In this study, the authors reported
sagittal plane trunk flexion means ranging from 17 £8.80 to 21.88+ 9.30.Previous
research on bilateral drop landing tasks has revealed that increasing trunk flexion causes
concomitant inaases in hip and knee flexion, coupled with decreased(BREkburn
2008 Blackburn 2009) While single and bilateral landing mechanics are different in
nature,it is reasonabléo anticipatahat a relatively decreased degree of trunk flexion
during landing is indicative of LPHC weakness or dysfunction.

Pelvis kinematics have only been reported in one studyaly in one plane
during the SLDL(Patrek 2011) The results of this study ye#d pelvis lateral flexion
values of 12.p+ 6.1 at initial contact, and 13.2 6.5 60 milliseconds after initial
contact in healthy female athletes. Although these data are from two specific time events
of the drop landing and cannot directly be comp&medaximum excursions previously

described for the SLS, it can be noted thelvis lateral flexiorduring both of these
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clinical assessments tends to occur in timesdirectionand that a great@elvis lateral
flexion angleduring the SLDLis an indicaor of LPHC weakness.

Hip flexion has been studied extensivelthe SLDL, and has yielded peak hip
flexion ranges from 21;3t 15.0 to 32.p+ 13.2 in males, and 23.p% 8.73 t0 61.2+
6.4 in femalegCoventry 2006 Jacobs2007 Kerzonek 2008 Myer, 2015 Oritz, 2008
Orishimq 2009. Studies examiningexdifferenceshave had mixed results, with two
studies reporting greater peak hip flexion in fem@eszonek 2008 Orishimqg 2009),
and one with greater hip flexion in mal@acobs2007) Furthermore, while these ranges
are quite large in magnitude, it should be noted that different methodologies exist
between studies in terms of height of the drop landing which may affect the observed
kinematic values for hip flexion values. For examptadies have required participants
to perform theSLDL from platforms 30cn§Orishimq 2009) 31cm(Myer, 2015) 40cm
(Oritz, 2008) and 50cn{Kerzonek 2008) while another required participants to hang
from a bar and drop from a height that corresponded with 80% of their maximum vertical
jump heght (Coventry 2006) Therefore, comparison of peak hip flexion angles between
some of these studies is difficult.

Hip adduction/abduction hdeen studied in the SLDliteratureprimarily due to
its association with ACL injury risk. Peak hip adductangles for males have ranged
from 3.9 £ 5.6 to 10.38+ 5.61, while females exhibit a slightly higher range of 487
5.04 to 12.49+ 6.93(Jacobs2007 Myer, 2015 Oritz, 2008 Orishimqg 2009 Yeow,
2017). Furthermore, onstudy found that females exhibited slightly greater peak hip
abduction during a SLDL task (6.4# 4.92 in females versus 122 6.95 in males)

(Kerzonek 2008) After a fatiguing protocol, males and females began to move in
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opposite directions, with nies displaying increased peak hip abduction-fatsgue, and
peak hip abduction decreasing by 40% in females.

Relatively few studies have provided valuesHmr rotationin a healthy
population One study reported 13.36 5.54 of peak hip internal @&tion in healthy
males(Jacobs2007) and three studies reported peak hip internal rotation values ranging
from 1.89 = 2.19 to 10.96+ 6.89 in healthy femaleg€lacobs2007 Oritz, 2008 Myer,
2015)Furthermore, females with ACL reconstruction displayed increased hip internal
rotation on the affected limb when compared to the uninjured®idiz, 2008) Only
one study has reported hip external rotation, with a range betwgenX8 and 6.6+
6.9 in healthy young femaléMyer, 2015) This study showed side to side differences in
the degree of peak hip external rotation in females, with the dominant leg exhibiting
slightly greater hip external rotation values.

Due tothe association betweemtding mechanics and ACL injury, the knee has
been the most frequently studied segment in SLDL literg@Cogentry 2006 Jacobs
2007 Kerzonek 2008 Kiriyama, 2009 Myer, 2015 Nagang 2009 Oritz, 2008
Orishimq 2009 Schmitz 2007). Although the use of different methodologies and drop
heights must be borne in mind, healthy males tend to display higher peak knee flexion
angles (42.04+ 8.79 to 67.24+ 11.79) than females (3938 13.75 to 64.i/+ 6.3).
While the majority of the stlies that included both male and female participants reported
higher peak knee flexion values in mal€sventry 2006 Jacobs2007 Kerzonek
2008 Orishimqg 2009 Schmitz 2007, one study reported greater knee flexion at the
event of footcontact in females compared to males both @né postfatigue(Brazen

2010) Finally, it has been reported that decreased knee flexion during-ggdending
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was associated with increased vertical GR&rzonek 2008 Wikstrom, 2006) This
provides further evidence that a decreased degree of maximum knee flexion is indicative
of LPHC weakness or dysfunction.

Knee valgus has been reported in previous literdtoedes: 0.97+ 4.11 to 7.29
+ 4.51; females: 3j4t 11.2 to 9.89+ 5.34) as has varugnales: 1.4+ 0.3 to 15.26+
9.41; females: 1j6t 0.3 to 3.86 + 5.15) during a SLDL tas{Brazen 201Q Jacobs
2007 Kerzonek 2008 Kiriyama, 2009 Myer, 2015 Nagang 2007 Orishimg 2006
Oritz, 2008 Russel] 2006. Results of these studies have suggested that the loss of
frontal planecontrol of the knee, regardless of ca(ise sex LPHCdydunction, etc.)is
the primary contributor to ACInjury (Brazen 201Q Jacobs2007 Kerzonek 2008
Oritz, 2008 Russel] 2006. Finally, peak tibial rotation in females has generally been
reported to be higher for both internal and external rotation in females (internal rotation:
10.7 £ 3.2 to 13.7£ 9.1, external rotation: 3.8% 5.35 to 5.6¢+ 5.18) than in males
(internal rotation9.4; £ 0.9 to 10.1 + 5.5; external rotatiarB.72 + 2.67)(Kiriyama,

2009 Myer, 2015 Nagang 2007 Oritz, 2008.
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Clinical Tests of Scapular Function

Optimal function of the upper extremity depends heavily on the ability of the
scapula to act as a link for the transfer of forces derived from the lower extremity and
core(Kibler, 2009) Furthermore, safe and effent movement of the shoulder complex
requires a balance between the optimum amount of mobility to accommodate its wide
range of motion, while maintaining an adequate amount of stability provided by the
scapular stabilizing musculatuf@truyf, 2012) Due to the demands placed on the
glenohumeral (GH) jointhis balance is often lost, resulting in the high prevalence of
shoulder pain and dysfunction in athletic and-atmretic populationgLuime, 2004
WalkerBoneg 2004) Therefore, a sufficient understanding of normal and abnormal
scapular function is crucial for both researchers and clinicians.

Normal scapular motion during arm elevation consists of upward rotation,
posterior tilt, and retractiofLopes 2015) This is achieved by the cooperative activation
of the scapular stabilizing musculature, acting as a force couple to facilitate proper
positioning of the sapula in relation to the thoraand in turn, the proper positioning of
the humerus in relation to the sa#p(Yamauchj 2015) For example, during arm
elevation and upward rotation of the scapula, the upper trapezius (UT), serratus anterior
(SA) perform elevation and protraction, respectively, and the middle trapezius (MT) and
lower trapezius (LT) resist trections of UT and SA, thereby maintaining the position of
the scapula by creating an axis about which the scapula can rotate during arm elevation
(Figure 1)(Cools 2007) Failure of these muscles to appropriately activate leads to
inadequate scapularavements and positions, known to be associated with shoulder

dysfunction and paifCools 2007 Ludewig 2009)
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Figure 1: Force couple of upper trapezius (UT), lower trapezius (LT), and serratus
anterior (SA) performing upward rotation of the scapula during arm elevation.

The alteration of scapular motion has been termed scapular dyskinesis, and
signifies a loss of normakapular contrglKibler, 2009 Kibler, 2013) The appearance
of the scapula in individuals with scapular dyskinesis has been identified as increased
protraction, anterior tilt, and inadequate acromioclavicular elevétiogpes 2015)
Although dyskirsis itself is not an injury, nor is it directly related to any specific
shoulder pathology, it has been identified in populations with shoulder impingement
(Hebert 2002 Laudner 2006 Lin, 2005 Ludewig 2000 McClure, 2006) rotator cuff
tendinopathy(Lin, 2005 Mell, 2005) rotator cuff tear¢Deutsch 1996 Mell, 2005
Paletta 1997, andGH instability (lllyes, 2006 Ogston 2007, Ozaki, 1989 Palets,
1997 von EisenharRoth 2005. Due to the association between scapular dyskinesis and
the vast majority of shoulder injuries, it has been suggested that the management of
shoulder pathology should include evaluation and restoration of normal scapular

movement and kinetic chain functi@ibler, 2003 Kibler, 2008)
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Several clinical assessment methods have been developed for the identification of
scapular dyskinesis, however the current recommendation is the use of visually assessed
dynamic scapular dyskinesis tests (SKibler, 2013) The current method of
performing the SDT was first developed by Kibler and colleagues (2002), and has since
been refined. The original SDT consisted of a visually based classification system for
scapular dysfunction that defined three differenes/pf scapular abnormalities during
weighted abduction and scaption: ty@@ihferior angle prominence (tilting), typef
medial border prominence (winging), type lll excessive superior border elevation, and
normal symmetrical scapular motion was coaegd type IM(Kibler, 2002 Struyf,

2012) However, results from the initial study yielded less than satisfactoryratea

(kappa coefficient = 0.5) and inteater reliability (kappa coefficient = 0.4), and the

authors suggested that while the obagon of scapular tilting or winging of the scapula
during movement is a clinically applicable tool, the test requiredificationbefore its
widespread use as a standard for identification of dynamic scapular dysfunction patterns
(Kibler, 2002 Struyf, 2012)

The SDT was further developed by McClure et al. (2009), who determined that
reliability was improved when the scapula was not rated and differentiated into the
specific movements of tilting or winging. Instead, the authors classified scapulanmoti
as normal, subtle dyskinesis, or obvious dyskinesis, with excessive protraction or
elevation, norsmooth or stuttering motion during arm elevation or lowering, or rapid
downward rotation of the scapula during arm lowering indicating the presence wiscap
dyskinesis. In this version of the SDT, subtle dyskinesis was described as a mild or

guestionable evidence of abnormality which was not consistently present, and obvious
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dyskinesis was defined as striking, clearly apparent abnormality, evidenteastathree

of five trials of arm elevation and loweririlyicClure, 2009) This described rating

system by McClure et al. (2009) achieved a satisfactory level of clinical reliability.
Furthermore, a followup study examining 3D scapular kinematics in irglinals rated as
having subtle or obvious dyskinesis showed distinct alterations, further supporting the
validity of this methodTate 2009) However, because there is no particular aspect of
scapular dyskinesis (winging, tilting, or dysrhythmic motiom ttorrelates with any one
specific shoulder pathology, the test was modified again to reflect the current
recommendation for the SDT, which simply states whether scapular dyskinesis is present
or absen{Uhl, 2009)

The currently accepted adaptatiortlod dynamic SDT was developed by Uhl and
colleagues, and uses a classification system that consists of a Oyes/noQO rating for the
presence of scapular dyskineg@igl, 2009) In this test, a rating of OyesO is considered as
the presence of one or more of the first three types of KiblerOs rating system-or a non
smooth, stuttering, or rapid movement of the scapula, and a rating of OnoO being normal
scapular motion during forwahoulder flexion and return from full flexidiigure 2)

The use of the Oyes/noO method for identifying scapular dyskinesis yielded a high
specificity (79%) and high predictive value (74%). Furthermore, when compared to
KiblerOs foutype rating systenthe Oyes/noO method for identifying scapular dyskinesis
was considered to be more reliable and acceptable for clinicAUbs€009) While

there have been many other suggestions for the identification of scapular dyskinesis, the
Oyes/noO method for kxaing scapular function is currently recommended, and

therefore is the most widely used clinical assessment.
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Figure 2: Left: Normal scapular positioning during arm elevation. Right: Medial border

prominence during arm elevation, indicating the presence of scapular dyskinesis.
Although scapular dyskinesis itself is not considered an injury, it has been

reported to be peent in 67100% of shoulder injuries, including subacromial

impingement syndrome, rotator cuff strains and tears, labral tears, and shoulder instability

(Hebert 2002 lllyes, 2006 Kibler, 2013 Kibler, 2016 Ogston 2007 Paletta1997).

With such a strong association between scapular dyskinesis and shoulder pathologies,

valid and reliable tests of scapular function are essential for clinicians throughout the

evaluation and rehabilitation process.
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Summary

Scapular dyskinesis ibé visually identified alteration or loss of control of
scapular movement. Scapular dyskisds not considered an injuiiiself, however it has
been found that scapular dyskinesis is present in nearly all individuals with shoulder
injuries. Therefore,lmicians are encouraged to evaluate all patients with shoulder pain
for the presence of scapular dyskinesis before implementation of a corrective plan.
Currently, the recommended method of testing for scapular function is the visually
assessed SDT. The $@onsists of viewing scapular position and motion while the
patient performs humeral elevation and lowering in either the samittabpulaplane.
Scapular dyskinesis is noted present if excessive scapular protraction or elevation are
present, the medl border or inferior angle protrudes from the rib cage, or if there is a
nonsmooth, stuttering motion of the scapula during arm lowering or elevation.

Clinical tests of LPHC function offer timand costefficient methods for
identifying kinetic chain lanormalities at multiple segments, and thusvataableto
clinicians during the evaluation process. One commonly used assessment of LPHC
function is the SLS. The SLS has been studied extensively and is widely recognized as a
valid predictor of lower exéimity and LPHC function. Previous literature has displayed
that increased trunk, pelvis, hip, and knee motion in the frontal and transverse planes
during the SLS is indicative of LPHC dysfunction.

A second test, similar to the SLS in physical demand aachth\kinetic chain
function is the SLDL. In contrast to the SLS, relatively few studies have described the
use of the SLDL explicitly in regard to LPHC function. Instead, the vast majority of these

studies have examined the SLDL directly in terms of AQjury. Despite differences in
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how these tests have been examined in previous literature, the SLS and SLDL share
similar physical requirements of balance, strength, and neuromuscular control while on a
singlelimb base of support. Accordingly, both testbde similar kinematic trends,

allowing researchers and clinicians to draw parallels between the SLS and SLDL in
regard to LPHC function. Additionally, the more dynamic nature of the SLDL may
provide additional insight into LPHC dysfunction that is legsaa@nt in the SLS.

Although these tests have been widely studied and utilized to detect lower
extremity injury risk, they may also have practical clinical implications for the upper
extremity. A growing body of literature has suggested functional assetssai¢. PHC
and kinetic chain function during the evaluation of upper extremity pain and injury, but
there are currently no data to support this claim. However, there is evidence to support
the association between shoulder injury and quantitative meagwesiC function,
such as hip range of motion and strength. Therefore, the suggestion to utilize clinical tests
of LPHC may, in fact, be beneficial during the evaluation of shoulder injuries, but the

association between the two is still unclear.
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CHAPTER Il

METHODOLOGY

The objective®f the current research studyneeas follows: (1) to examine the
association between scapular dyskinesis and kinematics during the SLS and SLDL; and
(2) to determine if any movement compensations during theaBUSLDL have a
greater prevalence in individuals with scapular dyskinesis. This chapter describes the
methodology to be used to address these objectives. Methodology has been divided into
the following subsections: (1) participants, (2) setting, (3)unséntation, (4)

procedures, (5) data analysis and experimental design.

Participants

A power analysis was conducted (effect size = 0.72, alpha = 0.05, power = 0.80)
with G*Power v3.1.9.2. for Window@geberg 2010 Faul 2007 Nakagawa2012)
The pwer analysis indicated that a total of 64 participants (32 per group) would be
required to demonstrate significance. In order to qualify for participatitms study,
individuals needed to deetween the ages of -BD years, physically activatleast30
minutes of moderate to vigorous physical activity 8ays per wegkhave no lower
extremity injury within the 6 months prior to data collection, have no shoulder surgery

within the past 12 months prior to data collection, and have no limitationsdioét
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inhibit them from performing th8DT, SLS or SLDL assessmentsakh participant
signedan informed consent document approved by the Auburn University Institutional

Review Board prior to any testing or implementation of data collection procedures.

Setting
All testing and data&ollection procedures togiace in a controlled laboratory
setting inside the Sports Medicine & Movement Laboratory located on the Auburn
University campus. This location containdte necessary space and equipment required

to conduct the current study.

Instrumentation
Scapular Dyskinesis Test
The SDT wadilmed using a Casio HS EKH25 camera (Casio?, Casio
Computer Co., Shibuya, Tokyo, Japan) for later anabysibe rater. The camera was
placed posterior to thearticipant at a distance off2 The camera lens wasljusted so
that the posterior view includeheupper trunk, shoulderand elbows through the full

range of motion similar to previously used meth@dsClure, 2009)

Single Leg Squat and Single Leg Drop Landing Kinematics

All kinematic data wereollected using an electromagnetic tracking system
(trakSTAR?, Ascension Technologies, IncBurlington, VT, USA synched with The
MotionMonitor? (Innovative Sports Training, Chicago, IL, USA)Figures 34, and 5)

The electromagrie tracking system that wassed in the current study has been
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previously validated for measuring trunk, pelvis, hip, and knee kinematics during the SLS
and has yielded high reliability (within session inttass correlationaefficient (ICC):

0.94; minimal detectable change (MDC): i3.detween session ICC: 0.91; MDC: 4.3
(Nakagawa, 2014Field distortion associated with electromagnetic tracking systems has
been shown to be the cause of error in excess aff & distance offd from the extended
range transmittgfDay, 2000) However, instrument sensitivity increases have reduced

this eror from approximately 1j0prior to system calibration to as low gsf@llowing
calibration(Meskers 1999 Day, 200Q Perie 2002) Therefore, prior to data collgeon,

the system wasalibrated using previously established techniqiveskers 1999 Day,

200Q Perig 2002 Oliver, 2010 Keely, 2012 Oliver, 2013) All kinematic data

describing the position and orientationebéctromagnetic sensors wasorded at a

sampling rate of 100 H&Keely, 2012 Nakagawa2012 Nakagawa2014 Oliver, 2013)

A 40 cm x 60 cm noftonductive Bertec? force plate (Beec Corp., Columbus, OH,

USA) was built into the surface on which &indings during the SLDL weigerformed.

Force data will only be used to measure the instance of foot contact during the SLDL and

will be sampled at a rate of 1000 Hz.
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Figure 3: trakSTAR? electromaneti tracking system.

Figure 4: Flock of Birds? electromagnetic sensors.
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Figure 5: The Motion Monitor2 3D motion capture system.

Procedures

Scapular Dyskinesis Test Protocol

Each participant waimed from a posterior view while performing 5 weighted
repetitions of the SD{Figure 6) Sgecifically, participants wermstruded to begin in a
standing position with their arms at their sides and elbows extended, and perform 5
repetitions of shoulder flexion and return from flexion, at a steady pace (approximately 3
seconds from start to full shoulder flexion, and 3 secondsfintbrflexion to the starting
position without pausing at the end ranges ofiom) while holding 3lbweights(Kibler,
2013 Struyf, 2012 Uhl, 2009. The videos wresaved oraboratory computeand
viewed by a single rater to sep# participants twgroups: (1) Oscapular dyskinesis,O or
(2) Ono scapular dyskinge®. Scapular dyskinesis was considered present if theranwa

visible scapular winging (inferior angle or medial border prominence), excessive superior
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border elevation, or a nesmooth, sittering motion of the scapula during arm elevation

or lowering of either scapul&ibler, 2013 Uhl, 2009.

Figure 6: Scapular dyskinesis test protocol

Single Leg Squat and Single Leg Drop Landing Protocols

Participants had series of 6 electromagtic sensors (Track Star, Ascension
Technologies Inc., Burlington, VT, USA) attached at the following locations: [1]
posterior aspect of the torso at the first thoracic vertebra (T1), [2] posterior aspect of the
pelvis at sacral vertebra 1 (S1);4Blateral aspect of each femur, centered between the
greater trochanter and the lateral condyle of the fem@i [&teral aspect of each shank,
centered between the head of the fibula and the lateral mal{Eajuses7 and §

(Keely 2012 Nakagawa2012 Oliver, 2010.
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Figure 7: Sensor placement

All sensors weraffixed to the participantOs skin using PowerFlex cohesive tape
(Andover Healthcare, Inc., Salisbury, MA, USA) to ensure secure senor placement
throughout testing. Following application of the sensors, a seventh moveable sensor,
attached to a plastic stid, wasused for the digitization of bony landmarks. A link
segment moddFigure 8)wasdeveloped by digitizing joint centers for the ankle, knee,
hip, T12L1, and C#T1. To guarantee accurate bony landmark idieatibn, participants
stoodin anatomicaheutral during the digitizatioprocess. Joint centers weletermined
by digitizing the medial and lateral aspect of a joint, then calculating the midpoint
between those two point$id ankle and knee joints wetefined as the midpoint
between the digited medial and lateral malleoli and medial and lateral femoral
condyles, respeiekly; the spinal column wadefined as the digitized space between C7
T1 and T12L1; and a rotation method, validated for providing accurate positional data,

wasused to esthate the hip joint centefsluang 201Q Keely, 2012 Leardini, 1999
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Nakagawa2012 Oliver, 2010 Wu, 2002 Wu, 2005) Thejoint center for the hip was
calculated from the rotation of the femur tela to the pelvis, and consistefithe
investigator stabilizing the joint, thengsavely moving the limb into tedifferent
positions in a small, circular pattefiduang 201Q Leardini 1999 Nakagawa2012)

Raw data regarding sensor position andraion wadransformed to locally
based coordinate systems for each of the respective body segments. The taigikisli
of each segment waspresented by two points, and a third parasused to define the
plane of the segmefitiolt, 2015 Oliver, 2013. Forthe global axes, theositivey-axis
represerdgdthe verti@l direction, theositivez-axis washorizontal and to the right ofeh
y-axis, and th@ositivex-axis wasanterior and orthogonal to the plane defined by the y
and zaxes(Figure 8) Positionand orientabn of the body segments wdsscribed using
Euler angle decomposition seaquaes, and kinematic data walstained using Euler angle
sequences consistent with the International Society of Biomechanics standards and joint
conventiongWu, 2002) Specifially, the ZXOYO sequence wasd to describe knee,
hip, pelvis, and tink motion. All raw data wenadependently filtered along each global
axis using a % order Butterworth filter with a cutoff frequency of 13.4 {@iver, 201Q
Oliver, 2013) All data weretime stamped through The MotionMonitor? (Innovative
Sports Training, Chicago, IL, USA) and passively synchronized using a data acquisition

board.
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Figure 8: Link segment model created from digitized endpoints and local and global
axes.

Following sensor attachment and digitization, pgéints weregiven instructions
for the SLS and &wed to practice until they wemmfortable with performing the task
bilaterally. Participants wermstructed to stand on2bcmstep positioned dectly
posterior to the force platform with the test limb aligned with the global coordinate
system (marked by a line on the step), cross their arms over their chest, and squat down
on the test limb until the heel of the contralateral foot lightly toutthe$orce platform,
and return to the upright starting position without pausing at the béigure9). The
SLS test waperformed at a tempo dfsquat per 3 seconds from a@bstep to
normalize temporal propertiemdsquatdepth in a manner that mimickactlinical
situation(Ageberg 201Q Hollman 2014 Pantanp2005 Souza2009 A maximum of
seven attempts were allowed for each leg. If the participant could not complete three
successful repetitions in seven adattempts, the participant was excluded from the
study. Three successful trials weeeorded for each leg and saved for subsequent

analysis.
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Figure 9: SLS protocal

For the SLDL, participants werastructed testand on their left leg on a 83
step positioned 10ciposterior to the force platform, cross their arms over their chest, and
drop land oroneleg without jumping Figure10) (Kiriyama, 2009) This procedure was
performed bilaterallyParticipants werallowed to practice the SLDL uhthey were
comfortable with performing the ta®n each leg. The trial wasnsidered sccessful
when the participant vgaable to land without having to put the opposite foot down or
remove their hands from their chest to regain bal@itceyama, 2009 Patrek 2011) A
maximum of seven attempts were allowed for each leg. If the participant could not
complete three successful repetitions in seven or less attempts, the participant was
excluded from the studyrhree successful trials werecorded for each leg and saved for

subsequent analysis.
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Figure 10: SLDL protocol.

Data Analysis and Experimental Design

All statistical analyss for the current study weperformed using IBM SPSS
Statistics 24 software (IBM corp., Armonk, NY) with an alpha levetigeiori at ! =
0.05. All data wereompiled in a spreadsheet using Microsoft Excel to prepare for
statistical analysidDescriptive statistics wealculatedor the demographics of all
participants. Fothe SLS, kinematic data weegpressed as the maximum excursion
throughout the entire movement (from start of descent phase to end of ascent phase when
the participant returned to an upright sinlglg standig position), and fothe SLDL,
kinematic data werexpressed as the maximum excursion between the time when the
participants foot made contact with the force plate and the instant the participant returned
to a balanced, upright singleg standing positiariFoot contact was identified as the
instant at which the vGRF exceeded 1Bng 2011) Maximum excursion data were
averaged across all three trials of the selected leg for the SLS and Balihe

OdyskinesisO group, the leg contralateral to theeaffecapula was selected for
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kinematic analysidn thecontrolgroup, participants wematched fosexand test limb
dominancewith participants in thedyskinesi© groupAll kinematic data wereeduced
using The MotionMonitor? software,and the kinematic variables examined for the SLS
and SLDL were trunk flexion, lateral flexion, and rotation; pelvis lateral flexion and
rotation; hip flexion, adduction/abduction, and rotation; knee flexion and valgus.

To satisfy the first objectiveRQ1) of the current study, series of onavay
multivariate analyss of variance (MANOVAS) weremployed to determine the
maximum excursion from neutral (absolute valoifrunk, pelvis, hip, athknee
kinematicsduring the SLS and SLDL we significatly different in participants with and
without scapular dyskinesis. For all MANOVAs used in the current sthdy,
independent variable wagoup (OdyskinesisO or Ono dyskinesisQheaddpendent
variables wer&inematic values associated with eachctionaltest. Separate
MANOVAs wereperformed for (1}he trunk (flexion, lgeral flexion, and rotation), (2)
pelvis (lateral féxion and rotation), ()ip (flexion,adduction, and rotation), and (4)
knee (flexion and valgus) for the SLS and SLDL tasks. For the trunk, two separate 2
(group) x 3 (maimum excursion) designs weused to analyze kinematics of the SLS
and SLDL, with trunk flexion, trunk lateral flexion, and trunk rotation used as the
depardent variables for each. Two separate 2 (group) x ifnuen excursiohdesigns
wereused to analyze the pelvis kinematics of the SLS and SLDL, with pelvis lateral
flexion and pelvis rotation serving as the dependent variables for eaclsepaate 2
(group) x 3 (maimum excursiohpdesigns weresed to analyze hip kinematics during the
SLS and SLDL, with hip flexion, hip adduction, and hip rotation used as the dependent

variables for each. Finally, two separate 2 (group)m&imum excursiohdesigns
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wereused to analyze the knee kinematics of the SLS and SLDL, with knee flexion and
knee valgus used as the dependent variables for leaamiy MANOVA where the
independent variable of group had a significargafbn the dependent variables,
separate-testswereconducted on each dependent variable as a fallpwest to

MANOVA. Additionally, in any statistical procedure where a dependent variable was
significantly different between groups, but violated theiaggion of equality of error
variances (i.e. p < .05 for LeveneOs Test of Equality of Error Variantesjependent
samples-test with equal variances not assumed was used as a-fglloest to determine
whether the dependent variable was in factiSaant.

To satisfy the second objecti(i@Q2) of this study, a series MANOVAs was
conducted to determine whether the common compensations of trunk lateral flexion,
trunk rotation, pelvis lateral flexion, hip adducti@mdhip rotation weresignificantly
greater in the OdyskinesisO group during the SLS and SLDL. Sepalyggesawere
conducted for the (Zyunk (lateral flexion and rotation), (Pelvis (lateral flexiorand
transverse rotation), and (Bp (adduction and internal rotatiofor the trunk, two
separate 2 (group) x(positional kinematigsdesigns were employed to analyze
kinematics of the SLS and SLDL, with group as the independent variable and trunk
lateral flexion and rotation as the dependent variables.separate 2 (group) x 2
(positional kinematicgsdesigns were employed to analyze pelvis kinematics during the
SLS and SLDL, with group as the independent variable and pelvis lateral flexion and
transverse rotation as the dependentées. Two separate 2 (group) xgdsitional
kinematicg designs were used to examine differences in pelvis kinematics during the

SLS and SLDL, with group as the independent variable and hip adduction and internal
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rotation as the depeedt variables. Finally, two separate emay analyses of variance
(ANOVASs) were employed texamine differences in the degree of knee valgus during
the SLS and SLDL, with group as the independent variable and the maximum degree of
knee valgus as the depemd variable for each.

In any MANOVA where the independent variable of group had a significant
effect on the dependent variablssparate-testswereconducted on each dependent
variable as a followp test to MANOVA. Additionally, in any statiical procedure
where a dependent variable was significantly different between groups, but violated the
assumption of equality of error variances (i.e. p < .05 for LeveneOs Test of Equality of
Error Variances), mindependent samplegdst with equal vaances not assumed was
used as a follovup testto determine whether the dependent variable was in fact

significant.
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CHAPTER IV

RESULTS

The purposes of this research were: (1) to examine the association between
scapular dyskinesis amdaximumexcursionof kinematics during theingleleg squat
(SLS) andsingleleg drop landing$LDL) (RQ1), and (2) to determine if arof the most
common meement compensations during the SLS and SLDL have a greater prevalence
in individuals with scapular dyskinegRQ2). This chapter presents the result of the
current study, and is divided into the following sections: (1) participant demographics, (2)

SLSresults, and (3pLDL results
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Participant Demographics
Sixty-seven participants were recruited for the current study. Of the original 67,
one was excluded becausecould not complete the SLDL task in less than seven
attempts, and twarere excluded due to their respective groam filled based on SDT
test resultsin total, 64 participant&2 per groupyvere included in the study. Separate
paired samplestests were conducted to determine whether there were any significant
differences in age, height, or mass between gradpsults revealed no significant

differences between grougarticipant demgraphics are presentedTiable 1

Table T Summary of participant demographics.

Group n Age (years) Height (cm) Mass (kg)
No Dyskinesis 32 23.03+£3.25 174.62+10.40 74.19+16.20
Dyskinesis 32 225+ 3.15 178.37 £ 8,55 74.78 + 15.95
Total 64 22.77 £ 3.17 176.49 + 9.59 74.33 +£15.88

Single-Leg Squat

In attempt to understand differencesSinS kinematics between individuals with
and without scapular dyskinesis, a series ofwag MANOVAs was conducted on the
different kinematic parameters with an alpha levelgetori at ! = .05. The first set of
statistical proceduremmed to examineifferences ilmaximum excursion dfl) trunk
kinematics in all three planes of motifffexion/extension, lateral flexion, and rotatipn)
(2) pelvis kinematics in the frontal and transverse pléaésral flexion and rotation)3)
hip kinematics in allliree planes of motiofflexion/extensionadduction/abduction, and
internal/external rotationand (4) knee kinematics in the sagittal and frontal planes

(flexion/extension and valgus/varu$hese results are indicated by the label ORT#O.
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second sedf statistical tests aimed to examine differences in the specific kinematic
values of (1) trunk lateral flexion and rotation, (2) pelvis latieaion and rotation(3)
hip adduction and internal rotation, and (4) knee valgus. For this set of statistical
procedures, absolute values were not used in order to exdiffi@rences in
compensations that are most commonly assessed clinith#ge results are indicated
this chapteby the label ORQQand are referred to as Opositional kinematfesCall
statistical procedures, the independent varighiep consisted of individuals with

dyskinesis and individuals without dyskinesis.

SLS Practice and Trial Attempts
Separate paired sampletests were conducted to determine whether there were
any diffelences in the number of practice attempts and trial attempts between groups.
Results revealed no significant differences between groups. SLS practice and trial
attempts are presented in Table 2.
Table 2: Number of practice attempts and trial attemptsafcin group.
SLS Practice Right  SLS Practice Left SLS Trials Right  SLS Trials Left

Control 3.09+1.35 2.84+1.25 3.41 +.80 3.38 £ .49
Dyskinesis 297 +1.18 3.09 £ 1.20 3.28 £ .63 3.34 + .55

Maximum Excursion Trunk Kinematics (RQ1)

A 2 (group) x 3 (maximum excursion trunk kinematideyignwas used to
analyzemaximum excursiotrunk kinematics in all three planes of motion. The
dependent variables of trunk flexion, lateral flexion, and rotation were obtained as the

maximum excursiothroughout the entire SL¥he null hypothesis was rejected given
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the signficant interaction of groupWilksQ': F(ze0)= 3.137p = .032, #=701].

Univariate followup testing revealed that trunk rotation was significantly greater in the
dyskinesis groupH,62)= 6.605p = .013, # = .716]Levene0s statistic revealed that the
error variances were significantly differept< .014) Therefore, adllow-up

independent samplegdstwas conductedith equal variancesotassumegconfirming

that trunk rotation was significantly different between grougs £ -2.57Q p = .014].
Means and standard deviations are presented in TaBled@nprehensive list of

statistical results pertaining to trunk &matics is presented in Appendix C.

Maximum Excursion Pelvis Kinematics (RQ1)

A 2 (group) x 2 (maximum excursion pelvis kinematics) design was used to
analyzemaximum excursiopelvis kinematics in the frontal and transverse planes. The
dependent variables of pelvis lateral flexion and pelvis rotation were obtained as the
maximum excursion throughout the entire SMBANOVA results indicated that there
wereno significant differences in pelvis kinematics between groapik 0 : Fo61)=
2.907 p = .062, # = .136. These results suggest that thaximum excursioof pelvis
lateral flexion and rotation were similar between groiyisans and standard deviations
are presented in Table 8.comprehensive list of statistical results pertaining to pelvis

maximum excursioinematics is presented in Appendix C.
Maximum Excursion Hip Kinematics (RQ1)

A 2 (group) x 3 (maximum excursion hip kinematics) design was used to analyze

maximum excursiohip kinematics in all three planes of motion. The dependent
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variables of hip flexion, adduction/abduction, and internal/external rotation were obtained
as the mximum excursion throughout the entire SI8e null hypothesis was rejected

given the significant interaction of groupVjlksQ': Fi3 60)= 3.137,p = .0186, #=.0817.
LeveneOs statistic revealed that the error variances were significantly differedd4).
Therefore adllow-up independent samplesestwas conductedith equal variances not
assumegdandconfirmed that hip rotation was significantly different beém groupst{sz)
=-2.776 p = .008].Means and standard deviations are presented in TaRle 3.
comprehensive list of statistical results pertaining to trunknkatees is presented in

Appendix C.

Maximum Knee Kinematics (RQ1)

A 2 (group) x Amaximum excursion knee kinematics) design was used to
analyzemaximum excursionee kinematics ithe sagittal and frontal plan€bhe
dependent variables of kn#exion and knee valgus/varugere obtained as the
maximum excursion throughout the entire SMBANOVA results indicated that there
were no significant differences kmeekinematics between group@/[lksO': Fz61)=
2.399 p = .099 # = .159. These resudt suggest that theaximum excursioof knee
flexion and knee valgus/varugere similar between groupgleans and standard
deviations are presented in TabléAZzomprehensive list of statistical results pertaining

to kneemaximum excursiokinemaics is pesented in Appendix C.
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Table 3: Means and (SD) of maximum excursion kinematics for thekdh&mnatics are
expressed in degrees.

SLS (RQ1) Dyskinesis Control
Trunk Flexion 13.08(3.85) 12.05(5.53)
Trunk Lateral Flexion 6.94(2.78) 6.04(2.12)
Trunk Rotatiort 11.09(3.28) 9.04(3.09)
Pelvis Lateral Flexion 9.49(2.17) 7.89(3.02)
Pelvis Rotation 13.46(5.73) 13.03(7.13)
Hip Flexion 65.19(13.24) 70.71(12.14)
Hip Adduction/Abduction 22.45(6.12) 20.69(6.94)
Hip Rotation* 9.59(4.40) 6.79(3.02)
Knee Flexion 86.32(7.81) 90.09(6.59)
Knee Valgus/Varus 12.86(6.15) 11.18(4.67)

*Statistical significance (p<.05).

Trunk Kinematics (RQ2)

A 2 (group) x 2 positionaltrunk kinematics) design was used to analyze
positionaltrunk lateral flexion and rotatickinematics The dependent variables of trunk
lateral flexion and rotation were obtained as the maximum excursion throughout the
entire SLSThe null hypothesis was rejected given the significant interaction of group
[WilksO': Fpe1)=4.478,p = .015, # = .746] Univariate followup testing revealed that
trunk rotation was significantly greater in the dyskinesis grasy¥ -2.929 p = .009,
and occurred in the direction ipsilateral to the liegh. Means and standard deviations
are presented in Table A.comprehensive list of statistical results pertaining to trunk

kinematics is presented in Appendix C.
Pelvis Kinematics (RQ2)

A 2 (group) x 2 positionalpelvis kinematics) design was used to analyze

positionalpelvislateral flexion and rotation kinematicBhe dependent variables of

61



pelvis lateral flexion and pelvis rotation were obtained as the maximum excursion
throughout the entire SLMANOVA results indicated that there were no significant
differences in pleis kinematics between groupB,61)= 1.040,p = .360, #=.033.

These rsults suggest that pelvis lateral flexion and rotation were similar between groups.
Means and standard deviations are presented in TaBleamprehensive list of

statistical results pertaining to pelvisximum excursiokinematics is presented in

Appendix C

Hip Kinematics (RQ2)

A 2 (group) x 3 positionalhip kinematics) design was used to analyze hip
adduction and hip internal rotation in individuals with and without scapular dyskinesis.
The dependent variables of hip adduction and hip internal rotation were obtained as the
maximum excursion throughoutetlentire SLSMANOVA results indicated that there
were no significant differences in hip kinematics between grpwiiksO': Fpe1)= .437,

p = .648, #=.014. These results suggest the degree of hip adduction and rotation was
similar betweergroups.Means and standard deviations are presented in Tahle 4.
comprehensive list of statistical results pertaining to trunk kateshis presented in

Appendix C.

Knee Kinematics (RQ2)
ANOVA was used to analyzeositionalkneevalgusduring the SLS. The dependent
variable of knee&valguswas obtained as the maximum excursion throughout the entire

SLS. The null hypothesis stated that there was no significant difference in the maximum
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degree of knee valgus between individuals with scapular dyskinesis and individuals
without scapular dyskirsts. Univariate followup results indicated that there was a
significantly greater degree of knee valgus in the dyskinesis greyg[2.146 p =

.036] Means and standard deviations are presented in Talledmprehensive list of
statistcal results pertaining to kn@eaximum excursiokinematics is presented in
Appendix C.

Table 4: Means and (SD) for positional kinematics during the Blrfématicsare
expressed in degrees.

SLS (RQ2) Dyskinesis Control
Trunk Lateral Flexion -4.29(6.38) -4.48(4.38)
Trunk Rotatiort* -10.12(6.56)  -6.85(7.77)
Pelvis Lateral Flexion 9.24(2.34) 8.30(3.31)
Pelvis Rotation -13.46(5.73)  -13.03(7.13)
Hip Adduction 22.45(6.12) 22.93(8.20)
Hip Rotation -0.10(11.73)  2.14(8.72)
Knee Valgus 12.49(9.62) 7.07(10.54)

Trunk lateral lexion stance leg). Trunk rotation toward stance leg)(Pelvis pbtation
toward stance leg) Hip external rotation-{.
* Statisticalsignificance(p<.05)
Single-Leg Drop Landing

In attempt to understand differences in SLDL kinematics between individuals
with and without scapular dyskinesis, a series ofwag MANOVAs was conducted on
the different kinematic parameters with an alfgwvel setu priori at ! = .05. The first set
of statistical procedures aimed to examine differences in maximum exc(abgoiute
value)from neutral(1) trunk kinematics in all three planes of mot{@lexion/extension,
lateral flexion, and rotation)2) pelvis kinematics in the frontal and transverse planes
(lateral flexion and rotation)3) hip kinematics in all three planes of motion
(flexion/extension, adduction/abduction, and internal/external rotaton)(4) knee

kinematics in the sagittal aricontal planegflexion/extension and valgus/varu3he
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second set of statistical tests aimed to examine differences in the gpesiticnal(i.e.

not absolute valuinematicvalues of (1) trunk lateral flexion and rotation, (2) pelvis
lateralflexion and transverse rotatio8) hip adduction and internal rotation, and (4)

knee valgus. For this set of statistical procedures, absolute values were not used in order
to examine differences in compensations that are most commonly assessed clinically. For
all statistical procedures, the independent varighlep consisted of individuals with

dyskinesis and individuals without dyskinesis.

SLDL Practice and Trial Attempts

Separate paired sampletests were conducted to determine whether there were
any differences in the number of practice attempts and trial attempts between groups.
Results revealed no significant differences between groups. SLDL practice and trial
attemps are presented in Table 3.

Table 5 Number of SLDL practice attempts and trial attempts for each group.

SLDL Practice SLDL Practice SLDL Trials SLDL Trials

Right Left Right Left
Control 2.63+£1.39 2.66 £ 1.29 3.38+.75 3.22 + .49
Dyskinesis 2.59 £1.27 3.25+ 1.46 3.53 .95 3.22 £ .42

Maximum Excursion Trunk Kinematics (RQ1)

A 2 (group) x 3 (maximum excursion trunk kinematics) design was used to
analyzemaximum excursiotrunk kinematics in all three planes of motion. The
dependent variables of trunk flexion, lateral flexion, and rotation were obtained as the
maximum excursion throughout the entire SLDL (initiated at foot contd&iNOVA
results indicated that there were no significant differences in trunk kinematics between

groups WilksQ': F(z60)= .934,p = .430, # = .049. These results suggest that trunk
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lateral flexion and rotation were similar between grotyisans and standard deviations
are presented in Table A.comprehensive list of statistical results pertaining to pelvis

maximum excursioinematics is presented in Appendix C.

Maximum Excursion Pelvis Kinematics (RQ1)

A 2 (group) x 2 (maximum excursion pelvis kinematics) design was used to
analyzemaximum excursiopelvis kinematics in the frontal and transverse planes. The
dependent variables of pelvis lateral flexion and pelvis rotation were obtained as the
maximum exursion throughout the entire SLDL (initiated at foot contadANOVA
results indicated that there were no significant differences in pelvis kinematics between
groups WilksQ': Fz61y= 2.368,p = .102, # = .072] These results suggest that pelvis
lateral flexion and rotation were silai between group84eans and standard deviations
are presented in Table A.comprehensive list of statistical results pertaining to pelvis

maximum excursiolinematics is presented in Appendix C.

Maximum Excursion Hip Kinematics (RQ1)

A 2 (group) x 3 (maximum excursion hip kinematics) design was used to analyze
maximum excursion dhip kinematics in all three planes of motion. The dependent
variables of hip flexion, hip adducti@iiduction, and internal/external rotation were
obtained as the maximum excursion throughout the entire SLDL (initiated at foot
contact) MANOVA results indicated that there were no significant differences in pelvis
kinematics between groupé/[lksO': F(ze0)= .860,p = .467, #=.041. These results

suggest that hip flexion, adduction/abduction, and internal/external rotation were similar
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between groupdvieans and standard deviations are presented in Tahle 5.

comprehensive list of statistical results pertaining tonfgximum excursio kinematics

is presented in Appendix C.

Maximum Excursion Knee Kinematics (RQ1)

A 2 (group) x 2 (maximum excursion knee kinematics) design was used to

analyzeabsoluteknee kinematics in the sagittal and frontal planes. The dependent

variables of knee flexion and valgus/varus were obtained as the maximum excursion

throughout the entire SLDL (initiated at foot contamANOVA results indicated that

there were no significant differences in knee kinematics between gidiilgs@' : F(2 61)

=.064,p = .938, # = .003. These results suggest that theximumexcursionof knee

flexion and valgus/varus were similar between groMesans and standard deviations are

presented in Table B comprehensive list of statistical results pertaining to knee

maximum excursiolinematics is presented in Appendix C.

Table6: Means and (SD) for maximum excursion kinematics during the SLDL.
Kinematics are expressed in degrees.

SLDL (RQ1) Dyskinesis Control
Trunk Flexion 7.81(4.13) 6.45(3.61)
Trunk Lateral Flexion 3.81(2.14) 3.53(2.45)
Trunk Rotation 7.39(4.32) 6.35(3.18)
Pelvis Lateral Flexion 7.03(3.44) 7.00(2.99)
Pelvis Rotation 8.64(3.62) 6.22(2.98)
Hip Flexion 32.04(11.67) 30.63(10.54)
Hip Adduction/Abduction 9.63(3.64) 10.25(4.03)
Hip Rotation 10.32(4.48) 8.95(4.60)
Knee Flexion 49.45(11.31) 50.09(9.28)
Knee Valgus/Varus 7.58(3.84) 7.69(3.34)
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Trunk Kinematics (RQ2)

A 2 (group) x 2 positionaltrunk kinematics) design was used to analyze
positionaltrunk lateral flexion and rotatickinematics during the SLDLThe dependent
variables of trunk lateral flexion and rotation were obtained as the maximum excursion
throughout the entire SLDL (initiated at foot contamANOVA results indicated that
there were no significant differences in trunk kinemgtiggksO': Fz61)= .183,p =
.833, # = .00§. These results suggesatttrunk lateral flexion and rotation were similar
between groupdvieans and standard deviations are presented in Tahle 6.
comprehensive list of statistical results pertaining to trunknkatees is presented in

Appendix C.

Pelvis Kinematics (RQ2)

A 2 (group) x 2 positionalpelvis kinematics) design was used to analyze
positionalpelvis kinematics in the frontal and transverse plahesg the SLDL The
dependent variables of pelvis lateral flexion and pelvis rotation were obtained as the
maximum excursion throughout the entire SLDL (initiated at foot contd&iNOVA
results indicated no significant differences in pelvis kinematics between ¢iQups=
2.793,p = .03, # = .047]. Means and standard deviations are presented in Tahle 6.
comprehensive list of statistical results pertaining to trunknkates is presented in

Appendix C.
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Hip Kinematics (RQ2)

A 2 (group) x 2 positionalhip kinematics) design was used to analyze hip
adduction and hip internal rotation in individuals with and without scapular dyskinesis.
The dependent variables of hip adduction and hip inteotation were obtained as the
maximum excursion throughout the entire SLDL (initiated at foot contd&NOVA
results revealed that there were no significant differences in hip kinef\alilksO':
Foen=.728 p = .487, # = .023. These results suggest the degree of hip adduction and
internal rotation was similar between groudeans and standard deviations are
presented in Table & comprehensive list of statistical results pertaining to trunk

kinematics is presented in Appendix

Knee Kinematics (RQ2)

A oneway ANOVA was used to analyze knee kinematictherfrontal plane
during the SLDL The dependent variable of knesdguswas obtained as the maximum
exaursion throughout the entire SLDL (initiated at foot conta®OVA results
indicated that therevere no significant differences in knee valgus between giidips,)
=.036 p = .85]. Means and standard deviations are presented in Tahle 6.
comprehensive list of statical results pertaining to kne@aximum excursiokinematics

is presented in Appendix C.
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Table7: Means and (SD) for positional kinematics during the SURhematics are

expressed in degrees.

SLDL (RQ2) Dyskinesis Control
Trunk Lateral Flexion -1.53(4.44) -1.40(4.50)
Trunk Rotation -7.23(4.22) -6.67(3.06)
Pelvis Lateral Flexion 7.03(3.44) 6.38(3.79)
Pelvis Rotation .-8.58(3.48) -6.36(3.04)
Hip Adduction 7.08(6.26) 7.33(6.23)
Hip Rotation 7.68(6.13) 6.06(4.43)
Knee Valgus 1.32(9.23) 1.76(9.40)

Trunk lateral flexion stance leg)( Trunk rotation toward stance leg.(Pelvis rotation

toward stance leg) Hip external rotation-§.
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CHAPTER V

DISCUSSION

The objectives of this research study were to examine the associations between
scapular dyskinesis and clinical tests of lurpledvic-hip complex stability. This chapter
presents the discussion and conclusions drawn from the current studydandead irto
the following subsections: (Ihe association between sinddg squa{SLS)kinemdics
and scapular dyskinesis, (e association between sinddg drop landindSLDL)
kinematics and scapular dyskinesis, and¢8inclusions and directs for future

research.

Single-Leg Squat

The SLS is commonly used to assess LPHC function, and has been suggested as a
test to examine multiple points of the kinetic chain during the evaluation of shoulder
dysfunction(Beckett 2014 Kibler, 2006; Kibler, 2016; Sciascia2012 Wilk, 2016)
While the SLS has been studied extensively in the realm of lower extremity injury and
LPHC dysfunction, no prior studies have examined SLS kinematics in regard to upper
extremitydygunction. Previous studies @LS kinematics have revealed that individuals
with LPHC weakness or lower extremity dysfunction tend to exhibit decréasesh at

the trunk, hip, and knee coupled with increbfsental and transverse plane motion at the
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trunk (lateral flexion and rot&on), pelvis(lateral flexion and rotationhip
(adduction/abduction and internal/external rotatiamd knedvalgus/varusjAgeberg
2010 Claiborng 2006 Crossley 2011, Dwyer, 201Q Graci 2015 Hollman, 2014

Kulas 2012 Nakagawa2012 Willson, 2006. Due to the known relationship between
the kinetic chain and upper extremity funct{@eckett, 2014; Burkhart, 2000; Kibler,
2006) the current research study aime@xamine the associatidretween SLS

kinematics and scapular function.

Trunk Kinematics

The trunk and upper extremities comprise approximately 60% of total body mass.
(Hewett 2009) Therefore, motions of the trunk have been studied extensively in regard to
its effect on othekinetic chain segments during functional athletic movements. While a
relatively small amount of SLS literature has examined 3D kinematics tiiitile
previous research has suggested that increasedflexidn produces concomitant
increases in hip andcke flexion, coupled with decreased anterior shear forces at the
knee and decreasgdound reaction forceJRF during the SLS, cutting maneuvers, and
drop landing task&lackburn 2008 Blackburn 2009 Kulas 2012) Additionally, it has
been repodd that decreases in hip flexion are associated with decreased hip extensor
strength and activatiofNakagawa2012) Therebre, it is likely that decreasedink
flexion is indicative of LPHC instabilityTrunk lateral flexion and rotatidmave also
beenstudied minimdy in the SLS, however previous studies have found increased trunk
lateral flexion and rotation imdividuals with LPHC weakness and lower extremity

injury (Bolgla, 2008 Crossley 2011, Graci 2012 Graci 2015 Nakagawa2012).
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Furthermore, increased trunk lateral flexion and rotation have been related to decreased
gluteus maximus and gluteus medius activagéindstrength during the SLS and stair
ascent/desceliBlackburn 2009 Bolgla, 2008 Cowan 2009 Nakagawa2012)

Therefore, increasddunk lateral flexion and rotatioturing the SLS indicate LPHC
weakness.

The results of this study revealed thrank rotationwas significantly different between
groups Themaximum excursiokinematic data from this study suggest that the
dyskinesis group displayed greater trunk rotation (11.09; = 3.28) than the control group
(9.04; £ 3.09)Figure 11) Similarly, when examining thgositionaltrunk rotation
kinematics, the dyskinesis group displayed greater trunk rotatlénl2j £ 6.56) than

the control group-6.85j = 7.77YFigure 12) These data suggest that maximum trunk
rotation during the SLS occurred toward the test limb, but are higher than the values
previouslyobserved by both studies published by Graci and cplesa (Gragi2012

Graci 2015) 1t is speculated thatifferencesn trunk rotation kinematics betweéme

current and previous studies were likely due to differences ihadelogy. In tle

previous studiedrunk rotation kinematics were extracted at the instant of maximum
knee flexion, as opposed to the maximum degree of trunk rotation throughout the entire
SLS motionassessed in the current sty@raci 2012 Graci 2015) Nonetheles, the

results from this study suggest that individuals with scapular dyskinesis tend to have

increased trunk tation during the SLS.
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Figure 11: Means and standard error for maximum excursion trunk rotation kinematics.
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Figure 12: Means and standard error for positional trat&tionkinematics.

Despite differences in methodolodgunk flexionvaluesobserved in the current
study were similar to those presented by Graci et al. (2012) and Kulas et al. (2012), and
were $milar between groups (dyskinesis: 13.08j + 3.85; control: 12.05j + 5.53). Graci et
al. (2012) observed trunk flexion values at peak knee flexion, and found significant
differences betweesexes The authors theorized that the more upright posture in ésmal
during the SLS may have been the result of inadequate hip extensor strength to control

the forward displacement of the center of mass during the descent phase of the SLS

73



(Graci, 2012)In contrast to this study, the current study did not separate gbysex
and resulted in trunk flexion valuesnilar tothose reported by 1@ci et al. (2012)lt is
possible that separating the groups in the current studgxbyiay have yielded different
results, however this was not done for the salappfying the results of this study to the
generalpopulation.

Trunk lateral flexiorwas also similar between groups, and closely resembled
previously reported values in a healthy populaffidakagawa2012) Trunk lateral
flexion values in the current study were29; + 6.38 for the dyskinesis group, addi8;
+ 4.38 for the control group. These values suggest that trunk lateral flexion occurred in
the direction of the test limb. Thias been reportgateviously and ithas been
suggestedhat laterally flexing the trunk in the direction of the test limb reduces the
demand placed on the gluteamgsmoving the center of mass over the base of support
(Nakagawa2012 Zeller, 2003.

Themaximum excursiokinematcs in this study yielded a slightly higher degree
of trunk lateral flexiorcompared to thpositionalkinematics (dyskinesis: 6.94j + 2.78;
control: 6.04 + 2.12). The differences betweenrttaimum excursioandpositional
trunk lateral flexiorkinematics obsered in the current study sugg#ésat while the
majority of participants laterally fleedthe trunk toward the test limb, some exhibited
maximum trunk lateral flexion toward the side contralateral to the test limb. It is possible
that including bottsexesn the two groups had an effect on the findings of the current
study, as Nakagawa et al. (2012) found significantly greater trunk lateral flexion toward
the stance leg in femalesmparednales. Furthermore, Graci et al. (2012) stated that at

45; kree flexion, males tend to laterally flex the trunk in the direction of thetesin
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limb beforemovingbacktoward the test limb at peak knee flexion. Thesedifferences
in movement strategies during the SLS could explain the differencegimum
excusionandpositionaltrunk lateral flexion kinematgobserved in the current study.
Further investigation between males and females with and without acalyskinesis
may be necessary.

The data from the current study provide valuable information foic@ins
regarding trunk motion during the SLS in individuals with scapular dysfunction. Previous
authors who have suggested the SLS as a method for testing LPHC strength during the
shoulder evaluation process have used the term OcorkscrewingO to desesiiece
motion of the trunk in the frontal and transverse plgBeskett 2014 Kibler, 2006
Sciascia2012) While these authon®lied on observation in a clinical setting versus
kinematic data, the current study substantiate previous observations of trunk rotation in
individuals with shoulder dysfunction.

Trunk stability is achieved by adequate function of the intrinsic cobdisiag
musculature (i.e. multifidi, internal obliques, transverse abdominis, diaphragm, and
pelvic floor muscles) as well as muscles such as the quadratus lumborum, latissimus
dorsi, and the gluteals. Collectively, these muscles increase trunk stafgitigding
movement of the upper limbs, and failure of these muscles to appropriately activate
decreases the ability of the trunk to act as a stable base for efficient upper extremity
function (Cholewiski 1999 Daggfeldt 1997 Kibler, 2006) The effectof trunk position
and stability on scapular function has also been evidenced by studies examining scapular
motion and stabilizer activity when trunk position is altered. Yamauchi et al. (2015)

reported an increase of scapular external rotation and podtiércoupled with an
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increase in LT activity and a decrease in UT activity when performing scapular retraction
exercises withpsilateraltrunk rotation(Yamauchj 2015) Similarly, authors have

suggested altering trunk rotation during adaprehabilitation exercises to improve

scapular stabilitySciascia2012) Therefore, function of the scapula depends greatly on
the trunk, further necessitating assessment of trunk stability during the clinical evaluation
process of shouldelysfuncton.

While the results of the current study cannot be extended to individuals with
specific shoulder injuries, they indicate that individuals with improper scapular pesition
or motiors (i.e. scapular dyskinesi®nd to display increased trunk rotation during the
SLS, and subsequently, decreased LPHC stability. These results have multiple
implications for clinical use. In addition to exercises targeting the GH and scapular
stabilizers, exercisaacorporatingatrunk stability componentre likely warranted.
Furthermore, the results from this study may have implications for detecting future upper
extremity injury risk in individuals who have decreat®HC stability.SLS
performancendicates an increased riséf injury of the upper extremifysimilar to how
the SLShas been usdd detect lower extremity injury riskJgalde 2015) However,
longitudinal studies examining SLS performance in uninjured individuals who late
sustain shoulder injuries woulldhve © beconductedo confirm thishypothesis
Furthermore, future research should examine the association between upper extremity
dysfunction andrunk kinematicdetweersexesas previous studies have shown

differencedn trunk kinematichetween males arfdmales performing the SLS.
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Pelvis Kinematics

The pelvis is the center of the kinetic chain, serving as a crucial link between the
lower extremity and the trunk and upper extremity. The muscles that attach to the pelvis
serve to stabilize the trunk édtower extremity and to generate power during dynamic
upper extremity movemengKibler, 2006) Specifically, gluteus maximus and gluteus
medius work to help control the trunk, pelvis, and legs duringifumed and athletic
maneuvers. Weakness ailfire of these muscles to activatgpropriatelyhas been
associated with dysfunction at proximal and distal ssgmof the kinetic chaifBolgla,
2008 Burkhart 200Q Kibler, 2006§. The common compensationsp#lvis lateral
flexion toward the noftest limb(also referred to as Ocontralateral pelvic dropO) and
pelvis rotation are thought to indicate hip muscle weakness durirfgl.®&sraci 2012
Graci 2015 Nakagawa2012. Nakagawa et al. (2012¢ported significantly greater
pelvis later&flexion toward the noitest limb in participants with PFPS compared to
healthy controls, coupled with decreased eccentric hip abductor strength. Furthermore, it
has been reported that while both males anélkesriend to rotate the peli@vard the
nonttest limb, females rotate tipelvis toward the test limb at 45f knee flexion, then
rotate back toward the ndast limb at peak knee flexiq@raci 2012) Graci et al.
(2012)speculated that this oscillatory motion of the pelvis may play a role in the
increased incidence of ACL injury in females.

In addition to being a point of attachment for major muscles of the lower
extremity, the pelvis is also the attachment site fosetas that control the trunk and
upper extremity such as the abdominals, erector spinae, and the latissimus dorsi via the

thoracolumbar fascia. Therefore, pelvic instability can have detrimental effects at the
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upper extremity. It has been suggested thahdelenburg posture (frontal plane pelvic
rotation toward the nestance limb) during singleeg stance or the SLS indicates
weaknes# the LPHC, and may lead shoulder dysfunctio(Burkhart 200Q Kibler,
20086 Kibler, 2008) Therefore, it was hyghesized that the dyskinesis graoghe
current studyvould display significantly greater pelvis lateral flexion than the control
group.

Results of the current study revealed no significant differenaasximum
excursionor positionalkinematicsof pelvis lateral flexionIn terms ofpositional
kinematics the dyskinesis and control groups display@@4; + 2.34 and8.30G + 3.31
of pelvis lateral flexion toward the ndast limb. These values are similar to previously
published data in the healthy population by Nakagawa et al. (2012), but much higher than
those reported in othetuslies(Graci 2012 Olson 2011 Willy, 2011). Maximum
excursiorkinematics of pelvis lateral flexion were similar to fhasitionalkinematic
values (dyskinesis: 9.4% 2.17; control: 7.89+ 3.02), indicating that maximum frontal
plane motion of the pelvis also occurred in the directiom@ibntest limb.It has been
reportecthat lateral trunk flexion t@ard the ipsilateral side &compensation for
contralateral pelvic drofNakagawa2012) Therefore)ateral flexionof the pelvis during
the SLS affecthe trunk, possibly reducingetability of the trunk to act as a stable base
for the scapular stabilizing musculature.

Based on previous studies that reported decreased hip abductor strength in
individuals with shoulder injury, it was expected that the control group would display less
pelvis lateral flexion than the dyskinesis group during the @ugkhart 2000) There

are two possible explanations for why pelvis lateral flexion values were much higher than
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previous studies, and were not different between groups. First, because participants
performed the SLS from a 25cm platform and were instructed to tap the heel of-the non
test limb on the floor, it is possible that participants were attempting to reatie fidwor
by laterally flexing the pelvis toward the ntest limb. Second, it is possible that some
individuals in the dyskinesis group may have had other causes of scapular dyskinesis than
LPHC weakness (e.g. pectoralis minor tightness or repetitiVaterral loads above
shoulder height). However, this would not explain why the pelvis lateral flexion values
from the current study were much higher than most other stusiieg similar
methodologiesTherefore, it is more likely that the high and neadtynitical pelvis lateral
flexion values in the current study were a result of participants laterally flexing to reach
the ground.

As in the case of frontal plane pelvis motion, there were no significant differences
in pelvistransverseotationin the curent studyPositionalkkinematicvaluesfor the
control and dyskinesis groups weld.03 + 7.13 and13.46 * 5.73, respectively, and
occurred in the direction of the test limb. Agaimaximum excursiokinematics for
trunk rotation weradenticalto thepositionalkinematics (dyskinesis: 13.4& 5.73;
control: 13.03 = 7.13), indicating that trunk rotation tended to be in the same direction
for all participants. These values were much higher than previously reported transverse
plane pelvis kinemats in healthy participants and participants with PEBf&ci 2012
Graci 2015 Olson 2011J). As with pelvis lateral flexionit is probable that the higher
and nearly identical values between groups may have been a result of participants
performingthe SLS from a raised platform and attempting to reach forward to tap the

heel of the nottest limb on the ground. This may be suppory previous studies that

79



requiredparticipantgo perform the SLS on the grourehd further evidenced by

reported pelis transverse rotation which occurred toward the-teshlimb(Graci,

2012) Although the results of the current study suggested that there were no differences
in pelvis kinematics between individuals with and without dyskinesis, additional research
may be necessary to explain the cause for the contradictory motions observed at the

pelvis compared to previous studies.

Hip Kinematics

Due to the balandsocket configuration of the hip joint and its multidirectional
range of motion, performance of theSrelies greatly on eccentric control of the hip
extensors, abductors, and external rotators during the descent phase, and concentric
control of thesenusclesduring the ascent phase. Weakness or dysfunction in any of
these muscle groups results in desegbstabilization of the femur, pelvis, or trunk in any
or all planes of motion. As many of the muscles that act on the higcgmibtbute largely
to force production angelvic stabilization, the hip has been one of the most commonly
examined segments SLS literature. In addition to studies assessing hip kinematics in
healthy populations, a vast majority of SLS studies have examined hip kinematics,
muscle activation, and strength in individuals with lower extremity injury or dysfunction.

A large rang of hip flexion values during the SLS has been previously reported
(Dwyer, 201Q Graci 2012 Graci 2015Hollman 2014 Kulas 2012 Weeks 2012
Whatman 2011 Yamazakj 201Q Zeller, 2003. Generally, it has been reported that
decreased hip flexion during the SLS is likely indicative of decreased hip extensor

strength and neuromuscular control during the eccentric phase of théxgyat, 2010
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Graci 2012) This difference has been fod betweersexeqwith females displaying
decreased hip flexion), and between healthy and injured populéfiary®r, 2010

Graci 2012 Graci 2015 Weeks 201P Results from the current study yielded maximum
hip flexion values of 70.71+ 12.14 fa the control group, and 65.19 13.24 for the
dyskinesis group. The hip flexion values observed in the current seerédgsimilar to

those observed by Zeller et al. (2003) and Weeks et al. (20h2galthy participants
Although a norsignificant, datdrom the current study trended toward the expected
result of decreased hip flexion in the dyskinesis group. It is possible that the similarity in
hip flexion values was a result of a fixed height from which participants performed the
task. However, a presus study by Hollman et al. (2014) alsguiredparticipantdo

perform the SLS from a raised platfo(@0cm) and reportedignificant differences in

hip flexion between OgoodO and ObadO performers of the SLS. Therefotienttnat

hip flexion was similar between groups duéhte fixed squat depth used in the current
study cannot bentirelyjustified. A more reasonable explanation for the similarity
between groups observed in the current study is the inclusion oféxah as prgious
literature has found decreased hip flexion coupled with decreased activation and strength
of the gluteus maximus femalegDwyer, 2010) Thus, future research should examine
potential group differences wigexas an additional factor.

Previous stdies examinindnip adduction/abductioduringthe SLS have
suggested that increased adduction indicates difficulty controlling the hip abductors,
specifically gluteus medius, during dynamic moven{®wyer, 2019 Nakagawa2012
Weeks 2012 Zeller, 2003. Significantly greatethip adduction has been reported in

females and in individuals with lower extremity pain or injury, with both of these
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populations displaying decreased eccentric and isometric hip abdsiteagth and
decreased activatiar delayed onset of gluteus mediiBolgla, 2008 Brindle, 2003
Dwyer, 201Q Graci 2012 Levinger, 2007 Nakagawa2012 Souza 2009 Souza 2009
Weeks 2012 Yamazakj 2010. In terms of upper extremity dysfunction, it was reported
that nearly half of patients who had sustained a labral tear of the shoulder had
significantly decreased hip abduction strgr@urkhart 2000) Based orthe association
betweerscapular dyskinesiandinjuries such as labl teargKibler, 2016) and the
findings by Burkhart et al. (2000),was hypothesized that individuals in the dyskinesis
group would display increased frontal plane hip motion during the SLS.

The current study revealed norsitcant differences between groupsnraximum
excursiorkinematics opositionalkinematics ohip adduction/abductiorfirst, tre
maximum excursiokinematics, whictaimed to examine totaldduction/abduction
motionaway from the neutral positipyielded 22.45 + 6.12 for the dyskinesis group,
and 20.69 £+ 6.94 for the control group. While namgnificant, a trend of more frontal
plane hip motion was observed in the dyskinesis group. When examinipgsitienal
kinematic values for maximuimp adduction/abductigrthe dyskinesis and control
groups had similar degrees of hip adduction (control: 229820; dyskinesis: 22.4%
6.12), and were similar to data reported by previous authors in female participants who
tend to display increased haplduction compared to mal@3wyer, 201Q Hollman,

2014 Weeks 2012 Zeller, 2003. While the inclusion of botsexesmay be a possible
explanation for these high hip adduction values, another possible contributing factor was
the pelvis lateral fl&ion kinematics observed in the current study. As previously

hypothesizegthe participants may halegerally flexed the pelvis in attemat touch the
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floor with the heel of the netestlimb. Since motion of the hip wakescribed relative to
the pelvisthe increased pelvis lateral flexiomy havecaused increased hip adduction.
If this were the case, the hip adduction values in the current lgtetlywould have been
lower, as seen in previous reseafBhlgla 2008 Graci 2012 Hollman, 2014
Nakagawa2012 Souza2009 Weeks 2012 Zeller 2003.

Hip rotation has been reported immerous studies and hasgel from 16.04 of
external rotation to 9j7of internal rotation in healthy participar({@@wyer, 201Q
Nakagawa2012) This wide range of previously reporteghiotation is likely due to the
nature of the SL&sk Unlike bilaeral weightbearing tasks, such aso-leg squat or
drop landing, the pelvis is not constrained within the transverse plane during the SLS.
Therdore, even if the hip were to internally rotate with respect to a global axis, external
rotation of the hip may be observed if the pelvis is rotated away from the stance leg, and
vice-versa. Because most studies report hip rotation relative to the petlisginction of
actualhip rotation kinematicgs hard to make and readers should be cautious when
attempting taunderstand these dataurthermore, the majority of SLS research
(including the current study) has examined maximum movement deviation rotétijen
from neutral (as opposed to extracting kinematic values from one specific point in time),
making it impossible to make a clear distinctiorpdciselyhow much pkris transverse
rotationmay havampactedip rotation kinematics. Nonetheless,reased hip internal
rotation has been found in females as well as individuals with PFPS and previous ACL
injury, and isoftenobserved in individuals who also display increased knee valgus

(Ageberg 201Q Graci 2015 Hollman 2014 Nakagawa2012 Weeks 2012.
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Results of the current study revealed a significant differenceaximum
excursionhip rotationkinematics(dyskinesis: 9.59+ 4.40; control: 6.97+ 3.02), but
not inpositionalhip rotationkinematicg(dyskinesis-0.10j £ 11.73; control: 2.14 +
8.72;negqntivevalues reflect external rotatip(Figure 13) The observed values of
positionalhip rotation kinematics fall within the range of previously reported data and
closely resembldatareported by Graci et al. (2012hd Weeks et al. (2012). Although
the positionalhip rotation kinemats in the current study were regnificant, the most
important conclusion that may be drawn from the current study regdmgimgtationlie
in themaximum excursiokinematics. Theifferences irmaximum excursioand
positionalhip rotation kinematics imply that individuals with scapular dyskinesis exhibit
increased transverse plane motion of the hip, but not necessarily in the direction of
internalrotation, which contradicts the foaty of previous research regarding SLS
performance and LPHC function. It has been suggested that rotation of the pelvis and
trunk away from the test limb (resulting in hip external rotation) during the SLS is
indicative of an overactive (tighpiriformis, andunderactivity of gluteus medius and
gluteusmaximus(Clark 2014) This may partially help explain why Burkhart et al.
(2000) observed decreased hip rotatemmge of motiortoupled with decreased hip

abduction strength in individuals who had sumgda shoulder injury.
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Figure 13: Means and standard error for maximum excursion hip rotation kinematics.

Knee Kinematics

The SLS has been studied extensively as a means of tamding knee
pathologiessuch as AKP, PFPS, and ACL injuiwyer, 201Q Hollman 2014 Kulas,
2012 Yamazakj 201Q Zeller, 2003) Furthermore, many studies have compared knee
kinematics betweesexesdue to ACL injuries being more prevalent in females versus
males(Cowan 2009 Graci 2012 Hewett 2009 Mendiguchia2011). The majority of
these studies have found that females tend to display decreased knee flexion and
increased knee valgus during the SLS, which is commonly present-contact ACL
injury (Graci 2012 Munkh-Erdene 2011, Munro, 2012, Nakagawa2012 Zeller 2003)
While several studies have found decreased strength and activation of the hip extensors
and abductors in females, another possible explanation for these kinematic differences at
the knee is the more upright postursetved in females during the S(Sraci, 2012
Powers 2003 Nakagawa2012) It has been argued that this upright trunk posture may
expose females to the risk of ACL injury by increasing the demand on the quadriceps to
maintain control of the center of mass, and that the degree of trunk flexion is related to

the degree of hip arkhee flexion during the SL&raci 2012 Griffin, 2000 Kulas
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2012 Padua2012 Vesci 2007, Zazulak 2005. Due to the associatistetween hip
muscle strength, LPHC dysfunction, and shoulder injiinyas hypothesized that the
dyskinesis goup would display a decreased amount of knee flexion and an increased
amount of knee valgus than the control group.

Results from the current study revealed significantly greater knee valgus in the
dyskinesis groupl2.49 + 9.62) than in the control group.Q7 = 10.54)(Figure 14)
but not inmaximum excursiokneevalgus/varukinematics. Theositionalknee
valgugvaruskinematic findings in this studyeresimilar to most previously reported
values of knee valgus dog the SLSAgeberg 201Q Bittencourt 2012 Dwyer, 2010
Munro, 2012 Nakagawa2012 Zeller, 2003. Furthermore, the difference between the
two groups in the current study is similar to kinematics reported by Nakagawa et al.
(2012) when comparing healthy controls with individuals with PFPS. Differences in
strength and neuromuscular control of proxinmmad &ocal stabilizing musculature have
been previously reported, with hip abduction, knee flexion, and knee extension strength
being significant predictors &dhee medidateral motiorduring the SLClaiborne
2006) However, because the quadriceps amah$trings have small abduction and
adduction momentat the knegit has been suggested that these muscles may reduce
frontal plane knee motioprimarily by increasing joint compression and stiffness
(Claiborne 2006 Hewett 1996. Therefore, it is morékely that hip abduction strength

is the primary predictor of frontal plane knee motiGtaiborne 2006 Crossley2011)
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Figure 14: Means and standard error for positional knee valgus kinematics.

Themaximum excursioralgus/varus kinematiagserved in the current study
suggest that while individuals with dyskinesis may hgreaterknee valgus than the
controls, the amount abtal movement deviation dhe knee away from neutral was
similar between groupsThe dyskinesis group displayed.8@ + 6.15 of frontal plane
knee motion, while the control group displayed 1148.67. Examination of these
results, along with thpositionalkinematics reported above, indicate that participants in
the control group likely displayed greaterrus cormpared to the dyskinesis grauphis
finding is supported by prious research that reportgetater knee varus in males versus
females, as well as in healthy populaticospared tahose with lower extremity injury
or dysfunction(Bolgla, 2008 Claibome, 2006 Graci 2012 Yamazakj201Q Zeller,

2003.

Finally, there was no significant difference in maximum knee flexion between the
dyskinesis group (86.32 7.81) and control group (90.02 6.59). Although the current
study did not require participants to reach a specific knee flexion angle, it is postulated

that the lack of differences between groups may have resulted from participants
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performing the SLS from a specific height. Hollmamle{2014) used a similar
methodology, and found no differences in peak knee flexion when participants who were
OgoodO and ObadO performers of the SLS when pertberask from a 20cm

platform. In pevious researcexaminingdifferences in knee flexig authors have
neglectechormalize squat depth between participants in order to mimic a clinical
situation(Ageberg 201Q Graci 2012 Weeks 2012 Yamazakj 201Q Zeller, 2003.

Therefore, while the current study cannot conclude that individuals with scapular
dyskinesis display less knee flexion than those without, further investigation may be
necessary to examine knee flexion between these groups wheaoarmalization of

squat depth.

Summary

TheSLS is a controlled functional task that resembles activities of daily living as
well as athletic movements. It is a valuable test for clinicians, due to its ability to detect
dysfunction at multiple segments and in multiple plamigis little cost, time, space, or
equipment. While the majority of the literature has focused on lower extremity injury, the
association between kinetic chain function and the upper extremity has led some authors
to suggest the use of the SLS during theuster examination proceéBecket 2014
Kibler, 2006, Kibler, 2008 Sciascia2012. Only one study has examined the
relationship between SLS performance and shoulder fun@eckett 2014) The
authors of this study reported a universally poor performance of the SLS coupled with a
high incidence of scapular dyskinesis in youth and adolescent baseball players. However,

these authors relied on visual analysis of the SLS, as opposed to kirngaueatic
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Therefore, the current study aimed to examine the relationship between the presence of
scapular dyskinesis and SLS kinematics of the trunk, pelvis, knee, and hip.

The primary findings from the current study revealed significantly greater trunk
rotation, hip rotation, and knee valgus in individuals with scapular dyskinesis compared
to a control group. Each of these findings corresponded with previously described aspects
of LPHC dysfunction related to shoulder function. First, the increased dedrealof
rotation present in the dyskinesis group lends support to the observation of
Ocorkscrewing(@xcessive movement of the trunk and pelvis in the frontal and transverse
planes during the SL®¥eviouslydescribedy Kibler and Sciasciéibler, 2006 Kibler,

2008 Sciascia2012) These authors postulatdthtLPHC weaknessgpresentetly the
observation of a corkscrewing motidaring the SLScould contribute to shoulder
injury. While scapular dyskinesis is not considered an injing resultof the current
study support this theory.

Burkhart et al. (2000) reported that nearly half of patients who had sustained a
labral tear in the shoulder exhibited significantly decreased hip rotation range of motion,
hip abduction strength, and displaye@fddelenburg posture during single leg stance.

The results of the current study partially reflect these findings with the significant
findings of increased knee valgus and lufation. The gluteus medius is responsible for
controlling frontal plane motionof the femuy and failure of this muscle to meet its
demands can result in a valgus position of the kimethis study, the dyskinesis group
displayed a greater degree of knee vaglgnsl like the patients described by Burkart et al.
(2000), individuals vth scapular dyskinesis also had hip abductor weakness that was

detectable by the SLS.
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Finally, perhaps the most interesting finding of the current study in regard to the
SLS was the significant differencenmaximum excursion hipotation, but not in
postional hip rotation kinematics. Most SLS research has suggested that LPHC
dysfunction is often associated with internal rotation of the hip. Results ofittent
study suggedhat individuals with scapular dyskinesis have nmfoperotation but not
always in the direction of internal rotation. It has been suggested that trunk and pelvis
rotation away from the stance leg (resulting in hip external rotation) indicates possible
piriformis tightness and/ieaknes®f gluteus medius and gluteus maxiniGsark, 2014)
Therefore, the findings of decreased hip abductor strength and hip rotetgenof

motionby Burkhart et al. (2000) were also likely present in the current study.

Single-Leg Drop Landing

The SLDL is commonly used by clinicians and researchers to examine lower
extremity and LPHC function due to its likeness to athletic movements known to be
associated withCL injury. Like the SLS, the SLDL requires adequate balance,
neuromuscular contrabnd LPHC stability on a singlenb base of support. Although
much of the SLDL literature has focused on ACL injury and rehabilitation, many of the
same kinematic variables examined in SLS literature have been examinedlibthe S
Decreased sagittal plansotion of the trunKflexion), hip (flexion), and knegflexion),
as well as increased frontal and transverse plane motion of thelaterkl flexion and
rotation) pelvis(lateral flexion and rotationhip (adduction/abductionand knee

(valgus/vars) indicateLPHC dysfunctionas well as possible lower extremity injury risk

9(



Therefore, the current study aimed to examine potential differences in SLDL kinematics
in individuals with and without dyskinesis, to see if the SLDL may be more revealing of

LPHC dysfunction than the SLS.

Trunk Kinematics

Trunk kinematics have been studied less extensively in SLDL literature than in
SLS literature. To the authorOs knowledge, only one study has examined trunk kinematics
of the SLDL and in onlyhe sagittaplane (Ali, 2013) In this study, the authors reported
trunk flexion to range from 17.63% 6.80 to 21.88+ 9.30 in healthy participants. While
this is the only SLDL study that has reported trunk kinematics, previous research on
bilateraldrop landings andutting maneuvers has suggested that trunk position during
landing tasks has a great influence on the lower extremitgamddicate LPHC
function(Mendiguchia2011)

Safe landing techniques typically involve increased sagittal plane movefments
trunk, hip, and knee flexiond dissipate high impact forces. Blackburn and Padua
reported that increasing the degree of trunk flexion duripi¢pgeraldrop landing by
47% produced concomitant increases in hig Xahd knee flexion angles (§2and that
increasing trunk flexion also increased hip extensor aciiBigckburn 2008
Blackburn 2009) Contrarily, it has been reported that excessive trunk flexion and
concomitant hip flexion may influence the gluteus medius and gluteus maximus muscles,
resulting in decreased hip abduction and extension strégths 2006) However, the

excessive trukflexion angles studied by Kulas et al. (2006) do not typically correspond
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with angles observed in most athletic maneuvers, and increased trunk flexion is generally
advantageous during landifigendiguchia2011)

The results of the current study re\ezhho significant differences trunk flexion
between the dyskinesis group (7.814.13) and control group (6.4% 3.61). Although
the current study only examinetaximum excursiotrunk flexion kinematicsthese
results suggest that both groups dispthynuch less forward trunk flexion than that
reported by Ali and colleaguéali, 2013) It is plausible that differences in vertical drop
height and horizontal distance from the landing surface between the current and previous
study had an effect dnunk flexion. In the previous study by Ali et al. (2013), the authors
examined trunk flexion angles from drop heights of 20cm, 40cm, and 50cm, with
horizontal distances of 30cm, 50cm, and 70€he current studysed a drop height of
33cm and a horizontal dance of 10cmThoughnot completely linear, trunk flexion
angles in the previous study generally increased with increased horizontal diglance
2013) Therefore, it igpossiblethat the short horizontal distangsedin the current study
did not plae a large demand on the trunk and hip extensors, resulting in the generally
erect trunk posture observed acraparticipants

The current study also revealed no significant differencesimk lateral flexion
Maximum excursiorkinematics suggest ththe dyskinesis group (3.81j + 2.14) and
control group (3.53j £ 2.45) display similar total amounts of lateral trunk motion during
the SLDL. Further examination pbsitionaltrunk lateral flexion kinematics revealed
that both groups slightly flexed theunk laterally toward the test limb, yet trunk posture
was generally erect (dyskinesis groth53j + 4.44; control grougl.40j = 4.50). While

it was hypothesized that the dyskinesis group would display more frontal plane trunk
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motion (maximum excursioandpositionalkinematics) than the control group, it was
also expected that both groups woulspily more lateral trunk motigsimilar to the
values found in the SDSSimilarly, there were no differencesnmmaximum excursion
kinematicg(dyskinesis: 7.39i + 4.32; control: 6.35j £ 3.18)positionaltrunk rotation
kinematics (dyskinesis7.23j+ 4.22; control:6.67i + 3.06). These data suggest that
trunk rotation tended to occur in the direction of the test limb for both groups,catecep
in previous SLS resear¢lraci 2012 Graci 2015)

During singleleg landing, the entire body mass must be balanced over one limb.
Because the trunk, head, and arms comprise over half of the bodyOs mass, it was expected
that trunk lateral flexiomnd rotation would be greater across all participants due to the
more dynamic nature of the SLDL taskhas been reportdtiat increasetrunk lateral
flexion and rotatiorduring unilateral lower extremity tasks indicates LPHC weakness.
(Bolgla, 2008 Dempsey2007 Mendiguchia2011) Specifically, it has been stated that
trunk lateral flexion toward the plant leg leads to increased knee valgus during the weight
acceptance phase of cutting maneuvers, and indicates weakness of the gluteus medius
(Dempsey 2007); and increased trunk rotation has been related to decreased gluteus
maximus and gluteus medius activation and strength during stair dé3ckgta, 2008)
Compared to the SLS results observed in the current study, both groups displayed
generdy decreased motioaf the trunk, pelvis, hip, and knéeall three planes of
motion. However, because no previous studies have examined these variables in the
SLDL, it is difficult to explain this occurrence. It is possible that the SLDL, while a more
dynamic task than the SLS, does not plideeexpected (greatetemand on the frontal

plane trunk stabilizing musculature. Therefore, trunk motion during the SLDL observed
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in the current study is likely not an appropriate indicator of LPHC stabilityraktes to

upper extremity function.

Pelvis Kinematics

The current study aimed to digjuish possible differences pelvislateral
flexion and rotatiorkinematics due to the association between LPHC funqtigliic
stability during dynamic movementnd upper extremity functiaiBurkhart 200Q
Crossley 2011 Graci 2012 Kibler, 1998 Kibler, 2006 Nakagawa2012 Sciascia
2006. Pelvis position and motiomas been studied extensively in previous research
regarding walking and runningPHC muscle strength and activation, and overhead
athletic maneuver@urkhart 200Q Claiborne 2006 De Mey, 2013 Elliott, 2003
Nakagawa2012 Whatman 2013).In contrast, this informatiors virtually non-existent
in the currently availabl8LDL literature.Given the association between hip abductor
strength and ACL injury risk, it would seem tipatvic contributions to singieg
landing mechanics would be studied more frequghtetun 2004) Cortrarily, the vast
majority of SLDL research has focused on motions of the knee, and to the authorOs
knowledge, only one study has examined pelvis kinematics, and only in the frontal plane
(Patrek 2011)

The current study revealed no significant diffeesmpositional or maximum
excursionpelvis kinematicsThe control and dyskinesis groups displayed 7.00j £ 2.99
and 7.03; £ 3.44 ahaximum excursion gbelvis lateral flexionrespectively. Similarly,
positionalkinematic values gbelvis lateral flexio revealed.83j + 3.79 and.04j +

3.44 for the control and dyskinesis groups, respectively. These data suggesivikat
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lateral flexionoccurred toward the contralateral side, as expebtgdvas not
significantlyassociated witkcapular dyskinesiPatrek, et al. (2011) examinetfect of

a hip abductor fatiguing protocol gelvis lateraflexion toward the dominant leduring

a SLDL in femalesThe authors reported tharte-fatiguepelvis lateral flexion at the

instant of foot contact was 12.5i6t1, and 60mafter foot contact, pelvis lateral flexion
was 13.9i + 6.5After completing a hip abductor fatiguing protocol, the authors reported
no change in pelvis lateral flexioAdditionally, the authors reported no change in peak
EMG amplitudeof the hip abductorduring the first 60ms of the SLDIt was postulated
that although participants completed the gaigue SLDL within Iminuteof the fatigue
protocol, their data could inchte signs of recovery from completion of the fatigue
protocol to completion of the pefdtigue landing trial§supported by an 89% increase in
average EMG activity ahe hip abductors during the fatigue protocol, but no differences
in peak EMG duringhte pre and posffatigue SLDL trial3 (Patrek 2011)

Pelvis rotation kinematiagvealed nossignificant differences between groups in
maximum excursion kinemati¢sontrol: 6.22j £ 2.98; dyskinesis: 8.64j =+ 3.62) and
positionalkinematics (control:6.36; + 3.04; dyskinesis8.58j £ 3.48). This suggests
that pelvis rotation occurred in the direction of the test limb in nearly all participants.
However, a pssible limitation in the methodology of the current stexligts. Because
the participants weresquired to step forwar@vithout jumping) to drogandonto the
force plate, the pelvis was typically rotated toward theteshlimb at the instant of foot
contact. Following foot contact, the pelvis then rotated forward toward the test limb as a
resultof the forward motion of the bodyhus itis questionable whether maximum

movement deviation of the pelvis in the frontal plabserved in this studyas an
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authentic representation of a truly vertical SLIBn alternate method for examining
transverse @lvis rotation during the SLDL, which would better represent a strictly
vertical drop landing, is to have participants perform the SLDL by hanging from a bar
and drop landing onto one leg. This method has been used in two previous studies
examining SLDL kinematics, however neither study included the pelvis in the analyses
(Coventry 2006 Durall, 2011) Therefore, future research regarding transverse plane
pelvis kinematics during the SLDlwhether in relation to scapular function or nogy

necessitate a similar drop landing protocol.

Hip Kinematics

Control of the hip and its associated musculature is crucial for safe landing
mechanicgMendiguchia2011) Because the hip allows motion in all three planes and
also supports the trurdnd upper extremity, strength and neuromuscular control of the
muscles surrounding the hip joint play an important ioknglelimb landing. Due to
the interest in ACL injury, hip kinematics have been studied extensively in regard to
proximal control othe knedqAli, 2013 Coventry 200§ Jacobs2007 Myer, 2015
Orishimq 2006 Kerzonek 2008 Schmitz 2007 Yeow, 2011) Previous studies have
mainly examinedexdifferences in hip kinematics during the SLDL to determine why
females display a greater incidence of ACL injury. However, proximal control of the
knee depends greatly on LPHC functiétbler, 2006 Mendiguchia2011) Therefore, it
wasexpectedhat e SLDL would be an appropriate test of LPHC function, and
individuals with scapular dyskinesis would exhibit different sagittal, frontal, and

transverse plane hip kinematics compared to a control group.
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Hip flexion hasbeenpreviously reportetb rangefrom 21.3 £ 15.0 to 61.2+ 6.4
in healthy participants, with the majority of those studies reporting hip flexion angles on
the lower end of this spectruf@oventry 200§ Jacobs2007 Kerzonek 2008 Myer,

2015 Oritz, 2008 Orishimqg 2009. Results of previous studies have been mixed, with
two studies reporting significantly greater peak hip flexion in fem#&eszonek 2008
Orishimqa 2009), and one with significantly greater hip flexion in mélesobs2007)

While these differenceare likely a result of differences in methodology (i.e. vertical

drop height), it has been generalgknowledgedhat relatively increased hip flexion

during landing contributes to decreased joint reaction forces in the ankle, knee, and hip,
and is theredre advantageoy®lackburn 2008 Kerzonek 2008 Mendiguchia2011)

As in the case of the trunkip flexionduring landing is primarily controlled
eccentrically by the gluteus maximus and, in part, by gluteus mgiackburn 2009)
Therefore it was hypothesized that the dyskinesis group would display less hip flexion
during the SLDL, due to the relationship between LPHC and scapular fu(B&okett
2014 Burkhart 200Q Kibler, 2006 Sciascia2012) Results of the currestudy revealed
no significant differences inip flexionbetween the dyskinesis group (32.8411.67)
and control group (30.63% 10.54). There are two possible explanations for this finding.
First, it is possible that there are no differences in hipresdr and abductor strength
between the two groups. However, this is unlikely based on previous research finding
significant differences in hip strength between those with and without shoulder
dysfunction(Beckett 2014 Burkhart 2000, as well as theignificant differences in SLS

performance observed in the current study. Thus, it is more reasonable to conclude that
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hip flexion duringthe SLDL are not a significant mhetor of scapular dysfunction due to
the nature of the task.

Hip flexion kinematicsin the current study we similar to those observed in
previous studie@Coventry 2006 Myer, 2015) While nonsignificant, these results
suggest that the dyskinesis group trended toward slightly greater hip flexion than the
control group. Although it has been suggested that increased trunk, hip, and knee flexion
during landing likely indicate increaseduromuscular control of gluteus maximus and
gluteus mediugBlackburn 2009), some authors have also speculated that increased hip
flexion may shift the center of gravity forward and negatively affect neuromuscular
control of the kne¢Jacobs2007 Kerzonek 2008) Based on conflicting results
regardinghip flexionduring singlelimb landing, it is difficult to determine exactly how
much hip flexon is considered Oexce®g) It is possible that increased hip flexion may
be advantageous if the trunkmrains in a more erect position, and viegsa. However,
no previous SLDL studies have examined this relationship.

Hip adduction/abductiokinematics of the SLDL have been studied
predominantly due to the association between hip adduction and kneg tladguismary
mechanism ohon-contactACL injury. Peak hip adduction angles have ranged from 3.9
+ 5.6 to 12.49+ 6.93, with females exhibiting slightly greater peak hip adduction
(Jacobs2007 Myer, 2015 Oritz, 2008 Orishimqg 2009 Yeow, 2011J). It has been
suggested that the increased degree of hip adduction in females, coupled with decreased
hip abductor strength, are partially to blame for the high incidence of ACL injuries in
females. Furthermore, Kerzonek et al. (2008) reported gneaad hip abduction in

females (6.44+ 4.92) compared to males (1;226.95). Therefore, it was hypothesized
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that the dyskinesis group in the current study would display significantly greater total
(maximum excursionfrontal plane movement of the hgpecifically in the direction of
adduction.

The current study revealed no significant differencesamimum excursioor
positionalkinematics ohip adduction/abductionn terms ofmaximum excursion
kinematics, the control group displayed 1G.251.(, while the dyskinesis group
displayed 9.638+ 3.64. Further investigatoof positionalkinematics (control7.33 +
6.23; dyskinesis7.0§ £ 6.26) suggests that the majority of participaxtsibited hip
adduction, while a smaller proportion of peipants displayethip abduction. The failure
of the current study to find any differences in frontal plane hip motion between groups
may be due to the inclusion of batbxesas females have typically displayed greatpr
adductionthan males as welkadecreased hip abductor stren@idicobs2007 Kerzonek
2008 Nakagawa2012) Therefore, future research may aim to examine the relationship
between scapular function ahgb adductiorduring the SLDL withsexas a factor.

Although few studies have reportkgb rotationkinematics during the SLDL,
previous authors have reportealues ranging frons.6; = 6.9 of external rotatioto
13.4 + 5.5 of internal rotatiarDifferences have been observed betwastes with
females ghibiting generally increased internal rotation coupled with decreased hip
abduction and rotation strendtlacobs2007); between healthy and ACL injured
populations, with ACL injured individuals displaying greater hip internal rotg@uoitz,
2008); andbetween dominant and nalominant sides, with the dominant leg displaying
greater external rotatigiMyer, 2015) Due to these differences relating to LPHC

function, it was hypothesized that differencesiaximum excursion and positiortap

99



rotationkinemaics would exist between grougaurthermore, it was hypothesized that
maximum deviation of hip rotation would occur in the direction of internal rotatoin
be greater in the dyskinesis group

The current study revealed no significant differencesaimum excursiomhip
rotationkinematics(control: 8.9% + 4.60; dyskinesis: 10.32 4.48) ompositionalhip
rotation kinematics (control: 6.Q& 4.43; dyskinesis 7.6& 6.13). These data suggest
that the majority ohip rotationwas in the directionfanternal rotation, however some
participants displayed peak transverse plane hip motion in the direction of external
rotation. Although nossignificant, this is similar to the trend observedhij rotation
kinematics duringhe SLSin the current study. The lack of significant differences
between groups in the current study could pogdibldue to the inclusion of botlexes
whose differences were previously described. Therefore, while the current study was
unable to conclude thatghrotation during the SLDL is significantly relatedupper
extremity function, it may be worth examining this variable in the future seias an

additional factor.

Knee Kinematics

The knee has been studied more extensively in SLDL literature niyawttzer
segment of the body due to the association between landing mechanmcsaondtact
ACL injury (Brazen 201Q Coventry 2006 Jacobs2007 Kerzonek 2008 Kiriyama,
2009 Myer, 2015 Nagan 2007 Orishimq 200§ Oritz, 2008 Russel] 2006 Wikstrom,
20006. Previous studies have examined the effectegffatigue, musclstrength, and

proximal segment contribution on knee kinematics during silegiéanding. Authors
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have suggested that decreased knee flexiomaneased/algus/varusndicate
dysfunction that may lead to lower extremity injiBrazen 201Q Jacobs2007
Kerzonek 2008 Oritz ,2008 Russel] 20006.

Although no SLDL studies have examirnthis task with implications foupper
extremity njury risk, it has been reported that alterations in knee flexion can affect
stresses in the arnklliott et al. (2003) reported that tennis players who had decreased
knee flexion during a serve had-23% increased loads in horizontal adduction and
rotation at the shoulder and valgus load at the elbow. The authors suggested that
decreasing knee flexion during the tennis serve resulted in a break in the kinetic chain,
thereby decreasing the contribution of the hip and trunk. Furthermore, alterations in hip
muscle (i.e. gluteus maximus, gluteus medius, hip external rotators) aatidigtrength
have been associated with increased knee valgus during landing maneuvers, as well as an
increased incidence of shoulder injiBurkhart 200Q Kibler, 2006 Leetun 2004). This
implies that compensatory motions of the knee can be manifested in the shoulder
complex Thus, it was hypothesized that individuals with scapular dyskinesis would
exhibit decreased knee flexion and increassddus/varus motigrspecifcally in the
direction of valgus, compared to controls.

The current study revealed no significant differencdsae flexion between
groups Thedyskinesis group displayed 4945 11.31 while the control group displayed
50.09 * 9.28 of knee flexion. Aese values are similar to those reported in previous
literature(Coventry 2006 Kiriyama, 2009 Myer, 2015 Nagaj 2013 Nyland 2011
Schmitz 2007), but suggest that knee flexion during the SLDL is not a predictor for

scapular dyskinesist is worth notingthat the contribution of the kneettatal energy
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dissipation during a SLDL isnly 11.4%(Yeow, 2011) Thereforethe bodylikely relies
onmore proximal segmente contrbute to safe landing techniquesddanture SLDL
researchmayrequirea more multidimesional approach to understatgsfunction
holistically.

Control ofknee valguss important to researchers and cliniciaikis motion
places stress on passive structuagsl combined with anterior translation of the tibia,
induces strain on the ACIAlthough it has been reported that knee extensor and flexor
strength are significant correlateskoiee valgusthese muscle groups have small
adduction and abduction momeatghe kneand likelycontribute to frontal plane
stabilization of the knee via emntraction and increases in joint compression and
stiffness(Hewett 1996) It hasalsobeen reported that thateralhip musculaturglays a
significantrole in contrdling knee valgusand altered activity or strength deficits of the
gluteus medius leads to increased knee vdlgakgla, 2008 Claiborng 2006 Crossley
2011)

The results of the current study yielded no significant differencessitionalor
maximum excursiokinematics oknee valgus/varus motiom terms ofmaximum
excursiorkinematics, the control and dyskinesis groups exhibited 26034 and 7.85
+ 3.84 ofvalgus/varus motiarrespectively. Further inspectionmdsitionalkinematics
revealed that the contrahd dyskinesigroums displayedl.76 = 9.40 andlL.32 + 9.23,
respectively. This implies that as a whole, both groups displayed similar degrees of
valgus/varus motiarFurthermore, while the mean values suggesttimdionoccured
slightly in the direction of valgus, participants in both groups exhibited nearly equal

amounts of valgus and vari&ecause gvious studies have reported significantly greater



valgus in females and varus in maldacobs2007 Kerzonek 2008 Russel] 2006, one
may be inclined t@roposethat the inclusion of bothexeshad a canceling effect on the
knee valguwaluesobserved in the current studyowever, this is highly unlikely, given
that themaximum excursiokinematics presented in tharcent study were also nearly
identical. Therefore, it is more reasonable to conclude that frontal plane knee motion
during the SLDL is not an appropriate predictor of scagulaction and is not suitable

for clinical use

Summary

The SLDL was examineas a secondary tetst the SLSue to its similaty in
demand for balance, LPHC stability, and neuromuscular control on a single base of
support It was originally thought that the more dynamic nature of the test may expose
possible LPHC dysfunction thatas not observed in the SLS. The SLDL has been
studied almost unanimously in terms of the ACL due to its likeness to motions associated
with non-contact ACL injury Although previous research has focused primarily on ACL
injury mechanisms, SLDL mechanicave been largely related to LPHC funct{@ritz,
2008 Patrek 2011 Zazulak 2005. Optimal performance of the SLDL consists of
adequate sagittal plane biomechanics and eccentric control of the hip and knee
musculaturecombined with decreased frontal and transverse plane motion of the trunk,
pelvis, hip, and knee.

Based on previously reported associations between LPHC stability and upper
extremity function, it was hypothesized that individuals with scapular dys&inesild

display greater frontal and transverse motion of the t(lat&ral flexion and rotation)
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pelvis (lateral flexion and rotationhip (adduction/abduction and internal/external
rotation) and knedvalgus/varusgoupled with decreased sagittal ganotion of the

trunk (flexion), hip (flexion), and kneéflexion) (Beckett 2014 Burkhart 200Q Elliott,

2003 Kibler, 2006 Oliver 2013. The results of the current study indicated that there
were no significant differences in SLDL kinematics between the dyskinesis and control
groups. This finding may suggest one of two things. First, it is possible that individuals
with scapular dyskinesbo not have differences in LPHC function compared to those
without dyskinesis. However, based mevious research regarding upper extremity
injury and LPHC functior{Beckett 2014 Burkhart 2000, as well as the SLS results
observed in the current sty, this assumption cannot be madth confidence

Therefore, it is more likely that the SLDL used in the current study is not an appropriate
test of LPHC function as it pertains to scapular dyskinesis.

In addition to the lack of significance found hretcurrent study, there is also a
lack of literature regarding SLDL kinematics not focused primarily on the knee. While
this is understandable to some extent, it should also be borne in mititetkate only
contributes to 11.4% of total energy dissipatduring singldeg landing(Yeow, 2011)
Moreover, it is surprising that more studies examining the upper bodyOs influence on
SLDL biomechanics do not exist, considering the trunk, arms, and head make up over
half of the bodyOs magtewett 1996) Thisgap in the literature made it difficult to
establish relationships between findings of the current study and past research, and
therefore necessitat@uclusion and comparison of research on other activities such as

plant and cut maneuvers and bilatehadp landings.
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Conclusions and Directions for Future Research

The current studindicated that trunk rotation, hip rotation, and knee valgus
during the singldeg squat were significantly greater in the dyskinesis group compared to
the control group. Thee findingsarevaluable for clinicians during the evaluation
process, as well as for the development of corrective exercise strategies for patients with
shoulder injuries. There were some limitations to the current study. First, although
scapular dyskinesis is assocthteith shoulder pain/injury, it is not considered an injury
in and of itself. Therefore, the scapular dyskinesis group included participants with and
without injury. Second, although previous research has highlightedsexd#ferences
in singleleg squaand singldeg drop landing performance, batexesvere included in
the current study in attempt to generafinelingsacross sexes

Future research should consider examining silegjesquat and singleg drop
landing kinematics in individuals wittind without shoulder dysfunction wisiexas an
additional factorFurthermore, there is an apparent gap in the literature concerning SLDL
kinematics related to the pelvis and trunk. Due to its similarity with the mechanism of
injury for noncontact ACL rptures, the SLDL has been studied extensively in terms of
hip and knee kinematics. Because the upper body contributes to over half the bodyOs
mass, it would likely be advantageous to examine pelvis and trunk mechanics to give a

more global sense of SLDL germance.
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Participant ID:

APPENDIX A

Age: Sex: Height: Weight:
Hand Dominance: RIGHT LEFT

Leg Dominance: RIGHT LEFT

Scapular Dyskinesis Test: YES NO

Affected Shoulder: RIGHT LEFT

Test Leg: RIGHT LEFT

# SLS Practice Trials: Right: Left:

# SLS Trials Attempted:  Right: Left:

# SLDL Practice Trials: Right: Left:

# SLDL Trials Attempted: Right: Left:

Previous Shoulder Injury/Pain (Include date):

Previous Lower Extremity Injury/Pain (Include date):
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APPENDIX B

SCHOOL OF KINESIOLOGY

. " 301 Wire Road

AUBURN UNIVERSITY Auburn, AL 36849

(334) 884-4483
COLLEGE OF EDUCATION

(NOTE: DO NOT SIGN THIS DOCUMENT UNLESS AN IRB APPROVAL STAMP WITH
CURRENT DATES HAS BEEN APPLIED TO THIS DOCUMENT.)

INFORMED CONSENT for a Research Study entitled
Clinical Tests of Lumbopelvic-Hip Complex Function in Individuals with Scapular Dyskinesis:
Implications for Identifying Individuals at Risk for Upper Extremity Injury

Explanation and Purpose of the Research

You are being asked to participate in a research study for the Sports Medicine & Movement
Laboratory in the School of Kinesiology. Before agreeing to participate in this study, it is vital that
you understand certain aspects of what might occur. This statement describes the purpose,
methodology, benefits, risks, discomforts, and precautions of this research. This statement
describes your right to confidentiality and your right to discontinue your participation at any time
during the course of this research without penalty or prejudice. No assurances or guarantees can
be made concerning the results of this study.

This study is designed to examine the association between shoulder function and performance on
the single-leg squat and single-leg drop landing assessments. To investigate this, kinematic data
during the single-leg squat and single-leg drop landing assessments, as well as the results of a
scapular dyskinesis test, will be collected.

Research Procedures

To be considered for this study, you must be between the ages of 19-30 years old, and partake in
at least 30 minutes moderate to vigorous physical activity 3-5 days per week. You must also be
free of lower extremity injury for the last 6 months, and no shoulder surgery within the past 1 year,
have no neurological or musculoskeletal conditions that make the lower extremity weak, and no
dizziness or health conditions that would lead to dizziness. Additionally, you must not have an
allergy to adhesive tape. Total time for testing is approximately 30 minutes.

Testing will require the evaluation of height, body mass, and age, as well as scapular function and
performance of the single-leg squat and single-leg drop landing assessments. Age will be
determined from this consent form and will be recorded to the nearest month. The presence of
scapular dyskinesis will be determined by video analysis of the scapular dyskinesis test. Single-
leg squat and single-leg drop landing performance will be measured with a 3D Motion Capture
system.

The Auburn University Institutional
Review Board has approved this
Document for use from

07/19/2016 to_ 07/18/2017
Protocol #  16-252 EP 1607
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Once all preliminary paperwork has been completed, you will need to be dressed in only a pair of
shorts, sports bra or bathing suit top, t-shirt, socks, and tennis shoes for testing. You will be allotted
an unlimited time to perform any stretches or warm-up you deem necessary. Once properly dressed
and ready for testing, scapular function will be assessed by filming the scapular dyskinesis test. A
digital camera will be placed behind you to film your scapulae during the scapular dyskinesis test.
The scapular dyskinesis test consists of five repetitions of shoulder flexion while holding 3-pound
weights.

After the scapular dyskinesis test, electromagnetic sensors will be placed on your legs, torso, and
neck. Placement of the sensors at these locations will allow the joints to be properly monitored
during testing. Following the placement of the sensors, you will will be asked to perform 3
repetitions of the single-leg squat and single-leg drop landing assessments on each leg. The single-
leg squat test will consist of standing on a 25cm platform with your arms crossed over your chest,
and slowly squatting down on one leg until the heel of the opposite foot touches the ground before
returning to an upright standing position. The single-leg drop landing will consist of you standing
on a 33cm platform with your arms crossed over your chest, and stepping forward with one foot
and landing on the foot with which you stepped forward. At the completion of testing, water will
be provided to you and you will be asked to perform your own specified post-physical activity
cool-down.

Potential Risks

As with any movement research, certain risks and discomforts may arise. The possible risks and
discomforts associated with this study are no greater than those involved in activities of daily life
and light physical activity, and may include: injury from falling, muscle strain, muscle soreness,
and ligament and tendon damage. Every effort will be made to minimize these risks and
discomforts by selecting participants who are physically active. It is your responsibility, as a
participant, to inform the investigators if you notice any indications of injury or fatigue, or feel
symptoms of any other possible complications that might occur during testing or the intervention.

To reduce the risk of injury, certain precautions will be taken. During testing, two board certified
athletic trainers will be present to monitor participants during testing. Ample warm-up and cool-
down periods will be allowed, and water will be provided to you as needed.

Confidentiality

All information gathered in completing this study will remain confidential. Your individual
performance will not be made available for public use, and will not be disclosed to any person(s)
outside of the research team. The results of this study will primarily be written as a dissertation to
satisfy the degree requirements for a PhD in the School of Kinesiology at Auburn University.
Additionally, supplemental results may be published or presented as scientific research. No
participant’s name or identity shall be revealed should such publication occur.

The researcher will try to prevent any problem that could occur because of this research. If at any
time there is a problem, you should let the researcher know and he or she will help you. Should
an emergency arise, we will call 911 and follow our Emergency Action Plan. You are responsible
for any cost associated with medical assistance.

The Auburn University Institutional
Review Board has approved this
Document for use from

07/19/2016 o 07/18/2017
Protocol 8 16-252 EP 1607
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Participation and Benefits

Participation in this research is strictly voluntary, and refusal to participate will result in no penalty.
You will be allowed to withdraw consent and discontinue your participation in this research at any
time without bias or prejudice from Auburn University, the School of Kinesiology, or the Sports
Medicine & Movement group.

Participants will potentially benefit from this research study by verbal notification of the results of
the scapular dyskinesis test, single-leg squat test, and single-leg drop landing test immediately
after testing is complete. This information will let you know if you have any potential weakness
in your core or scapular stabilizing musculature that may lead to potential injury. Knowledge of
your performance on these tests will give insight on core strength and scapular function, thereby
informing you of future potential injury risk.

Questions Regarding the Study

If you have any questions about your rights as a research participant, you may contact the
Auburn University Office of Research Compliance or the Institutional Review Board by phone
(334)-884-5966 or email at irbadmin@auburn.edu or IRBChair@auburn.edu.

HAVING READ THE INFORMATION PROVIDED, YOU MUST DECIDE WHETHER
OR NOT YOU WISH TO PARTICIPATE IN THIS RESEARCH STUDY. YOUR
SIGNATURE INDICATES YOUR WILLINGNESS TO PARTICIPATE.

years months
Printed Name of Participant Age
Signature of Participant Date

The above consent form was read, discussed, and signed in my presence. In my opinion, the person signing
said consent form did so freely and with full knowledge of its contents.

Signature of Investigator Date

The Auburn University Institutional
Review Board has approved this
Document for use from
07119/2016 _to_ 07/18/2017

Protocol #  16-252 EP 1607




Summary of Statistical Results for the SLS.

APPENDIX C

MANOVA | Degrees of Freedom | F Statistic | Significance | Partial Eta Squared
Trunk (RQ1) (3,60) 3.137 0.032 0.136
Pelvis (RQ1) (2,61) 2.907 0.062 0.087
Hip (RQ1) (3,60) 3.742 0.016 0.158
Knee (RQ1) (2,61) 2.399 0.099 0.073
Trunk (RQ2) (2,61) 4.478 0.015 0.128
Pelvis (RQ2) (2,61) 1.000 0.38 0.033
Hip (RQ2) (2,61) 0.437 0.648 0.014
ANOVA
Knee (RQ2) (1,63) 4.606 0.036 -
Summary of FollowUp Statistical Results for Significant SLS Variables.
t-test Degrees of | t-statistic | Significance | Mean(SD) Mean(SD)
Freedom Dyskinesis Control
Trunk Rotation | (63) -2.570 .013 11.09(3.28)| 9.04(3.09)
(RQ1y
Trunk (63) -2.929 .005 -10.12(6.56)| -6.85(7.77)
Rotation(RQ?2)
Hip Rotation (63) -2.776 .008 9.59(4.40) | 6.79(3.02)
(RQ1y
Knee Valgus (63) -2.146 .036 12.49(9.62) | 7.07(10.54)
(RQ2)

*Equal variances not assumed
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Summary of Statistical Results for the SLDL.

MANOVA | Degrees of Freedom | F Statistic | Significance | Partial Eta Squared
Trunk (RQ1) (3,60) 0.934 0.4 0.045
Pelvis (RQ1) (2,61) 2.368 0.102 0.072

Hip (RQ1) (3,60) 0.86 0.467 0.041

Knee (RQ1) (2,61) 0.064 0.938 0.002
Trunk (RQ2) (2,61) 0.183 0.833 0.006
Pelvis (RQ2) (2,61) 3.793 0.058 0.047

Hip (RQ2) (2,61) 0.728 0.487 0.023
ANOVA

Knee (RQ2) (1,63) 0.036 0.851 -




