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Athletic injuries; Objectives: Non-traumatic extremity injuries are particularly common in sports, representing a
Screening; significant economic, academic, and psychosocial burden on athletes. Proposed musculoskele-
Movement system; tal risk factors for increased injury and decreased performance in athletes include movement
Validity pattern inefficiency, decreased regional stability, decreased mobility, and asymmetrical move-

ment. The Movement System Screening Tool (MSST) is a comprehensive screening tool designed
to assess these factors. Thus, the purpose of this study was to describe the development and
determine the content and construct validity and inter-rater reliability of the MSST.

Methods: A modified Delphi panel of experts determined content validity. 80 athletes (40 with
and 40 without a current non-traumatic shoulder injury) completed 21 clinical tests, with
exploratory factor analysis and known group analysis performed to determine construct validity.
Two independent raters were used to establish individual item and composite score inter-rater
reliability.

Results: Exploratory factor analysis identified three of the four apriori constructs over 7 factors
(14 tests), representing 63% of the variance. Known group analysis revealed a significantly lower
composite score in athletes with vs. without a current non-traumatic shoulder injury (56.9 +5.8
vs. 62.7 £4.5, respectively). A preliminary cut score of 62 was chosen with sensitivity of 85%
and specificity of 44%. Composite score inter-rater reliability was excellent ICC (2,1)=0.94, 95%
Cl (0.91, 0.96) and item reliability ranged from k =.57 to 1.00.

Conclusions: The MSST possesses constructs representative of injury risk and measurement
properties acceptable for use in clinical settings. Comprehensive screens with construct validity
and known measurement error are needed not only to identify athletes at risk of injury, but
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also provide an instrument that can be used in studies that seek to validate training approaches
proposed to change movement impairment and injury risk in athletes.

© 2019 Associacao Brasileira de Pesquisa e Pos-Graduagdo em Fisioterapia. Published by Elsevier
Editora Ltda. All rights reserved.

Introduction

Sports injuries are common and represent a significant eco-
nomic, academic, and psychosocial burden on athletes.’
Non-contact injuries account for nearly 40% of all injuries
sustained during practices and 20% of injuries incurred
during sanctioned games.? While nearly one-third of all non-
contact injuries affect overhead athletes,> most movement
screens assessing injury risk predominately focus on lower
extremity and/or only address upper extremity mobility.*°
Risk factors suggested to decrease performance and increase
injury risk include decreased regional stability (e.g., core
stability), movement pattern inefficiency, decreased mobil-
ity, and asymmetrical movement.*’-22 Movement screening
tools are widely used to assess injury risk in athletic
populations; however, few have established validity and
reliability.23-28

The Functional Movement Screen (FMS) and Nine Test
Screen Battery (9TSB) are examples of screens that aim
to identify functional movement limitations,?’ yet the def-
inition of ‘‘fundamental’’ movement is disagreed upon
and limited evidence exists regarding the developement
methods of these tools.>® The FMS has demonstrated good
inter-rater and test-retest reliability’>?°; however, predic-
tive validity of the screen is inconclusive.?'~3 Furthermore,
construct factor analysis does not support use of the compo-
site FMS score as low internal consistency and inconsistent
factor loading was demonstrated among the 7 FMS tasks
within different populations.’®*” The 9TSB has demon-
strated good inter-rater reliability, with no evidence of
predictive validity.?? Additionally, these screening tools are
heavily biased toward lower extremity stability and mobility
tests, and lack more dynamic tests (e.g., plyometric move-
ments). Therefore, there is a need for a valid and reliable
comprehensive screening tool with adequate measurement
properties and injury predictive validity based on proposed
injury risk factor constructs.*’

To address limitations of current movement screening
tools, a new tool was systematically developed. The Move-
ment System Screening Tool (MSST) was designed to assess
the constructs of movement pattern efficiency, regional sta-
bility, mobility, and movement symmetry across the upper
and lower extremities and core. The purposes of this study
were to: 1) describe the development of the MSST, and
2) determine the measurement properties (content valid-
ity, construct validity, inter-rater reliability) in an athletic
population.

Methods

Participants

Eighty athletes participated in the cross-sectional study (40
with a current shoulder injury). Sixty-five percent of the ath-
letes (26/40) with a shoulder injury were currently receiving
physical therapy services. Inclusion criteria were athletes
between 18 to 35 years of age with a minimum participa-
tion of 10h per week in practice, games, and/or strength
and conditioning workouts. An athlete was defined as any
individual currently competing in any sport at a profes-
sional, semi-professional, collegiate varsity, junior varsity,
or club level. Athletes were excluded if they presented
with: concussion (current or within the last six months),
current leg, trunk or neck injury, a diagnosed balance dis-
order, and/or a current head cold, sinus infection, or inner
ear infection. Athletes with a shoulder injury experienced a
non-traumatic shoulder injury within the previous six months
that required medical treatment. Athletes with and with-
out a shoulder injury were matched by age (*five years),
sex, sport group [a) overhead athletes; b) athletes who
use their upper extremities in their sports, but are not
overhead athletes, (e.g., lacrosse)]; and body mass index
(£5kg/m?). Athletes from the following sports participated:
football (27), baseball/softball (10), CrossFit/Weightlifting
(10), swimming/water polo (9), crew/sailing (5), wrest-
ing/rugby (5), tennis (4), track and field (4), basketball (2),
lacrosse (2), soccer (1), rock climbing (1). All athletes gave
written informed consent to procedures approved by the
Drexel University Institutional Review Board (Philadelphia,
PA, USA, Approval #1307002208).

MSST development

A systematic literature search generated a list of tests with
reported athletic injury predictive capabilities and/or that
are commonly used in musculoskeletal assessments of move-
ment patterns, mobility, control of dynamic movements,
or muscle capacity (e.g., strength, endurance). The liter-
ature search was performed within the CINHAL, MEDLINE,
PUBMED, and Google Scholar databases, with supplemen-
tal searches conducted from review of the reference lists.
See Appendix 1 for list of search terms and flow diagram of
literature used for content validity. Tests were developed
and/or modified for constructs in which a panel of expert
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clinicians identified a gap in the literature. The identified
gap was specific tests of core stability. As part of this pro-
cess, the unilateral hip bridge endurance (UHBE) test was
modified and validated as a clinical test of core control.3®
A seated clinical core control test (3CT) was developed as
another potential assessment of core control.*’

Content validity

A modified Delphi approach* with an expert panel (N=15)
of experienced (mean experience: 15.1+.9 years) physical
therapists with sports and orthopaedic specialty certifica-
tions, athletic trainers, certified strength and conditioning
specialists, and biomechanists from different institutions
determined the content validity and reduced the num-
ber of tests from the initial list. Content validity reflects
whether or not the ‘‘domain of content’’ is sufficiently
covered by the instrument or measure.*' An instrument pos-
sesses content validity if it comprises all components of
the theoretical content and illustrates the relative impor-
tance of each component.“? For example, the proposed MSST
would demonstrate content validity if the experts reached
consensus that the theoretical constructs of the MSST are
adequately represented, and the importance of each con-
struct/component was reflected. Experts determined if the
literature review results comprehensively addressed pro-
posed injury risk factors and if each body region was
represented in the first Delphi round. In the second round,
experts rated their level of agreement on which of the pro-
posed risk factors for injury/constructs each test assessed,
the primary body region the test was assessing, and the
importance of symmetry (Appendix 1, Supplementary Mate-
rials). A majority (13/15) agreed on the primary region each
test assessed, the importance of asymmetry, and the pro-
posed risk factor/construct.

In the third round, experts received the second round
results, and the inter-rater reliability and validity of
individual tests. Inter-rater reliability for individual tests
came from a sub-study completed in our lab or from the
published literature. Experts rank-ordered tests for each
construct/proposed risk factor based on results of the
previous round, test measurement properties, and their
expert opinion. Third round results achieved consensus and
revealed that experts selected 21 (15 tested bilaterally) of
the 33 original tests for inclusion in the screen.

Construct validity

Construct validity is the ability of an instrument to mea-
sure an abstract concept or construct.*” Construct validity
establishes theoretical relationships between the primary
concept of interest (i.e., movement system impairment)
and another concept (i.e., injury).*" Eighty athletes were
recruited for the construct validity study. Age, height, mass,
and hours of activity per week, were recorded (Table 1).
For the purposes of describing the sample, verifying that
healthy controls did not have an underlying shoulder injury,
and those with an injury demonstrated impairments, all
athletes underwent a clinical shoulder exam and com-
pleted the Penn Shoulder Score (PSS). Shoulder examination
included contractile testing of shoulder musculature, range

of motion, and provocative testing. The PSS has test-retest
reliability of ICC (, 1)=0.94 (95% Cl: 0.89, 0.97), internal con-
sistency (Cronbach’s alpha) of 0.93, SEM =+ 8.5 scale points
(based on 90% Cl).*

Athletes completed 21 tests identified through the Del-
phi process, in one session with a maximum of three trials
on each test. The best performance was recorded. Raters
recorded the location of any deviation (i.e., joint/segment),
the degree of deviation (i.e., none, subtle, severe), and
the presence of pain with movement. Test performance was
scored as per documented test criteria. The original test
criteria or measurements were converted to a 0-3 scale,
similar to other published movement screens,”* with a
maximum MSST composite score of 78. Tests performed
bilaterally were rated/scored for each side, except gleno-
humeral internal rotation deficit (GIRD). GIRD determination
and score was based on published scoring criteria, resulting
in a single score for this bilateral assessment.*’

Inter-rater reliability sub-study

Two raters independently assessed each of the 80
atheltes’performance on the qualitative tests within the
MSST (e.g., side bridge with active hip abduction, step
down). Raters were not blind to athlete group status and
included an exercise scientist and a physical therapist with a
sports specialist certification. The second rater was trained
via recordings and live performances of athletes performing
MSST tests prior to data collection. During data collection,
the primary rater read the test instructions to the ath-
letes. For tests requiring a qualitative assessment, raters
independently recorded performance observations. Quanti-
tative tests within the MSST (e.g., single-leg hop) were not
included in the substudy given prior published inter-rater
reliability.27-46-%

Statistical analysis

Independent t-tests assessed athlete characteristics to con-
firm there were no group differences (p<0.05) on the
matched characteristics. All statistical analyses were con-
ducted using SPSS (version 22.0; SPSS Inc, Chicago, IL).

Construct validity

Exploratory factor analysis

Prior to the exploratory factor analysis (EFA), test items
were analyzed for multicollinearity. Randomly missing
data (<1%) were imputed using single imputation while
non-randomly missing data were imputed using multiple
imputations. The average of five imputations derived data
points for non-randomly missing data. Tests were examined
for factor analysis appropriateness via the Kaplin-Meyer-
Olkin (KMO) measure of sampling adequacy, Bartlett’s test of
sphericity, and the anti-image correlation matrix. KMO and
Bartlett’s test of sphericity determined if an adequate num-
ber of tests for each factor existed, and whether the original
tests were sufficiently correlated, respectively.?®>° Tests
with unacceptable sampling adequacy were removed, and
an EFA with and without factor rotation (Varimax rotation®)
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Table 1  Athlete characteristics by group and sex (mean =+ standard deviation).
Group Sex N Age (yrs) Height (cm) Mass (kg) Hours Per week
Activity PSS
CTR F 13 21.4+4.2 168.5+8.9 68.7+11.6 18.5+6.7 29.5+1.5
M 27 20.9+3.1 179.8+7.2 92.1+16.5 19.4+5.1 29.3+1.3
INJ F 13 22.2+£3.9 165.8+6.5 64.4+£9.4 16.5+4.9 20.6 £6.0
M 27 20.8+2.8 181.3+7.0 94.3+17.1 19.7+7.5 23.9+4.0

Abbreviations: CTR: controls; INJ: injured; PSS: Penn Shoulder Score.

was completed. Factor extraction was performed using the
maximum likelihood method and factors with eigenvalues
greater than 1.0 were extracted while test item communal-
ities within each factor were suppressed at 0.4.°"

Known group analysis

Since movement system impairment is associated with non-
traumatic injuries,?” a known group validity approach was
used to determine if the MSST could discriminate between
athletes with and without a current non-traumatic injury. An
independent t-test was used to assess MSST composite scores
between these groups. An a priori power analysis deter-
mined a sample size of 34 per group was needed to achieve
significance at p<0.05 and power of 0.80 for a two-tailed
independent t-test with an effect size of 0.8.

In an attempt to protect athletes with current shoulder
injury from potential further injury, the closed kinetic chain
upper extremity stability test (CKCUEST) was not performed
in that group. Analysis was first performed with a CKCUEST
score of zero assigned to athletes with shoulder injury. How-
ever, it is impossible to know if all athletes with current
shoulder injury would have received a zero score on this
test. Therefore, to reduce potential bias of this approach,
a second analysis was performed with the CKCUEST score
removed from the composite score for all athletes.

A receiver operating characteristic (ROC) curve analysis
was also performed to assess the ability MSST performance
to discrimate between groups and to identify a preliminary
cutoff score which maximized sensitivity and specificity for
identifying movement system impairments associated with
shoulder injury. The area under the curve (AUC) was inter-
preted as: no discrimination (0.5), acceptable (between 0.7
and 0.8), excellent (between 0.8 and 0.9), and outstanding
(>0.9).%?

Inter-rater reliability sub study

Inter-rater reliability (Cohen’s kappa [k]) was determined
for qualitatively scored individual tests based upon scores
determined through visual assessment of test performance.
Inter-rater reliability of individual tests were interpreted
according to Landis and Koch [<0: no agreement, 0.1-0.20:
slight agreement, 0.21-0.40: fair agreement, 0.41-0.60:
moderate agreement, 0.61-0.80: substantial agreement,
0.81-0.99: almost perfect agreement].>>

Inter-rater reliability of the composite score

Individual test scores were converted to generate a
composite score for the full screen. The composite score
inter-rater reliability was assessed using an Intraclass cor-

relation coefficient (ICC(,4)) and interpreted according to
Portney and Watkins*? [<0.40: poor reliability, 0.41-0.74:
moderate reliability, >0.75: excellent reliability].

Results

Content validity & inter-rater reliability of
individual tests

The modified Delphi approach identified 21different tests
(15 were bilateral) for potential inclusion. Inter-rater test
reliability ranged from k=0.03-1.00 (Table 2). The 21 pro-
posed tests demonstrated content validity and represented
assessments of each of the proposed risk factors in each body
region.

Construct validity

The KMO (0.58) and Bartlett’s test (p=0.001) revealed that
15 of the remaining 21 MSST tests were appropriate for
the EFA. Six tests were removed during examination of
individual test KMO statistics within the anti-image correla-
tion matrix secondary to unacceptable sampling adequacy:
modified Thomas test, in-line lunge, trunk stability push-
up, trunk extensor endurance, trunk flexor endurance, and
3CT.

EFA revealed 7 factors (Eigenvalues greater than 1.0;
Table 3), representing 63% of the explained variance. Scapu-
lar dyskinesis did not meet the criteria for test item
commonality within a factor and was therefore removed
from the screen. The construct of movement pattern effi-
ciency (MPE; 21.3% explained variance) loaded on two
factors: lower extremity MPE with core stability, and
dynamic MPE. The construct of regional stability repre-
sented 24.8% explained variance loading on three factors
(dynamic, core, and core to extremity). Mobility (16.8%
explained variance) loaded on two regional factors (extrem-
ity mobility; trunk mobility). For details see factor structure
in Table 3. The factor structure was further examined
using a Varimax rotation, which produced 8 distinct fac-
tors, explaining 67% of the variance. The 8 factors represent
the same constructs as the original analysis; however, the
rotation further separated the mobility construct into three
regions (upper extremity, lower extremity and trunk).

The 14 remaining tests did not appear to equally address
the construct across all regions. Therefore, the 3CT, repre-
senting isolated core stability (removed due to unacceptable
sampling adequacy), and the scapular dyskinesis test (only
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Table 2 Individual item inter-rater reliability (kappa) of qualitative assessments performed on all athletes.

Test K Test K
Active hip ABD-L .30 Active Straight Leg Raise-L *
Active hip ABD-R .62 Active Straight Leg Raise-R *
Resisted active hip ABD-L .73 Double leg hip bridge *
Resisted active hip ABD-R .40 Bridge-leg extension-L .36
Side bridge-L * Bridge-leg extension-R .61
Side bridge-R * Bridge-leg extension resisted-L *
Side bridge hip ABD-L .57 Bridge leg extension resisted-R *
Side bridge hip ABD-R .50 Prone hip extension-L .75
Side bridge hip ABD resisted-L .09 Prone hip extension-R .87
Side bridge hip ABD resisted-R .25 Prone hip extension-arm lift-L .03
Modified Thomas test-L * Prone hip extension-arm lift-R .50
Modified Thomas test-R * Step down-L .82
Rotary stability-L * Step down-R .73
Rotary stability-R * In-line lunge-L *
Hurdle step-L 1.0 In-line lunge-R *
Hurdle step-R .87 Trunk stability push-up *
Overhead squat *

Abbreviations: k: kappa; L: left; R: right; ABD: abduction. * Indicates no covariance due to perfect agreement between raters, thus

kappa could not be computed.

Table 3 Factor Loading for Non-Rotated Factor Matrix.

Factor Test Loading % Explained Variance
LE Movement Pattern Efficiency Bridge-Hip Abduction 0.53 15.0%
Hurdle Step 0.64
Double Leg Lowering 0.55
Step Down 0.67
Mobility Shoulder Mobility 0.77 12.1%
Straight Leg Raise 0.64
Shoulder Internal Rotation 0.52
Dynamic Stability Single Leg Hop 0.77 10.3%
CKCUEST 0.53
Core Stability Unilateral Hip Bridge 0.65 8.2%
Core to Extremity Stability Overhead Squat 0.44 6.3%
Rotary Stability 0.47
Dynamic Movement Pattern Efficiency Y-Balance Test 0.52 6.2%
Core Mobility Trunk Flexion/Extension 0.50 4.8%
Total 62.9%

Abbreviations: LE: lower extremity; TP: trunk/pelvis; CKCUEST: closed kinetic chain upper extremity stability test.

assessment of scapular movement pattern) were kept in the
final 16-test version of the screen (Table 4). Notably, both
of these tests had good inter-rater reliability. Inter-rater
reliability of the qualitative tests in the final version demon-
strated fair to perfect agreement (k=0.57-1.00). Using
data from our cohort study, we established within session
reliability for the unilateral hip bridge endurance (ICC,,)
=0.94-0.95) and 3CT (ICC(;,1) =0.85).

Known group analysis

There were no significant differences in demographics
between athletes with and without non-traumatic shoulder
injury. Athletes with a shoulder injury scored significan-
tly lower on the Penn Shoulder Score (x=78.2+11.7;

t=10.0, p<0.0001, Cohen’s d=2.2) than athletes without an
injury (x=97.5+3.9). Athletes with a shoulder injury (MSST
composite score =59.3 +5.9) scored significantly lower than
healthy athletes (MSST composite score=65.0+4.8) with
the CKCUEST included in the analysis (t=4.77, p<0.0001,
Cohen’s d=1.06). Mean difference between groups (5.7
points) resulted in a large effect size. The findings did not
change with removal of the CKCUEST from the composite
score of both groups (shoulder injury group x =56.9+5.8;
control group x=62.2+4.8, t=2.43, p=0.02, Cohen’s
d=0.54). ROC curve analysis revealed the MSST’s ability
to identify movement system impairment associated with
shoulder injury was acceptable (AUC=0.76, p<0.0001, 95%
Cl: 0.65, 0.86). A preliminary cut score of 62 was chosen
with sensitivity of 85% and specificity of 44%.



Table 4 Movement System Screening Tool (MSST) Descriptions and Scoring Criteria for the Tests.

Test

Description

Scoring

Lower Extremity Tests
Side bridge with active hip

abduction
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Rotary stability'”
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Participant lies on his/her side, propped up on the forearm with the
shoulder over the elbow, and the bottom knee bent to 90°. Top and
bottom thighs should be in line with one another. Top leg should be
straight, toes lifted towards the shin and pointed forward.
Participant lifts pelvis off the floor/table until head, spine, and
bottom leg are in a straight line, then raises the top leg.

Standing with feet shoulder width apart, toes pointing forward and
holding the PVC overhead, he/she squats as deeply as possible 3
times. The rater evaluates from the front, side, and back. If
participant was unable to complete the full motion in an error-free
fashion, a wooden 2 x 6 board was placed under the heels and the
squat was re-evaluated.

Participant stands with feet together and toes touching the board.
Grasping the dowel with both hands, he/she places the dowel behind
his/her neck and across the shoulders. From this position, the
participant maintains an upright posture, raises the right leg and
step over the hurdle, making sure to keep the moving foot toes
towards the shin. Once hurdle is cleared, participant touches the
floor with his/her heel and returns to the starting position.
Alignment of the ankle, knee and hip should be maintained.

Participant assumes a quadruped position with the hips and knees at
90° and a 2 x 6 board between the hands and knees. With the ankles
dorsiflexed, toes, knees, and thumbs touching the board, participant
raises the arm and extends the ipsilateral hip and knee
simultaneously. After achieving this position, participant brings the
elevated elbow and knee towards the midline of the body to make
contact above the board and then return to the starting position.

0: Pain present during test

1: Obvious deviations were noted

2: Subtle deviations were noted

3: No compensations or deviations were present
Deviations:

- Pelvis or spine did not remain in a neutral
position

- Lack of symmetry in performance between sides
- Any trunk movement

Sides scored separately. Total Possible Points=6
0: Pain present during test

1: Unable to squat with thighs below parallel
without compensations using 2 x 6 board

2: Able to squat to below parallel with 2 x 6 board
3: Able to squat to below parallel without 2 x 6
board and no compensations.

Total Possible Points =3

0: Pain present during test

1: Contact between the moving foot and hurdle or
loss of balance was observed

2: Alignment was lost between hips, knees and
ankles or the dowel did not remain horizontal

3: Test was performed without any compensation
*Leg stepping over the hurdle is the leg being
scored

Sides scored separately. Total Possible Points=6
0: Pain present during test

1: Unable to perform the diagonal pattern

2: Unable to perform the ipsilateral pattern but
able to perform the diagonal pattern

3: Able to perform the ipsilateral pattern

Sides scored separately. Total Possible Points=6
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Table 4 (Continued)

Test

Description

Scoring

Trunk flexion/extension
mobility'”

Y-Balance Test Anterior*’

For the trunk flexion test, participant assumes a quadruped position
and are instructed to rock his/her hips toward his/her heels, lower
the chest to his/her knees, and reach his/her hands in front of the
body as far as possible. For the trunk extension test, participant lies
prone on an exercise mat with the hands directly under the
shoulders and the feet together. From this position, participant
presses his/her chest off the mat as much as possible by
straightening the elbows and without any lower body movement.
Raters observe for limited or excessive motion in the shoulder
(flexion test only), thoracic and lumbar spines, and hips.

Participant stands on a 20-cm stool, crosses his/her arms across the
chest, and squats down as far as possible (attempting to touch the
reaching heel to the ground) five times consecutively. The movement
is performed in a slow and controlled manner, while maintaining
balance. If unable to touch the reaching heel to the ground, he/she
is instructed to stop at approximately 60° of knee flexion. Raters
provide verbal feedback, if needed, to those unable to reach the
heel to the ground. This ensures that any deviations are not a
function of step height. Adapted from Crossley et al 2011.%°

Participant stands with stance foot in the middle of the platform so
that toes are behind the start line, hands on hips, and reach forward
pushing the indicator box as far as possible in one smooth movement.
After box is pushed, the distance is recorded, and box is returned to
the start position for the next trial. Trials are unsuccessful if at any
point the hands came off the hips, the stance heel is lifted, or a loss
of balance is observed. The average of 3 trials is normalized to
height. This test was adapted from Plisky et al 2009*°

Participant lies supine on a mat table with a 2 x 6 board directly
under the knees, toes pulled towards the shin, and the arms by the
side. From this position, participant raises the one leg as high as
possible, while keeping the raised leg straight and the opposite knee
against the board.

0: Pain present during either test

1: Limited or excessive motion observed on both
tests

2: Limited or excessive motion observed on only
one test

3: No limited or excessive motion was observed on
either test

Total Possible Points =3

0: Pain present during test

1: Obvious deviations were noted

2: Subtle deviations were noted

3: No compensations or deviations were present
Deviations:

- Pelvis and trunk did not remain neutral

- Knee collapsed toward midline of the body

- Stance heel lifted from the step or loss of
balance

- Inability to achieve at least 60° knee flexion
Sides scored separately. Total Possible Points=6
0: Pain present during test

1:>2 SD from normative mean by sex

2: <2 and >1 SD from normative mean by sex

3: <1 SD from normative mean by sex

Women'’s scores were based on means of

0.43 £0.06 (left) and 0.43 +0.07 (right)

Men’s scores were based on means of 0.45 +0.06
(left) and 0.45 +0.06 (right)

Sides scored separately. Total Possible Points=6

0: Pain present during test

1: Vertical line of the malleolus of the moving leg
is below the knee joint line of the non-moving leg
2: Vertical line of malleolus of moving leg is
between the mid-thigh and knee joint line of the
non-moving leg

3: Vertical line of the malleolus of the moving leg
is above the mid-thigh of the non-moving leg
Sides scored separately. Total Possible Points = 6
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Table 4 (Continued)

Test

Description

Scoring

Double-leg lowering test®’

I

—_— d

Scapular dyskinesis®?

>y J
Shoulder mobility'”

Closed kinetic chain upper
extremity stability®’

Participant lies on his/her back with legs straight and hips flexed to
90°. From this position, slowly lower the legs towards the floor
without changing the pressure in the blood pressure cuff under their
lumbar spine. Once the pressure changes 10 mm Hg, the angle of the
legs relative to the horizontal is recorded. This test and scoring
procedure was adapted from Lanning et al 2006°"

Test uses 5 repetitions of bilateral, active shoulder flexion and
abduction. Each motion is demonstrated, and participants can
perform a few practice trials. Participant performs the movements
with a 2-pound (lb) (< 150 lbs) or 4-lb (> 150 lbs) weight in each in
hand. Participant begins standing in a neutral position, arms at the
side of the body, elbows straight, and thumbs pointing up. Raters
stand 2 to 3 m behind the participant to observe scapular motion.
This test was adapted from McClure et al 2009.%2

In one motion while standing, participant moves the right fist
overhead and down the back as far as possible while simultaneously
taking the left fist up the back as far as possible. Do not ‘‘creep’’
the hands closer after initial placement. Measure the distance
between the two closest bony prominences on the hands (measured
to nearest 0.5in.. Measure hand length prior to testing (most distal
wrist crease to the tip of the third digit). Raters record the distance
of the closest reach. If the participant can touch the hands together,
then a distance of zero is recorded for that side.

Two lines of tape are placed 36 inches apart on the floor. Participant
starts the test in a standard push-up position, with one hand on each
tapeline. Participant is allowed a practice trial to ensure proper
form, defined as: feet shoulder width apart; shoulders, hips, knees
and ankles aligned in the coronal plane; and each hand must touch
the opposite line to count as a repetition. To perform, bring one
hand over to the opposite tape line, return to the starting tapeline,
and then repeated the task with the opposite hand. Test and scoring
were adapted from Goldbeck and Davies.*

0: Pain present during test

1: > 2 SD from normative mean by sex

2: <2, >1 SD from normative mean by sex

3: <1 SD from normative mean by sex

Women'’s scores based on means of 52.0° &+ 5.0°
Men’s scores based on means of 46.0° + 3.0°.63
Total Possible Points = 3

0: Pain present during test

1: Obvious winging or dysrhythmia observed on
3/5 trials in either flexion or abduction

2: Subtle winging or dysrhythmia observed on 3/5
trials in either flexion or abduction

3: No winging or dysrhythmia was observed
Sides scored separately

Total Possible Points =6

0: Pain present during test

1: >1.5 hand lengths apart

2: > 1 hand length apart

3: < 1 hand length apart

Sides scored separately. Total Possible Points =6

Score: Average number of touches in 15 seconds

0: Pain present during test.

1: > 2 SD from normative mean by sex

2: <2, > 1SD from normative mean by sex
3: < 1 SD from normative mean by sex.
Normative means of 21.8 + 3.9%4

Total Possible Points =3
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Table 4 (Continued)

Test

Description

Scoring

Glenohumeral internal
rotation deficit®
)

Unilateral hip bridge
endurance?®

Clinical Core Control Test
(3CT)

The measurement includes passive range of motion of shoulder
internal and external rotation. Participant is supine. The start
position (0°) for both internal and external rotation measures is as
follows: shoulder in 90° of abduction, elbow flexed to 90°, forearm
in neutral with the participant’s hand/fingers pointing up towards
the ceiling. From this position, the tester moves the glenohumeral
joint into external or internal rotation.

Participant lies supine with the arms across the chest, knees in 90° of
flexion, and feet flat on the table (Figure 3c). Participant performs a
single-leg hip bridge and holds this position as long as possible. The
test is terminated when he/she is no longer able to maintain a
neutral pelvic position as noted by 10° change in transverse or
sagittal plane alignment. Three trials are performed on each side.
Sides are scored individually.

Participant sits atop a 75 cm Swiss ball with arms crossed and feet on
ground, so knees, hips, and ankles are at 90°. Lift the feet from the
ground, keeping the heels in contact with the ball, and attempt to
maintain the testing position without allowing the feet to touch the
ground or ball to touch the wall 6 inches behind. Test is terminated
when feet touch ground or ball touches the wall.

0: Pain present during test

1: If GIRD is present (non-dominant - dominant IR
difference > 14° AND non-dominant - dominant
total arc difference > 10°)

2: > 10° difference in total arc motion between
sides, but IR difference < 14°

3: < 10° difference in total arc motion between
sides

0: Pain present during test.

1: > 1 SD from normative mean by sex

2: <1, > 12 SD from normative mean by sex

3: <1/2 SD from normative mean by sex

Scores were based off the following means and
standard deviations: females =33.454-29.70s;
males =26.01+18.44 s

Total Possible Points =3

0: Pain present during test.

1: > 1 SD from normative mean by sex

2: < 1, > ¥2 SD from normative mean by sex

3: <1/2 SD from normative mean by sex

Scores based off means and standard deviations:
females=50.12 +45.01s; males=57.544-59.92s
Total Possible Points =3
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Inter-rater MSST composite score reliability

Inter-rater reliability for the composite MSST score was
ICC2,1y=0.94, 95% CI: 0.91, 0.96), representing excellent
reliability between raters during real time, simultaneous
observation of athlete performance.

Discussion

The purpose of this study was to develop a comprehen-
sive movement screen tool and determine its measurement
properties. Content validity was verified using a modified
Delphi approach. Using factor loading as a proxy for con-
structs, results of the EFA construct validity study supported
three of the four proposed constructs. Regional stability
and mobility were represented by body regions. Movement
pattern efficiency loaded on two factors, representing 4
lower extremity movement tests. Combined, these 7 fac-
tors explain 62.9% of the variance in the MSST suggesting
that these factors represent and validate hypothesized
constructs.> Factor structure did not significantly change
after using a Varimax rotation. Yet, it provided another
level of detail that may be useful in future work if the
MSST is divided into region dependent subsets, such as an
upper-extremity screen for use in upper-extremity dom-
inant sports. EFA did not identify movement asymmetry
given no tests directly represented side-to-side performance
asymmetry. However, unlike the FMS, the MSST scores each
side separately for bilateral tests, allowing the evalua-
tion of bilateral movements independent of the composite
score.16’54'55

Construct validity was further supported by the known
group analysis with a significantly lower MSST composite
score in athletes with a shoulder injury. The calculated
effect sizes for the difference scores represent a large
to medium effect. While the composite score indicates
impaired movement system performance, it does not
provide region specific impairment, or construct-specific
information. The composite score serves as an alert that
further evaluation of the individual test performance may
be warranted.

The MSST composite score correctly identified athletes
with a shoulder injury 75% of the time. This suggests
that lower scores on the MSST are associated with move-
ment system impairment associated with shoulder injury. A
preliminary cut score of 62 (chosen with a bias toward sen-
sitivity) indicates movement system impairment, suggesting
that of the athletes with an injury, 85% (sensitivity) scored
below a 62, while athletes that were not injured, 44% (speci-
ficity) scored higher than a 62. It is acknowledged that the
higher sensitivity chosen assumes the acceptance of a poten-
tially greater number of false positives. However, given that
screening tools are not meant to be diagnostic, a higher sen-
sitivity is acceptable.>® We suggest the MSST composite score
be used in conjunction with other pertinent athlete informa-
tion affecting injury risk, such as injury history. While the
data presented are specific to shoulder injuries, the util-
ity of the MSST to identify movement system impairments
associated with lower extremity injury is unknown. Future
work is needed to determine prospective injury risk in ath-
letes. Of note, the results of the ROC should be interpreted

in the context of the study design and should not be used as
a predictive score for prospective injury risk.

As expected, the PSS of the injured group was significan-
tly lower than the healthy controls. During performance of
the movement screening tool, only 10% of athletes with a
shoulder injury reported pain during any upper extremity
test. No athlete with a shoulder injury reported an increase
in symptoms that would have resulted in testing cessation.
Collectively, this suggests that shoulder pain was not likely a
major factor accounting for the lower MSST composite score
in this group. It is possible that athletes with a current injury
may have developed compensatory movement strategies fol-
lowing onset of injury in order to avoid pain, and as such,
the screen may have captured these strategies.

Inter-rater reliability of the qualitatively scored tests
in the MSST was investigated in this study as the scoring
criteria used differs from previously published work. Inter-
rater reliability on qualitative tests indicated fair to perfect
agreement for those tests included in the MSST. The active
straight leg raise and rotary stability tests demonstrated
100% agreement between raters and therefore did not have
data variance necessary for a kappa computation. The excel-
lent composite score reliability suggests the overall scoring
mechanism is reliable between trained raters. Although it
is possible that this may be inflated due to simultaneous
performance assessment of the raters, these tests have pub-
lished and/or established inter-rater reliability that would
support the data presented here.?’-40-%

This study is not without limitations. Typically, EFA
requires large sample sizes; however, the minimum sample
size to variable ratio depends on the study design.”” Law-
ley and Maxwell suggest 51 more cases than the number
of variables is acceptable for EFA, in which case our data
meet the criteria.”® It is acknowledged that the observed
measurement properties cannot be extrapolated to other
musculoskeletal injuries and future work is needed as this
is a limitation of the current study. The current screen
does not include an open chain upper extremity strength
assessment, which may be important for upper extremity
dominant sports that require open chain tasks. Additionally,
exclusion of the CKCUEST, for protection of athletes with a
current shoulder injury, may have introduced a bias to our
findings that was not controlled for in the two approaches
to the known group analysis. Finally, we acknowledge that
the current structure of the MSST is not yet field expedient,
thereby posing a challenge for large scale movement screen-
ing efforts. Test-retest reliability, and minimal detectable
change of the MSST is also currently unknown and should be
addressed in future work.

Conclusions

The MSST is a comprehensive movement system screen
that preliminarily demonstrates acceptable content and
construct validity, as well as inter-rater reliability when
experienced raters administer the screening tool. Compre-
hensive screening tools with construct validity and known
measurement error are needed to identify athletes at risk of
injury and provide an instrument that can be used in stud-
ies that seek to validate training approaches proposed to
change movement impairment and injury risk in athletes.
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