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ABSTRACT

Background: The significance of scapular dyskinesis is being challenged due to a lack of the association with pain and ability to predict injury in athletic populations.
However, it is unknown whether asymptomatic overhead athletes with dyskinesis cope by normalizing scapular position with higher demand activities.

Hypothesis/Purpose: The purpose of this study was to compare change in scapular kinematics from an active unweighted contraction to a maximal isometric contrac-
tion in asymptomatic overhead athletes with and without scapular dyskinesis. Secondarily, force generated with manual muscle tests were explored for differences and
relationships with kinematics.

Study Design: Cross-sectional laboratory study

Methods: Twenty-five matched asymptomatic overhead athletes with (n=14) and without (n=11) scapular dyskinesis, defined with a reliable and validated clinical
method, participated in this study. Three-dimensional scapular kinematics were evaluated in an active unweighted condition, and during maximal isometric contractions
at 90° of shoulder flexion. Isometric force produced with lower trapezius and serratus anterior manual muscle tests were assessed with a dynamometer. Changes in scapu-
lar kinematics were compared between groups. Differences in force generated with manual muscle tests between groups and relationships with kinematics were explored.

Results: Athletes with dyskinesis demonstrated greater deficits in scapular upward rotation with maximal contraction (p= <0.001), less external rotation (p=0.036) and
weaker lower trapezius manual muscle test strength (p=0.031). Lower trapezius (p=0.003;r=0.57) and serratus anterior (p=0.042;r=0.41) manual muscle test strength
deficits were fair to moderately associated with a lack of scapular upward rotation during maximal contraction.

Conclusion: Small to moderate changes in scapular kinematics are normal responses to a maximal contraction, but with scapular dyskinesis this response is accentuated.
Athletes with dyskinesis generate less force with lower trapezius manual muscle testing compared to athletes without dyskinesis. Decreased strength with lower trapezius
and serratus anterior manual muscle testing was also related to a lack of upward rotation in all athletes.
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INTRODUCTION

Abnormal movement of the scapula, termed scap-
ular dyskinesis,! is common among athletes who
participate in overhead sports** and has been theo-
rized to predispose athletes to shoulder injury. In a
prospective study of asymptomatic rugby players,
players identified with scapular dyskinesis during
preseason had a high incidence of in-season shoul-
der injury.* However, there is also evidence to sup-
port the contrary.>® Additionally, the presence of
clinically observed scapular dyskinesis exists inde-
pendent of shoulder pain in athletes participating in
overhead sports. As such, the significance of clini-
cally observed scapular dyskinesis and need for scap-
ular stabilization programs are being scrutinized.

Underlying conflicting study results is the fact that
scapular motion is complex, occurring three-dimen-
sionally (3D). This has challenged the clinician’s
ability to reliably detect, much less subcategorize
abnormal movement into types such as inferior
angle prominence versus excessive shoulder shrug®®
without sophisticated laboratory measures.” Sev-
eral clinical methods to evaluate scapular motion
have been described with good reproducibility,'®!*
but few have been validated."*> Visual observation
of scapular motion during shoulder flexion with a
light resistive load, termed the scapular dyskinesis
test!®, has been shown to be both a reliable and vali-
dated method to clinically identify the presence of
dyskinesis in overhead athletes in terms of either
dysrhythmia or inferior/medial boarder promi-
nence.*”'% Clinical measures should demonstrate
both acceptable reliability and validity to be useful,
and research that does not utilize such measures to
identify dyskinesis should be taken in this context.

One possible reason for the conflicting evidence
examining relationships between the presence of
scapular dyskinesis and injury risk in overhead
athletes may be due to the load used during test-
ing. Studies investigating pain® or injury risk? in
overhead athletes with dyskinesis have used visual
observation methods which incorporate the use of
light external load during repeated arm elevation.
Clinically, scapular dyskinesis is often attributed
to scapular muscle weakness, but evidence to sup-
port this relationship using the visual observation
method to define dyskinesis is lacking. It is possible

that asymptomatic overhead athletes with scapular
dyskinesis with light external loads may respond dif-
ferently with heavier external loads.

Previous investigations demonstrate that varying
external resistance loads change 3D scapular motion
during humeral elevation with inconsistent results.!®%2
Discrepancies have been attributed to the varying
loads used.!” However, only one study evaluated par-
ticipants for scapular dyskinesis."” To the authors’
knowledge, whether changes in 3D scapular kine-
matics differ in overhead athletes with and without
scapular dyskinesis in response to a higher demand
activity, such as a maximal contraction, is unknown.
If scapular dyskinesis is related to impaired scapular
muscle strength contributing to the lack of scapu-
lar stability, then scapular alterations in individuals
with scapular dyskinesis would persist or worsen
with greater loads. However, it is possible that over-
head athletes with scapular dyskinesis detected with
light loads may uniquely possess adequate scapular
muscle strength and scapular stability with higher
demand activities due to their specific sport training.

Therefore, the primary aim of this study was to
compare change in 3D scapular kinematics with a
maximal contraction between asymptomatic over-
head athletes with and without scapular dyskinesis.
It was hypothesized that compared to asymptomatic
overhead athletes without dyskinesis, athletes with
scapular dyskinesis would demonstrate alterations
in 3D scapular kinematics during unweighted arm
elevation, but those alterations would be less pro-
nounced with a maximal isometric elevation contrac-
tion. It was also hypothesized that overhead athletes
without scapular dyskinesis would demonstrate
smaller changes in scapular kinematics between the
unweighted and maximum contraction arm elevation
because these individuals are able to sufficiently sta-
bilize the scapula during both contraction conditions.
The secondary aims of the study were to explore
scapular muscle strength as a potential explanatory
factor for differences between groups.

METHODS

Subjects

The University institutional review board approved
this study. Overhead athletes were recruited to par-
ticipate in this cross-sectional study from local college
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and university populations. Twenty-eight asymp-
tomatic overhead athletes agreed to participate and
signed the university-approved informed consent.
Subjects were eligible if they were currently partici-
pating without restrictions in a club or varsity level
overhead sport, defined as baseball, swimming, ten-
nis, water polo, or volleyball. The dominant shoul-
der was tested in all eligible participants. Exclusion
criteria are listed in Table 1. The scapular dyskinesis
test® was used to define scapular motion as normal,
subtle, or obvious dyskinesis, by two independent
examiners. The examiners were physical therapists
and an athletic trainer professional with experience
ranging from 2-19 years. Examiners completed stan-
dardized training in the dyskinesis visual observation
method.'® The test consists of five repetitions of bilat-
eral, active, shoulder flexion and abduction holding
1.4kg (3lb) or 2.3kg (51b) weights, 2.3kgs was used for
athletes weighing over 68.1kgs.'® Obvious dyskinesis
was defined as dysrhythmia or inferior angle/medial
boarder prominence of at least 2.5cm during at least
3 repetitions. Athletes classified with normal scapu-
lar motion were included and matched by age (+5
years), laterality, and gender to participants with
obvious dyskinesis (Figure 1). Three subjects with
normal scapular motion were excluded due to a rat-
ing of subtle dyskinesis by at least one of the two
independent examiners. Thus, twenty-five subjects
were included in the final analysis, fourteen subjects
with scapular dyskinesis and eleven subjects with

Table 1. Participant study exclusion criteria

Athletes with any of the following were excluded:

shoulder pain in the last 6 months

pain or limitations in shoulder or cervical spine active range of motion
systemic musculoskeletal disease

history of shoulder surgery or fracture

implanted electronic device
2324

OoOooOogo

pain or instability with anterior apprehension or empty can® tests

Figure 1. An athlete classified with scapular dyskinesis
(right shoulder) with the visual observation method.

normal motion (Table 2). Prior to initiating the study,
a sample size of 16 total subjects was deemed neces-
sary to provide 90% power, with ou=0.05, to detect a
5° difference in change in 3D scapular kinematics
with a maximal contraction between groups using
effect size estimates from prior work.**2*

Manual Muscle Testing

Shoulder strength during manual muscle testing (MMT)
was defined as peak isometric force measured with
a handheld dynamometer. Assessment of shoulder
strength with a handheld dynamometer has demon-
strated excellent inter-rater and intra-rater reliability.
The order of the muscle testing was randomized by
blinded drawing prior to testing. For the serratus anterior
muscle, the subject was seated upright in a chair posi-
tioned with feet flat on the floor, shoulder-width apart.
Subjects were asked to look straight ahead and flex the

Table 2. Overhead athlete participant characteristics

With Dyskinesis (n=14) Without Dyskinesis (n=11)

Gender (male/females) 5(35.7%) /9 (64.3%) 5(38.5%) / 6 (54.5%)
Age (mean + SD), years 20.3x1.4 20.5+1.2
Height (mean + SD), cm 175.5+13.9 175.3+9.0
Mass (mean + SD), kg 67.0+12.4 71.6+10.3
Arm Dominance 1 left; 13 right 1 left; 10 right
Participant Sport (n) 3 Swimming 2 Swimming

9 Volleyball 6 Volleyball

2 Water Polo 3 Water polo
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dominant shoulder to 120°, confirmed with a goniom-
eter, with the thumb facing upward. For the lower tra-
pezius muscle, the subject was prone on a plinth with
the dominant arm in 120° of abduction and thumb fac-
ing upward. With both tests, the pad of a handheld force
dynamometer was placed at the distal aspect of the wrist,
just proximal to the radial styloid process, and held sta-
tionary by the examiner with two hands. Subjects were
asked to push as hard as possible into the dynamometer
pad for a verbal 5-second count. Before maximal test-
ing of each muscle, a sub-maximal (50%) effort trial was
performed to minimize learning effects. Maximum force
output (kg) of two separate 5-second maximal isometric
contractions was recorded. A 30-second rest period was
provided between trials. The peak force of the two tri-
als was averaged, normalized to the subject’s bodyweight
(kg) and expressed as a percentage. These muscle testing
positions have been validated to produce the maximum
surface EMG activity of the primary agonist and the least
involvement of surrounding muscles with electromyog-
raphy.?® Therefore, the authors’ took force production in
these positions to represent strength of the respective
muscle. Within session, test-retest reliability was estab-
lished for the examiners in this study. Intraclass correla-
tion coefficients (ICC), standard error of measurement
(SEM =SD+1- ICC) , and minimal detectable change

(Mdc=SEM\/E), were calculated. The MMT mea-

surements showed excellent reliability (ICC 0.95-0.98).
The lower trapezius MMT showed SEM=0.4% of body
weight and MDC=0.5%, while the serratus anterior
MMT showed SEM =0.6% and MDC=0.8%.

3D Scapular Kinematics

The Ascension Trakstar electromagnetic-based
motion capture system (Ascension Technology Cor-
poration, Milton, VT, USA) with a sampling rate
of 240 Hz was used with Motion Monitor software
(Innovative Sports Training, Inc., Chicago, IL, USA)
to collect 3D kinematic data of the scapula, humerus,
and trunk. The system consists of a transmitter that
emits a magnetic field detected by 4 receivers. The
reported accuracy of the electromagnetic tracking
device is 1.4 mm and 0.5° # and mean errors for
skin mounted receivers are 3.56° for scapular rota-
tion below 120° of humeral elevation.®

Electromagnetic receivers were placed on the tho-
rax over the spinous process of T3, the posterior-

lateral acromion, and the posterior aspect of the dis-
tal humerus of the dominant arm using double-sided
tape (3M HealthCare, St Paul, MN). The humeral
receiver was further secured with PreWrap (Mueller,
Prairie du Sac, WI). The fourth receiver was used to
digitize anatomical landmarks on each segment fol-
lowing International Society of Biomechanics (ISB)
recommendations.?® Digitization allowed transfor-
mation of the sensor position and orientation into
anatomically-based position and orientation data of
the humerus and scapula with respect to the tho-
rax. Euler angle sequences for humeral (Y-X-Y")
and scapular (Y-X'-Z") rotations were used.”® Scap-
ular upward/downward rotation occurs around a
horizontal axis perpendicular to the plane of the
scapula, anterior/posterior tilting occurs around a
horizontal axis parallel to the scapular spine, and
internal/external rotation occurs around a vertical
axis through the plane of the scapula.?*® Scapular
movements into the directions of upward rotation,
posterior tilt, and external rotation were defined as
positive values for clinical interpretation. Three-
dimensional kinematic data were collected during
two 5-second trials of shoulder flexion (humeral ele-
vation in the sagittal plane) at 90° under each con-
traction condition. Kinematic data collected during
a one second interval identified by the midpoint in
each of the two separate 5-second trials were aver-
aged and used for analysis. The three scapular rota-
tions showed excellent reliability (ICC 0.98-0.99).
The measurement error for the scapular rotations
were: upward rotation SEM=3.0°, MDC=4.2°; pos-
terior tilt SEM=1.9°, MDC=2.7°; external rotation
SEM=2.0°, MDC=2.8°.

Elevation Contraction Conditions

Two repetitions each of two contraction conditions
(unweighted active contraction; maximal contrac-
tion) were performed, with the order assigned by
random drawing. During both contraction condi-
tions, subjects were positioned with a non-elastic
strap under both feet, standing shoulder-width apart,
and over the distal aspect of both arms, proximal
the radial styloid process at the wrist, thumbs facing
upward. Both elbows were fully extended and shoul-
ders flexed to 90°, confirmed with a goniometer. The
length of the strap was adjusted so no slack was pres-
ent maintaining the testing position (Figure 2). Once
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Figure 2. Subject positioned with a non-elastic strap during
both the active and maximal isometric contraction testing con-
ditions.

the strap was properly tensioned, the subject relaxed
both arms at his/her side for 30-seconds. The sub-
ject would then assume this testing position with the
strap with each of the contraction conditions.

During the unweighted active condition, subjects
actively raised both arms to 90° in the sagittal plane,
verified with a goniometer, taking up the slack in the
strap and avoiding additional force. Three-dimen-
sional kinematic data were recorded for a 5-second
verbal count. During the maximum contraction con-
dition, subjects assumed the testing position then
were asked to push both arms upward into the strap
at 50% effort for verbal 5-second count, maintaining
a straight spine. This submaximal trial was used to
gain familiarity with the procedure and make any
necessary adjustments to the length of strap by veri-
fying the 90° shoulder position with a goniometer.
During this submaximal trial, additional verbal cues
were provided to avoid substitutional movements
such as trunk hyperextension. Two maximal con-
tractions were then performed. During the maximal

contraction condition, standardized verbal encour-
agement with a series of four sequential, loud cues
of “push” was provided by the second examiner.
During either contraction condition, if the subject’s
position was not properly maintained, the trial was
discarded and another trial was performed.

Statistical Analysis

Descriptive statistics were computed for all demo-
graphic variables. Independent t-tests were used to
compare age, height and mass between groups. Sep-
arate 2x2 factorial mixed-model analysis of variance
(ANOVAs) were used to compare mean 3D scapu-
lar kinematics between groups with factors of group
(dyskinesis; normal), contraction condition (active;
maximum), and interactions. With a statistical sig-
nificance, post hoc comparisons were made using
linear contrasts with a Bonferroni adjusted alpha
for a priori comparisons of interest to include main
effects contraction condition, group, or interactions.
To explore potential explanatory factors for MMT
differences between the groups, independent t-tests
were used. Bivariate correlation analyses were used
to determine the relationships between lower tra-
pezius and serratus anterior MMT and change in
scapular kinematics with maximal contraction. For
all statistical analyses, significance was set at o.=.05.
All analyses were performed using SAS Software
(JMP 9.0.3;SAS Institute Inc., Cary, NC, USA).

RESULTS

There were no significant differences (p>0.05) in
age, height and mass characteristics between groups.
Scapular upward rotation showed both within group
(contraction main effect) and between group (group-
by-contraction interaction) differences during the two
contraction conditions (Table 3 and Figure 3). The
change in upward rotation between the unweighted
and maximal contraction conditions was 6.3°
(p<0.001; 95%CI=5.0°7.6°) greater in athletes with-
out dyskinesis. Athletes with dyskinesis demonstrated
a smaller but significant 4.3° (p= 0.018; 95%CI=0.4",
8.2°) increase in scapular upward rotation from
unweighted to maximal contraction conditions com-
pared to a 10.3° (p< 0.001; 95%CI=6.3",14.2") sig-
nificant increase in athletes without dyskinesis. With
scapular posterior tilt, there were no significant inter-
actions or group main effect, but a significant main
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Table 3. Results of mixed-model analysis of variance (ANOVA) for scapular

kinematics under active and maximal contraction conditions

Scapular Kinematics

Upward Rotation  Posterior Tilt

External Rotation

Source daf F Ratio p-value F Ratio  p-value F Ratio p-value
Group 1,23 34 0.077 0.4 0.521 5.0 0.036*
Contraction Condition 1,23 32.6 <0.001* 17.7 <0.001*  24.7 <0.001*
Group x Contraction Condition 1,23 5.5 0.029* 1.6 0.218 0.3 0.620

#p<0.05

Scapular Upward Rotation
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Figure 3. Scapular upward rotation in athletes with (dyskine-
sis) and without (normal) scapular dyskinesis. *Significant dif-
ference between groups and contraction conditions (p = 0.029).

effect of contraction condition (Table 3). This showed
that athletes, regardless of group, had a 3.5° (p<0.001;
95%CI=1.7°,5.3") increase in scapular anterior tilt
with maximal compared to active contraction con-
ditions (Figure 4). With regard to scapular external
rotation, there were no significant interactions, but sig-
nificant main effects of group and contraction condi-
tion (Table 3 and Figure 5). These findings showed that
athletes with dyskinesis demonstrated 10.7° greater
internal rotation (p=0.036; 95%CI=0.8",20.6") across
both contraction conditions than athletes with nor-
mal scapular motion, and both groups demonstrated a
3.2° (p<0.001;95%CI=1.8",4.4") increase in scapular
internal rotation with maximal contraction compared
to active contraction condition.

Results of MMT testing are shown in Figure 6. There
were significant differences in the lower trapezius
MMT strength between groups (t=2.3;p=0.031).
Athletes with dyskinesis had weaker lower trape-
zius MMT mean normalized peak isometric force by
4.0% bodyweight (95%CI=0.4%, 7.5%) compared
to athletes without dyskinesis. There was also a sig-
nificant moderate positive linear correlation (r=0.57,

Figure 4. Scapular posterior tilt in all athletes with the active
and maximal contraction conditions. *Significant difference
between contraction conditions vegardless of group (p < 0.001).

p=0.003) between lower trapezius MMT and the
change in scapular upward rotation between contrac-
tion conditions (Table 4). Less scapular upward rota-
tion was associated with a weaker lower trapezius
MMT, defined by normalized isometric force. The
trend of a weaker serratus anterior MMT in athletes
with dyskinesis did not reach statistical significance
(t=1.5;p=0.15); however, there was a significant mod-
erate positive linear correlation (r= 0.41, p=0.042)
between serratus anterior MMT and change in scapu-
lar upward rotation between contraction conditions.
This means that less change in scapular upward rota-
tion from active unweighted elevation to maximal

Table 4. Results of bivariate linear correlation analyses
between lower trapezius and serratus anterior manual

muscle test (MMT) strength (normalized isometric force)

and change in scapular motion with maximal contraction

Normalized MMT Isometric Strength
Lower Trapezius

Scapular Motion Serratus Anterior

Upward Rotation r= 0.57*% r= 041
Posterior Tilt r= -0.025 r= -0.11
External Rotation r= -0.06 r= -0.17

"p=0.003; 'p=0.042
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contraction was related to less serratus anterior MMT
strength. There were no other significant relation-
ships (Table 4) between change in scapular muscle
MMT strength and change in scapular kinematics.

DISCUSSION

The authors hypothesized that asymptomatic over-
head athletes with dyskinesis have the ability to
correctively stabilize their scapula during higher
demand activities, explaining why athletes are able
to participate in overhead sports without higher risk
of injury. Contrary to the stated hypotheses, results
suggest asymptomatic overhead athletes with visu-
ally observed scapular dyskinesis do not correctively
stabilize the scapula with a maximal contraction.
Specifically, athletes with dyskinesis demonstrated
a lack of scapular upward rotation from active to
maximal contraction (Figure 3) and less external
rotation with both contractions (Figure 5) compared
to athletes with normal scapular motion.

While no prior study has examined the effect of'a max-
imal load in individuals with dyskinesis for compari-
son, the current study results are in agreement with
Tate et al®* who found athletes with scapular dyskine-
sis had a statistically significant 9° deficit in scapular
upward rotation during concentric humeral elevation
below 90° in the sagittal plane while holding light
weights (1.4/2.3kgs) compared to athletes with nor-
mal scapular motion. In the current study, the authors
utilized a higher demand activity, maximal isometric
contraction, and found athletes with dyskinesis to

Scapular External Rotation
-40

Active Contraction Maximum Contraction

45 |

S {

60 - *
-65
l Internal

Degrees

Dyskinesis

-70 - Rotation = == Normal

-75 -

Figure 5. Scapular external rotation in athletes with (dyski-
nesis) and without (normal) scapular dyskinesis *Significant
difference between groups (p=0.036) and contraction condi-
tions (p<0.001).

have significantly greater (15°) scapular upward rota-
tion deficits. Athletes with dyskinesis also had sig-
nificantly greater (10.7°) scapular internal rotation
under both contraction conditions, while only trends
of this were found in the prior study.? Greater ditfer-
ences between groups found in the current study are
attributed to using a higher demand activity. Also,
the prior study included athletes with shoulder pain,
which may have influenced their results.

The second hypothesis was that overhead athletes
with normal scapular motion would demonstrate
small changes in scapular kinematics with a maximum
contraction because these individuals are able to suf-
ficiently stabilize the scapula. This was partially con-
firmed. Athletes without dyskinesis had small changes
in scapular anterior tilt (3.5°) and internal rotation
(3.2°) with maximal isometric contraction, but larger
increases in scapular upward rotation (10.3°). Camci
et al'” found similar changes in scapular upward rota-
tion (1.4° increase) and in scapular anterior tilt (4.3°
increase) at 90° flexion during concentric sagittal
plane elevation with an external load of elastic resis-
tance compared to an unloaded condition. The authors
of the current study attribute the larger changes in
upward rotation to the use of a higher demand maxi-
mal contraction. It is difficult to compare our results
to the other previous research examining the effects
of'load on scapular kinematics'®** since previous stud-
ies may have included a heterogeneous mix of partici-
pants with and without dyskinesis.

Athletes with scapular dyskinesis had impaired
force generation with manual muscle tests used
to test lower trapezius activity (Figure 6). Athletes

Normalized Strength

*INormal

m Dyskinesis

% Body Weight

. T

Lower Trapezius

1

Serratus Anterior

Figure 6. Lower trapezius and servatus anterior normalized
peak isometric muscle force (strength).
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with dyskinesis were able to generate force with the
manual muscle test of the lower trapezius equal to
6.3% bodyweight, a 40% deficit compared to ath-
letes without dyskinesis. Scapular muscle MMT was
also related to change in scapular upward rotation
with maximal resistance. Weaker lower trapezius
(r=0.57) and serratus anterior (r=0.41) MMT val-
ues were related to a lack of scapular upward rota-
tion from the active to maximal contraction. Thus,
strength during manual muscle tests of the lower
trapezius and serratus anterior accounted for 32.5%
and 16.8% of the variance (r*) in scapular upward
rotation, respectively. These findings are consistent
with those of Laudner et al,** who reported a mod-
erate positive relationship between lower trapezius
strength and scapular upward rotation (r*=0.56) at
90° of humeral elevation in the scapular plane (scap-
tion). In contrast to Laudner et al.,** the current
authors found a moderate relationship between ser-
ratus anterior strength and scapular upward rotation
at 90° of shoulder flexion, whereas they reported a
poor relationship (r*=0.16) at 90° of scaption. The
current study strength results should be tempered
since multiple shoulder muscles are activated dur-
ing manual muscle testing intended to target one
specific muscle. Specific to this study, the MMT used
for the serratus anterior was modeled after the study
by Ekstrom et al?® and did not involve stabilization
of the lateral border of the scapula, as proposed by
Kendall.*® This could have led to greater involve-
ment of the anterior deltoid during the MMT used
in this study. The results of these MMT tests show
a moderate relationship between a lack of scapular
upward rotation and normalized MMT strength defi-
cits of the lower trapezius in overhead athletes and
identify deficits of lower trapezius MMT strength in
asymptomatic athletes with dyskinesis.

While this study provides new insight, the results
are limited to asymptomatic overhead athletes. Fur-
ther study in athletes with shoulder pain is neces-
sary in order to determine if a distinct subgroup of
athletes with pain have similar deficits in scapular
muscle strength and a lack of scapular upward rota-
tion. Additionally, no inferences can be made with
regard to these athletes’ injury risk given the cross-
sectional study design. Results of this study were in
conflict with the authors’ hypothesis that overhead
athletes may normalize scapular stabilization or posi-

tion with a higher demand activity. A limitation of
studying clinically identified scapular dyskinesis is
that examiners may identify cases of dyskinesis with
a heterogeneous mix of underlying factors, so future
biomechanical studies may benefit from subgrouping
scapular dyskinesis based on specific identifiable bio-
mechanical factors such as specific muscle strength
imbalance or aberrant muscle co-contraction patterns.
A limitation specific to this study is that the authors
measured scapular kinematics isometrically at 90° of
shoulder flexion, which provides only a snapshot of
overall scapular kinematics across the range of shoul-
der motions and muscular contractions. Further study
is warranted to determine whether a cluster of impair-
ments, beyond the presence of dyskinesis, may increase
injury risk in overhead athletes. Lastly, while athletes
who experienced shoulder pain in the last 6 months
were excluded, participants’ history of pain before the
research timeframe was unknown.

CONCLUSIONS

In overhead athletes with normal scapular motion,
a maximal isometric elevation contraction at 90°
results in small increases (<3.5°) in scapular inter-
nal rotation and anterior tilt, but moderate increases
in scapular upward rotation (10°) compared to an
unloaded active elevation condition. Athletes with
scapular dyskinesis showed less upward rotation
and greater internal rotation of the scapula at rest
than those without dyskinesis. These scapular kine-
matic alterations are accentuated with a maximal
isometric contraction in individuals with dyskinesis.
Therefore, clinicians could consider using a maxi-
mal isometric contraction at 90° flexion to clarify the
presence of dyskinesis or assess scapular stabiliza-
tion in overhead athletes. Lastly, this study provides
evidence that links lower trapezius MMT strength
deficits with alterations in scapular motion in over-
head athletes, and specifically identifies deficits in
scapular muscle MMT strength in overhead athletes
with clinically identified scapular dyskinesis.
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