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ABSTRACT
Background: Muscular weakness of the shoulder complex is commonly found in patients presenting with scapular dyskinesis; 
however, little is known regarding muscular performance in healthy individuals with scapular dyskinesis. 

Purpose: To compare isometric strength measures of the shoulder complex between healthy individuals with and without scapu-
lar dyskinesis. It was hypothesized that healthy individuals with scapular dyskinesis would demonstrate decreased isometric 
strength of the scapular stabilizers and rotator cuff when compared to healthy individuals without scapular dyskinesis. 

Study Design: Cross-sectional study.

Methods: Forty healthy, college-aged participants were recruited. Sixty-eight percent of subjects (27 of 40) presented with scapular 
dyskinesis. Thus, a matched-pairs analysis was conducted with 26 subjects (age: 22.00 ± 2.06 y; height: 168.77 ± 8.07 cm; mass: 
70.98 ± 13.14 kg; BMI: 24.75 ± 3.04 kg/m2; 6 males; 20 females). The presence of scapular dyskinesis was determined visually using 
the scapular dyskinesis test with a dichotomous outcome (yes/no). Strength of the scapular stabilizers and rotator cuff was assessed 
via manual muscle testing using a handheld dynamometer. Force measures obtained with the handheld dynamometer were used to 
quantify strength. For each muscle tested, the mean peak force of three trials were normalized to body weight and used for data 
analysis. Additionally, strength ratios were calculated and analyzed. Differences in strength and strength ratios between those with 
and without scapular dyskinesis were compared using separate two-way mixed ANOVAs with repeated measures. 

Results: No significant differences for either strength (F1.83,43.92 = 1.10, p = .34) or strength ratios (F1.83,44.02 = 1.93, p = .16) were 
observed between those with and without scapular dyskinesis. A significant main effect (F1.83,43.92 = 239.32, p < .01) for muscles 
tested was observed, and post-hoc analysis revealed significant trends resulting in a generalized order: the upper trapezius gener-
ated the greatest amount of force, followed by serratus anterior and middle trapezius, lower trapezius, supraspinatus, medial rota-
tors, and lateral rotators.

Conclusion: The results of this study indicate that differences in shoulder muscle strength do not exist between healthy subjects 
with and without scapular dyskinesis. Additionally, scapular dyskinesis appears to be prevalent in healthy populations.

Level of Evidence: Level 3
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INTRODUCTION
Musculoskeletal disorders of the shoulder complex 
are common among the general population and 
those who participate in overhead sports. Incidence 
rates for shoulder pain in the general population 
are between 0.9 – 2.5% with a lifetime prevalence 
between 6.7-66.7%.1 The frequency of shoulder pain 
is much higher in those individuals participating 
in overhead sports.2-4 As such, the socioeconomic 
impact can be quite substantial. In fact, direct health 
care expenditures associated with treatment of shoul-
der dysfunction in the year 2000 totaled $7 billion.5

The occurrence of shoulder pain has been linked to 
scapular dysfunction.6-8 Scapular dyskinesis is used 
to describe aberrant movement patterns of the scap-
ula, which may serve as a potential source of impair-
ment to normal shoulder function.8 It is common to 
find scapular dyskinesis associated with a variety of 
shoulder pathologies including, but not limited to, 
impingement, rotator cuff tears, labral pathology, 
acromioclavicular separations, and multidirectional 
instability of the glenohumeral joint.8 However, it is 
increasingly apparent that scapular dyskinesis exists 
in healthy populations as well.9-11 Therefore, the 
question remains as to whether scapular dyskinesis 
predisposes an individual to injury. Unfortunately, 
conflicting evidence exists among prospective stud-
ies regarding whether scapular dyskinesis is a caus-
ative factor for upper extremity injury.9,12-14

While the amount of research on the role of the 
scapula continues to increase, the exact cause for 
the development of scapular dyskinesis is not fully 
understood. There are several probable causes 
including, bony pathology (e.g., clavicular fracture), 
joint pathology (e.g., acromioclavicular separation), 
neurological pathology (e.g., long thoracic nerve 
palsy), soft tissue inflexibility (e.g., pectoralis minor 
tightness), and decreased muscle performance (e.g., 
altered activation patterns or strength deficits).7,8 
Decreased muscle performance of the scapulotho-
racic musculature has been linked to altered shoulder 
kinematics,15,16 which may predispose an individual 
to injury.17,18 Thus, rehabilitation programs have been 
suggested to focus on improving the performance of 
the rotator cuff and scapular stabilizers.7,8,19-23

Clinicians may benefit from collecting shoulder 
strength data to better identify those with scapular 

dyskinesis who would benefit from a rehabilitation 
program focused on improving muscle performance. 
These data can easily be collected with a handheld 
dynamometer given that it is cost-effective, reli-
able, and valid.24,25 Normative strength data, includ-
ing antagonist ratios, exists for the rotator cuff26 and 
scapular stabilizers27 in healthy populations. Oth-
ers have reported strength profiles of the shoulder 
in healthy overhead athletes.28,29 While these stud-
ies included only healthy participants, none of 
these studies controlled for the presence of scapu-
lar dyskinesis. Those studies that have controlled 
for scapular dyskinesis have revealed rotator cuff 
weakness.22,23,30-32 However, it is important to note 
that these studies delimited the scapular dyskinesis 
groups with only symptomatic participants.22,23,30-32 
In addition, authors have speculated that weakness 
of the scapular stabilizers exists in those with scapu-
lar dyskinesis based on studies examining electro-
myographic activity, or comparing strength data in 
those with and without shoulder impingement.6-8 

Currently, only one study has directly compared 
strength measures between groups with and without 
scapular dyskinesis in a population of asymptom-
atic overhead athletes.10 While significant weak-
ness of the lower trapezius was demonstrated in the 
scapular dyskinesis group, the authors limited their 
strength measurements to only the lower trapezius 
and serratus anterior.10 Additional studies are needed 
that examine strength data of the scapular stabilizers 
and rotator cuff to gain a better understanding of the 
clinical relevance of scapular dyskinesis, as well as 
providing additional means to diagnose, monitor, and 
measure patient outcomes during the rehabilitation 
process. Therefore, the primary aim of this study was 
to compare strength measures of the shoulder com-
plex between healthy individuals with and without 
scapular dyskinesis. It was hypothesized that healthy 
individuals with scapular dyskinesis would demon-
strate decreased strength when compared to healthy 
individuals without scapular dyskinesis.

METHODS

Participants
A convenience sample of 40 participants volun-
teered to participate in the study (age = 22.2 ± 2.4 
years; height = 169.9 ± 8.7 cm; mass = 68.7 ± 13.0 
kg; body mass index (BMI) = 23.7 ± 3.1 kg/m2; sex 
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= 12 males, 28 females; arm dominance = 3 left, 37 
right). Participants were recruited from the School 
of Health Sciences at Duquesne University. All par-
ticipants were included that met the following inclu-
sion criteria: 1) between the ages of 18 and 40, and 
2) no history of neck or dominant shoulder injury 
or pathology. Shoulder dominance was determined 
by which arm the participant would use to throw a 
ball. Exclusion criteria included 1) the presence of 
any neurological condition that affected muscular 
strength and consequent upper extremity range of 
motion, 2) inability to achieve ≥ 140° of shoulder 
elevation, 3) any previous surgery on the dominant 
shoulder, 4) diagnosis of rheumatoid arthritis, and 
5) if the participant was currently pregnant. The 
University’s institutional review board approved the 
study and all participants were required to provide 
written informed consent prior to participation. 

To ensure adequate statistical power, a power analy-
sis was performed using G*Power 3.1.9.2. Based on 
preliminary data from 10 subjects, an effect size was 
calculated (f = .313), and operating at a power of 
80% and α = .05, it was determined that an esti-
mated sample size of 22 participants was needed to 
detect significant differences in strength.33 While 
collecting data, an apparent disparity was revealed 
in the number of participants with and without scap-
ular dyskinesis. Scapular dyskinesis, as defined by 
the methods described in this study, was observed 
in 68% (10/13 males, 17/27 females) of the par-
ticipants. Therefore, a matched-pairs analysis was 
utilized, which yielded 13 matched-pairs from the 
sample. (Table 1) The participants were matched 
according to sex and BMI. The remaining 14 partici-
pants from the sample were excluded from the study 
because suitable pairings were unavailable. 

Procedures
All participants completed the Physical Activity 
Readiness Questionnaire (PAR-Q)34 to establish gen-
eral health fitness. If participants checked “yes” for 
any of the listed items they were disqualified from 
the study. To confirm a healthy shoulder status, all 
participants completed the patient self-report sec-
tion and underwent the physical examination sec-
tion of the American Shoulder and Elbow Surgeons 
Standardized Shoulder Assessment (ASES).35 Any 
presence of decreased range of motion, strength, 

or other clinical findings that suggested shoulder 
pathology upon examination would have resulted in 
exclusion from the study. 

Scapular Dyskinesis Test
Participants were evaluated for scapular dysfunc-
tion of the dominant shoulder utilizing the scapular 
dyskinesis test.36 The participants performed sepa-
rate trials of bilateral shoulder flexion and abduction 
while holding either a 1.4 kg or 2.3 kg weight: 1.4 
kg for body masses < 68.1 kg and 2.3 kg for body 
masses > 68.1 kg.36,37 The test was modified by hav-
ing the participants perform 10 repetitions for each 
movement. Movement velocity was standardized 
across all participants by way of a metronome set 
at 80 beats per minute resulting in a movement 
velocity of approximately 120°/s; therefore, each 
trial lasted 30 seconds. Performance of the test was 
digitally recorded from a standardized distance and 
height for documentation purposes. 

The presence of scapular dyskinesis was deter-
mined by scapular winging, dysrhythmia, or both 
as defined by McClure et al.37 Scapular winging 
was defined as any posterior displacement of the 
medial border and/or inferior angle of the scapula 
away from the thorax.37 Dysrhythmia was defined 
as any early or excessive elevation or protraction, 
non-rhythmical motion while raising or lowering 
the arm, or rapid downward rotation while lowering 
the arm.37 A dichotomous method (yes/no) was used 
to categorize those with and without scapular dys-
kinesis.38 One investigator, with 14 years of clinical 
experience as an athletic trainer, evaluated all par-
ticipants and determined the presence of scapular 
dyskinesis. Test-retest reliability (coefficient of agree-
ment = .99) was assessed using digital recordings 
of 10 subjects that were randomly chosen from the 
sample. Reassessment occurred within a period of 
48 hours. The investigator was blinded to the origi-
nal scoring, and subject ordering was randomized to 
decrease bias. 

Manual Muscle Tests
Participants underwent eight manual muscle tests 
of muscles around the shoulder complex: upper 
trapezius (two methods), middle trapezius, lower 
trapezius, serratus anterior, supraspinatus, and the 
medial and lateral rotators of the humerus. The 
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while maintaining an extended elbow, against the 
resistance. 

The serratus anterior (SA) was tested as described by 
Kendall et al40 (Figure 3). The participant was seated 
with the dominant arm positioned in 120° of shoul-
der flexion with the thumb pointed in an upward 
direction. The dynamometer was positioned on the 
humerus at the level of the deltoid insertion, and the 
resistance was applied in a downward direction that 
was perpendicular to the humerus. 

Strength of the middle trapezius (MT) was measured 
as described by Kendall et al40 (Figure 4). The par-
ticipant was positioned prone on a plinth with the 
shoulder abducted to 90° and the humerus laterally 
rotated where the thumb pointed toward the ceil-

order of the strength tests were randomized. A hand-
held dynamometer (ergoFET 300, Hogan Health 
Industries©, West Jordon, UT), with a manufacturer’s 
reported accuracy of +/- 2%, was used to assess the 
peak force (N) exerted during the tests. Measures of 
force captured by the handheld dynamometer dur-
ing the manual muscle tests were used to quantify 
measures of strength. Prior to data collection, the 
dynamometer was assessed for accuracy by compar-
ing known loads applied to the dynamometer and 
its recorded values (r = .9998). For each muscle test, 
the participants were asked to generate a maximal 
effort against the resistance being applied by the 
investigator. Thus, participants performed a “make 
test” rather than a “break test” as it is commonly 
used in handheld dynamometry studies.24-28 Partici-
pants were asked to gradually build up their effort 
over a two-second period and maintain a maximum 
effort for three seconds. Three trials were performed 
for each manual muscle test with a 30-second rest 
period between each trial, and approximately one 
minute of rest between each muscle. Prior to per-
forming the manual muscle tests, participants were 
provided instruction on proper performance of the 
test. Additionally, participants performed two to 
three sub-maximal efforts in order to become accus-
tomed to the testing procedures.

Two different methods were used to evaluate the 
upper trapezius. The first method (UT1) was per-
formed as described by Hislop et al39 (Figure 1). The 
participant was seated with the hands resting on 
the thighs, and the shoulder girdle was positioned 
at the midrange of elevation. The dynamometer 
was placed on the acromion process and the resis-
tance was directed inferiorly. The second method 
(UT2) was performed with the participant standing 
atop of a modified rake handle while grasping the 
dynamometer with the dominant hand (Figure 2). 
For this test, the manufacturer’s handle and hook 
accessories were affixed to the dynamometer. The 
dynamometer was attached to the modified rake 
handle by a metal chain. A screen was placed imme-
diately adjacent to the participant on the non-domi-
nant side to aide in limiting extraneous lateral trunk 
motion. The dynamometer was affixed to the chain 
at a height that positioned the participant’s shoulder 
girdle in the midrange of elevation. The participant 
was instructed to shrug their shoulder superiorly, 

Figure 1. Test position for the upper trapezius, method 1. 

Figure 2. Test position for the upper trapezius, method 2. 
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ing. The location of the resistance force applied by 
the tester was modified whereby the dynamometer 
was positioned on the spine of the scapula approxi-
mately 2/3 of the distance from the root of the spine 
to the posterolateral angle of the acromion. The 
position was modified in an effort to isolate the mea-
sured forces to the scapulothoracic musculature and 
prevent the involvement of other muscular forces 
(e.g., rotator cuff).24 The resistance was applied in 
an anterolateral direction in line with the humerus. 

The lower trapezius (LT) was tested as described by 
Hislop et al39 (Figure 5). The participant was posi-
tioned prone on a plinth with the shoulder abducted 
to 140° and the humerus laterally rotated where the 
thumb pointed toward the ceiling. Again, the loca-
tion of the dynamometer was modified and posi-
tioned on the spine of the scapula approximately 

2/3 of the distance from the root of the spine to 
the posterolateral angle of the acromion. Collecting 
strength measures of the lower trapezius by plac-
ing the dynamometer on the spine of the scapula 
has been determined to be a valid method of assess-
ment.24 The resistance was applied in a superior and 
anterolateral direction in line with the humerus.

The supraspinatus (SS) was evaluated as described 
by Celik et al25 (Figure 6). The participant was seated 
with the dominant arm positioned in 90° of shoulder 
scaption (30° anterior to the frontal plane) with the 
thumb pointed toward the ceiling. The dynamome-
ter was positioned on the upper arm just proximal to 
the elbow, and the resistance was applied in a down-
ward direction.

Figure 3. Test position for the serratus anterior.

Figure 4. Test position for the middle trapezius.

Figure 5. Test position for the lower trapezius.

Figure 6. Test position for the supraspinatus.
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to body weight (N), and used for data analysis. Excel-
lent within-session, intrarater reliability (ICC3,1 = 
.920 – .970) was demonstrated for all manual muscle 
tests over the duration of data collection. In addition 
to the normalized strength data, strength ratios (UT/
LT, UT/MT, LT/MT, SA/UT, SA/MT, SA/LT, and LR/
MR) were calculated by dividing the averaged peak 
force of one muscle by the other. 

Statistical Analyses
Descriptive statistics were calculated for demo-
graphic data. A two-way mixed analysis of vari-
ance was used to determine differences in strength 
between those with and without scapular dyskine-
sis, with manual muscle tests (UT1, UT2, SA, MT, 
LT, SS, MR, and LR) being the repeated factor. If a 
significant main effect for manual muscle tests was 
detected, pairwise comparisons were made using 
a Bonferonni adjustment. Also, a two-way mixed 
analysis of variance was used to determine differ-
ences in strength ratios between those with and 
without scapular dyskinesis, with strength ratios 
(UT/LT, UT/MT, LT/MT, SA/UT, SA/MT, SA/LT, 
and LR/MR) being the repeated factor. If a signifi-
cant interaction was detected, pairwise comparisons 
were made between groups for each repeated factor, 
and a Bonferonni adjustment was made for multiple 
comparisons. All statistical analyses were calculated 
using SPSS version 22 (IBM Corporation, Armonk, 
NY), and the level of significance was set a priori at 
α = .05.

RESULTS
Demographic data for the 13 matched-pairs are pre-
sented in Table 1. For strength comparisons (Table 
2), no significant interaction effects (F1.825,43.794 = 
1.03, p = .343) were observed between manual mus-
cle tests and scapular dyskinesis. Also, no significant 
main effects were demonstrated for scapular dyski-
nesis (F1,24 = .380, p = .543); however, significant 
main effects for manual muscle tests were revealed 
(F1.825,43.794 = 239.582, p < .001). For the strength 
ratios analysis (Table 3), no significant interaction 
effects (F1.834,44.015 = 1.933, p = .160) or main effects 
for scapular dyskinesis (F1,24 = 2.517, p = .126) were 
observed. Although significant main effects for 
strength ratios were revealed, these effects were not 
a focus of this study.

The medial (MR) and lateral (LR) rotators were 
tested as described by Riemann et al26 (Figures 7 
and 8). The participant was seated with a bolster 
placed between the dominant upper arm and tho-
rax to maintain a position of 30° abduction and 30° 
flexion of the shoulder. The elbow was positioned 
at 90° of flexion, while the forearm was positioned 
in 0° pronation/supination and aligned parallel to 
the sagittal plane to achieve approximately 30° of 
lateral rotation of the shoulder. The dynamometer 
was placed over the distal radioulnar joint on the 
volar and dorsal surfaces for the medial and lateral 
rotators, respectively. 

The same investigator performed all the manual 
muscle tests in this study. For each test, the peak 
force (N) from three trials was averaged, normalized 

Figure 7. Test position for the medial rotators.

Figure 8. Test position for the lateral rotators.
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plausible that strength deficits would be observed in 
healthy individuals with scapular dyskinesis. How-
ever, the results of the current study challenge the 
idea that healthy individuals with scapular dyskine-
sis have strength deficits. The results of this study 
are further supported in that strengthening programs 
designed to improve shoulder complex strength do 
not appear to resolve scapular dyskinesis.41 There-
fore, it may be suggested that gross strength is not 
a contributory factor in the development of scapu-
lar dyskinesis. While the intent of this study was to 
determine if any strength differences existed, it was 
interesting to find such a disproportionate number of 
those with scapular dyskinesis. The disproportionate 
number of those with scapular dyskinesis along with 
no differences in strength in a sample of healthy 
college-aged individuals calls into question the clini-
cal relevance of scapular dyskinesis as a movement 
impairment. These data may suggest that scapular 
dyskinesis in healthy individuals is no more than a 
normal variation of scapular motion. Furthermore, 
these data may explain the common occurrence 
and inconsistent patterns of scapular dyskinesis 
that occur in symptomatic individuals. Nonetheless, 
these data should not detract from evaluating and 
considering the role that scapular dyskinesis plays 

DISCUSSION
It was hypothesized that strength differences would 
exist between healthy individuals with and without 
scapular dyskinesis, which may serve as a causative 
factor for scapular dyskinesis. However, the results 
of this study demonstrated no significant differences 
in strength or strength ratios of the scapular stabiliz-
ers and rotator cuff when compared between those 
healthy shoulders with and without scapular dyski-
nesis. To the authors’ knowledge, this was the first 
study to compare strength measures collected from 
a sample of healthy participants with and without 
scapular dyskinesis. 

Scapular dyskinesis is commonly associated with 
numerous pathologies of the shoulder; however, it 
is not well understood if scapular dyskinesis is the 
cause or result of the injury.8 Muscle performance, 
specifically muscular weakness, has been implicated 
as a causal factor of scapular dyskinesis based on stud-
ies involving symptomatic patients.7,8 Rehabilitation 
programs focused on restoring muscle imbalances of 
the scapular stabilizers have been demonstrated to 
restore strength of the rotator cuff in symptomatic 
overhead athletes.22,23 Therefore, if muscular per-
formance is in fact a contributory factor then it is 

Table 1. Participant Demographics for Matched-Pairs Analysis
Variable With Dyskinesis Without Dyskinesis p
Age (y ± SD) 21.5 ± 1.2 22.5 ± 2.6 .188 
Height (cm ± SD) 170.1 ± 9.0 167.5 ± 7.1 .420 
Mass (kg ± SD) 72.7 ± 14.6 69.3 ± 11.9 .523 
BMI (kg/m2 ± SD) 24.9 ± 3.4 24.6 ± 2.8 .770 
Sex (n) 3 males; 10 females 3 males; 10 females  
Arm Dominance (n) 0 left; 13 right 2 left; 11 right  
BMI = body mass index.

Table 2. Manual Muscle Test Data for Matched-Pairs Analysis
Muscle With Dyskinesis Without Dyskinesis Total 
Upper Trapezius 1 0.292 ± 0.046 0.328 ± 0.085 0.310 ± 0.069*

Upper Trapezius 2 0.271 ± 0.047 0.277 ± 0.099 0.274 ± 0.076*

Serratus Anterior 0.145 ± 0.029 0.149 ± 0.036 0.147 ± 0.032†

Middle Trapezius 0.137 ± 0.013 0.135 ± 0.022 0.136 ± 0.018*

Lower Trapezius 0.105 ± 0.013 0.109 ± 0.028 0.107 ± 0.022‡

Supraspinatus 0.097 ± 0.015 0.105 ± 0.028 0.101 ± 0.022§

Medial Rotators 0.089 ± 0.017 0.091 ± 0.028 0.090 ± 0.023*

Lateral Rotators 0.060 ± 0.012 0.060 ± 0.014 0.060 ± 0.013 
Data are presented as normalized strength values (M ± SD) calculated by averaging the 
maximum force (N) of three trials then dividing by body weight (N) for each muscle, 
respectively. *Significantly greater than those listed below it. †Significantly greater than lower 
trapezius, supraspinatus, medial and lateral rotators. ‡Significantly greater than medial and lateral 
rotators. §Significantly greater than lateral rotators.
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this generalized order is nearly identical to norma-
tive data collected via handheld dynamometry using 
similar testing procedures.26,27 In addition to strength 
data, strength ratios (Table 3) were calculated that 
have been reported in normative studies,26,27 or have 
been the focus of rehabilitation programs aimed 
at restoring balance of the scapular stabilizers.7,22,23 
No significant differences were revealed for any of 
the strength ratios between the scapular dyskinesis 
groups (Table 3). The scapular stabilizer ratios cal-
culated from the present study correspond well to 
those reported by Turner et al.27 However, the LR/
MR ratios (0.675 – 0.676) appear to be smaller than 
those reported by Riemann et al,26 which ranged 
from 0.86 – 0.92. 

It has commonly been suggested that decreased 
muscle performance of the shoulder musculature 
is present in individuals with scapular dyskinesis.6-8 
However, the authors of these papers primarily ref-
erence studies that did not control for scapular dys-
kinesis, but were based on electromyographic data 
that demonstrated altered activation patterns of the 
scapular stabilizers in symptomatic shoulders (e.g., 
impingement).6-8 Few studies have demonstrated 
strength deficits of the shoulder musculature in 
individuals with scapular dyskinesis.10,22,23 Merolla 
and colleagues reported infraspinatus (IS)22,23 and 
SS22 strength deficits in symptomatic overhead ath-
letes with scapular dyskinesis. In both studies, par-
ticipants completed similar six-month rehabilitation 
programs designed to improve balance and control of 
the scapular stabilizers. Significant improvements (p 
< .01) in IS and SS strength were reported at 3 (IS = 
42%,22 36%,23 SS = 23%22) and 6 (IS = 43%,22 43%,23 
SS = 24%22) months. Based on these results, Merolla 
and colleagues22,23 speculated that imbalances in the 

in symptomatic patients. Furthermore, there is suf-
ficient evidence to support the use of a rehabilita-
tion program focused on restoring scapular stabilizer 
recruitment and neuromuscular control.7 

The prevalence of scapular dyskinesis is unknown 
in the healthy population, but it appears to be quite 
common, if not more common, than what is pres-
ently considered to be “normal” scapular motion. In 
the present study, 68% (27/40) of the overall sample 
presented with aberrant scapular motion, which led 
to the utilization of a matched-pairs analysis. Accord-
ing to the literature, scapular dyskinesis has been 
shown to be present in 50 – 61% of healthy overhead 
athletes.9,10,14,42 McClure et al37 used overhead ath-
letes that were moderately healthy (included indi-
viduals with pain rated up to seven using a 10-point 
pain scale) to establish reliability of the scapular 
dyskinesis test, and reported 85% of participants 
displayed obvious scapular dyskinesis. While their 
study did not account for arm dominance, it adds 
to the argument that aberrant scapular motion is 
present more often than not in healthy populations. 
Thus, further investigations are warranted to deter-
mine the prevalence of scapular dyskinesis in the 
healthy population. 

Significant differences were observed in strength 
between several of the muscles tested when the two 
scapular dyskinesis groups were combined (Table 
2). Due to a lack of significant differences between 
the muscles tested, a specific rank order could not 
be produced. However, several trends were identi-
fied that resulted in the following generalized order: 
the UT generated the greatest amount of force, fol-
lowed by the SA and MT, LT, SS, MR, and the LR 
generated the least amount of force. Interestingly, 

Table 3. Strength Ratios for Matched-Pairs Analysis
Strength Ratio With Dyskinesis Without Dyskinesis Total 
UT/LT 2.791 ± 0.386 3.092 ± 0.668 2.941 ± 0.556 
UT/MT 2.145 ± 0.333 2.423 ± 0.394 2.284 ± 0.384 
LT/MT 0.771 ± 0.080 0.800 ± 0.117 0.785 ± 0.099 
SA/UT 0.503 ± 0.105 0.461 ± 0.055 0.482 ± 0.085 
SA/MT 1.059 ± 0.162 1.106 ± 0.158 1.082 ± 0.159 
SA/LT 1.383 ± 0.229 1.403 ± 0.237 1.393 ± 0.228 
LR/MR 0.676 ± 0.097 0.675 ± 0.118 0.675 ± 0.106 
Strength Ratios (M ± SD) were calculated by dividing the averaged peak force of one muscle by 
the other, respectively. UT = upper trapezius, MT = middle trapezius, LT = lower trapezius, SA 
= serratus anterior, LR = lateral rotators, and MR = medial rotators.  
No significant differences were revealed between groups for any of the strength ratios.



The International Journal of Sports Physical Therapy | Volume 12, Number 3 | June 2017 | Page 398

with scapular dyskinesis in a sample of asymp-
tomatic overhead athletes. Interestingly, the group 
with scapular dyskinesis in the current study dem-
onstrated weakness by 4% body mass, but was not 
found to be significant. The conflicting results may 
be explained by differences in populations studied 
as stronger scapular muscles of the dominant shoul-
der,28,44 and asymmetrical positioning of the scapula 
are known to occur in healthy overhead athletes.45,46 
Additionally, testing methods differed for the man-
ual muscle test as Seitz et al10 applied resistance 
just proximal to the wrist, whereas the resistance 
was applied directly to the scapula in the current 
study. It was thought that a better representation of 
the strength capabilities of the scapular stabilizers 
would be achieved by positioning the dynamom-
eter directly over the scapula, which is supported 
by others.24 In fact, Michener et al24 demonstrated 
that assessing strength of the lower trapezius with 
a handheld dynamometer placed over the scapula 
yielded valid measures when compared against 
electromyography. However, no data exist that com-
pares strength measures of the scapular stabilizers 
collected with the dynamometer placed in the two 
different positions. Nonetheless, by positioning the 
dynamometer at the wrist, additional factors (e.g., 
glenohumeral strength) contribute to force genera-
tion that may disguise the true strength capabilities 
of the targeted musculature. 

When evaluating the results of the current study, 
several limitations were identified that warrant 
acknowledgment. First, the generalizability of the 
results are limited to healthy, college-aged individu-
als, which consisted mostly of females (77%) and 
may or may not have included overhead athletes. 
Additionally, only data from the dominant arm was 
used in this study. Inclusion of data from the non-
dominant arm in future studies would aid in the 
generalizability of the results and in determining the 
prevalence of scapular dyskinesis. A second limita-
tion is the large amount of variability that is inherent 
to scapular kinematics, yet a dichotomous method 
was utilized to categorize those with and without 
scapular dyskinesis. Other investigators have sub-
categorized movements of the scapula as normal, 
subtle, or obvious to maximize the detection of dif-
ferences.47,48 However, for the purposes of this study, 
the subtle and obvious categories were combined 

scapular musculature led to an acquired scapular 
dyskinesis, which compromised the length-tension 
relationship of the rotator cuff muscles that resulted 
in weakness of the IS and SS, secondarily. However, 
the results of these studies should be interpreted cau-
tiously as muscle performance measures were not 
collected for the scapular stabilizers. Additionally, 
while all participants were cleared for labroligamen-
tous injuries, chondral lesions, and rotator cuff tears 
via magnetic resonance imaging, they were all symp-
tomatic at baseline. Therefore, it is purely specula-
tive that scapular dyskinesis was acquired, especially 
with the growing evidence that scapular dyskinesis 
is commonly found in healthy overhead athletes.9-11 

Others have speculated the same regarding muscle 
imbalances of the scapular stabilizers, which has led to 
the development of a scapular repositioning maneu-
ver to test for weakness of the IS and SS.30,31 During 
this maneuver, the clinician retracts the scapula and 
provides external stabilization that results in the abil-
ity of the rotator cuff in symptomatic individuals 
with scapular dyskinesis to produce greater strength 
output when compared to traditional manual mus-
cle testing procedures. Yet, strength improvements 
have been observed in healthy, asymptomatic indi-
viduals when utilizing the repositioning maneuver 
as well.31,32 In contrast, Smith and colleagues43 dem-
onstrated significantly lower measures of shoulder 
elevation strength when the scapula was positioned 
in retracted and protracted positions as compared to 
the normal resting position in a sample of healthy 
individuals without scapular dyskinesis. Nonethe-
less, these studies indicate scapular positioning has 
an impact on shoulder strength. The scapular repo-
sitioning maneuver was not utilized in the current 
study, and no significant differences were revealed 
between the scapular dyskinesis groups. These find-
ings suggest that healthy individuals may position 
their scapula optimally for strength output regardless 
of the presence of scapular dyskinesis. Therefore, the 
clinical usefulness of the repositioning maneuver is 
debatable and should be interpreted with caution.

In addition to the current study, only one other 
study has compared strength measures of the MT 
and LT in asymptomatic individuals with and with-
out scapular dyskinesis. Seitz et al10 reported weak-
ness of the LT by 4% (p = .031) body mass in those 
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scapular dyskinesis affect top rugby players during a 
game season? J Shoulder Elbow Surg. 2012;21(6):709-
714.

13. Clarsen B, Bahr R, Andersson SH, et al. Reduced 
glenohumeral rotation, external rotation weakness 
and scapular dyskinesis are risk factors for shoulder 
injuries among elite male handball players: a 

and the yes/no method38 was utilized as it was spec-
ulated that clinicians are more likely to treat symp-
tomatic patients the same regardless of the “degree” 
of scapular dyskinesis. Studies36,38 have indicated 
better measures of agreement in identifying scapu-
lar dyskinesis utilizing a dichotomous method over 
other sub-categorization methods as defined by Tate 
et al36 and Kibler et al.49 Regardless of the fact that the 
presence of scapular dyskinesis was based upon an 
established criteria and the implementation of that 
criteria by a single observer, a large amount of vari-
ability was noted in the scapular motion in the scap-
ular dyskinesis group. Through the implementation 
of the match pair’s criteria and merely by chance 
alone, those with a lesser degree of scapular dyski-
nesis were not included in the matched-pairs. This 
adds merit to the current findings because exclud-
ing those participants should have maximized any 
potential differences between the groups. Lastly, a 
ceiling effect was observed with the UT1 method as 
a few of the male participants were able to lift the 
investigator from the floor, which negated the abil-
ity to collect a maximum effort by these individuals. 
This, along with a similar experience by Turner et 
al,27 prompted the use of the UT2 method. While sig-
nificant differences were revealed between the two 
methods, the overall results in the matched-pairs 
analysis were not likely affected as neither measure 
revealed significant differences between the two 
scapular dyskinesis groups.

CONCLUSION
 The results of this study indicate that no differ-
ences in shoulder strength exist between individuals 
with and without scapular dyskinesis in a healthy 
population of college-aged individuals with no his-
tory of neck and shoulder pathology. As such, gross 
strength is not likely to be a contributing factor to the 
development of scapular dyskinesis, whereas other 
muscle performance factors, such as neuromuscu-
lar control, may be. Moreover, this study adds to a 
growing body of evidence that scapular dyskinesis is 
commonly found in healthy individuals. 
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