
Advances in Rehabilitation, 2020, 34(3), 1–7

DOI: 10.5114/areh.2020.99103

Original article

A comparative study of shoulder muscle strength, 
sense of proprioception and internal/external 
rotation flexibility between adolescent athletes 
with and without scapular asymmetry
Bihter Akınoğlu*1,2,A-F , Banu Kabak2,B,D,F , Aydin Balci3,C-D,F ,  
Tuğba Kocahan2,A-B,D-F , Adnan Hasanoğlu2,B,D-F 

1Department of Physiotherapy and Rehabilitation, Faculty of Health 
Sciences, Ankara Yıldırım Beyazıt University, Ankara, Turkey
2The Ministry of Youth and Sports, Sports General Directorship, Department 
of Health Services, Center of Athlete Training and Health Research, Turkey
3Ankara Yıldırım Beyazıt University, Yenimahalle Training and Research 
Hospital, Sports Medicine Department, Turkey

*Correspondence: Bihter Akınoğlu; Department of Physiotherapy and Rehabilitation, 
Faculty of Health Sciences, Ankara Yıldırım Beyazıt University, Ankara, Turkey; 
email: rgkardelen@yahoo.com

Abstract

Introduction: Scapular asymmetry may affect the biomechanics of the shoulder girdle joints and muscles by chan-
ging the contraction angles of the muscles. The purpose of this prospective cohort, matched-controlled study was to com-
pare shoulder muscle strength, proprioception sense and internal/external rotation flexibility between adolescent athletes 
with and without scapular asymmetry.  

Material and methods: Nineteen athletes of tennis, fencing, shooting, archery, gymnastics, and badminton branches 
with left side (non-dominant) scapular asymmetry were included in the study as asymmetry group. Nineteen athletes who 
have similar gender, sports branch, professional experience, physical characteristics with asymmetry group were included 
in the study as the control group. Scapular asymmetry was measured using a tape measure with the Lateral Scapular Slide 
Test. Shoulder horizontal abduction/adduction isokinetic muscle strength and shoulder abduction/adduction isometric 
muscle strength was tested by an isokinetic dynamometer. The proprioception sense of the glenohumeral joint was evalu-
ated with a digital inclinometer, and the flexibility of the internal and external rotation of the shoulder was evaluated by 
the flexibility test.  

Results: There was not any significant difference between the groups in isokinetic muscle strength, isometric muscle 
strength, and proprioception sense of shoulder (p > 0.05). Shoulder internal rotation flexibility of both dominant and non-
dominant sides was higher in the asymmetry group than the control group (p < 0.05).  

Conclusions: It was determined that the flexibility of shoulder internal rotation in adolescent athletes with scapular 
asymmetry was higher than those without asymmetry.  
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Introduction 

Providing balanced scapular stabilization facilitates 
muscular function by controlling the length-tension re-
lationship of the scapular muscles [1]. It is stated that the 

scapular asymmetry, which is defined as the difference 
in the amount of scapula diverging from the midline of 
the back, is observed especially in athletes performing 
asymmetrical sports such as baseball and tennis, and it 
usually occurs due to the traction of the muscles and 
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ligaments of the dominant side [2,3]. Researchers state 
that scapular asymmetry is due to the weakness of the 
scapulothoracic muscles; while on the other hand, some 
others state that it is caused by the strength imbalance 
of the scapular position muscles [3–5]. 

The mobility and stabilization of the shoulder region 
depends on the functional integrity and organization 
of the musculoskeletal system [6–8]. Considering the 
shoulder’s biomechanics, a difference in the movement 
of any of the joints composing the shoulder girdle hin-
ders the normal upper limb movements and causes ab-
normal scapulohumeral rhythm [6-8]. Scapular asym-
metry lead to biomechanical abnormalities and change 
periscapular muscle activity [8]. This can affect the po-
sition of joint and proprioception [9,10]. This situation 
leads to impaired functional integrity and organization 
of the shoulder joint, and it may cause various shoulder 
problems [6–8]. There is not any clear evidence about 
the relationship between scapular asymmetry and shoul-
der injuries and the causes of the possible relationship. 
It is stated that in the presence of scapular asymmetry; 
altered muscle strength, flexibility, and abnormal scapu-
lar rhythm precipitate the development of subacromial 
impingement and glenohumeral instability. Therefore, 
scapular asymmetry may be associated with shoulder 
injuries [3,6,11,12]. 

Scapular movement was asymmetrical in patients 
with shoulder pain [7] and changed periscapular mus-
cle activity in the presence of scapular asymmetry might 
cause shoulder injuries [8]. Scapular asymmetry shows 
the imbalance of the muscles around the scapula [13], 
and shoulder pain is associated with shoulder horizon-
tal abduction and internal rotation angles [14]. Shoulder 
pain is associated with some factors affecting mobility 
and stability of the shoulder, such as proprioception, mus-
cle strength, and flexibility [8,14,15]. The relationship 

between shoulder pain and scapula has been investigated 
in the athletes too, and shoulder pain has been shown to 
be associated with the abnormal scapular position [14]. 
The importance of determining and preventing factors 
that cause shoulder pain and injury is indisputable in 
terms of athletes’ health and sports performance.

To the authors’ knowledge, there is not any study 
examining muscle strength, sense of proprioception, 
and shoulder range of motion in the presence of scapu-
lar asymmetry. However; the literature reveals the hy-
pothesis that scapular motion and position changes may 
affect muscle strength, proprioceptive feedback, and 
joint range of motion. For this reason, the aim of the 
study is to examine the shoulder joint muscle strength, 
sense of proprioception, and internal/external rotation 
flexibility in adolescent athletes with scapular asymme-
try and compare them with adolescents athletes without 
asymmetry.

Materials and method

Thirty-eight adolescents athletes (tennis = 4, fenc-
ing = 4, shooting = 4, archery = 6, gymnastics = 18, 
badminton = 2) participated in this research design 
conducted in the training and research center of ath-
letes. According to Kibler’s Lateral Scapular Slide 
Test (LSST), 19 athletes with 1.5 cm or above scapular 
asymmetry [16] on the non-dominant left side were in-
cluded in the study group. Nineteen adolescent athletes 
with the same age / gender / sport branch / sport year as 
the participants with scapular asymmetry and without 
asymmetry (<1 cm) according to LSST were selected 
as the control group. It was determined that there was 
a significant difference between the groups in the scapu-
lar asymmetry measurements (Tab. 1).

Control group  
(n = 19)

Asymmetry group  
(n = 19) z£, t¥ p

Age (year) 15.89 ± 1.76 15.63 ± 2.17 –0.687£ 0.492£

Weight (kg) 54.16 ± 10.23 56.44 ± 12.94 –0.602¥ 0.551¥

Height (m) 1.64 ± 0.11 1.64 ± 0.10 0.241¥ 0.811¥

BMI (kg/m2) 19.86 ± 2.17 20.82 ± 3.14 –1.106¥ 0.276¥

Professional Experience (year) 7.05 ± 2.91 7.71 ± 3.11 -0.517£ 0.605£

Scapular Difference in Neutral Position (cm) 0.39 ± 0.42 1.46 ± 0.70 –4.312£ <0.001£

Scapular Difference in 45º Abduction Position (cm) 0.53 ± 0.38 1.21 ± 0.74 –2.996£ 0.003£

Scapular Distance in 90º Abduction Position (cm) 0.39 ± 0.39 1.14 ± 1.04 –2.365£ 0.018£

Tab. 1. Comparison of demographic characteristics, professional experience and scapular asymmetry of the 
groups

p: comparison of study and control group (£ Mann Whitney U Test, ¥ Independent Samples T Test).
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Right limb dominancy, at least 3-year professional 
experience, and volunteering to participate in the study 
were the inclusion criteria for the study. Lower limb 
length difference, presence of scoliosis or thoracic hy-
per kyphosis, history of any surgery, and history of any 
upper limb injury were the exclusion criteria for the 
study prior to participation.

All of the athletes and or their guardian were in-
formed about the study, and the written and verbal con-
sent of the athletes and or their guardian was obtained. 
Ethical approval was obtained from a University Ethical 
Committee (2019/4/4), and the study was conducted ac-
cording to the Helsinki Declaration (2008) Principles.

All the procedures of the study were completed 
within two consecutive days. On the first day, demo-
graphic data of the athletes was recorded, scapular 
asymmetry evaluation of the athletes was performed, 
sense of proprioception of the shoulder was evaluated, 
and shoulder horizontal abduction/adduction isokinet-
ic muscle strength was measured. On the second day, 
shoulder internal and external rotation flexibility as-
sessment was done, then shoulder abduction/adduction 
isometric muscle strength measurement was performed. 
Tests were conducted in the off-season period. The ath-
letes were told not to train at least one day before the 
test. Athletes participated in the test rested.

Evaluation of Scapular Asymmetry
Kibler’s “Lateral Scapular Slide Test” (LSST) was 

used to evaluate scapular asymmetry [13] by a physi-
otherapist. LSST was used to determine the position 
of the scapula at the 0, 45, and 90 degrees abduction 
position of the upper limb. LSST was performed bi-
laterally at three different positions. First with the 
arms in the neutral position at both sides. Secondly 
with shoulders at the 45º abduction, the hands at the 
waist, and the thumbs turned to the back. Thirdly with 
shoulders at 90º abduction, maximal internal rotated 
[13,17]. 

Scapular position measurements were performed 
bilaterally in the three test positions by measuring the 
distance between the lower angle of the scapula and the 
spinous processes of the thoracic vertebrae. A 1 cm dif-
ference between the bilateral scapula in the scapular po-
sitions was the original level of a positive LSST. Later 
on, this level has been determined at a 1.5 cm difference 
to be accepted as a positive LSST [16]. According to 
the Kibler test, at least at one of three positions, athletes 
with at least 1.5 cm difference from the opposite side in 
the left side scapula (non-dominant side) in the scapu-
lar position measurements were included in the study 
group. Athletes with the same demographic character-
istics, the same sports branch as the study group, and 
with neutral scapular position (less than 1 cm difference 

in every three tests according to the Kibler test) were 
included in the control group.

Demographic characteristics and professional ex-
perience characteristics of the athletes with and with-
out scapular asymmetry was determined to be simi-
lar (p > 0.05). It was determined that the average age 
of the study and control group, respectively was 
15.63 ± 2.17, 15.89 ± 1.76 years; the average body-
weight of the study and control group, respectively 
was 56.44 ± 12.94, 54.16 ± 10.23 kg; the average 
height of the study and control group, respectively was 
1.64 ± 0.10, 1.64 ± 0.11 m; the average Body Mass In-
dex (BMI) of the study and control group, respectively 
were 20.82 ± 3.14, 19.86 ± 2.17 kg/m2; and the average 
professional experience of the study and control group, 
respectively was 7.71 ± 3.11, 7.05 ± 2.91 (Tab. 1). 

Muscle Strength Evaluation
Shoulder horizontal abductor/adductor isokinetic 

muscle strength and shoulder abductor/adductor iso-
metric muscle strength was evaluated with a IsoMed 
2000 (D. & R. Ferstl GmbH, Hemau, Germany) de-
vice. Before conducting both strength measurements, 
a standardized warm up with a reciprocal bicycle arm-
leg ergometer at 60–70 rpm for 10 minutes was per-
formed by the athletes. 

The isokinetic muscle strength of the horizontal ab-
duction/adduction of the shoulder was examined with 
a dynamometer (IsoMed 2000, D. & R. Ferstl GmbH, 
Hemau, Germany) as described in the user manual of 
the device when the athlete was in supine position. The 
strength of the dominant and non-dominant side shoul-
der horizontal abduction/adduction muscles was evalu-
ated with five horizontal abduction/adduction exercises 
at 60º/sec angular velocity. Before the evaluation, three 
horizontal abduction/adduction exercises were per-
formed to warm up and to practice. Firstly, the domi-
nant right side was evaluated and 3 minutes rest period 
was given between the dominant and the non-dominant 
side. As a result of the evaluation; Peak Torque (PT) 
values   were recorded for shoulder horizontal abduction/
adduction muscles and used in statistical analysis.

The isometric muscle strength of the abduction/ad-
duction of the shoulder was examined with the shoulder 
module of the IsoMed 2000 device as described in the 
user manual of the device when the athlete was in a sit-
ting position. The strength of the dominant and non-
dominant side shoulder abduction/adduction muscles 
was evaluated with ten-second isometric abduction/ad-
duction exercises and this was done three times. Before 
the evaluation, one abduction/adduction exercise was 
performed to warm up and to practice. Firstly, the dom-
inant right side was evaluated after 3 minutes, and then 
the non-dominant left side was evaluated. As a result of 
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the evaluation; Peak Torque (PT) values   were recorded 
for shoulder abduction/adduction muscles and the aver-
age of three PT values used in statistical analysis.

Sense of Proprioception Evaluation
A Digital Inclinometer (Dualer IQ Pro, Jtech Medi-

cal Industries, New York, USA) was used to evaluate the 
sense of proprioception of both shoulder joints. Sense 
of proprioception of the shoulder joint abduction was 
performed at 60, 90, and 120 degrees abduction with 
three repetitions at each angle with Active Re-position 
Test. The athletes were seated on a chair without arm-
rests with their feet in full contact with the ground and 
90 degrees knee flexion. The eyes of the athletes were 
closed and secured with tape. The digital inclinometer 
was placed on the insertion of the deltoid muscle. The 
arm of the athlete was moved from the start position 
(0 degrees) to the target angles (60, 90, 120 degrees ab-
duction) by the physiotherapist who performed the test. 
The arm of the athlete was kept at each target angle for 
5 seconds to learn the position and then moved back to 
the start position. Next, the athletes were asked to move 
their arm six times to each target angle, and the differ-
ence between the target angle and actively moved angle 
was recorded. The average of the difference determined 
by six tests at each angle was then calculated and re-
corded, with these results used in the statistical analy-
sis. The increased difference indicates a worse sense of 
proprioception. 

Evaluation of Shoulder Internal/External 
Rotation Flexibility

The flexibility of shoulder internal/external rotation 
movements was evaluated by tape measure. The ath-
letes were asked to slide their hands over their spine, 
and guided by their thumb. The thoracic 5th vertebral 
spinous process was accepted as a reference point to 
evaluate internal rotation, and the cervical 7th vertebral 
spinous process was accepted as a reference point to 
evaluate external rotation. In order to evaluate internal 
rotation, the distance between the spinous process of the 
thoracic 5th vertebra and the thumb was measured. In 
order to evaluate external rotation, the distance between 
the spinous process of the cervical 7th vertebra and the 
thumb was measured. In this measurement, the distance 
between the thumb and reference point was recorded 
as a positive value in the athletes passing the reference 
point, while it was recorded a negative value in the ath-
letes who could not reach the reference point. For sta-
tistical analysis, the value of the athlete who reached 
the farthest from the reference point was accepted as 
the zero points, and the values determined according to 
the new zero points were used in the statistical analysis. 
It has been stated that the reliability of the maximum 

internal rotation flexibility measurement is 0.44, and 
the reliability of the maximum external rotation flex-
ibility measurement is 0.39, and both measurements are 
reliable [18,19].

Statistical Analysis
The SPSS for Windows 20.0 (Statistical Package for 

Social Sciences Inc. Chicago, IL, USA) package pro-
gram was used for the statistical analysis of the study. 
Descriptive statistics of all variables were made and 
variables were shown as Mean ± Standard Deviation 
(X ± SS). The normal distribution of the data was de-
termined by the Shapiro-Wilk test. Independent Sam-
ples T-test or Mann Whitney-U test and was used in the 
comparison of the data between the groups according to 
the normal distribution status. The effect size was de-
termined by Cohen’s d test. Cohen’s d = 0.2, 0.5, and 
0.8, often is cited as indicative of a small, medium, and 
large effect size, respectively and that the correspond-
ing values for r are 0.1, 0.3, and 0.5 [20]. In the analysis 
of the data, the statistical significance level was set as 
p < 0.05.

Results 

It was determined that there was no difference be-
tween the groups in dominant and non-dominant sides 
for shoulder horizontal abductor/adductor isokinetic 
muscle strength and strength balance at 60 ° / sec an-
gular velocity (p > 0.05). There was no difference in 
isometric muscle strength of shoulder abductor/adduc-
tor muscles between the asymmetry and control group 
(p > 0.05). There was no difference in sense of proprio-
ception at 60°, 90°, 120° shoulder abduction between 
the asymmetry and control group (p > 0.05). As a result 
of comparing the flexibility of the shoulder internal/ex-
ternal rotator muscles of the athletes with and without 
scapular asymmetry, it was determined that the group 
with asymmetry was more flexible in both the dominant 
and non-dominant side internal rotation (p < 0.05, z/t:-
2.369/-2.607, r/Cohen’s D: –0.447/0.845, df = 36), and 
there was no difference between the flexibility of exter-
nal rotation (p > 0.05) (Tab. 2).

Discussion

As a result of the study, there was no difference in 
the shoulder horizontal abduction-adduction isokinetic 
muscle strength, abduction-adduction isometric mus-
cle strength, sense of proprioception, nor shoulder ex-
ternal rotation flexibility between adolescent athletes 
with and without scapular asymmetry. However, the 
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shoulder internal rotation flexibility was higher in ath-
letes with scapular asymmetry than the athletes with-
out asymmetry.

There are various studies reporting that individu-
als with scapular asymmetry have a loss of strength 
in the shoulder girdle muscles [21–23]. It is shown re-
duced infraspinatus and supraspinatus muscle strength 
in the symptomatic overhead athletes with scapular 
asymmetry [22]. Merolla et al., suggested that the 
imbalances in capsular muscle systems can cause in-
fraspinatus and supraspinatus muscles weakness, and 
this weakness might be a reason for scapular asym-
metry by changing the length-tension relationship of 

the rotator cuff muscles [22, 23]. Likewise, Hannah et 
al. examined healthy people with scapular asymme-
try; reduced muscle strength was reported in the up-
per, middle, and lower part of the trapezius muscle, as 
well as in the anterior muscle of the serratus [24]. In 
the current study; there was no difference between the 
athletes with and without scapular asymmetry in the 
horizontal abduction nor adduction muscle strength. 
This study showed the shoulder horizontal abductor 
muscles which pull the scapula to the medial line, and 
shoulder horizontal adductor muscles, which are the 
antagonist of the horizontal abductors of the asymmet-
ric athletes are strong as symmetric athletes. There is 

Isokinetic Muscle Strength Control Group 
(n = 19)

Asymmetry Group 
(n = 19) z£, t¥ p Cohen’s D/r

60°/sec Angular 
Velocity

DM ABD PT (Nm) 50.57 ± 16.56 49.54 ± 16.74 –0.365£ 0.715£ 0.031

ND ABD PT (Nm) 58.81 ± 13.37 55.39 ± 15.00 –0.818£ 0.414£ 0.106

DM ADD PT (Nm) 53.61 ± 18.87 50.62 ± 18.85 –0.540£ 0.589£ 0.083

ND ADD PT (Nm) 50.57 ± 17.95 45.49 ± 17.40 0.886¥ 0.382¥ 0.287*

DM ADD/ABD RATIO (%) 95.72 ± 13.10 100.98 ± 21.51 –0.511£ 0.609£ –0.141

ND ADD/ABD RATIO (%) 123.43 ± 30.31 128.49 ± 30.10 –0.978£ 0.328£ –0.083

ABD SYMMERY INDEX (%) 85.15 ± 13.57 89.36 ± 18.35 –0.423£ 0.672£ –0.126

ADD SYMMERY INDEX (%) 108.25 ± 18.98 113.50 ± 22.28 –1.095£ 0.274£ –0.123

Isometric 
Muscle 
Strength

Dominant Abduction (N) 47.01 ± 22.42 47.01 ± 20.52 –0.307£ 0.759£ 0

Non-Dominant Abduction (N) 47.69 ± 22.20 50.60 ± 30.42 –0.161£ 0.872£ –0.056

Dominant Adduction (N) 55.97 ± 23.19 62.47 ± 30.98 –0.497£ 0.619£ –0.129

Non-Dominant Adduction (N) 53.87 ± 22.34 60.68 ± 31.50 –0.769¥ 0.447¥ 0.249*

Proprioception 
Sense

60° Dominant Error (°) 5.15 ± 3.03 4.22 ± 4.34 –1.621£ 0.105£ 0.140

60° Non-Dominant Error (°) 5.17 ± 4.49 6.04 ± 3.28 –0.876£ 0.381£ –0.140

90° Dominant Error (°) 4.30 ± 2.81 5.00 ± 3.32 –0.964£ 0.335£ –0.192

90° Non-Dominant Error (°) 3.96 ± 2.80 4.20 ± 2.60 –0.599£ 0.549£ –0.242

120° Dominant Error (°) 5.61 ± 4.34 5.33 ± 3.38 –0.234£ 0.815£ 0

120° Non-Dominant Error (°) 5.46 ± 3.86 4.24 ± 2.20 –0.628£ 0.530£ 0.192

Flexibility

Thumb T5 DM (cm) 8.55 ± 4.35 12.38 ± 4.28 –2.369£ 0.018£ –0.447

Thumb T5 ND (cm) 10.97 ± 4.53 14.28 ± 3.18 –2.607¥ 0.013¥ 0.845*

Thumb C7 DM (cm) 6.38 ± 2.98 5.24 ± 2.51 –0.891£ 0.373£ 0.242

Thumb C7 ND (cm) 5.92 ± 2.79 5.46 ± 2.14 –0.526£ 0.559£ 0

Tab. 2. Comparison of isokinetic and isometric muscle strength, proprioception sense and flexibility of the groups

p: comparison of study and control group (£ Mann Whitney U Test, ¥ Independent Samples T Test), Effect size: *Cohen’s D; others 
r, DM: Dominant side, NDM: Non-Dominant side, ABD: Horizontal abduction, ADD: Horizontal adduction, PT: Peak Torque, Nm: 
Newton Meter, N: Newton.
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not any study examine these muscles and this can be 
the reason why the results of the study are different 
from the literature.

It is stated that there is a relationship between scapu-
lar asymmetry and shoulder injuries [3–6,11,12,25]. 
Therefore, considering the biomechanical disorder 
caused by scapular asymmetry may have not only 
a scapulothoracic effect but also a scapulohumeral effect 
[3–6,11,12,25]. When we evaluated shoulder abductor/
adductor muscle strength in our study. This study, the 
isometric muscle strength of the shoulder abductor/ad-
ductor was similar between the two groups. Evaluat-
ing both isokinetic horizontal abduction/adduction and 
isometric abduction/adduction muscle strength of the 
shoulder, and including only elite athletes to this study 
differentiates from the current study in the literature.

Scapular asymmetry lead to biomechanical abnor-
malities and change periscapular muscle activity [8]. 
This can affect the position of joint and proprioception. 
Proprioception disorders were shown in individuals 
with shoulder pathology such as shoulder impingement 
syndrome, shoulder instability, and anterior gleno-
humeral dislocation history [10]. The shoulder sense 
of proprioception was compared between 61 patients 
with subacromial impingement and 30 healthy par-
ticipants. The sense of proprioception was found to be 
worse in patients with impingement syndrome [9]. As 
a result of our study, the sense of proprioception of the 
shoulder was similar between the groups. It is thought 
that participation of the athletes without a shoulder 
injury, a stronger association of scapular asymmetry 
with scapular asymmetry scapulothoracic joint than the 
glenohumeral joint might be the reason for this result. 
It is suggested that the sense of proprioception of the 
scapulothoracic joint should be evaluated as the sense 
of proprioception of the glenohumeral joint, in the pres-
ence of the scapular asymmetry [26]. 

Pectoralis minor muscle length affects the scapular 
kinematics in both asymptomatic and symptomatic in-
dividuals, and the pectoralis minor muscle is found to 
be shorter in the case of scapular asymmetry [27,28]. 
The pectoralis minor muscle is an anatomical structure 
directly attached to the scapula; therefore, the reduced 
length of this muscle is expected to affect the scapular 
position or orientation [27,28]. In our study, both domi-
nant and nondominant shoulder internal rotation flex-
ibility of asymmetric group athletes were found to be 
higher than the control group. The possible reason for 
this is thought to be related to the pectoralis minor mus-
cle length [27,28]. In our study, we did not evaluate the 
length of the pectoralis minor muscle. Therefore, stud-
ies to examine muscle lengths such as soft tissue ultra-
sonography in the case of scapular asymmetry are need-
ed to demonstrate this situation. Scapular asymmetry 

is evaluated with the distance between the medial an-
gle of the scapula and the midline of the trunk. In our 
study, the flexibility of both dominant and nondominant 
shoulders in the asymmetric group was higher than the 
control group’s internal rotation flexibility. This result 
indicates that the asymmetry might be bilateral in the 
asymmetry group. Bilateral asymmetry might be in-
vestigated with three-dimensional motion analysis. In 
addition, it is stated in the literature that there is a re-
lationship between internal rotation and shoulder inju-
ries, and the possibility of shoulder injury increases as 
the internal rotation flexibility increases [14]. Increased 
internal rotation flexibility of the scapular asymmetry 
group may indicate the risk of shoulder injuries. How-
ever, this idea should be examined with future long-
term follow-up studies.

The participation of the asymptomatic athletes, the 
evaluation of the scapular asymmetry with LSST, the 
relation of measured parameters with the glenohumeral 
joint, not normally distributed data, relatively small 
sample size and mix of sports included in this study 
could be accepted as limitations of our study. Evalua-
tion of both scapulohumeral and scapulothoracic mus-
cle strength with an isokinetic device, while designing 
the study as a matched control study are the strengths 
of our study. 

Conclusion

As a result of our study, there was no difference in 
the shoulder horizontal abduction-adduction isokinetic 
muscle strength, abduction-adduction isometric muscle 
strength, sense of proprioception, nor shoulder external 
rotation flexibility between adolescent athletes with and 
without scapular asymmetry. It was determined that the 
flexibility of shoulder internal rotation in adolescent 
athletes with scapular asymmetry was higher than those 
without asymmetry. 
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