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ABSTRACT

Aims: The aim of this pilot study was to compare shoulder joint position sense (JPS) and shoulder muscle strength in individuals
with adolescent idiopathic scoliosis (AIS) with and without scapular asymmetry and to analyze the results obtained in both
groups in terms of convex and concave sides of the curve.

Methods: Individuals with AIS with primary right thoracic curvature and right dominant upper extremity were included in
the study. The presence of scapular asymmetry was judged by Kibler’s lateral scapular slide test. The study was completed with
a total of 21 individuals with AIS, 10 with scapular asymmetry (asymmetrical group) and 11 without scapular asymmetry
(symmetrical group). After the demographic and Cobb angle data of the individuals were obtained, other measurements
were taken. JPS was evaluated by digital inclinometer at 60° shoulder flexion and 60° shoulder abduction positions. Shoulder
flexion and abduction muscle strengths were evaluated with a handheld dynamometer. All measurements performed at of both
extremities.

Results: There was no significant difference between the groups in terms of age, gender, body weight, height, body-mass index
and Cobb angle (p>0.05). JPS of the concave side shoulder joint at 60 degrees of flexion had a statistically significant high in
the asymmetrical group (p=0.029). In contrast, the angular deviation values of flexion and abduction motion were similar on
the concave and convex sides in both groups (p>0.05). Shoulder muscle strength was similar between the asymmetrical and
symmetrical groups (p>0.05). In the intra-group comparison of concave and convex side shoulder flexor and abductor muscle
strengths in the asymmetrical group no difference was found (p>0.05); it was found that there was a significant low in the
convex side shoulder abductor muscle strength within the symmetrical group (p=0.023).

Conclusion: The results of our study revealed that scapular asymmetry affects shoulder JPS in individuals with AIS but has no
effect on muscle strength. Further studies with a higher number of subjects and objective measurement methods are needed for
a more detailed evaluation of scapular kinematics, which directly affects soft tissues, in individuals with AIS.
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INTRODUCTION

Adolescent idiopathic scoliosis (AIS) is a 3-dimensional
deformity of the spine seen in 1-3% of the adolescent
population, affecting girls more frequently and of unknown
etiology.”? This deformity not only causes progressive
rotational deformation of the spine, but also affects the
biomechanics of the upper and lower body segments for the
affected areas.’

Pathologic changes in the thoracal region are common
in spinal deformity.* Considering the close anatomical
relationship between the thorax and the scapula, scapular
asymmetry occurs in individuals with AIS due to pathologic

displacement of the spine, disruption of the scapulothoracic
rhythm, altered shoulder balance and compensation
strategies. In a study examining the scapular kinematics of
individuals with AIS, it was shown that the scapula on the
convex side had more internal rotation and anterior tilt,
while the scapula on the concave side had more external
rotation, downward rotation and posterior tilt.” This proximal
malalignment can negatively affect upper limb function by
altering the kinetic chain and force transfer of the upper limb.°

Although the etiopathogenesis is still unclear, AIS is reported
to be a multifactorial pathology.” Recent studies have shown
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that proprioceptive defects caused by mutations in certain
genes responsible for proprioception (Runx3 and Piezo2) are
associated with the development of AIS.*° In some studies in
which individuals with idiopathic scoliosis were compared
with healthy controls, proprioceptive deficits were reported
in the scoliosis group in the elbow, knee and neck regions.'’">
Although clinical and laboratory studies have proven that
individuals with AIS have impaired proprioception sensation
of the elbow, knee and neck joints, the cause or effect of
shoulder proprioception deficit is still unclear."*"

Proprioception, the ability to perceive the position/
movement of body segments, depends on feedback from
mechanoreceptors (muscle spindles and golgi tendon
organs) that respond to changes in muscle length and tone.
In scoliosis, scapular disorientation, changes in scapular
kinematics and periscapular muscle activity on both the
convex and concave sides are known to be associated with
spinal deformity.”” Changes in the scapulothoracic joint and
surrounding muscular tissue in individuals with AIS may
affect the functional integrity and musculoskeletal alignment
of the thorax-scapula-shoulder joint complex, resulting in
differences in proprioceptive and muscular performance.
Although scapular asymmetry and periscapular changes have
been investigated in individuals with AIS, no study has been
found to investigate the effect of these changes on shoulder
joint proprioception and muscle strength. The aims of this
pilot study were to investigate joint position sense (JPS),
which is a sub-parameter of proprioception, and shoulder
muscle strength in individuals with AIS with and without
scapular asymmetry and to compare the results obtained in
each group in terms of convex and concave sides of the curve.

As the hypothesis of this study, it was predicted that AIS
patients with scapular asymmetry have poorer shoulder
JPS and muscle strength and that this deficiency is more
pronounced for the limb on the concave side of the curve.

METHODS

This cross-sectional study was conducted with patients
who were referred to our clinic with a diagnosis of AIS who
met the inclusion criteria. The study was carried out with
the permission of Lokman Hekim University Scientific
Researches Ethics Committee (Date: 30.01.2024, Decision
No: 2024/8). The study was conducted in accordance with the
Declaration of Helsinki. All individuals who volunteered to
participate in the study were informed about the study and
written informed consent was obtained.

Volunteers diagnosed with AIS, aged 10-18 years, with
primary right thoracic curvature and right dominant upper
extremity were included in the study. Individuals who had
undergone any surgery on the spine or upper extremity, had
pain or any injury to the shoulder joint, had any cervical lesion
(disc herniation, thoracic outlet syndrome, etc.), had systemic
or neurologic disorders, used a brace, and had problems with
cooperation were excluded. Individuals with AIS who met the
inclusion criteria were grouped according to the presence of
scapular asymmetry using Kibler’s lateral scapular slide test
(LSST). The group of 21 subjects has been divided into two
groups, 10 of which demonstrating the presence of scapular

asymmetry and the remaining 11 demonstrating the absence
of scapular asymmetry, whom we call symmetrical group.

All participants were evaluated by a research physiotherapist
(MS) at the same time of the day in a quiet and well-lit
room. Age, gender, body weight and height were recorded as
demographic information. Body-mass index (BMI) values
were calculated. Cobb angles were measured and recorded
on AP scoliosis radiographs to determine the angular severity
of scoliosis.

Kibler’s LSST was used to assess scapular asymmetry. The
test was performed bilaterally in the standing position
at three different shoulder abduction angles measured
goniometrically (0° 45° and 90° respectively). The
measurements were performed first with the arms in a
neutral position (0°) next to the trunk on both sides, then
with the shoulders in 45° abduction, hands on the waist and
thumbs pointing backwards, and finally with the shoulders
in 90° abduction and maximum internal rotation (Figure 1).'°

Scapular position was assessed by measuring the distance
between the distal end of the scapula and the spinous process
of the aligned thoracic vertebra. A difference of 1.5 cm or
more between the two sides in any of the three test positions
was considered scapular asymmetry."”

Shoulder JPS was evaluated by active reposition test using
a digital inclinometer. Measurements were performed at
60° flexion and 60° abduction positions of both extremities.
Participants were asked to sit on a chair without armrests
with their feet in full contact with the floor and knees in 90°
flexion. The digital inclinometer was placed at the attachment
point of the anterior part of the Deltoideus muscle to the
humerus (Figure 2). The arm of the participants was flexed
by the physiotherapist performing the test from the starting
position of 0° to the target angle of 60° flexion, and after
waiting in this position for 5 seconds, it was brought back to
the starting position. The participant was then asked to close
his/her eyes and actively use his/her arm to find this taught
target angle. Participants verbalized the point at which they
felt that they reached the target angle and maintained their
position. The absolute difference between the target angle
and the observed angle was measured and the absolute error
score was calculated by averaging the three trials. The same
measurements were repeated for the 60° abduction position
of the shoulder. All measurements were performed bilaterally
in both extremities.'®"

Strength assessments were performed for the shoulder
muscles responsible for flexion and abduction movements
in which JPS tests were performed. Shoulder flexion and
abduction muscle strength measurements were evaluated
using a digital hand-hold dynamometer. Participants were
asked to perform 90° flexion and 90° abduction of the
shoulder joint in a sitting position with the elbow in extension
and the palm pointing downwards. The dynamometer was
placed 1-2 cm above the elbow joint and the participants were
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asked to maintain their current position against the given
resistance (Figure 3). Resistance was applied by the evaluator
until the arm position was broken and the maximum
strength obtained was noted in kg. Three measurements were
taken for both dominant and non-dominate extremities and
the average was recorded as the final score.”

Figure 1. Lateral scapular slide test: A) neutral position, B) 45° abduction,
C) 90° abduction

Figure 3. Assessment of muscle strength

Statistical analyses were performed using IBM SPSS Statistics
22.0 (SPSS Inc, Chicago, USA). All data were checked for
normal distribution using the Shapiro-wilk test. Descriptive
statistics were calculated for all variables and non-normal
distributions were expressed as median and interquartile
range (25-75), and ordinal variables were expressed as
frequency and percentage. Mann Whitney u test and Chi-
square test were used for intergroup comparisons and
Wilcoxon signed-rank test was used for intragroup comparisons.
Statistical significance value was accepted as p<0.05.
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RESULTS

The pilot study was completed with 21 volunteer individuals
with AIS (15 girls and 6 boys). The presence of scapular
asymmetry determined by Kibler’s LSST is shown in Figure 4.

Presence of scapular Scapular Absence of scapular
asymmelry n=10 difference asymmery n= 11
Asymmetrical group n=21 Symmetrical group
| |
Zcm | — In neutral | 0.50 cm
(1.5-2.5) (0-0.50)

[ |
2cm _— In45°abduction | ] 0.50 cm
(1-3) -1)
| \
(0.50-2) (0.50-1)

Figure 4. Evaluations of the presence of scapular asymmetry in individuals
with AIS included in the study and LSST results of the groups [Median IQR
(25-75)]

When the LSST results of the patients forming the groups
were analyzed, a statistical difference was found between the
asymmetry values in the neutral and 45 degrees abduction
position (p<0.001). There was no significant difference
between the groups in terms of age, gender, body weight,
height, BMI and Cobb angle (p>0.05) (Table 1). When
the groups were analyzed in terms of Cobb Angle values,
although there was no statistical difference, it was observed
that the angular severity of scoliosis was slightly higher in the
group with scapular asymmetry.

Table 1. Comparison of demographic characteristics and Cobb angles
of the groups

Asymmetrical Symmetrical
group (n=10) group (n=11)
median IQR median IQR
(25-75) (25-75) p
Age (year) 14 (13-15) 15 (13-18) 0.255°
Female 7 (70) 8 (72.7)
Gender [n (%)] 0.890°
Male 3(30) 3(27.3)

Body weight (kg) 53.50 (49-61) 50 (47-65) 1.000?
Height (cm) 167.50 (163-174) 167 (163-174) 0.724°
BMI (kg/m?) 18.72 (18.04-20.81)  20.20 (17.21-21.80)  0.778*

Cobb angle (%) 20.02 (16-30) 18.97 (15-28) 0.642°

*p<0.05, :Mann Whitney’s u test, ®:Chi-squared test, IQR: Interquartile range, BMI: Body mass index

Since the type of scoliosis was similar in all participants
and the dominant upper extremity was right, the concave
direction of the scoliotic curve was the non-dominant
left upper extremity in all cases. In Table 2, statistical
comparisons in terms of JPS and muscle strength were made
both between groups using Mann-Whitney’s u test (p*) and
within groups using Wilcoxon signed-rank test comparing
the concave-convex side side
respectively) (p®).

(dominant-nondominant

The shoulder joint movement deviation of the concave (non-
dominant) side at 60 degrees of flexion of shoulder had a
statistically significant high in the asymmetrical group
(p=0.029). In contrast, the angular deviation values of flexion
and abduction motion were similar on the concave and
convex sides in both groups (p>0.05) (Table 2).

Table 2. Comparison of muscle strength and joint position sense of the
within and between groups

Asymmetrical Symmett;iml
group (n=10) ﬁo eg&g‘i;g
Outcome measures median IQR (25-75) (2575) P’
@ 60°flexion (convex) 4.17 (2.33-10.33) 5.66 (2-8.33) 1.000
g 60° flexion (concave)  10.16 (4.66-13.33) 4.33 (2.33-8) 0029*
:é P 0.092 1.000
é* 60° abduction (convex) 6.33 (3-10.33) 4.66 (3.66-11) 0.751
= 60°abduction (concave) 6.50 (2.66-10.33) 11.66 (3-12.66)  0.572
P 0.878 0.398
gg) Flexion (convex) 11.38 (10.13-17.83) 11 (9.90-11.63)  0.805
'go Flexion (concave) 11.46 (8.66-13.56) 11.26 (9.80-12.60)  0.888
g P 0.508 0.656
é Abduction (convex) 8.75 (8.30-12.43) 10.46 (8.16-10.63)  0.549
= Abduction (concave)  10.35 (7.46-14.10) 1096 (1043-12.40)  0.439

P 0.386 0.023*

*p<0.05, a: Mann Whitney’s u test; b: Wilcoxon signed-rank test, IQR: Interquartile range

Shoulder muscle strength was similar between the
asymmetrical and symmetrical groups (p>0.05). In the intra-
group comparison of concave and convex side shoulder flexor
and abductor muscle strengths in the asymmetrical group, no
difference was found (p>0.05); it was found that there was a
significant low in the convex side shoulder abductor muscle
strength within the symmetrical group (p=0.023) (Table 2).

DISCUSSION

In the study in which we evaluated the flexor and abductor
muscle strength as well as the shoulder JPS in 60° flexion
and abduction positions by grouping individuals with
primary right thoracic scoliotic curve and dominant right
upper extremity diagnosed with AIS between the ages of 10-
18, according to the presence of scapular asymmetry, it was
concluded that our hypotheses were partially confirmed. As
a result of the study, the angle error values of the concave
(non-dominant) side shoulder flexion movement were found
to be higher in individuals with AIS who had only scapular
asymmetry compared to those with symmetrical scapular
alignment. In intragroup comparisons of the concave and
convex sides of the subjects in both groups, only the concave
side shoulder abductor muscle strength of the symmetrical
subjects was statistically higher.

The scapula has a very important role in normal shoulder-
arm biomechanics. Differences in the kinematics of the
scapula can cause asymmetry and changes in periscapular
muscle activation, affecting the position sense and muscle
strength of the shoulder joint.*» Reyhani et al.® compared
shoulder proprioception in asymptomatic athletes with and
without scapular dyskinesia and reported that the group with
scapular dyskinesia had JPS deficits and that these differences
were due to changes in muscle activity and scapular
kinematics. Studies have shown that individuals with
AIS also have changes in scapular kinematics and muscle
activity.>?” The results of our study are consistent with the
results of these studies in terms of showing that individuals
with AIS with scapular asymmetry have a loss of shoulder
JPS. In addition, since there is no study in the literature that
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examines shoulder muscle strength and JPS in individuals
with AIS taking scapular asymmetry into account, this pilot
study is the first of its kind.

Proprioception is known as the afferent signal originating
from joint, muscle, tendon and related deep tissue
mechanoreceptors, and an intact proprioceptive function
is essential for the control of normal movement.”” Cook et
al.’ compared the elbow joint proprioception of healthy
individuals and individuals with AIS and reported that
individuals with AIS had higher scores in both treshold
and angle repetition tests compared to healthy individuals.
Similarly, Keessen et al.** reported that individuals with
AIS have proprioceptive dysfunction compared to healthy
individuals and this may be an important factor in the
development of spinal asymmetry. It is seen that the scapula
position was ignored in these studies comparing the upper
extremity JPS of individuals with AIS and healthy individuals.
Unlike the studies in the literature, our current study was
performed only in individuals with AIS considering the presence
of scapular asymmetry, and a significant difference was found
between individuals with and without asymmetry in terms of
concave side shoulder flexion JPS. This may be explained by the
fact that scapular asymmetry affects the structures responsible
for sagittal plane movements more than the frontal plane.

Gupta and Shukla compared the proprioception of the elbow
joint between healthy individuals and individuals with AIS
and reported that there was a significant difference between
the groups, but there was no difference between the dominant
and non-dominant side within both groups.*” The finding that
the convex and concave side shoulder JPS of individuals with
AIS were similar in the present study is in parallel with the
results of previous studies. Yagci et al.*® examined the curve
pattern and upper extremity function changes in individuals
with AIS and reported that concave side dexterity and hand
reaction time decreased in individuals with main thoracic
curvature. This may have been caused by asymmetry in the
scapula affecting the concave side JPS. We believe that the
asymmetry in the scapula may affect the concave side JPS in
individuals with AIS with main thoracic curvature, further
negatively affecting dexterity and hand reaction time.

The scapula is an important part of the kinetic chain that
allows the sequential transfer of forces, and inadequate muscle
strength and muscle activation in the kinetic chain can lead
to dysfunction.” Many studies have reported that altered
muscle length-tension relationships in individuals with
scapular asymmetry may lead to a decrease in shoulder girdle
muscle strength.”>* However, Barbosa et al.”” compared the
physical performance of the upper limb in asymptomatic
healthy adults with and without dyskinesia and reported
that both groups had similar results and that the presence of
scapular dyskinesia was not the only factor associated with
poor scores on the upper limb performance test. Similarly,
Akinoglu et al.”” reported similar horizontal abduction and
horizontal adduction muscle strength results in athletes with
and without scapular asymmetry. As a result of the present
study, it was observed that there was no difference between
the groups in terms of the presence of scapular asymmetry in
shoulder flexion and abduction muscle strength of individuals
with AIS. This is in line with the results of previous studies.

Seitz et al.”® reported that athletes with dyskinesia had
less lower trapezius and serratus anterior muscle strength

compared to those without dyskinesia and that this was
due to decreased upward rotation of the scapula. Lin et al.”*
examined the relationship between scapular kinematics and
muscle activity in individuals with AIS and found that there
was decreased lower trapezius and serratus anterior muscle
activity on the concave side, while there was an increase
in upward rotation of the scapula. They also reported that
shoulder dysfunction did not occur on the concave side,
whereas it may occur on the convex side. In the light of this
information, the reason why the shoulder abduction muscle
strength of individuals without scapular asymmetry was
significantly higher on the concave side may be due to the
relationship between the upward rotation movement of the
scapula and muscle activation.

Considering the presence of scapular asymmetry in
individuals with AIS in shoulder JPS and muscle strength
assessments is a strength of this study. The evaluation of
scapular asymmetry with LSTT and the relatively small
sample size can be considered as limitations of this pilot study.

CONCLUSION

As a result of our study, there was a difference between
individuals with AIS with and without scapular asymmetry
in terms of shoulder flexion JPS on the concave side, while
other position sensations and muscle strengths were
similar. When the convex and concave sides were compared
within the groups, only the symmetrical scapula group had
significantly better concave side shoulder abductor strength.
The results of our study revealed that scapular asymmetry
affects shoulder JPS in individuals with AIS but has no effect
on muscle strength. Further studies with a higher number
of subjects and objective measurement methods are needed
for a more detailed evaluation of scapular kinematics, which
directly affects soft tissues, in individuals with AIS.
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