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Purpose: Changes in the position of the scapula due to its multiple roles, including acting as a
muscle binding site and stabilization in this area can reduce the physiological and biomechanical
efficiency of the shoulder, which ultimately increases shoulder injury. Therefore, the purpose of
this study was to compare the functional stability of shoulder girdle between asymmetric and
symmetric scapula.
Methods: This was conducted on 156 male students in Tehran who were selected by purposeful
cluster and enrolled in the research after obtaining informed consent. Kibler test was used to
examine the symmetry of the scapula; 78 subjects had symmetrical and 78 asymmetrical scapula.
We used Davis and Y tests to evaluate the stability of the shoulder girdle. To study the difference
between groups, an independent t-test was used at a significant level of P≤0.05 using SPSS
software.

Keywords:

Results: The mean scores of the two groups in the Davis test were significant (P=0.0001) and
also there was a significant difference between the symmetric and asymmetrical scapular groups
in the normalized scores of each direction and the combined score of each hand (P=0.0001).

Scapular asymmetry, Davis
test, Upper quarter Y balance
test, Shoulder girdle stability

Conclusion: Asymmetry of the scapular bones due to disruption of the position of the scapula,
and consequently a decrease in functional stability and quality of the optimal function can be
considered to predict shoulder injuries.
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Highlights
● Functional stability of the shoulder girdle in symmetric scapular people was better than scapular asymmetry.
● Disruption of the scapular poFunctional stability of the shoulder girdle in symmetric scapular people was better
than scapular asymmetry people.
● Disruption of the scapular position decreases functional stability and optimal performance quality in this area.
● Asymmetry in the scapulae can be examined to predict shoulder injuries because of the decrease of functional stability and quality of the optimal function.

Plain Language Summary
The shoulder girdle is a complex musculoskeletal system that is necessary for body function and movement. The
position of the scapula bone plays an important role in producing smooth and coordinated shoulder girdle movements
Change of scapula position and its displacement in bad posture can cause weakness in the shoulder area and reduce the
stability of this area. In addition, the position of the scapula is directly related to the production of muscle forces and
the range of motion of the shoulder girdle. Decreasing the asymmetry of the scapula position indicates an increased role
of the scapular muscle stabilizer in controlling the approaching motion of the scapula. Therefore, as a result of scapula
displacement, the probability of the functional stability reduces and the likelihood of subsequent injury increases. This
study compares functional stability of shoulder girdle between Individuals with symmetric and asymmetric scapula
people. Results indicate that the functional stability of the shoulder girdle in symmetric scapular group was better than
those in asymmetric scapular group. Functional stability of the shoulder girdle has been evaluated in a variety of problems including shoulder pain, shoulder instability and even some musculoskeletal abnormalities such as round shoulder.

F

1. Introduction
it and healthy body posture requires coordination of different parts of the body, and
scapula and more generally shoulder girdle
is one of the parts playing a key role in
maintaining good body posture [1].

The shoulder girdle is a complex musculoskeletal system
that allows for extensive upper extremity movement and
function [2], which acts as a stabilizer and fixed point for
moving muscular head. It also enables the transfer of power
from the limb to the trunk and allows performing a wide
range of movements [2-4].
The connection between the scapula and the chest wall
through the stabilization of muscles allows for a complex
three-dimensional motion that causes extensive upper extremity mobility [4]. The role of the scapula has received
considerable attention in recent years because it plays an important role in producing smooth and coordinated shoulder
girdle movements [1]. Kibler acknowledges that the role of
the scapula in many movements is to obtain the proper motions and positions to facilitate shoulder function [5]. In other
words, appropriate scapular movements are vital to the nor-
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mal mechanics of the shoulder [6]. One of the main roles of
the scapula is acting as a base for muscle attachment and its
displacement can affect the function of the muscles around
the shoulder girdle, especially the scapular stabilizer muscles
[5, 7, 8]. Also, the position of the scapula is directly related to
the production of muscle forces [9] and the range of motion
of the shoulder girdle [1].
The inability of the scapula bone to perform its functions
causes it to lose its physiological and biomechanical efficacy;
therefore, the shoulder function will lose its effectiveness.
This can lead to poor performance and increased shoulder
injuries [5]. It seems that the displacement of the scapula can
affect the function and production of the shoulder girdle muscular force, especially the scapular stabilizer muscles [10].
According to Kibler, decreasing the asymmetry of the
scapula position indicates the increasing role of the scapular muscle stabilizer in controlling the approaching motion
of the scapula during abduction [8]. It has also been stated
that asymmetry of 1.5 cm or more in each of the three zero
(neutral), 45, and 90-degree abduction modes is considered
abnormal for clinical evaluation [8].
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Imbalance of the agonist and antagonist muscles of the glenohumeral joint can cause damage to the shoulder joint and
subsequent problems, including impingement syndrome [11,
12]. Muscular endurance is also the ability of a muscle to
perform a sustained activity that is performed as isometric or
isotonic contraction [13]. Muscular endurance in the shoulder area is responsible for the prevention of pain and many
problems in the area [14-16]. The muscular stability and endurance of the shoulder girdle have always been emphasized
due to the important connection between the trunk and the
upper extremity. The stability of the shoulder girdle is crucial
for optimal upper extremity motor function [17].
The position of the scapula is critical to the quality of performance of this area; therefore, by the scapular displacement, the probability of the functional stability reduction
and subsequent injury is increased. Due to the very high importance of stability and endurance of the shoulder girdle in
maintaining the health of this area, the current research was

conducted to compare shoulder area stability and endurance
using the Davis and Upper Quarter Y Balance Test (UQYBT)
tests in subjects with the symmetric and asymmetric scapula.

2. Materials and Methods
Research Design
This descriptive cross-sectional study was conducted
on 156 male students of Tehran University who were selected by cluster sampling. The research was carried out
in a university dormitory complex. Buildings were assigned numbers and were chosen by lot, and then rooms
were randomly selected, and each resident was haphazardly selected from predetermined numbers and was
subsequently evaluated. Assessments were conducted
on these residents. This research was ethically reviewed
and approved by the Department of Health and Sports
Medicine of Tehran University of Medical Sciences.

Figure 1. Lateral scapula slide measurement. A: the first position, with arms at side, B: the second position, with hands on hips,
C: the third position: with arms at 90-degree arm abduction.

Figure 2. Upper Quarter Y-Balance Test
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At first, a brief description of the purpose of the research
and its implementation was described for the subjects. Then,
personal information form (age, sex, height, and weight)
(Table 1), injury history, and consent form were completed
for all subjects and those with no history of acute shoulder
injury entered the measurement phase. Subsequently, the
subjects with minimal clothing were present at the test site,
and the distance from the inferior-medial angle of scapula to
the nearest spinous process was measured using the Kibler’s
Lateral Scapular Slide Test (LSST) at 0, 45, and 90 degrees
of shoulder abduction (Figure 1). This test was developed
and applied by Kibler to assess the scapular asymmetry and
evaluate the ability of the scapular fixator in three positions of
0, 45, and 90 degrees of shoulder abduction [18].
LSST test is performed as follows: the subject stands behind the examiner. In this position, first, the inner edge of
the inferior angle of the scapula is found and marked with a
marker. The inferior angle of the scapula can be a reference
point in the measurement [19]. In the present study, the scapular position was measured in the following three positions:
First position or zero-degree arm abduction: In this position, the hands are next to the body (neutral). In this condition, the inner edge of the inferior angle of the scapula was
first marked with a marker, and then the nearest vertebrae
spinal process and its location were marked. The tape head
was then placed on the marked spinal process and its distance
to the inferior scapular angle was measured.
Second position or 45-degree arm abduction: In this position, the subject was asked to place his palms on the head
of the thigh so that his thumb was backward and the other
fingers forward. The inferior angle of the scapula was then
specified in this position, and its distance to the spinal process
of the previous vertebrae was measured.
Third position or 90-degree arm abduction: In this position, the hands were raised from the sides of the body so that
they were parallel to the ground. Then, the maximal internal

rotation of the humerus was performed until the thumb was
toward the ground. In this condition, the inferior angle of the
scapula was determined and its distance to the spinal process
of the previous vertebrae was measured [20].
Subjects with the asymmetry of greater than 1.5 cm in each
of the three positions were assigned to the asymmetric scapular group and those with the asymmetry of less than 1 cm in
the symmetric scapular group [18].
UQYBT: This test was performed using the Y device having a plate for placing the support hand. Some graded rods
were attached to it on three sides, with a movable indicator
mounted on each rod. By moving the indicator by the free
hand, the level of achievement to it in that side was specified.
In this test, the subject was asked to place the palms (elbows
in extension) and the toes (without shoes) in the starting position (legs open shoulder width) and keep the spine and lower
extremity in the same direction. In this position, the subject
should maintain the position with his or her free hand and
achieve the middle, inferolateral, and superolateral directions
as far as possible (Figure 2). To compare with other subjects,
accessions with upper extremity length (the seventh cervical vertebra to the end of the longest finger at 90° shoulder
abduction and elbow extension, wrist and finger extension)
were normalized [20].
The access procedure was performed in all three directions
consecutively, and the process was performed 3 times [21].
To calculate the combined score, the scores are given in the
following formula [20]:
Composite
score=(middle
access+inferolateral
access+superolateral access) / (Limb length×3) [22]
Also, to compare the different access scores separately in different directions, these scores were normalized with upper limb length, and normalized access
scores for each direction were used for comparison.

Figure 3. Davis test
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Then, they were asked to touch the right strip with their left
hands and left strip with right hands for 15 s at maximum
speed consecutively (Figure 3). The subjects performed the
test three times and an average of three attempts was recorded as their records. It should be noted that the surface touch
of the scapula is considered a valid method to determine the
actual location of the scapula [23].

Inter-rater reliability (r=0.80) and intra-rater reliability
(r=1.00) were reported at a high level [21].
Davis test: Davis test was used to test the upper body agility and stabilization. In this test, two test strips were attached
on the ground in 90 cm distance, and the subjects were asked
to take a swimming position with each hand on one strip.
Table 1. Mean±SD of the individual characteristics of the subjects
Variables

Mean±SD

Sig.

Symmetric Scapula Group

Asymmetric Scapula Group

Age (y)

25.28±2.21

2.24±25.45

0.622

Weight (kg)

7.48±67.03

9.74±69.03

0.168

Height [24]

5.48±176.04

6.63±175.86

0.346

Table 2. Independent t-test results obtained from the Upper Quarter Y Balance Test
Variables

Groups

N

df

Mean±SD

S.S group

78

154

1.12±0.07

A.S group

78

154

1.07±0.07

S.S group

78

154

0.87±0.07

A.S group

78

154

0.79±0.06

S.S group

78

154

0.96±0.07

A.S group

78

154

0.92±0.07

S.S group

78

154

1.14±0.07

A.S group

78

154

1.08±0.07

S.S group

78

154

0.88±0.08

A.S group

78

154

0.82±0.06

S.S group

78

154

0.99±0.07

A.S group

78

154

0.93±0.07

S.S group

78

154

0.98±0.05

A.S group

78

154

0.92±0.04

S.S group

78

154

1.00±0.05

A.S group

78

154

0.95±0.04

UQYBT Medial Reach in dominant hand [24]

UQYBT Superolateral in dominant hand [24]

UQYBT Inferolateral in dominant hand [24]

UQYBT Medial Reach in non-dominant hand [24]

UQYBT Superolateral in non-dominant hand [24]

UQYBT Inferolateral in non-dominant hand [24]

UQYBT composite score in dominant hand [24]

UQYBT composite score in non-dominant hand
[24]

T

Sig

900.3

* 0.0001

7.802

* 0.0001

4.837

* 0.0001

4.441

* 0.0001

4.894

* 0.0001

5.181

* 0.0001

5.818

* 0.0001

6.881

* 0.0001

*A significant difference between the symmetric and asymmetric scapula groups (P<0.05); S.S group=symmetric scapula
group; and A.S group=asymmetric scapula group; N=number of subjects
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Table 3. Mann-Whitney U test results obtained from the Davis test
Groups
Variable

Davis Test

Mean

Median

S.S
Group

A.S
Group

S.S
Group

A.S
Group

24.36

22.54

25

22

Mann-Whitney U

Z

Sig.

1728.500

-4.693

* 0.0001

*A significant difference between the experimental and control group (P<0.05); S.S: symmetric scapula group; A.S: asymmetric
scapula group

Statistical method: Data were analyzed by SPSS V. 22 and
EXCEL 2016 software using the Kolmogorov-Smirnov test
for examining data normality. An independent t-test was used
to compare the data with normal distribution between the two
groups, whereas the Mann-Whitney test was applied for data
with no normal distribution at the significance level of 0.05.

3. Results
According to the results of the Kolmogorov-Smirnov test,
all data showed normal distribution, except the results of the
Davis test. Therefore, the Mann-Whitney U test was used for
assessing the results of the Davis test, because data had no
normal distribution.
The independent t-test was used to compare the results
of the groups obtained from the UQYBT with a normal distribution. According to the results of the independent t-test
in Table 2, there was a significant difference between the
groups with symmetric and asymmetric scapula in the normalized scores of each direction and the total score of each
hand (P=0.0001).
Due to the non-normal distribution of data for the Davis
test, the Mann-Whitney U test was used to compare between groups. The results of the Mann-Whitney U test in
Table 3 indicated that a significant difference between the
groups with symmetric and asymmetric scapulae in Davis
test scores (P=0.0001).

4. Discussion
The results of this study showed that the functional stability of the shoulder girdle in the symmetric scapular group
was significantly better than those in the asymmetric scapular group in all three directions. Also, in the superior and
non-superior hands of both groups, the highest access score
was achieved in the middle, inferolateral, and superolateral
directions, respectively, which was consistent with previous
studies. The reason for this finding may be the fact that the
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person’s hand in the middle direction is in the access direction and is likely to score higher, whereas, in the superolateral
direction, the person’s hand is in its farthest position from the
access point [21, 22, 25, 26].
So far, functional stability of the shoulder girdle has been
evaluated several disorders, including shoulder impingement syndrome, anterior shoulder instability, and even some
musculoskeletal abnormalities, such as round shoulder [27].
Hazar et al. (2014) showed that there was a significant difference between the two groups with and without shoulder
impingement in the middle-inferior and lateral directions of
the UQYBT, but there was no significant difference in the
superolateral directions in the two groups [27].
In another study, Zandi et al. reported that healthy volleyball players had better performance stability in the shoulder
girdle area in all three middle, inferior-lateral, and superolateral directions, as well as the score of UQYBT compared
with volleyball players with anterior glenohumeral instability
[25]. Due to glenohumeral instability, abnormalities in the
function of mechanical receptors lead to the inhibition of the
stabilizing neuro-muscular responses that may eventually
cause repeated and progressive damage to the joint by dysfunction in the deep sensory system.
In a study by Beyranvand et al. (2017), they reported that some musculoskeletal abnormalities, such as
rounded shoulders can also decrease the functional stability of shoulder girdle muscles by changing in their
activities, leading to decreasing subjects’ access scores
on the UQYBT [28]. They concluded that changes in
the functional stability of the shoulder girdle might pave
the way for possible future injuries.
One of the main roles of the scapula is its acting as a muscular connecting point, especially for the scapular stabilizer
muscles, where the displacement of the scapula can affect
the muscular function of this area, especially the stabilizer
muscle [8]. Odom et al. stated that the position of the scapula
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is very important for the production of muscle strength and
stability in the area [9]. Payne also believed that the weakness of the scapular stabilizer muscles is the reason for the
biomechanical displacement of the scapula [29].
The inability of the scapula to perform its functions
properly reduces its physiological and biomechanical
performance, which may result in poor performance and
increased damage to the shoulder area [5]. Concerning
the causes of these consequences, it has been suggested
that changes in the position of the scapula and the direction of the force around it may impair the feedback of the
joint spindle receptors, and by reducing the optimal performance of joint afferents, modify the motility patterns,
which must act on the accurate feedback of the deep sensory receptors. In such circumstances, the muscle patterns
lose the ability to function in a coordinated manner and
cannot manage muscle contraction [24, 30, 31]. Besides,
in this situation, the performance of the scapular stabilizer
muscles loses its optimal state, which leads to functional
instability with reduced muscle activity and lack of muscle
coordination in the functional area of the
 shoulder girdle.
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