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Research Paper: Comparison of the Kyphosis Angle, 
Position, Muscles Strength, and Range of Motion of 
Shoulders in Volleyball Players With and Without 
Shoulder Impingement Syndrome

Purpose: This case-control study aimed at comparing the kyphosis angle, position of the 
shoulder, the strength of rotator cuff muscles, and the range of shoulder motions in volleyball 
players with and without impingement syndrome.

Methods: The participants were 22 male professional volleyball players with at least 5 years 
of training experience. Eleven volleyball players with impingement syndrome and eleven 
without impingement syndrome were selected from accessible gyms by simple non-probabilistic 
sampling. The research tools were a flexible ruler, a measuring tape, a goniometer, a pull-up 
bar, a dynamometer, and tests to measure the distance between spinal midline and the shoulder, 
kyphosis angle, flexibility, range of motion, and isometric strength of the shoulder girdle muscles 
in abduction, adduction, flexion, extension, horizontal adduction, and horizontal abduction. Data 
were analyzed using SPSS V. 19 software and the Shapiro-Wilk test and independent t-test.

Results: There was a significant difference between the two groups in terms of kyphosis angle, 
the distance between spinal midline and the shoulder, range of motion of the glenohumeral joint 
in abduction, and isometric strength of the shoulder girdle muscles in abduction, flexion, and 
extension (P<0.01). However, no significant difference was observed between the two groups in 
terms of flexibility of the shoulder when lying on the abdomen with arms stretched out in front, 
endurance in the strength of the shoulder girdle muscles, and isometric strength of the shoulder 
girdle muscles in adduction, horizontal adduction, and horizontal abduction (P>0.05).

Conclusion: The results of this study showed that angle of kyphosis, scapula distance to spine, 
range of motion of the shoulder, factor profile of a range of motion, and isometric muscle strength 
of shoulder girdle altered in people with shoulder impingement syndrome, and dysfunctions in 
these factors may result in shoulder impingement syndrome and athlete performance inefficiency.
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1. Introduction

he shoulder is vulnerable to multiple in-
juries in sports, such as tennis and vol-
leyball, or throwing or overhead sports, 
because it faces considerable load and 
force while spiking and attacking. The 
risk of such injuries seems to increases 

with age [1]. To progress, the player must follow long-
term training programs. Each sport entails its own re-
quirements that cause physical and physiological adapt-
ability in the player’s body. Most of these adaptations are 
positive and help to improve cardiovascular endurance, 
enhance muscular strength, and diminish body fat, but 
sometimes this is a negative postural adaptation and af-
fects the player’s physical appearance and causes pos-
tural abnormalities [2, 3].

Changes in scapular position, scapulohumeral rhythm, 
weak shoulder posture, and muscular imbalance around 
the shoulder (e.g., imbalance of the anterior and poste-
rior shoulder muscles) seem to be leading factors for 
shoulder anomalies and chronic pain syndromes [4].
The correct position of the scapula on the chest is highly 
important because changing its normal position causes a 
biomechanical disorder in the shoulder joint. The weak-
ness of the scapula to maintain its position and connect 
with the shoulder joint and associated muscles leads to 
injury or abnormal posture. Such abnormal posture of 
the scapula will presumably diminish the subacromial 
space and leads to a change in the order of movement 
of the upper limbs, and ultimately motion disorders [5].

Shoulder injuries are amongst the prevalent difficulties 
in different people. Of all the shoulder injuries, impinge-
ment syndrome is more widespread and regarded as the 
main cause of pain and restricted motion in the shoulder 

area. This syndrome is more common in people younger 
than 60 years and is ordinarily after exercise or other 
overhead activities involving arms [6]. Shoulder motion 
is a crucial element of natural shoulder movements, es-
pecially when stretching the hands upward.

This factor is employed by researchers and therapists to 
assess and treat shoulder disorders. During the lift of the 
upper limb, the scapula rotates upward and posteriorly to 
the glenoid to expand the subacromial space and provide 
more area for other organs. Otherwise, the impingement 
syndrome will happen and appears with pain when the 
player moves his hands [7]. The annual prevalence of 
shoulder pain is 0.9%-2.5% depending on age. Impinge-
ment syndrome is the most common cause of shoulder 
pain that accounts for 48% of specular disorders [8]. This 
normally happens in players during overhead movements 
[9]. The kinematic shoulder shifts or scapular dyskinesis 
(depression, anterior tilt, and medial rotation of the scap-
ula) can lead to impingement syndrome by decreasing the 
subacromial space. Supraspinatus is the foremost rotator 
cuff muscle that is highly vulnerable to disorder [10].

Thoracic kyphosis is one of the main spinal curves. An 
irregular increase in the thoracic curves (kyphosis) is a 
prevalent postural disorder and a leading factor affect-
ing the upper quarter of the body resulting in shoulder 
pain [11]. Functional or postural kyphosis can result 
from wrong postures and irregular exercises and sports. 
Under this circumstance, the pectoralis major and minor 
muscles and the stratus anterior are tightened and short-
ened, whilst erector spine, rhomboids, and trapezius are 
stretched and weakened [12]. 

The function of the scapula is vital for regular move-
ments and coordinating shoulder girdle so that variations 
in the normal position of the scapula and the function of 

T

Highlights 

 ● Changing the normal position of the scapula causes a biomechanical disorder in the shoulder joint; 

● The abnormal posture of the scapula will presumably diminish the subacromial space and leads to a shoulder injury;

Plain Language Summary 

The purpose of this study was to compare the kyphosis angle, position of the shoulder, the strength of rotator cuff 
muscles, and the range of shoulder motions in two groups of volleyball players with and without impingement syn-
drome. The results of this study showed that in people with impingement syndrome, the kyphosis angle increased, 
the distance of the scapula from the spine at the affected side increased, the range of shoulder extension decreased, 
and the isometric strength of the shoulder involved in the abduction, flexion, and extension reduced.
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its supporting muscles can lead to the development of 
abnormal shoulder girdle biomechanics [13]. Scapular 
dislocation influences the function and energy genera-
tion of the shoulder girdle, especially the muscles sup-
porting the scapula. Accordingly, repetitive movements, 
such as abduction and lateral rotation accompanied by 
extension and medial rotation, as well as spiking under 
abduction increases the impingement force [14].

Smith et al. (2002) investigated the impact of scapula 
circumference on the isometric strength of the shoulder 
elevation and found that the scapula in the distal or prox-
imal posture significantly reduces the isometric strength 
of the shoulder [15]. Trip et al. (2007) investigated the ef-
fect of fatigue on the sensation of the upper limb posture 
and reported that fatigue can negatively affect the sensa-
tion of the posture of glenohumeral and scapulothoracic 
joints in different movements and leads to impingement 
syndrome in throwing athletes [16]. Similar results were 
also reported by Seyedjafari et al. (2015) [17].

Despite limited research on the relationship between 
kyphosis angle, posture, muscular strength, and range 
of motion with impingement syndrome, information to 
launch corrective and therapeutic protocols is insuffi-
cient [18]. Also, no study has been conducted on volley-
ball players in this regard. Accordingly, this study aimed 
at comparing the kyphosis angle, position of the scapula, 
the strength of rotator cuff muscles, and the range of 
scapular motions in volleyball players with and without 
impingement syndrome.

2. Materials and Methods

In this case-control study, professional male volleyball 
players of the North Khorasan, Iran with at least 5 years 
of experience in volleyball training and the experience 
of attending the premier league or national competitions 
for two years were screened for impingement syndrome 
upon signing the consent form. All volleyball play-
ers with impingement syndrome (n=11) were selected 
with the approval of an orthopedist. After determining 
the range of age (18-28), height (175-195), and weight 
(75-95) of the participants, 11 players with impingement 
syndrome were included in the test group. Also, 11 vol-
leyball players without impingement syndrome matched 
for gender and age, height, and weight were included in 
the control group. Finally, the distance between spinal 
midline and the scapula, kyphosis angle, flexibility, range 
of motion, strength endurance, and isometric strength 
of the shoulder girdle muscles in abduction, adduction, 
flexion, extension, horizontal adduction, and horizontal 
abduction were compared between the two groups. 

Inclusion criteria were having impingement syndrome 
(or having no impingement syndrome for the control 
group) and having at least 5 years of experience in vol-
leyball training and experience of attending the premier 
league or national competitions for two years. Exclusion 
criteria were a history of cardiovascular disease, neuro-
logical disease, dislocation, fracture, joint disease of the 
shoulder girdle, congenital anomalies, and limited shoul-
der mobility. Research tools were: 1. a hand dynamom-
eter to measure the maximum isometric strength of the 
shoulder girdle muscles in abduction, adduction, flexion, 
extension, horizontal adduction, and horizontal abduc-
tion; 2. A flexible ruler to measure kyphosis angle; 3. a 
measuring tape to measure shoulder position; and 4. a 
goniometer to measure the range of shoulder motion, and 
a pull-up bar to measure endurance in the strength of ro-
tator cuff muscles. Also, tests were randomly selected for 
each participant to avoid the impact of fatigue on results.

The measurement of kyphosis angle, position, muscu-
lar strength, and range of motion of the shoulder

Kyphosis measurement

The player was first asked to bend his head and neck 
forward so that the C7 (7th cervical vertebra) was ful-
ly exposed. The spinous processes of the C7 vertebra, 
which is the largest cervical vertebra, are marked. Then, 
the index finger was put on the twelfth rib and extended. 
The T12 vertebra was determined and marked with the 
thumb finger. The player was asked to bend forward to 
ensure the correctness of the measurement. Most of the 
motions take place in the T12 vertebra. The flexible rul-
er was placed on the back arch between the two points 
(Figure 1), and the ruler’s appearance was schemati-
cally drawn on the paper without any change. The first 

Figure 1. Flexible ruler

ɵ = 4 arc tang (2H/L)
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vertebra was connected to the twelfth vertebra and the 
value obtained was represented as L. The deepest curve 
point was connected to the L on the paper to calculate the 
value of H. Kyphosis angle was finally calculated by the 
following formula [19]:

Measuring the scapula position

The player was asked to stand while turning his back 
to the test operator and with arms that were at a neu-
tral position next to the body. Under this position, the 
inner edge of the lower angle of the scapula was marked. 
Then, the spinous process of the closest vertebra corre-
sponding to the lower angle of the scapula was detected 
and marked (Figure 2). In the next step, the distance be-
tween these two points was measured [19].

The maximum isometric force of lateral and me-
dial rotations

The player was asked to lie on the abdomen with his/her 
head turning toward the tester. The shoulder lies on the 
bed under 90 degrees at abduction, the elbow was fully on 
the bed and the forearm hangs from the edge of the bed 
vertically. A folded towel was placed under the arm. The 
dynamometer was placed close to the steroid appendix 
of the radius bone and at the dorsal surface of the wrist 
to measure the isometric force of the lateral rotation. The 
dynamometer was placed close to the steroid appendix 
of the radius bone and at the palm of the wrist to mea-
sure medial rotation. The player resists the lateral rotation 
force. In this situation, the isometric force exerted by the 
player was recorded from the digital screen [20, 21].

Maximum isometric force at abduction and adduction

The player seated on a chair holding the shoulder under 
75 degrees at abduction at the frontal plate to measure 
the abduction force of the shoulder. The player’s shoul-

der was fixed by someone else, and the tester kept the 
device in the outer-lower and outer-upper part of the arm 
asking the player to apply maximum force to the device 
in the direction of adduction and abduction motions [22].

The maximum isometric force of flexion and ex-
tension motions

The player lay on the bed in a supine position while 
hands are hanging from the bed. The device was sup-
ported on the anterior-lower level of the forearm. The 
player was asked to force upwards with a straight elbow. 
To measure the extension strength, the player was asked 
to lie on the abdomen while hands are hanging from the 
bed. Then, the device was maintained on the posterior-
lower surface of the arm and the player was asked to 
force upwards [22].

The maximum isometric force of horizontal ab-
duction and adduction

To measure the strength of the horizontal abduction, 
the player was asked to lie in a supine position, with 
shoulder and elbow bent at 90 degrees. The tester held 
the device in the outer-lower part of the arm and asked 
the player to apply force to the outer and lower direc-
tion. To measure the strength of the horizontal adduction, 
the tester held the device in the inner-lower part of the 
arm asking the player to apply the force to the outer and 
lower direction [22].

Endurance in the strength of shoulder girdle muscles

This test requires a timer and a pull-up bar. The pull-up 
bar was fixed at a height, where the tallest player does not 
touch the ground after hanging. To perform the test, the 
player was situated on top of the bar with the help of an-
other person so that his chin did not touch the bar. The 
elbows remain bent and the palms of the hands toward the 

Figure 2. Measuring the scapula position
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ground. The player will remain in this state as long as he 
can. The duration a player can keep himself in the correct 
position (i.e. holding chin above the bar with bent elbows) 
is an index for scoring. As soon as the player starts this po-
sition, the timer starts to measure the duration. Contrarily, 
the timer stops as soon as the chin touch the bar or comes 
bellow the bar, or when the elbows open [22].

Shoulder flexibility when lying on the abdomen

The player lay on the abdomen and held the ruler with 
outstretched arms (as same as the shoulder width). The 
tester put the zero number in the middle of the ruler on 
the ground. The player tried to stretch his hands up from 
the shoulder joint while his chin was not detached from 
the ground and his head was fully on the ground. The 
tester measured the highest shoulder height by keeping 
the zero number on the ground. The test repeated twice. 
The highest score obtained after two correct repetitions 
will be the score [23].

The flexibility of bringing hands on the back

The player lifted his left hand over his head and then 
held it behind his head by bending his elbow and staying 
under this state. Then, he pulled his right hand down-
ward and tried to bring the hands together by bending 
elbows. The distance between the two hands was mea-
sured with a ruler. The test was repeated with opposite 
shoulders [23]. Data were analyzed using SPSS … soft-
ware and the Shapiro-Wilk test and independent t-test.

3. Results

The demographic characteristics of the two groups are 
summarized in Table 1. The results showed no signifi-
cant difference between the two groups in demographic 
characteristics (P>0.05).

According to the results of Table 2 (comparing cases 
with and without impingement syndrome), there was a 

Table 1. Demographic characteristics of the two groups (with and without impingement syndrome)

Groups
Mean±SD

Height (cm) Weight (kg) Age (y)

With impingement syndrome (n=11) 187.73±2.46 81.55±3.56 23.36±3.03

Without impingement syndrome 186.91±3.08 82.64±2.54 22.36±2.24

P value 0.937 0.563 0.693

Table 2. Comparison of the test variables between the test and control groups

Variables

Mean±SD

t PGroups

Test Control

Kyphosis angle (degree) 49.75±4.93 40.27±3.37 5.262 0.001*

Distance between spinal midline and the shoulder (cm) 13.15±0.202 12.43±0.261 3.995 0.001*

Range of motion of the shoulder in extension (degree) 52.91±5.06 57.09±5.52 1.850 0.079

Range of motion of the shoulder in flexion (degree) 197.18±30.808 189±4.690 0.297 0.797

Range of motion of the shoulder in abduction (degree) 115.36±5.240 183.73±5.605 3.978 0.001*

Shoulder flexibility in prone position (cm) 26.34±2.64 28.09±3.02 1.088 0.300

Shoulder flexibility when bringing hands on the back (cm) 2.09±0.701 1.55±0.522 2.070 0.052

Endurance of rotator cuff muscles (s) 22.40±2.860 23.87±1.449 1.524 0.143

Isometric strength of shoulder girdle muscles in adduction (kg) 26.59±1.59 28.73±2.96 2.102 0.052

Isometric strength of shoulder girdle muscles in abduction (kg) 25.54±0.98 29.91±1.90 6.77 0.001*

Isometric strength of shoulder girdle muscles in horizontal adduction (kg) 25.31±2.40 25.36±4.63 0.029 0.977

Isometric strength of shoulder girdle muscles in horizontal abduction (kg) 25.77±1.58 27.10±2.00 1.72 0.101

Isometric strength of shoulder girdle muscles in flexion (kg) 27.72±1.31 29.72±1.79 2.98 0.007*

Isometric strength of shoulder girdle muscles in extension (kg) 27.81±1.69 30.36±1.28 3.97 0.001*

* Significant at 0.01.
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significant difference between the two groups in terms of 
kyphosis angle, the distance between spinal midline and 
the scapula, range of motion of the glenohumeral joint in 
abduction, and isometric strength of the shoulder girdle 
muscles in abduction, flexion, and extension (P<0.01). 
However, no significant difference was observed be-
tween the two groups in terms of flexibility of the shoul-
der when lying on the abdomen with arms stretched out 
in front, endurance in the strength of the shoulder girdle 
muscles, and isometric strength of the shoulder girdle 
muscles in adduction, horizontal adduction and horizon-
tal abduction (P>0.05).

4. Discussion 

Based on the obtained results, the kyphosis angle and 
the distance from the scapula to the shoulder of volleyball 
players with impingement syndrome were significantly 
more than volleyball players without the syndrome. Such 
difference in kyphosis angle can be due to the shortness 
of the pectoralis major and minor muscles and the stratus 
anterior and large posterior, as well as weakness of the 
erector spine, rhomboids, and trapezius, congenital fac-
tors, etc. These findings show that muscles supporting the 
scapula of the volleyball players with the syndrome lead 
inappropriate position of the scapula so that the scapula 
cannot efficiently control the rhythm of the shoulder.

According to the results, the protraction of the scapu-
lar bone from the spine increases with an increase in the 
curvature of the thoracic kyphosis. There is a significant 
positive relationship between the strength of the protec-
tor’s muscle and dorsal kyphosis. Higher strength is as-
sociated with higher kyphosis. Also, lower tolerance of 
the shoulder retractor muscles (i.e., muscles behind the 
shoulder girdle) and the trunk extensor is associated with 
elevated kyphosis in the back. These findings are in con-
stant with the results reported by Daneshmandi (2010) 
indicating a significant association between the degree 
of curvature of the thoracic kyphosis and the degree of 
scapular protraction [24]. Gary (2012) stated that the in-
crease in thoracic kyphosis is linked to reduced physical 
function, increased neck pain, and shoulder conditions 
(e.g., subacromial syndrome) [25].

Briggs (2007) reported that excessive and repetitive 
overhead activities and abnormal shoulder changes in 
overhead activities are amongst the prevalent causes 
of shoulder pain and disability in athletes with over-
head activities [26]. Lewis et al. (2005) researched the 
influence of strengthening the trunk extensor muscles 
in older women and found that increasing the strength 
of the back extensor muscles leads to a reduction in the 

thoracic angle [27]. Wang and Cochrane (2001) stated 
that dislocation of the scapula affects the performance 
and generation of the shoulder girdle muscle force, es-
pecially the scapular-supporting muscles so that repeti-
tive movements, such as abduction and external rotation 
followed by extension and medial rotation in volleyball 
players, as well as spiking under maximum abduction 
increases the impingement force [14]. 

According to Mottram’s theory (1997), muscle weak-
ness causes atrophy and the increased length of the mus-
cles between the scapula and the spine, resulting in the 
high distance between the scapula and the spine. Such 
scapular protraction disrupts the coordinated rhythm of 
the shoulder joint during different movements [28]. In 
general, differences in the type of test and body mass, 
age, height, and gender may be the reasons for the incon-
sistency of the results presented.

Based on our results, although the flexibility of the 
shoulder in the posterior position, bringing the arms from 
behind, and the range of motion of the shoulder joint in 
motion were lower in players with the syndrome, there 
was only a significant difference between the two groups 
in terms of the range of motion of the shoulder joint. This 
finding can be justified by the fact that the weakness of the 
supraspinatus muscle and the pressure of the supraspina-
tus tendon between the two bony surfaces of the subacro-
mial joint and the end of the humerus at an angle of 90-
120 degrees cause significant limitations in the abduction 
in volleyball players with impingement syndrome. These 
results are consistent with the findings of Merula et al. 
(2010) reporting a decrease in the power of supraspinatus 
in overhead players with impingement syndrome [29].

According to the results, endurance in the strength of the 
shoulder muscles of volleyball players in the two groups 
did not vary significantly. Rajabi (2003) examined the re-
lationship between shoulder bone position and shoulder 
girdle muscle endurance on healthy non-athletic boys. He 
used the pull-up bar and reported that increasing shoulder 
bone distance decreases endurance and performance of 
shoulder girdle muscles, and endurance of the shoulder 
girdle muscles of the scapular group was more for closed-
specula players than the distal-scapula ones, which may 
be due to different experiences of the players [30].

The findings of this study revealed that there was no 
difference between the two groups in terms of shoulder 
girdle muscle strength in adduction, horizontal adduction, 
and horizontal abduction. However, the shoulder girdle 
muscle strength in players with the syndrome was sig-
nificantly lower in abduction, flexion, and extension. Im-
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pingement syndrome and kinematic change of the scapula 
that happens due to scapular motion disorder can diminish 
inflammation in the subacromial space, causing inflam-
mation in the elements in the subacromial space, of which 
supraspinatus tendon is the most important element [31].

In players with impingement syndrome, the subacro-
mial space is reduced, which affects tissues, such as the 
subacromial bursa, the supraspinatus tendon, and the 
long head of the biceps, which are located in the sub-
acromial space. However, the greatest damage is mainly 
on the tendon of the upper muscle, and tendinopathy 
of this muscle is prevalent [32]. According to Nodehi 
(2018), people with dyskinesia of the scapula show a 
significant decrease in the maximum isometric force of 
scaption movements (with lateral rotation), adduction 
with the lower rotation of the scapula, and adduction 
with the scapula depression, indicating weakness in the 
middle deltoid, supraspinatus, serratus anterior, middle 
and inferior trapezius [10] muscles. 

Nodehi (2010) compared patients with and without im-
pingement syndrome in terms of the isometric strength 
of the shoulder girdle muscles and reported that patients 
with retinal detachment syndrome had less strength in their 
shoulder muscles. Muscular strength was lower on the af-
fected side of the patient. In patients with impingement 
syndrome, the ratio of the strength of lateral to medial rotat-
ing muscles was significantly lower than the control group 
[33]. Hannah, however, studied 13 female players and 
stated that there is no difference in the isometric strength of 
people with and without specular dyskinesis [20].

We studied only the isometric strength and endurance 
strength of the shoulder girdle muscles with hand dyna-
mometer and pull-up bar in players with impingement 
syndrome. It is recommended that the concentric and ec-
centric strength of these muscles be studied with more 
precise and advanced devices.

5. Conclusion

In summary, the results of this study showed that in peo-
ple with impingement syndrome, the kyphosis angle in-
creased, the distance of the scapula from the spine at the 
affected side increased, the range of shoulder extension 
decreased, and the isometric strength of the shoulder in-
volved in the abduction, flexion, and extension reduced.

These alterations disrupt the normal movement of the 
scapula and consequently may lead to impingement syn-
drome and impaired performance of the player. Based on 
the results, the rhythm of the scapulohumeral movement 

should be considered in the training and rehabilitation 
program of this group of players. Also, the scapula-sup-
porting muscles (e.g. serratus anterior, rhomboids, and 
middle and lower trapezius) should be strengthened. To 
reduce dorsal kyphosis, the erector spine muscles should 
be strengthened and pectorals major, rhomboids, and 
trapezius stretched. Furthermore, abductor muscles, in-
cluding the middle deltoid and supraspinatus are recom-
mended to be strengthened.
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