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Background: The shoulder complex is known as one of the most mobile joints of
body whose frequently use for overhead movements causes changes in the shoulder
joint range of motion. Sub-acromial impingement syndrome (SIS) is one of the
most common causes of shoulder pain affecting shoulder joint range of motion.
The purpose of this study was to compare shoulder joint functional range of
motion in overhead athletes with and without Shoulder impingement syndrome.
Methods: The current research is a cross-sectional study, in which 63 male
overhead athletes (30 subjects without impingement syndrome (age: 28.12+6.13
y/o) and 33 subjects with impingement syndrome (age: 26.83+4.81 y/0)) threw a
handball ball three times, while seating on a chair. A 6-camera Vicon Motion
Capture system recorded the markers placed on the upper limb and trunk during
each of the throwing conditions. To evaluate the range of motion, a whole-body
kinematic model was used in OpenSim software, with inverse kinematics used
to obtain adequate joint angles (shoulder joint abduction as well as internal and
external rotation).
Results: The results indicated that the external rotation and abduction range
of motion were greater in the athletes with shoulder impingement syndrome in
comparison to those without impingement syndrome (P <0/001 and p= 0.04,
respectively), while their internal rotation range of motion were more limited
than that of athletes without impingement syndrome (p<0/001).
Conclusion: Overhead athletes with impingement syndrome have greater
glenohumeral external rotation and abduction and less internal rotation in the
throwing shoulder in comparison to athletes without impingement syndrome.
These findings can be used to screen and identify high-risk athletes and help
the therapists to make more appropriate therapeutic plans in order to assist the
injured athlete to return to sports as soon as possible.
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Introduction

mobile joints of body whose structures are subject
to minor injuries due to frequent use for overhead

The shoulder complex is known as one of the most
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movements [1]. The shoulder is at a high risk of injury
in overhead sports such as tennis or volleyball because it
faces high loads and forces during serving and smashing
[2]. In volleyball players, nearly 8 out of 20 injuries are
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associated with shoulder injuries. These problems arise
from recurrent overhead movements [3].

Strong acceleration and eccentric energy absorption
are necessary components for optimal throwing
performance. Altered glenohumeral joint mobility and
flexibility are observed in overhead athletes, and have
been attributed to adaptive structural changes to the joint,
resulting from the extreme demands of overhead activity
[4, 5]. These adaptive changes have been defined as
glenohumeral internal rotation deficit (GIRD), very often
combined with external rotation gain [6]. It has been
suggested that posterior shoulder stiffness results from
repetitive microtrauma leading to the development of
fibrotic scar tissue of the posterior capsule [7]. Currently,
the exact cause and underlying mechanism of posterior
glenohumeral joint stiffness has remained a matter of
debate. Posterior capsule contracture as well as posterior
cuff muscle inflexibility and osseous adaptations have
been mentioned to explain the decreased internal rotation
range of motion (ROM) [4, 8].

Posterior shoulder stiffness has been suggested to be a
causative or perpetuating factor in shoulder impingement.
Among all shoulder joint injuries, impingement
syndrome is the most common cause of pain and limited
mobility in the shoulder area. The syndrome is prevalent
among people below 60, and normally develops by
sports activities and those requiring repeated use of arms
overhead [9]. The condition occurs due to various causes
including changes in the acromial arch, posterior capsule
tightness, scapular muscle weakness or functional
disorder, cuff rotators wear and tear, changes in scapular
kinematics, and postural changes [10-13]. The external
and internal rotation ROM in the dominant arm have been
shown to vary among uninjured and previously injured
overhead athletes [14]. Although there are studies that
have evaluated the passive or active ROM, to the best of
our knowledge no study has assessed the shoulder joint
functional ROM in athletes with shoulder impingement
syndrome. Therefore, the aim of the current study was to
compare of the joint functional ROM between overhead
athletes with and without shoulder joint impingement
syndrome. We hypothesized that there would be
significant differences between overhead athletes with
and without impingement syndrome with regards to
their shoulder abduction as well as internal and external
rotation ROM.

Methods

Participants

In this cross-sectional study, 66 semi-professional
overhead male athletes (volleyball and swimming
players) participated including 30 overhead athletes
without impingement syndrome (age: 28.12+6.13 y/o)
and 33 overhead athletes with impingement syndrome
(age: 26.83+4.81 y/0). The participants of the two groups
were matched for the age factor. However, three of the
athletes without impingement syndrome refused to
continue the study. The athletes without impingement
syndrome did not report any history of surgery or pain
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over the last year in the shoulder girdle. The athletes with
impingement syndrome had been suffering from this
condition in their dominant arm at least for three months
including pain associated with resisted flexion and
abduction, positive result for Neer’s test, Hawkins test,
and Supraspinatus Empty Can test, as well as palpation
of the supraspinatus tendon tenderness when palpating
the greater tuberosity of the humerus which has been
described as being indicative of supraspinatus tendon
pathology (15). All of these were performed and verified
by a physical therapist.

Testing Conditions

The subjects completed the consent form before
testing. The subjects were asked to sit on a chair and
throw handball balls towards a net. Throwing the ball
when sitting on a chair made the throwing position
isolated at the upper limb and decreased the variability
of the throwing action of athletes from different sports
(Figure 1). A 5-min warm-up was performed, after which
the subjects gradually increased their throwing velocity
to maximum (16). Before athletes performing the test,
a static trial was made while the athlete was sitting on
the chair with dominant hand hanging on the side of
the body. They were asked to throw three times at their
maximum power, the mean of which formed the basis for
statistics [14].

Figure 1: Experimental set up, with the subject seating and throwing
the ball into the net

Data Collection

The 3D motion analysis system with 6 Optoelectronic
Cameras (Rapture H Motion Analysis System, Santa
Rosa, CA, USA) were used to evaluate the data. Passive
reflective markers were installed on the upper limbs,
which were fixed on subjects’ bodies using a double-
sided adhesive. The markers were placed on the anterior
and posterior superior iliac spines of the pelvis, sternum,
seventh cervical spinous process, acromion process of
the extremity throwing the ball, anterior-superior section
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of the shoulder approximately 2 cm below the acromion
process, medial and lateral epicondyles of the humerus,
as well as ulnar and radial processes.

These markers were used to analyze the arm motion at
the throwing point. A static calibration was performed
in the sitting position before the throwing trials. The
whole-body kinematic model presented in this study was
developed using OpenSim platform version 3.3 (National
Central for Simulation in Rehabilitation Research
NCSRR, Stanford, CA, USA). A whole-body kinematic
model was implemented using static calibration. ROM
was evaluated in the OpenSim software using inverse
kinematics to use the shoulder ROM with three degrees
of freedom. The maximum range of external rotation
was measured one frame after full cock with initiation
of the elbow velocity. Similarly, the maximum range of
internal rotation was assessed at the zero speed of elbow
when the ball was dropped (Figure 2). Zero speed of the
elbow was the frame on which the ball was dropped,
with the elbow movement in the sagittal plane reaching

zero (17). The maximum abduction was measured in the
frontal plane.

Statistical Analysis

Kolmogorov-Smirnov (K-S) test was used to determine
whether the data was normally distributed. To compare
the ROM abduction as well as internal and external
rotation of the shoulder joint, independent t-test was used.
An alpha of P<0.05 was used to determine significance.
For all comparisons, the exact p-value has been reported.

Results

The demographic data of the subjects are presented in
Table 1. The results of independent sample t-test did not
show any significant differences in the variables of age,
height, weight, and BMI between the groups. The results
K-S test revealed that the data distribution was normal
for both groups as well as for the arm abduction and its
internal and external rotation.

Figure 2: Sagittal view of full-cock (A), ball-release (B), and zero elbow velocity (C) events used to define the release (A to B) and breaking (B to C)

phases of an overhead seated thro.

Table 1: Demographic data of the overhead athletes

Variable Group Numbers Mean £Standard Deviation P value

Age(y) With impingement syndrome 33 28.12+6.13 0.36
Without impingement syndrome 30 26.83+4.81

Height(cm) With impingement syndrome 33 184.57+8.14 0.67
Without impingement syndrome 30 180.3345.82

Weight(kg) With impingement syndrome 33 77.78+9.83 0.21
Without impingement syndrome 30 80.36+5.94

BMI(kg/m?) With impingement syndrome 33 22.81+0.40 0.25
Without impingement syndrome 30 23.42+0.32

Table 2: The comparison of shoulder joint abduction as well as internal and external rotation ROM between the two groups

Variable Group Mean +Standard Mean 95% Confidence Interval T P value
Deviation (deg) Difference Lower upper

External With impingement syndrome 150.42+10.18 8.46 4.15 12.76 3.93 <0/001
rotation(deg) Without impingement syndrome ~ 133.53+7.59
Internal With impingement syndrome 49.96+6.93 -16.89 -21.45 -12.32 -7.40 <0/001
rotation(deg) Without impingement syndrome ~ 58.43+10.0
Arm abduction With impingement syndrome 106.24+7.52 -4.17 -8.16 -0.18 -2.09 0.04
(deg) Without impingement syndrome ~ 102.06+8.31
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The results obtained from the independent samples
t-test (Table 2) indicated that the overhead athlete with
impingement syndrome had a more limited internal
rotation ROM (9°, T o =-7.40, P <0.001), greater
external rotation ROM (17°, T(m) =3.93, P <0.001),
and greater arm abduction (4°, T @ =-2.09, P<0.04) on
the dominant arm versus the overhead athletes without
impingement syndrome.

Discussion

The purpose of this study was to compare the shoulder
joint functional ROM in overhead athletes with and
without shoulder impingement syndrome. The results
indicated that there is a significant difference of the
functional ROM of internal and external rotation as
well as abduction between athletes with impingement
syndrome and those without impingement syndrome.
This change involves decreased internal rotation and
increased external rotation and abduction. Mayer et
al found that passive glenohumeral internal rotation
deficits and posterior shoulder tightness are common
characteristics found in the throwing arm of all throwers
[18]. Almeida et al observed that handball players with
a history of pain in the shoulder joint had a greater
active glenohumeral internal rotation deficit (GIRD) and
external rotation in the throwing arm and more limited
internal rotation in the throwing arm in comparison to
the athletes without pain [19]. Similarly, McConnell et
al observed a significant difference in the shoulder joint
functional ROM of healthy athletes compared to the
affected athletes [17]. Various studies have suggested
that a decline occurs in the internal rotation ROM of
overhead athletes [20-22]. However, Scher et al found
no difference in rotation ROM among baseball pitchers
with and without a history of shoulder injury, where the
difference in the dynamic range between the uninjured and
previously injured athletes was considerable, suggesting
that the previously injured subjects may have inadequate
eccentric internal and external rotator muscle control for
the throwing activity [23]. The forceful and repetitive
nature of overhead throwing activities and poor scapular
muscle control (scapular dyskinesia) are hypothesized
to cause an anterior shift of the humeral head, altering
the rotational arc of the shoulder, increasing the external
rotation, and decreasing the internal rotation [24].
Repeated throwing and cumulative pressure through the
deceleration phase in overhead activities leads to the
occurrence of micro-traumatic stress and the formation
of scar tissue in the shoulder joint posterior capsule.
This tightness in the posterior joint capsule is associated
with a reduction of internal rotation which are linked
to shoulder joint injuries [5, 25]. Mayer et al. found a
certain link between the posterior joint capsule tightness
and the internal impingement syndrome. Posteroinferior
capsule tightness causes the humeral head in the glenoid
cavity to make a posterosuperior movement, which
impinges the posterior rotator cuffs of the shoulder [18].

There is another adaptability in arm dominant overhead
athletes which may develop retroversion at the humeral
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head. The increased bone retroversion can heighten the
range of shoulder external rotation. At the late phase of
throwing where abduction is accompanied by maximum
external rotation, a compression of rotator muscle internal
fibers and posterosuperior labrum attached between
greater tubercle and the margin of the glenoid cavity
occurs as a result of retroversion [24]. It has also been
demonstrated that athletes who exhibit increased external
rotation ROM have enhanced laxity in the anteroinferior
capsuloligamentous structures, raising the “micro-
instability” of the shoulder and the athlete’s potential
for pain [26]. These laxity structures lead to an increase
in the anteroposterior movement of the humeral head,
eventually causing more shoulder pain and injury [12].

Conclusion

These data suggest that athletes with shoulder
impingement syndrome have a different functional ROM
compared to athletes without shoulder impingement
syndrome. The external rotation and abduction ROM
in athletes with impingement syndrome were more than
athletes without impingement syndrome. Further, the
internal rotation ROM in athletes with impingement
syndrome were more limited compared to athletes
without impingement syndrome. These findings can be
used to screen and identify high-risk athletes and assist
the therapists to make more appropriate therapeutic
plans in order to help the injured athlete to return sports
as soon as possible.
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