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Accepted: 04 Feb. 2017 Purpose: This study aimed to evaluate the symmetry of the isometric strength of the shoulder

and scapulothoracic muscles in volleyball and futsal athletes.

Methods: In this case-control study, the strength of the scapulothoracic muscles and rotation
of the shoulders in 20 adult volleyball athletes and 20 futsal adult athletes, who were randomly
selected from sports clubs around Tehran, were measured using a manual dynamometer. The
obtained data between the different groups and within the individual groups were compared by
Independent and paired t tests, respectively.

Results: The isometric strength of the external rotator muscles, internal rotator muscles, upper
trapezius and serratus anterior of the dominant side of volleyball and futsal athletes were different
(P<0.05). The isometric strength of the same muscles in the dominant side of the volleyball
athletes was more than the non-dominant side (P<0.05). However, the isometric strength of
the middle trapezius and rhomboid muscles were less. The ratio of agonist to antagonist, in all
muscle groups between two groups, in the dominant side as well as between the dominant and
non-dominant side, were different in volleyball athletes.

Conclusion: In volleyball athletes, disturbances in the strength ratio of the agonist and antagonist

Keywords: . muscles of the scapula, and weaknesses in these muscles, impair the dynamic stability of the
Overhead athletes, * scapula and shoulder joints and disturbances in the rhythm of the scapulohumeral muscles. It
Shoulder, Strength ratio, ¢ is recommended that during training, assessment and treatment of these athletes strengthening
Scapulothoracic . these muscles be considered.

1. Introduction the scapula can be an important factor in abnormal bio-

mechanics and lesions of the shoulder girdle [2]. Static
revalence of shoulder pain ranks the sec- shoulder joint is stable when the arms are positioned at
ond among musculoskeletal pains and af- the side of the body by the capsuloligamentous com-
fects 20% to 22% of general population ponents. However, when the arms move, rotator cuff

[1]. Disorders of the stabilizing muscles of muscles are responsible for dynamic stability [3]. The
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control of shoulder complex movements are performed
by muscles in a matched manner [3].

In repetitive overhead throwing athletes, dynamic sta-
bility is important [4]. Traditional overhead sports are
handball, baseball, volleyball, and basketball [4]. Shoul-
der injuries are common in overhead sport athletes [5,
6]. In various studies, shoulder problems are reported as
44% and shoulder pain as 29% [6]. Eccentric contraction
imposes excessive load on rotator cuff muscle. Injury is
induced by muscle imbalance and eventually shoulder
instability or shoulder impingement syndrome will oc-
cur [4]. In throwing and serving, scapula facilitates
shoulder movements and provides suitable positioning.
Research in glenohumeral abnormalities has shown that
serratus anterior, thomboids, middle and lower trapezius
are weak or inhibited [7]. In the impingement syndrome,
there are decreased scapular upward rotation, increased
anterior tipping, and increased scapular medial rotation
[8]. In baseball athletes, there was an increase in external
rotation range and a decrease in muscle strength, particu-
larly the supraspinatus muscles [5].

In handball athletes, the range of motion of the shoul-
ders remains unchanged but the strength of the rotational
muscles increases [9]. Athletes competing in overhead
sports, who besides shoulder impingement syndrome de-
veloped drooping shoulders, reported an increase in the
upper trapezius muscle strength during abduction, exter-
nal rotation and a decrease in median trapezius function-
ality during abduction and lower trapezium during exter-
nal rotation [10]. Disturbances in scapular movement can
cause problems such as abnormal tension around the an-
terior capsule of the shoulder joint, higher tension in rota-
tor cuff muscles, and a decrease in muscle activity [7, 11].

Unfortunately, most studies have done on specific
muscle groups. In these studies, the scapulothoracic
joint, which plays an important role in scapulohumeral
rhythm, have been studied less extensively. Dysfunction
of these muscles cause instability and eventually distur-
bances in the normal rhythm of the scapulothoracic joint.
Thus, evaluation of the scapulothoracic muscles and ro-
tation of the shoulder and its symmetry should be inves-
tigated further. This study aimed to compare the ratio of
the shoulder muscles strength symmetry and scapulotho-
racic joint in professional volleyball and futsal players.

2. Materials and Methods

The present study was a case-control study. Testing
was performed at the sports clubs of Tehran in 2017. A
total of 40 participants (20 volleyball and 20 futsal play-
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ers) at the club level were selected with simple random
sampling method. Then the study samples were divided
into two groups. The subjects were adult male volleyball
athletes from various clubs in Tehran, with three years of
experience doing overhead sports. They regularly played
overhead sports at least three times a week [12].

The non-overhead group consisted of futsal athletes.
The participants were between 17 and 30 years old and
did not have a history of systemic disease, rheumatism,
neurological disease, fractures, dislocations, or surgery
of the shoulder joints. The selection criteria for the
healthy participants included age compliance, gender,
body mass index matching with athletic group, absence
of shoulder pain, surgery and any shoulder pathology.
Before data collection, the subjects read and signed
informed consent forms approved by the Iran Univer-
sity of Medical Sciences Ethics Committee (IR.IUMS.
REC1395.9311340004). Muscle strength was measured
by a handheld dynamometer (Imada design) with the
ability to measure tensional strengths and a pressure ca-
pacity of 500 N, and a precision of 0.1 N (Figure 1).

The subjects were asked to keep a maximum volun-
tary contraction for 5 seconds. Each contraction was re-
peated three times with 30 seconds rest between each try
[13-15]. In this study, the muscles are not usually tested
individually and other muscles are involved [15]. For
example, various studies have shown increased activity
of the medial trapezius muscle during the lower trape-

I
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Figure 1. Imada manual dynamometer
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zius test [16-18]. To measure the maximum isometric
strength of lower trapezius, the subject was asked to lie
down and position his shoulder in 145 degrees abduc-
tion along with external rotation. The experimenter, us-
ing one hand, would position the scapula on the opposite
side and place the handheld dynamometer on the exter-
nal side of the acromion of the side being tested, and then
applied resistance against scapula adduction and depres-
sion [15, 17, 19].

To measure the maximum isometric strength of the ser-
ratus anterior, the subject was asked to sit, flex his 130
degrees and place his scapula in an abduction position.
The dynamometer was placed on the humerus bone and
the distal deltoid muscle until protraction and rotation of
the upper scapula took place simultaneously [16, 18, 20].
To measure the maximum isometric strength of the upper
trapezius, the subject was asked to sit, the dynamometer
was placed in the region of the acromion and clavicle,
and pressure was applied in a downward direction, and at
the same time the subject was asked to elevate his scapula
[13, 17, 19] (Figure 2). To measure the maximum iso-
metric strength of the medial trapezius, while the subject
was lying in a prone position, the shoulder was bent 90
degrees abduction and the elbow was bent 90 degrees,
and the handheld dynamometer was positioned on the ex-
ternal rare acromion. At the same time the subject had to
bring their scapula closer together and then retract them.
The scapula in this state has to be retracted [15, 17, 19].

To measure the maximum isometric strength of the
rhomboid muscles, the subject was sat in a prone posi-
tion, place the limb that was being tested around their
waist, along with internal rotation of the shoulder and
abduction and downward rotation of the scapula, with-
out elevation, and the handheld dynamometer was
placed between the external epicondyle and acromion.
As the subject was applying strength in the direction of
adduction using their upper limb, the examiner would
exert pressure on the abduction side [19, 21].

To measure the maximum isometric strength of the
external and internal rotators, the subject was placed in
a prone position, bent his elbow 90 degrees, place the
shoulders in a 90 degrees abduction and hang the limbs
off from the bed, with a folded towel under the shoul-
der. The handheld dynamometer was placed in the dorsal
surface of the hand (above the wrist joint) for external
rotation and in the anterior surface of the hand (above
the wrist joint) for internal rotation. The subject applied
pressure to the external rotation and the examiner to-
wards the internal. The subject was asked to apply maxi-
mum pressure on the dynamometer in the directions of
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Figure 2. Upper trapezius manual muscle test. The subject
was seated with his arms at the sides. The dynamometer
was placed halfway between the mastoid and lateral acro-
mion over the muscle bulk. The examiner was allowed to
use both hands

the external rotation as well as the internal rotation that
was held by the examiner [19, 22].

Muscle weakness and muscle imbalance can cause
impingement of the shoulder joint syndrome, there-
fore, evaluation of the ratio of antagonist-agonist of the
scapulothoracic muscle on one side can help diagnose
and treat [2, 8, 22-24]. To measure the elevation to de-
pression ratio of the scapula, the upper trapezius muscle
was considered for elevation and the lower trapezius for
depression [15].

To evaluate the relationship between upward and
downward rotations of the scapula, the serratus anterior
muscle was considered for upward rotation of the scapu-
la and the rhomboid muscles for its downward rotation.
For the sake of simplicity, instead of using the power-
coupled strength of the upper and lower trapezius mus-
cles and serratus anterior for the rotation of the upward
scapula, only the serratus anterior muscle was used [15].

To evaluate the relationship between scapular protrac-
tion and retraction, the serratus anterior muscle was con-
sidered for protraction and the medial trapezius muscle
for retraction. The upper trapezius muscle was chosen
because its only function is retraction in contrast to the
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rhomboids, which have retraction and downward rota-
tion functional abilities [15]. To evaluate the ratio of
external to internal rotation, for external rotation of the
muscle, the external rotator of the shoulder and for inter-
nal rotation the internal rotator muscle of the shoulder
were considered.

Statistical analyses

Descriptive statistics were calculated for all variables,
and all dependent variables were controlled for normal
distribution of variance using the 1-sample Kolmogorov—
Smirnov test. As all data were normally distributed with
equal variances, independent t test was used to compare
the isometric strength of shoulder muscle in two groups
of futsal and volleyball, and the paired t test was used
to compare the left and right sides in two groups. The
level of significance for all the tests was considered to
be <0.05. Data were analyzed using SPSS, version 18.

Ethical considerations

After visiting the test setting, the participants signed
informed consent forms approved by the Ethics Com-
mittee of Iran University of Medical Sciences.

3. Results

The demographics of the volleyball group were as fol-
lows: mean(SD) age; 22.75(2.48) years, mean(SD) Body
Mass Index (BMI); 20.27(5.08) kg/m?, mean(SD) his-
tory of sports activity; 62.30(18.22) months, mean(SD)
number of practice sessions per week; 3.05(22.00). The
futsal group demographics were as follows: mean(SD)
age; 23.70(1.62), mean(SD) BMI; 20.592(7.00) kg/
m?, mean(SD) history of sports activity; 58.15(20.27)
months, mean(SD) number of practice sessions per week
3.25(55.00). There was no statistically significant differ-
ence between two groups (Table 1).

The maximum isometric muscle strength of internal
and external rotator muscles, upper trapezius muscle,

Table 1. Demographic characteristics of the studied population
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and serratus anterior of the dominant side were statisti-
cally significant in both groups. Whereas, the maximum
strength of the middle and lower trapezius muscle, and
the rhomboid muscles were not statistically significant
(Table 2). The maximum isometric strength, between the
dominant and non-dominant side, of the external and in-
ternal rotator muscles, serratus anterior, upper and mid-
dle trapezius, and rhomboids was statically significant in
the volleyball group. The maximum isometric strength
of the lower trapezius, between the dominant and non-
dominant of the volleyball group, were not statically sig-
nificant (Table 3).

The ratios of the maximum strength of the external rota-
tion to the internal rotation, upward rotation to the down-
ward rotation, protraction to retraction, and elevation to
depression in the dominant side, between the groups,
were statistically significant (Figure 3). The ratios of the
maximum strength of the external rotation to the inter-
nal rotation, upward rotation to the downward rotation,
protraction to retraction, and elevation to depression, be-
tween the dominant and non-dominant side, in the vol-
leyball group and in dominate side between two groups ,
were statistically significant (Figure 3 and 4).

4. Discussion

The strength of internal and external rotator muscles of
the dominant shoulder in volleyball athletes was more
than that in futsal athletes. These findings were consis-
tent with those of Barlow and Alfredson [12, 25]. These
changes result from the type of the exercise they per-
form. Research has shown that one-side sports such as
volleyball causes accommodative changes in muscle
strength within the dominant side [26]. The strength
of the upper trapezius muscle of the dominant side in
volleyball athletes was more than that in futsal athletes,
which was in accordance with the findings of Ludewig
[8]. In volleyball players, during the cocking and accel-
eration phases, the upper trapezius and serratus anterior
play a significant role throughout the course of throwing

Futsal (n=20) MeantSD Volleyball (n=20) Mean+SD P
Age (y) 23.70+1.62 22.75+2.48 0.1445
BMI (kg/m?) 20.592+7.00 20.2745.08 0.728
Sports experience (mon) 58.15+20.27 62.30+18.22 0.5001
Number of sessions 3.25+55.00 3.05+22.00 0.1625
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Table 2. Independent t test comparing the dominant muscle strength between two groups

Muscle Futsal Players (n=20) MeantSD Volleyball Players (n=20) MeantSD P
External rotators 11.92+#1.70 15.55+1.13 *0.001
Internal rotators 13.68+2.29 18.78+1.76 *0.001
Upper trapezius 28.25+3.20 31.85+2.03 *0.001
Middle trapezius 26.67+3.12 25.76+0.91 0.224
Lower trapezius 24.07+2.95 22.78+1.15 0.077
Serratus anterior 24.71+3.71 30.92+2.45 *0.001

Rhomboids 16.26+1.58 15.45+0.90 0.057

* Indicates the significant difference.

movements that places the scapula in an elevation and
upper rotation position [27].

The strength of the upper trapezius muscle, serratus an-
terior and rhomboids of the dominant side, in the volley-
ball group, in comparison with the dominant side of the
futsal group, did not show a statistically significant dif-
ference. This was consistent with the findings of Cools
and associates [10]. Research has shown that the medial
trapezius, anterior trapezius and rhomboid muscles in
athletes with overhead activities, does not affect the rest
of their muscles [27]. The strength of the external and
internal rotator muscles and the upper trapezius and ser-
ratus anterior of the dominant side, compared to the non-
dominant side, was more in both groups of athletes. The
findings of Turner, Wilk, and Myers all support these
results [15, 26, 28]. The reason for this difference can
be attributed to neural adaptation of the muscle on the
dominant side [29].

The strength of the middle trapezius muscle and rhom-
boids of the dominant hand, compared to the non-domi-
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nant side, was less in volleyball players. This was consis-
tent with the results obtained by Cools, too [10]. These
muscles control the speed of the scapula movements
eccentrically. Research has shown weakness of these
muscles in athletes suffering from shoulder impingement.
Given that shoulder impingement is common in volley-
ball players, weakness of their medial trapezius and rhom-
boids muscles could result in hypermobility of the scapu-
la. Following the weakness of these muscle, the rthythm of
the scapulohumeral is disturbed and the risk of functional
impingement of the shoulders may increase [3, 30].

The strength of the lower trapezius muscle of the domi-
nant side, compared to the non-dominant side, in vol-
leyball athletes did not show a statistically significant
difference. These results were consistent with that of
Cools and Barlow et al. [10, 12]. Research has shown
that lower trapezius muscle compared to other muscles
plays no role in overhead activities [27].

The ratio of the external rotator muscle to internal rota-
tor one, of the dominant side, in the volleyball group was

Table 3. Paired t test to compare dominant and non-dominant muscle strength within volleyball group (n=20)

Muscle Dominant Mean+SD Non-dominant Mean +SD P
External rotators 15.16+1.10 15.55+1.13 *0.020
Internal rotators 16.44+1.56 18.78+1.76 *0.001
Upper trapezius 28.7143.26 31.85+2.03 *0.001
Middle trapezius 27.82+1.29 25.76+.91 *0.001
Lower trapezius 22.30+1.30 22.07+1.15 0.086
Serratus anterior 28.05+2.15 30.92+2.45 *0.001

Rhomboids 16.49+.87 15.45+.90 *0.001

* Indicates the significant difference.

PHYSICAL TREA | MENTS




April 2017. Volume 7. Number 1

PHYSICAL TREA | MENTS

Left mRight

25

Ratio
[y

External/ Internal

rotation rotation

Upward /Downward

T ’
15 I 1I9
0.98
T 0.83 I
0.5
0

Protraction/Retraction  Elvation/Depression

Ratio couple

PHYSICAL TREA | MENTS

Figure 3. Independent t test comparing the strength ratio of agonist to antagonist muscles in dominant side between two groups

* Indicates the significant difference

less compared to the futsal group. Moreover, the ratio of
the external to internal rotator muscle strength of vol-
leyball athletes was less in the dominant side compared
to the non-dominant side. These results were consistent
with the findings of Donatelli [31]. Research supports
that external rotator muscles are less active than internal
rotator muscles in overhead athletes [27].

The ratio of the strength of the dominant upward rotator
scapula to the downward rotator in the volleyball group
was more than that ratio in the futsal group. Furthermore,
this ratio in volleyball athletes was more in the dominant
arm than the non-dominant arm. The findings of Turner
and colleagues also showed that in the dominant side, the

m Futsal
2

2
1.52
15
0.87 .83
) I I
0
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2.5

Ratio
(=Y

[E,]

rotation

Upward /Downward

ratio of the upper scapula rotator to the lower rotator was
more than that in the non-dominant side [15].

The ratio of protraction to retraction of the scapula of
the volleyball group in the dominant side was more than
that of the futsal group. Moreover, this ratio in volley-
ball athletes was more in the dominant hand than in the
non-dominant one, which was consistent with the find-
ings of Cools and colleagues [10]. Table 2 demonstrates
that disturbances in this ratio is caused by an increase
in strength of the serratus anterior and a decrease in the
strength of the middle trapezius muscles and rhomboids
of the dominant hand, compared to the non-dominant
side, in volleyball players.
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Figure 4. Paired t test comparing the strength ratio of right and left side within volleyball group

* Indicates the significant difference
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Defects in the strength of scapula retraction decrease
the stability in the cocking movement of athletes [7]. An
increase in protraction causes impingement and short-
ness of the shoulder’s joint capsule [7]. These findings
explain the increased risk of injury in overhead athletes.
The ratio of elevation to depression strength of the domi-
nant hand was more in the volleyball group in compari-
son with the futsal group. Furthermore, in the volleyball
group, the ratio of agonist to antagonist elevation to de-
pression of the dominant hand was more compared to
the non-dominant hand. These results were consistent
with the findings of Cools and Turner [10, 15].

Weakness of medial trapezius and rhomboid in volley-
ball players that results in hypermobility in the scapula,
decrease the speed of movement in the scapula, as well
as the ratio in volleyball athletes. Inappropriate strength
ratio of the agonist and antagonist muscles of the scap-
ula, and weaknesses in these muscles, impairs the dy-
namic stability of the scapula and shoulder joints and
disturbances in scapulohumeral rhythm. Defects in the
strength of scapula retraction decrease the stability in the
cocking movement of athletes. An increase in protrac-
tion causes impingement and shortness of the shoulder’s
joint capsule. These findings explain the increased risk
of injury in overhead athletes. Thus, the balance of pow-
er in these muscles must be regarded during the training
programs of these athletes. In future studies the strength
of these muscles could be examined in the form of ec-
centric and concentric manner.
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