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Abstract
Background: Volleyball is a sport characterized by short, intensive
and explosive actions. In the performance of these repetitive movements, the shoulder joint receives the largest load. Therefore, a
detailed assessment of biomechanics and muscle performance is fundamental in the evaluation, treatment and in prevention of shoulder
injuries in volleyball athletes.

Methods and Findings: Information from a database concerning
the isokinetic evaluation of the shoulder’s external and internal rotator
muscles at the 60°/s and 180°/s angular velocities from 20 adolescent
male volleyball athletes under 17 years of age was assessed. At a
velocity of 60°/s the average values for internal rotators on the nondominant limb were significantly smaller than those of the dominant
limb, and at a velocity of 180°/s both the internal and external rotators
average values for the non-dominant limb were significantly smaller
than those for the dominant limb. For the external-internal rotator
ratio analyses, there was no significant difference between the limbs.
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Conclusions: In conclusion, the unilateral demands during typical
movements in volleyball resulted in higher peak torque values for the
dominant limb in comparison to that of the non-dominant limb. For
the external-internal rotators ratio, no relevant differences were found
between limbs, and the average values were within the parameters
of normality.
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Introduction

Torque.

Volleyball is a sport characterized by short, intensive and explosive
actions such as lateral movements, jumping, serving, passing, setting,
© Under License of Creative Commons Attribution 3.0 License
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blocking, digging, diving and spiking [1]. The most
important actions observed during a match are the
offensive actions -serve, block and spike- that demand repeated movements and intense articular
and muscular performance [2-3]. The shoulder joint
receives the largest load during repetitive volleyball
movements and consequently many injuries affect
this joint during practicing volleyball [4]. The shoulder is responsible for 16% of injuries in elite volleyball players [5] and a recent study with world-class
volleyball athletes showed 20.7% of these injuries
were related to overuse [6].
A set of mono, bi and triarticular muscles maintain stability and coordinated shoulder movements
[7]. Nevertheless, the usual movements performed
by volleyball athletes seem to predispose them to a
muscular imbalance between external and internal
rotators [8], the identification of which is important
to prevent overuse shoulder injuries [5]. However,
a detailed assessment of biomechanics and muscle performance is fundamental in the evaluation,
treatment and prevention of shoulder injuries in players. At present there is a lack of studies related to
the evaluation of isokinetic parameters which could
reveal important information about possible risk
factors for shoulder injuries in volleyball players [9].
The well-established outcome parameter in isokinetic analyses is peak torque (PT) [10], and considering
volleyball asymmetric movements of the shoulder,
imbalances in PT values between the dominant (D)
and non-dominant (ND) shoulders are expected.
Thus, the main objective of the present study was
to analyze, using information from a database, the
muscular performance and the unilateral differences
and relationships between the shoulders’ external
and internal rotators in adolescent male volleyball
athletes.

Methods
This is a quantitative, cross-sectional and retrospective study conducted at the Instituto de Me-
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dicina do Esporte e Ciências Aplicadas ao Movimento Humano da Universidade de Caxias do Sul
(IME-UCS), in the city of Caxias do Sul, Rio Grande do Sul, Brazil. It has been approved (protocol
number 967.527) by the Ethical Research Committee of the Faculdade Cenecista Bento Gonçalves
(Bento Gonçalves, Rio Grande do Sul, Brazil), and
conducted according to the 2012 Law N°466 of
the National Health Council, that approves the
guidelines and rules for research involving human
beings. The information provided by the SMI-UCS
database concerning the isokinetic evaluation of
the shoulder external and internal rotator muscles
from 20 male volleyball athletes under 17 years of
age from the Universidade de Caxias do Sul team
are part of this study’s sample. Such a number
was conveniently established and, therefore determined intentionally and not by probability, according to the number of available evaluations on the
IME-UCS’ database. These evaluations were made
with the institution’s isokinetic dynamometer (Biodex System 4®, Biodex Medical Systems, Shieley,
New York, USA). The chosen samples were made
between November and December 2014, in a
concentric-concentric mode, for the shoulder’s external and internal rotator muscles at the angular
velocities of 60°/s and 180°/s. The evaluations in
which the respective IME-UCS’ consent term had
not been authorized by the athlete were excluded
from this study. The collected evaluations were
performed according to a standardized protocol,
whereby a questionnaire concerning age, height,
weight, category, dominance, field position, and
prevalence of injuries, among other aspects, was
presented to the athletes who in sequence, underwent warm-up exercises on a stationary bicycle
at moderate velocity for 8 minutes. The athletes
were then conducted through the isokinetic dynamometer. Athletes sat in the dynamometer chair
with their torso leaning at 85°, and they were
stabilized by means of belts around the torso and
pelvis to avoid compensatory movements. The poThis article is available at: www.intarchmed.com and www.medbrary.com

2016

International Archives of Medicine
Section: Sports Medicine
ISSN: 1755-7682

sitioning of the superior limb to assess the shoulders’ external and internal rotators was as follows:
60° shoulder abduction in the scapular plane (30°
ahead of the frontal plane) and 90° elbow flexion;
the wrist was stabilized to avoid substitution of
movement. The amplitude of the movement was
limited at 40° external rotation and 50° internal.
Tests were conducted first with the dominant
limb (DL) and second with the non-dominant limb
(NDL). The athletes performed three submaximal
repetitions and a previous maximal to each test at
all four velocities to familiarize themselves with the
procedures and to warm up. Protocol during the
test demanded 5 maximal repetitions of internal
and external shoulder rotation in concentric-concentric mode, at the angular velocity of 60°/s, and
10 repetitions at the angular velocity of 180°/s. A
one-minute rest period was given between the
evaluations of different velocities, and a threeminute rest period between the DL and NDL evaluations. Athletes were tested along with the use
of verbal incentives to stimulate them throughout
the process, and encourage the maximum use of
their strength potential. Isokinetic variables -peak
torque (PT, N/m) and the external-internal rotator ratio (ER/IR ratio- were used in the analysis.
Initially, anthropometric data (weight, height and
body mass index) underwent descriptive analysis.
The mean values for PT and ER/IR ratio for shoulder musculature were evaluated statistically using
SPSS 17.0 software (Statistical Package to Social
Science for Windows). To verify the normality of
the data distribution, the Shapiro-Wilk test was
used, and the mean values for the DL and NDL
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evaluations were submitted to Student’s t-test,
with a resultant level of significance of 0.05.

Results
We accessed isokinetic evaluations from 20 adolescent male volleyball athletes from the Universidade
de Caxias do Sul team. The athletes’ mean age was
15.95 (± 0.78) years old, mean height was 1.85 (±
0.09) meters, mean weight was 76.05 (± 10.91)
kilograms and the mean body mass index test presented an average result of 24.57 (± 2.58) kg/m²,
considered normal [11]. Among the tested athletes, 18 reported a dominance of the right limb for
game movements and only 2 reported dominance
of the left limb. Out of the total, 16 players had not
presents injuries during the previous 45 days to the
isokinetic evaluation, while 4 had suffered injuries
both on practice and competition, one of them
reported a traumatic injury due to glenohumeral
sprain and three others reported non-traumatic injuries with clinical diagnosis of tendinitis. None of
these 4 athletes needed surgical procedure or to
keep away from practice, and only one of them
underwent physical therapy for a month. None of
the athletes reported symptoms or complaints of
pain at the moment of the isokinetic evaluation.
With regard to the isokinetic data results, the average values of PT for the DL and NDL are presented
on Table 1. At the velocity of 60°/s the average
values for IR on the NDL was significantly smaller
than those of the DL and at the velocity of 180°/s,
both the IR and ER average values on the NDL were
significantly smaller than those of the DL.

Table 1. M
 ean and standard deviation values for peak torque of the external and internal rotators musculatures of the dominant limb and the non-dominant limb’s shoulder.
Angular
Velocities

PT External Rotators (N/m)

PT Internal Rotators (N/m)

DL

NDL

p

DL

NDL

p

60o/s

35.48 (±9.63)

32.93 (±7.28)

0.101

57.05 (±10.73)

50.04 (±9.06)*

0.005

180o/s

36.17 (±9.44)

33.91 (±7.86)*

0.003

51.45 (±10.09)

45.72 (±9.90)*

0.014

DL: dominant limb, NDL: non-dominant limb, PT: peak torque, *: p < 0.05 when compared with dominant limb.
© Under License of Creative Commons Attribution 3.0 License
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Table 2. M
 ean and standard deviation values for external-internal rotators ratio (ER/IR ratio) of
the dominant limb and the non-dominant
limb’s shoulder.
ER/IR ratio (%)

Angular
Velocities

DL

NDL

p

60o/s

62.00 (±10.25)

66.34 (±11.37)

0.177

180o/s

70.65 (±12.08)

74.09 (±13.70)

0.203

DL: dominant limb, NDL: non-dominant limb, ER/IR ratio:
external-internal rotators ratio.

Table 2 showed that there was no significant difference between DL and NDL results of the ER/IR
for the angular velocities of 60°/s and 180°/s. It also
shows that the ER/IR ratio for the NDL is higher than
that for the DL on both velocities assessed.

Discussion
Isokinetic evaluation is extensively used for studying
shoulder muscle performance in healthy athletes
[12] and asymmetrical actions that lead to a greater risk of injury to the dominant shoulder [13].
Volleyball is characterized by highly asymmetric kinematic patterns in its basic skills, especially with
respect to the upper limbs, causing overload and
consequent muscular imbalance [8]. However, the
present study aimed to analyze isokinetic performance of the shoulders’ external and internal rotators of adolescent male volleyball players. Regarding
shoulder injuries, our results showed that only 20%
of the athletes had presented with some kind of
shoulder injury related to volleyball practice. Reeser et al. [13] reported that 57% of male volleyball
athletes (21.5 years average age) informed them of
a history of shoulder problems during the preceding competitive season. However, Beneka et al.
[14] recorded the injury rate of all age categories
of Greek male volleyball and confirmed that the
prevalence of injuries for 15–18-year-old volleyball
players was significantly lower than that for older
players. According to Reeser et al. [10], age, position
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played, and serving style are three possible factors
associated with shoulder problems. Mohseni-Bandpei et al. [4] related that the prevalence of pain is
directly related to the years of practice of the sport,
frequency of practice and competitive level, with
those athletes who practice the sport for over 5
years, at national competition level, practicing over
4 times a week and performing constant repetitive
movements, being more prone to shoulder pain. In
our study, we found that athletes had practiced for
an average of 10.32 hours per week over a period
of around 3.5 years-therefore, the inferior values, in
comparison to those of Mohseni-Bandpei et al [4],
are in accordance with the lower rate of shoulder
pains. Seventy-five percent of related shoulder injuries were non-traumatic and associated with overuse injuries. In volleyball practices, previous studies
showed that the shoulder and the knee were the
most frequently overuse injuries [15]. Volleyball is
a sport that demands a lot of the glenohumeral
joint; consequently, injuries to this joint are frequent
among the sport’s practitioners [8].
The isokinetic evaluations showed significant differences between the limbs in PT average analyses. The NDL demonstrated average values significantly smaller than the DL in the IR analyses at 60°/s
and 180°/s. Such data are also in agreement with
Mendonça et al.’s [8] findings, which assessed 35
athletes in the under-19 and under-21- year-old categories for the Brazilian volleyball team and found
significant differences at 60°/s, and in which the
DL’s strength prevailed over the NDL for both categories. At the same velocity Wang, Macfarlane and
Cochrane [16] evaluated 10 athletes from England’s
national men’s volleyball team, Michael et al. [17]
evaluated 16 German volleyball players, Markou and
Vagenas [18] evaluated 24 elite male offensive players from Greece and Hadzic et al. [9] evaluated 99
Slovenian first and second national divisions. Their
results illustrated muscle strength asymmetry in the
upper limbs, with the dominant upper extremity
tending to produce higher values for PT compared
This article is available at: www.intarchmed.com and www.medbrary.com
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to the non-dominant side. At 60°/s and 180°/s, the
results of 16 male athletes from the English national volleyball team [19] and from 35 players from
the highest division of Dutch volleyball [20], were
the same as the results of this study, with the dominant arm having significantly higher PT average
values than the non-dominant one. Also Wang, Macfarlane and Cochrane [16] at 120°/s, and Harput
et al. [21] at 90°/s, illustrated that limb dominance
has an effect on IR muscles; however, Harput et al.
[21] showed higher average values for the NDL in
40 adolescent volleyball players’ (male and female)
evaluations.
During ER analyses, only at the angular velocity of
180°/s were the PT average value of the NDL significantly lower than those of the DL. When comparing
this data with other volleyball studies, at the 60°/s
angular velocity [8, 9, 17, 18, 20], and at the 90°/s
[21], no significant differences were demonstrated
between the DL and the NDL with respect to PT
average analyses. At the angular velocity of 60°/s,
Wang and Cochrane [19] found significantly different PT averages between the limbs, however, the
NDL demonstrated higher values than the DL. At
the 180°/s analyses, Van Cingel et al. [20] demonstrated no significant differences between limbs in
PT average value of the ER, which differs from the
results of this study. Nevertheless, in another high
angular velocity analysis, Mendonça et al. [8] found
the average PT value for the NDL to be significantly
lower than that of the DL in the under-19 and under-21 age categories.
These significant differences in PT between the
limbs, mainly in IR muscles, confirm the asymmetric
volleyball characteristics during upper limb movements. Based on this data, this PT differential in
shoulder function of volleyball players can only
be attributed to the fact that the dominant side
shoulder develops a systematic superiority in overall
muscle strength over the years [18]. Furthermore,
according to Mendonça et al. [8], such differences
are consequence of the gain in IR muscular strength
© Under License of Creative Commons Attribution 3.0 License
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of the DL due to repetitive acceleration movements
during the strike. Other asymmetrical sports such
as handball [22], tennis [23-24], baseball [25] and
water polo [26] demonstrate a preference for the
DL. When comparing IR and ER PT average value,
IR muscles presented average values higher than the
ER muscles at both assessed angular velocities. This
is an expected result both for non-athletes [27] and
for volleyball athletes [8, 9, 16, 18-21].
Relative to the balance between IR and ER muscles, the ER/IR ratio analyses are important and the
first analyzed data indicated no significant differences between the DL and NDL average values at the
two angular velocities. Another important aspect
is that the average values for the ER/IR ratio were
between 60% and 75%, which are the regular parameters suggested in the literature for males [27].
If we compare the results for these young athletes
to Mendonça’s [8] results for the under-19 age category at the 60°/s angular (62% and 64% for the DL
and NDL, respectively), they are similar, and other
volleyball studies have also shown values between
those that are normal [9, 18]. However, volleyball
athletes under 21 years of age [8] and other adult
athletes [16, 19] demonstrated NDL values higher
than 75%, while Michael et al. [17] presented higher values for both the DL and NDL. At 180°/s our
results demonstrated normal values, however, other
studies showed values for the NDL higher than 75%
[19-20], thus confirming an imbalance between the
ER and IR in this limb. Overhead athletes showed
an association between an abnormal ER/IR ratio and
the incidence of shoulder injuries [28]. According to
Edouard et al. [29], a player with this imbalance has
two and a half times more chances of suffering a
shoulder injury.
In conclusion, the unilateral demands during typical movements in volleyball resulted in higher peak
torque values for the dominant limb in comparison
to those for the non-dominant limb in adolescent
athletes’ analyses. These results are considered
normal for volleyball players and are justified by
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a more frequent use of the dominant limb, and
consequently, differential strength production. As
for the ER/IR ratio, no relevant differences were
found between limbs, and the average values are
within the parameters of normality, thus showing
joint balance between external and internal rotator
muscles in both limbs. Although the results obtained in the present study were similar to other studies with volleyball athletes, no studies has been
conducted with adolescent’s volleyball players. Our
results indicated that volleyball athletes with mean
age of 16 years are already presenting adaptations
to specific sports training with asymmetric repeated
movements. These results may help coaches and
sports medicine professionals to understand how
muscles of the shoulders develop over the course
of practicing volleyball and consequently decreases
the risk of injury due to imbalances. In addition,
future studies should consider isokinetic testing for
adolescent athletes. These tests are necessary to
confirm our findings; however, the results presented here may contribute to normality parameters
associated with the shoulder joints of adolescent
volleyball athletes.
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