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Abstract

Purpose: It has still not been made clear whether the audio inputs from the environment may have on the muscle strength
characteristics of people who spend long periods of their lives with hearing loss. The purpose is to evaluate shoulder muscle
strength and endurance of deaf basketball (DB) players and to compare them with healthy basketball (HB) players. Methods:
The study was carried out with a total of 26-man players including 13 players (years: 24=+3) in DB group and 13 players (years:
22+2) in HB group. Internal rotator (IR) and external rotator (ER) muscles strength of shoulder dominant and non-dominant
side was measured using an isokinetic dynamometer. Results: According to isokinetic test results, there was not a difference
between two groups on either dominant or nondominant side in terms of ER and IR Nm/kg (p>0.05). The ER / IR ratio was
different between the two groups in favor of HB players (p=0.017). The strength parameters of dominant extremities of players
in both groups were found to be higher than nondominant extremity. Conclusions: As a result, IR and ER muscle strengths
were similar in two groups, both groups were at risk for musculoskeletal injuries in terms of ER/IR ratio. It could be speculated
that it is essential to design training programs with additional ER strengthening exercises to improve the balance between IR
and ER muscles and minimize risk of injury. The dominant extremity was found to be stronger in both groups. In our opinion,
symmetrical movement patterns will positively affect performance on dominant extremity.
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INTRODUCTION positions, the arm strength during the jump from
the three-point zone and the arm and leg strength
at free throws are the most significant examples of
this condition (Akgakaya, 2009).

Competitive  sports for people  with
disabilities have entered a rapidly developing
process in recent years (Akmoglu & Kocahan,
2017). Many individuals with disabilities from
elite level professional athletes to recreational
sports participants have been participating in these
sports. It can, therefore, be said that sports are the
healthiest way to improve their social integration
by strengthening their self-confidence, self-

Basketball is a physically challenging sport
which involves defensive and offensive
movements  (Pojskic, Separovié, UziCanin,
Muratovi¢, & Mackovi¢, 2015). Motoric and
anthropometric features play an important role in
achieving success in basketball. The sport of
basketball requires strength, speed, flexibility,
agility and endurance. The strength required for
this sport is manifested in different forms such as
maximal strength, agility (power) and endurance.
Throwing power at offense passes at various
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efficacy and quality of life as well as contributing
to the improvement of the fitness parameters such
as cardio-metabolic  fitness and flexibility
(Akmoglu & Kocahan, 2017).

Deaf Basketball (DB) is played according to
the rules of Healthy Basketball (HB), and each
sport has similar physiological demands (Giizel &
Kafa, 2016). Those who have a hearing loss of at
least 55 dB in the better ear are eligible for being
an athlete and participating in the competition
(Brancaleone, Shingles, & DeLellis, 2017; Ross,
Irrgang, Denegar, McCloy, & Unangst, 2002). A
deaf athlete must be physically strong and able to
compete without significant limitations (Kurkova,
Valkova, & Scheetz, 2011). The strength of
shoulder muscles and stabilization of these joints
are substantially important for each of these two
basketball groups who use upper extremity
functions specific to basketball such as dribbling,
lay-up and rebound (Berckmans et al., 2017).

External Rotators (ER) and Internal Rotators
(IR) are responsible for the stabilization of the
shoulders (Berckmans et al., 2017), and the
muscular imbalance between these muscles is
accepted as one of the factors that cause
musculoskeletal dysfunction of the shoulder
(Codine, Bernard, Pocholle, & Herisson, 2005;
Dauty et al., 2003; Dvir, 2004; Warner, Micheli,
Arslanian, Kennedy, & Kennedy, 1990). Overhead
sports comprising repeated arm movements that
require strength such as basketball, volleyball,
baseball and handball cause increased shoulder
injury incidences. Ballistic movements in such
sports cause eccentric overload on the rotator cuff
muscles which are prone to injury. Rotator cuff
muscles are considered to be the most important
dynamic stabilizers of the glenohumeral joint
Weak rotator cuff muscles may lose the ability to
maintain a balanced relationship with the
antagonist’s muscles as a result of micro-traumas
caused by repetitive overhead movements. (Baltaci
& Tunay, 2004).

These strength imbalances in the muscles
which make up the rotator cuff can render injuries
caused by eccentric overload worse or may cause
secondary impingements or instabilities. Because
of the critical functional role of the rotator cuff
muscles, objective evaluation of shoulder IR and
ER strength is essential in pre-participation
evaluations to prevent injuries and during the
rehabilitation of the injured athlete (Baltaci &
Tunay, 2004). Because of its functional

importance, the objective evaluation of the
strength of ER and IR muscles is necessary to
determine risk factors and prevent injuries. Many
procedures such as manual muscle testing, hand
dynamometers and isokinetic dynamometers are
used in the evaluation of the shoulder strength.
Isokinetic dynamometers are often used in the
objective evaluation of muscle performance
(Pascal Edouard et al., 2011).

Even though that the evaluation of the
muscular performance of the upper extremity in
sports such as basketball is considerably important
for both determination of injury risk and
elimination of deficiencies of the training program,
such a study that evaluates the shoulder muscle
strength of DB players has not been in studies.
Moreover, it has still not been made clear what
effects the audio inputs from the environment may
have on the muscle strength on people who spend
long periods of their lives with hearing loss despite
the similarity of their physiological needs. The
shoulder strength difference between DB and HB
players has not been made clear yet, either.
Therefore, this study aims to evaluate the shoulder
muscle strength and endurance of the DB players
and to compare these results with those of HB
players.

MATERIALS AND METHODS
Participants

The study was done with 26 players, which
included a group of 13 DB players and a group of
13 HB players. It included individuals who were
between the ages of 18-30 and have been actively
involved in basketball for at least two years with
no difference between their active sports year and
weekly training frequency as well as agreeing to
participate in the study. The study excluded those
who had undergone upper extremity operation,
those with neurological problems, systemic
diseases and who had shoulder problems or
shoulder pain in the last 3 months. In March 2018,
individuals started to be evaluated. Prior to the
study, the purpose and content of the study were
made clear to the players and a Clarified Consent
Form was signed regarding their voluntary
participation. Ethics committee permission was
obtained from the ethics committee of the
university with the decision dated 06.02.2018 and
numbered 77082166-302.08.01.
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Procedures

Players' age, height, body weight, BMI,
dominant side, active sports year, weekly training
time, history of any shoulder injury, background
and family history were inquired and noted.
Isokinetic systems are highly reliable for
measurements at different positions and angular
velocities (Brown, 2000). For this reason, they are
frequently used to objectively evaluate the strength
of rotator muscles (Ellenbecker & Davies, 2000).
Therefore, IR and ER muscle strength values were
measured using an isokinetic dynamometer (Cybex
NORM®, Humac, CA, USA). Isokinetic
evaluations were performed in seated position with
the arm in the scapular plane. The players were
seated upright on the device and the stabilization
of the body was achieved with horizontal and
pelvic straps. The elbow was stabilized with a
band. The assessment order was randomly decided
for either shoulder.

The range of motion was determined as 50°
internal rotation and 40° external rotation to
prevent excessive movement of the shoulder joint.
(Moraes, Faria, & Teixeira-Salmela, 2008). Three
submaximal repetitions at each angular velocity
were done for warm-up and learning.
Measurement of strength was performed in the
concentric mode with 5 repetitions at an angular
velocity of 60°/sec, and endurance measurements
with 15 repetitions at an angular velocity of
180°/sec (Pontaga & Zidens, 2014). The subjects
had 20 seconds of rest between trials and tests
(warm-up and maximum measurement) and 90
seconds of rest between the sets.

Gravity compensation was turned on during
the adjustment of the measurement parameters to
improve the objectivity of the measurement.
Before starting the measurement, the subject’s arm
was moved to neutral position in order to measure
the weight of the subject and the device, thereby
eliminating the effect of gravity during the test.
Regardless of the hearing impairments of the
players that form one of the two groups, the
subjects in neither group were given any sort of
verbal motivation, and the measurements were
performed by the same person for objectivity. All
measurements were repeated on the other
extremity by changing the position of the
dynamometer and seat. As a result of the test, peak
torque of ER and IR were obtained at each angular
velocity for each shoulder, and unilateral ER and

IR ratios for peak torque (ER/IR ratio) were
calculated.
Statistical Analysis

The statistical analysis was performed using
“Statistical Package for Social Sciences” (SPSS)
Version 22.0 (SPSS Inc., Chicago, IL, ABD). The
normal distribution of the data was analyzed using
visual (histogram and probability graphs) and
analytical methods (Kolmogorov-
Smirnov/Shapiro-Wilk Test). The variables with
no normal distribution were indicated with median
and IQR (25-75) and categorical variables with
frequency and percentage (%). “Mann-Whitney U
Test” was used to determine the difference
between DB and HB players. The probability level
of a type 1 error was accepted 5% for statistical
significance.

RESULTS

Demographic data of the subjects are given
in Table 1. There was not a statistically significant
difference between the two groups in terms of age,
body weight, height and body mass index (BMI).
While there was no difference between DB and
HB subjects in terms of active sports year and
weekly training time, the age at which regular
basketball players started the sport was found to be
statistically significantly younger (p<0.05, Table
1).

According to the isokinetic test results, there
was not a difference between the two groups on
either the dominant or non-dominant side at the
angular velocity of 60°/sec and 180°/sec in terms
of ER and IR Nm/kg and the ER/IR ratio at the
angular velocity of 60°sec (p>0.05, Table 2),
while there was a difference in terms of ratio on
the dominant side in ER/IR at the angular velocity
of 180°/sec (p<0.05, Table 2). ER/IR ratio was
found to be lower in the DB group.

Upon the examination on the difference
between the dominant and non-dominant sides of
DB players, it was determined that there was not a
difference in terms of 60°/sec ER Nm/kg, 180°/sec
ER-IR Nm/kg and ER/IR ratio (p>0.05, Table 3),
whereas there was a difference in terms of 60°/sec
IR Nm/kg and ER/IR ratio (p<0.05, Table 3). The
strength on the dominant side was found to be
higher than that of the non-dominant side in terms
of 60°/sec IR Nm/kg. ER/IR ratio, however, was
determined to be higher on the non-dominant side
compared to the dominant side.



Muscular Strength Characteristics in Deaf and Healthy Players

Table 1. Demographic characteristics of players

DB (IQR) (n=13) HB (IQR) (n=13) p
Age (years) 23 (21/26.5) 22 (21.5/23) 0.496
Body weight (kg) 82.2 (79.2/91.6) 92 (85.5/97.5) 0.069
Height (cm) 183 (180.5/192) 192 (184/202.5) 0.057
BMI (kg/m?) 24.53 (22.24/26.26) 24.96 (23.04/25.27) 0.750
Age of Starting the Sport (years) 12 (9/14) 9 (6.5/10.5) 0.019*
Active Sport Years (years) 10 (8.5/14.5) 13 (11.5/16) 0.186
Weekly Training Time (hours) 10 (8/10) 10 (6.5/15) 0.840
R 13 (100) 13 (100)
Dom, n (%) L 0 (0) 0(0)

DB: Deaf Baskethall, HB: Healty Basketball, BMI: Body Mass Index, Dom: Dominant, Statistically significant difference (p<0.05)
Table 2. Shoulder strength and endurance of the DB and HB players

DB (n=13) HB (n=13)

Median IQR Median IQR P
60°/sec IR (Nm/kg) 63 58.5/66 63 58.5/72 0.815
60°/sec ER (Nm/kg) 30 30/33 36 27/40.5 0.211
Dom 60°/sec ER/IR 51 47/56 55 41.5/64 0.411
180°/sec IR (Nm/kg) 51 48/57 51 52/55.5 0.365
180°/sec ER (Nm/kg) 24 24/27 27 22.5/33 0.332
180°/sec ER/IR 48 44.5/50 56 49/66 0.017*
60°/sec IR (Nm/kg) 57 54/61.5 57 49.5/64.5 0.979
60°/sec ER (Nm/kg) 33 28.5/33 33 27/37.5 0.815
Non-dom 60°/sec ER/IR 56 49.5/58 53 48/61 0.644
180°/sec IR (Nm/kg) 54 45/57 42 37.5/51 0.127
180°/sec ER (Nm/kg) 24 22.5/27 24 19.5/28.5 0.562
180°/sec ER/IR 47 42/57.5 54 46/69 0.258

DB: Deaf Basketball, HB: Healty Basketball, Dom: Dominant, Non-dom: Non dominant, ER: External Rotator, IR: Internal Rotator,
Statistically significant difference (p<0.05)

Table 3. Strength comparison of the dominant and non-dominant shoulders of DB players
DEAF BASKETBALL GROUP

Dominant (Median IQR) Non-dominant (Median IQR) p
60°/sec IR (Nm/Kkg) 63 (58.5/66) 57 (54/61.5) 0.022*
60°/sec ER (Nm/kg) 30 (30/33) 33 (28.5/33) 0.589
60°/sec ER/IR 51 (47/56) 56 (49.5/58) 0.046*
180°/sec IR (Nm/kg) 51 (48/57) 54 (45/57) 0.360
180°/sec ER (Nm/kg) 24 (24127) 24 (22.5/27) 0.414
180°/sec ER/IR 48 (44.5/50) 47 (42/57.5) 0.350

ER: External Rotator, IR: Internal Rotator, Statistically significant difference (p<0.05)

Upon the examination on the difference
between the dominant and non-dominant sides of
HB players, it was found that there was no
difference in terms of 60°sec ER/IR ratio,
180°/sec IR Nm/kg and ER/IR ratio (p>0.05, Table
4), whereas there

was a difference in terms of 60°/sec ER and IR
Nm/kg and 180°/sec ER Nm/kg (p<0.05, Table 4).
The dominant side values were found to be higher
than those of the non-dominant side for all three
parameters.

Table 4. Strength comparison of the dominant and non-dominant shoulders of HB players

HEALTHY BASKETBALL GROUP

Dominant (Median IQR)

Non-dominant (Median IQR) p

60°/sec IR (Nm/kg) 63 (58.50/72) 57 (49.5/64.5) 0.044*
60°/sec ER (Nm/kg) 36 (27/40.5) 33 (27/37.5) 0.026*
60°/sec ER/IR 55 (41.5/64) 53 (48/61) 0.456
180%sec IR (Nm/Kg) 51 (42/55.5) 42 (37.5/51) 0.096
180°/sec ER (Nm/kg) 27 (22.5/33) 24 (19.5/28.5) 0.002*
180°/sec ER/IR 56 (49/66) 54 (46/69) 0.753

ER:External Rotator, IR:Internal Rotator, Statistically significant difference (p<0.05)

Suner- Keklik et al., Int J Disabil Sports Health Sci, 2020

.Page 23/27.




Muscular Strength Characteristics in Deaf and Healthy Players

DISCUSSION

Due to the sensory feedback they received
while planning the study, we had expected that
muscle strength and endurance in HB players
would be better than that of DB players. But as a
result of this comparative study on the shoulder
muscle strength and endurance of DB and HB
players, it was found that the strength and
endurance of the players in the two groups were
similar. There was not a difference between the
groups in terms of demographic features.
However, it was believed that the sport starting age
may have been delayed as a result of the medical
treatments that the individuals in the DB group
often had to receive because of the permanent
drawback they had at an early age. Nevertheless,
we still think that physical fitness levels are similar
because they have a similar weekly training time.

Velocities up to 90°/sec are used for strength
measurement with isokinetic systems, whereas
180°/sec-240°/sec velocity is generally preferred
in endurance evaluation on the subjects. 60°/sec
velocity is conventionally preferred in cases where
strength evaluation is required in the shoulder joint
while 180°%sec 1s preferred in endurance
evaluation (Brown, 2000). Therefore, evaluations
in this study were performed at similar angular
velocities. Previous studies have shown that the
most reliable position in the shoulder muscle
strength measurement of ER and IR, which can be
performed in seated and standing positions, is
indeed in a seated position with the arm in the
scapular plane (Brown, 2000). Consequently,
evaluations in this study were done in the seated
position in the scapular plane. Evaluation results
indicated that IR and ER muscle strength of the
dominant and non-dominant extremities were
similar between the groups at the velocities of
60°/sec and 180°/sec. The fact that the DB group
had similar shoulder muscle parameters suggested
that auditory stimuli received from the
environment did not affect the muscle strength
parameters in the DB group despite the permanent
drawback they sustained. Besides, having similar
training time may have resulted in the absence of a
difference in muscle strength despite their
permanent drawback. In a study focusing on the
effects of hearing loss on the performance of
military personnel in combat with paintball
simulation, it was found that hearing loss did not
have any effect on the performance of surviving
and winning despite the negative effects it had on

the situational awareness of the individuals
(Sheffield, Brungart, Tufts, & Ness, 2017).

In the isokinetic evaluation of shoulders,
ER/IR ratio is one of the most important criteria
that determine a healthy glenohumeral joint
function. In previous research, it has pointed out
that differences in the ER/IR ratio, which is known
to vary between 66-75% in healthy individuals,
may cause musculoskeletal modification on the
shoulders (Wilk et al., 2009). This, in turn,
precipitates many shoulder pathologies, especially
subacromial impingement  (Burnham, May,
Nelson, Steadward, & Reid, 1993). Therefore, it
may assist in the definition of strength profiles of
orthopedic patients and athletes suffering from
shoulder problems or the functional assessment of
dynamic stability of muscle performance of the
muscular structure of overhead throwing athletes
(Codine et al., 2005; Dauty et al., 2003; P Edouard
et al., 2009).

As a result of the evaluations, it was found
that ER/IR ratios of dominant and non-dominant
extremities of the DB and HB group at the angular
velocity of 60°/sec were similar; however, ER/IR
ratios of the DB group were lower than that of the
HB group in the dominant extremity at the angular
velocity of 180°/sec while they were similar in the
non-dominant extremity at this velocity. ER/IR
ratio, which is known to vary between 66-75% in
healthy individuals, was lower than normal values
in both groups, and this points out that they have a
musculoskeletal injury risk. Since ER weakness
against a strong IR will make the players more
susceptible to injuries, it has been suggested that
ER strengthening exercises should be included in
their training programs. In a study on the
prevention of overuse injuries of the shoulder on
handball players, it was shown that a prevention
program for strengthening ER in the dominant
extremity reduced the shoulder injury rate by 28%
(Andersson, Bahr, Clarsen, & Myklebust, 2017).
Therefore, studies suggest focusing on addressing
and reducing such risk factors by decreasing
harmful rotational glenohumeral adaptations and
strengthening ER through neuromuscular and
strength training programs (Cools, Johansson,
Borms, & Maenhout, 2015).

Comparison of the dominant and non-
dominant extremities of the individuals in the DB
group showed that IR at 180°/sec angular velocity,
ER at 60°sec angular velocity, ER and ER/IR
ratios were similar. However, at 60°/sec angular
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velocity, IR muscle strength was found to be
higher in the dominant extremity while ER/IR
ratios were found to be significantly different
between the two extremities. This difference in the
ER/IR ratio between the two shoulders of the
individuals in the DB group may be since IR
strength is different in the two extremities. It has
been stated in the studies that sport-specific
musculoskeletal adaptations are present in
atheletes who perform repeated overhead throwing
activities (Hams, Evans, Adams, Waddington, &
Witchalls, 2019). The traditional movement profile
of overhead athletes involves an increase in
glenohumeral external rotation patency in the
dominant extremity and a decrease in internal
rotation (Hellem, Shirley, Schilaty, & Dahm,
2019; Rose & Noonan, 2018).

This excessive external rotation rate grants
the glenohumeral joint a maximum internal
rotation and consequently a maximum throw
speed. Biomechanical studies have also shown that
the increase in external rotation results in an
increase in throw speed and IR torque in the
internal rotation (Vogler et al., 2019). This is
because the increase in the range of motion in
external rotation will increase in the IR muscle
length and muscle contraction strength. IR muscle
strength on the dominant side may have turned out
to be higher for this reason. Additionally, many
studies on athletes have indicated that muscle
strength is higher on the dominant extremity
because it is the more commonly used extremity
for throwing (Baltaci & Tunay, 2004; Cibulka et
al., 2015). Having found similar results on the
dominant extremity, this study, therefore, seems to
be consistent with the previous studies.

A separate comparison of the dominant and
non-dominant extremities of the individuals in the
HB group showed that there was no statistical
difference between ER/IR ratios at 60°/sec angular
velocity and IR and ER/IR ratio at 180°/sec
angular velocity. However, statistically, it was
found that ER and IR muscle strength at 60°/sec
angular velocity was significantly higher on the
dominant side, and ER muscle endurance at
180°/sec angular velocity was also significantly
higher on the dominant side. Better strength and
endurance values on the dominant side were
expectedly consistent with the previous studies
(Baltaci & Tunay, 2004; Cibulka et al., 2015).

An overhead athlete’s shoulder should be
sufficiently balanced to allow for excessive

external rotation, as well as to avoid subluxation of
the humeral head (Vogler et al., 2019). Therefore,
there is a need for a sophisticated balance between
mobility and functional stability, including typical
static (articular capsule, bone anatomy and labrum)
and dynamic (rotator cuff, long upper-end tendons
of the biceps muscle and scapulothoracic muscles)
stabilizers. This is known as The Throwers
Paradox (Vogler et al., 2019). The basic approach,
in this case, is to eliminate muscular imbalance
with the help of training programs to prevent
musculoskeletal injuries. Despite the less frequent
use of the non-dominant side, strengthening
exercises should be performed on it as well to
ensure a muscular balance for stabilization in case
of a trauma.

The limitation of this study may be that we
did not make performed a performance evaluation,
although the force measurements provide
information about performance. In future studies,
besides the force measurements, performance
measurements can also be made.

Results of this study have shown that
shoulder IR and ER muscle strengths were similar
in the individuals of the DB and HB groups;
however, both groups were found to be at risk for
musculoskeletal injuries with regards to ER/IR
ratio. It has been considered that the addition of
ER strengthening exercises in athlete training
programs in order to eliminate the muscular
imbalance between IR and ER muscles can reduce
injury risk. Upon the separate evaluation of
dominant and non-dominant extremities within
themselves, it was seen that the strength of the
dominant extremity muscles was generally higher.
Hence, symmetrical muscle strength was found
important in the maintenance of stability and
avoidance of vertebral pathologies due to the
intensity of movements in basketball that involve
the use of both extremities at the same time. It
was, therefore, concluded that improvement
exercises for the strength of the non-dominant
extremity should be performed because the
achievement of symmetrical movement patterns
and strength balance can have positive impacts.
This study has, moreover, shown that deaf
individuals can achieve similar muscle strength
and endurance to that of healthy individuals as a
result of well-planned training programs and
consistent sports activities.
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