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Since deaf athletes do not have any physical deficiencies, it is known 
that they can easily participate in sports competitions if their communi-
cation problems are resolved. This study aimed to compare the perfor-
mances of olympic deaf and elite normal-hearing volleyball players in 
different jumping test protocols. A total of 26 male volleyball players 
participated in the study, comprised of 12 olympic level deaf and 14 elite 
level normal-hearing. Following anthropometric measurements, ath-
letes performed bilateral counter movement, squat and drop jump tests 
on a force plate. Each test was performed 3 times with maximal effort 
separated by 45 seconds of passive recovery and the mean of the three 
trials was selected for analysis. Independent Samples t-test was used 

to compare the differences in mean values of jumping test parameters 
between the groups. Normal-hearing athletes are observed to have 
significantly better scores than deaf athletes in all test protocols. Con-
sidering that the number of studies on athletic performance in deaf ath-
letes is limited, it can be said that our study will contribute to research-
ers and coaches in respect of detecting a key ability in volleyball, such 
as jumping, in different jump protocols.

Keywords: Explosive power, Hearing-impared, Jump, Lower extremity, 
Volleyball

INTRODUCTION

In volleyball, which is a team sport, abilities such as quick and 
explosive power come into prominence, particularly in the strug-
gles for possession of the ball (Mroczek et al., 2019; Tramel et al., 
2019). Optimum performance of the block and jump serve varies 
according to the explosive power output of the lower extremities. 
The vertical jump, which is a reflection of lower extremity explo-
sive power, takes place frequently in rallies and other actions during 
the competition (Pérez-Turpin et al., 2014). Therefore, lower ex-
tremity explosive power in a vertical jump is one of the most im-
portant motor movements required for success in volleyball (Mroczek 
et al., 2017). This explosive movement should not only be inter-
preted from perspectives such as jumping height or power but also 
be performed with the right timing (Fuchs et al., 2019). The ef-
fect of jumping ability in volleyball on defensive and offensive ac-

tions can be explained by the contact of the ball with the opposing 
team’s court, which is the main goal (Gonçalves et al., 2021).

Vertical jumps on the force platform enable the analysis of multi-
joint structures in terms of their similarity with the movements 
specific to volleyball (e.g., closed kinetic chain activities and stretch 
shortening cycle) (Schons et al., 2018). Furthermore, “acceleration,” 
“force,” and “impulse” values can be determined during jumping 
(Lake et al., 2018). Jump protocols taking place in the vertical axis 
are widely used to determine the jumping height and lower ex-
tremity strength (Borràs et al., 2011). Counter movement jump 
(CMJ), squat jump (SJ), and drop jump (DJ) have been the prom-
inent methods in determining jumping capacity in recent years 
(Wong et al., 2020). In the biomechanically similar CMJ and SJ, 
the movement that begins with standing ends with a sudden jump-
ing movement after a downward squat. While time-related factors 
arising from waiting in the semisquat position affect performance 
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in SJ, time-related factors are excluded in CMJ (Van Hooren and 
Zolotarjova, 2017). Moreover, the determination of the CMJ, es-
pecially by using the force platform, provides very reliable data in 
terms of the evaluation of mechanical power (Garcia-Ramos et al., 
2017). DJ, which takes place as an explosive jump after dropping 
from a certain height, is similar to block and repetitive jumps in 
volleyball in terms of movement mechanics (Peng et al., 2019). In 
jump protocols occurring in the vertical axis, for a drop in a pre-
determined area, the movement series that includes planning the 
route to be followed by the body mass center, controlling the body 
position during the jumping phase, and providing postural con-
trol with ground contact (landing) needs to be performed success-
fully (McKinley and Pedotti, 1992).

Although individuals with disabilities have some difficulties in 
participating in sports activities, the difficulties experienced are 
eliminated to a large extent owing to the sports branches specially 
designed according to the type of disability (Akınoğlu and Koca-
han, 2019). Since deaf athletes do not have any physical deficien-
cies, it is known that they can easily participate in sports competi-
tions if their communication problems are resolved (Kurková et 
al., 2011). In this context, the evaluation of jump (Gonçalves et 
al., 2021), one of the primary performance outputs for success in 
volleyball, in deaf volleyball players will constitute a reference in 
terms of interpreting the athletic performance levels of athletes. In 
the literature, the number of studies examining jump performance 
in deaf athletes is quite limited. The aim of this study is to com-
pare the performances of deaf and normal-hearing volleyball play-
ers in different jump tests based on the significance of lower ex-
tremity explosive power in volleyball.

MATERIALS AND METHODS

Study structure
A purposive sampling method was used to investigate the jump-

ing performance of deaf and normal-hearing volleyball players by 
using different protocols The study were conducted after the 2020– 
2021 Turkish Men’s Volleyball Leagues. The tests were carried 
out at the training facilities of the athletes. The measurements of 
both groups were taken at the same time of day (mid-day). A sign 
language translator in the interaction with deaf players was pres-
ent throughout the study to explain the test procedures. A sepa-
rate familiarization session before the testing day was not deemed 
necessary, as this is not required with participants of this level 
(Psycharakis et al., 2019).

Following anthropometric measurements, a standardised warm-

up preceded the jumping tests, which involved 5 min of jogging, 
5 min of passive stretching and three maximal vertical jumps. The 
warm-up session was followed by a 5-min period of resting (Theo-
dorou et al., 2013). After warm-up process, participants performed 
CMJ, SJ, and DJ tests on a force plate in a randomised order. Each 
test was performed 3 times with maximal effort separated by 45 sec 
of passive recovery and the mean of the three trials were selected 
for analysis (Barker et al., 2018; Suarez-Arrones et al., 2020). The 
participants were instructed to jump as high as possible during all 
test protocols and to keep their hands on their hips. No other in-
structions were specified (Schons et al., 2018). Jumps not meeting 
these requirements were repeated. To reduce the interference of 
uncontrolled variables, all subjects were instructed to maintain 
their usual way of life and routine diet programme intake before 
and during the study.

Participants
A total of 26 male volleyball players participated in the study, 

comprised of 12 olympic level Turkish deaf volleyball team mem-
bers within the Turkish Deaf Sport Association (n=12, mean±  
standard deviation [SD], age: 24.25±4.31 years, height: 187.08±  
7.15 cm, weight: 79.92±9.42 kg, body mass index [BMI]: 22.43±  
1.93 kg/m2) and 14 elite level normal-hearing (n=14; mean±SD, 
age: 22.07±3.20 years, height: 195.29±4.30 cm, weight: 85.64±  
8.87 kg, BMI: 22.9±2.7 93 kg/m2). The Turkish Deaf Sport As-
sociation is represented by the people who have hearing loss of at 
least at a moderate level of above 55 dB.

The selection criteria of the athletes were; being older than  
18 years old, being a volleyball player for at least 3 years, having a 
medically diagnosed hearing impairment condition/ability to un-
derstand basic instructions (for deaf athletes) and volunteering to 
participate in this study. The elimination criteria included: having 
a recent acute injury causing cognitive, physical or visual impair-
ments (for deaf athletes) and having any neurological, orthopedic 
or cardiovascular diseases. Subjects were asked to avoid maximal 
physical exertion 48 hr before testing. All subjects completed in-
formed consent forms. Ethical approval (Document No: 26793/ 
2021) was obtained from the Clinical Research Ethics Committee 
of a state university, in accordance with the Declaration of Helsinki.

Anthropometric variables
The athletes’ body weight was measured by the force plate (au-

tomatically before jumping tests) and their height were measured 
by a stadiometer (SECA-Mod.220, Seca GmbH & Co. KG., Ham-
burg, Germany). The formula used for calculating the BMI is tak-
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ing weight in kilograms (kg) divided by height in meters (m) 
squared.

Test protocols
A force plate (Kistler, type 5691A, Winterthur, Switzerland;  

40 cm×60 cm) with the sampling frequency of 1,000 Hz was 
used to obtain the vertical ground reaction force data on the push-
off and landing phases of the athletes in different jumping test 
protocols. Both legs were used during the push-off f and landing 
phases.

CMJ test
Participants performed bilateral CMJ test where both legs were 

used during the push-off phase. Test was performed at 60° knee 
flexion angle. All jumps were performed with the hands on the 
hips (Pérez-Castilla et al., 2019) to minimize the influence of up-
per-body movements on center of mass location. Participants were 
instructed to perform a fast counter movement until reaching the 
predetermined knee flexion angle and to jump as high as possible.

SJ test
In the SJ test, the participants were instructed to stand, flex the 

knees to a semisquat position and jump. The participants had to 
avoid as much as possible any countermovement, and they were 
instructed to stop for 2 sec at each phase (Coratella et al., 2018). 
Three maximal SJ performances are recorded.

DJ test
For the DJ test, participants started by standing on a 30-cm 

high box with feet shoulder-width apart. A target line was placed 
at a distance equal to half the body height of each participant 
away from the front of the box. Participants jumped forward just 
beyond the line. Upon landing, participants jumped vertically as 
high aspossible without restriction of arm movements (Beardt et 
al., 2018).

As a result of the jumping tests performed, relative maximal 
power (RMP), average power (AP), average force (AF), average ve-
locity (AV), acceleration (ACL), jump height from take off velocity 
(JHTOV), vertical take of velocity (VTOV), and flight time (FT) 
parameters obtained from the Kistler measurement, analysis and 
reporting software (MARS) were used for the statistical analysis. 
Movement characteristics of each jumping protocol obtained from 
the MARS are presented in Fig. 1.

Statistical analysis
The statistical analyses were performed using IBM SPSS Statis-

tics ver. 24.0 (IBM Co., Armonk, NY, USA). Descriptive statistics 
are reported as mean ( ), SD, and standard error of the mean val-
ues. The data were found to be normally distributed based on the 
Kolmogorov– Smirnov test and skewness/kurtosis values. Inde-
pendent Samples t-test was used to compare the differences in 
mean CMJ, SJ, and DJ parameters between normal-hearing and 
deaf volleyball players, Significance for all comparisons was set a 

Fig. 1. Movement characteristics of CMJ, SJ, and DJ test obtained from the MARS. CMJ, counter movement jump; SJ, squat jump; DJ, drop jump, MARS, measure-
ment, analysis and reporting software.
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priori at an alpha level of 0.05. Effect sizes (†) are reported based 
on Cohen recommendations: where 0.2–0.49 is a small effect, 
0.5–0.79 is a moderate effect, and ≥0.8 is a large effect (Nunes et 
al., 2021).

RESULTS

Statistical differences was observed between the groups in all 
jumping protocols. In the differences detected, normal-hearing 
athletes are observed to have better scores than deaf athletes in av-
erage values. This shows that normal-hearing athletes are clearly 
in a better condition in the evaluation of the CMJ, SJ, and DJ 
performances. Findings regarding the comparisons of CMJ, SJ, 
and DJ performances of deaf and normal-hearing athletes exam-
ined in the study are presented in the tables below. CMJ parame-
ters of the athletes and the comparison results between the groups 
are shown in Table 1.

When the CMJ performances of the athletes were examined in 
Table 1, a statistical difference was observed between the groups 
in the JHTOV, RMP, VTOV, AP, AV, and FT parameters (P≤0.05; 
P≤0.01 only for AF), but there was no statistical difference in 
ACL (P>0.05). The difference in the JHTOV, RMP, VTOV, AP, 
AF, and FT parameters was found to be a “large effect,” and the 
difference in the AV parameter was found to be a “moderate effect” 
according to the “effect size (Cohen d)” classification. SJ parame-

ters of the athletes and the comparison results between the groups 
are shown in Table 2.

When the CMJ performances of the athletes were examined in 
Table 2, a statistical difference was observed between the groups 
in the JHTOV, RMP, VTOV, AP, AF, and FT (P≤0.05 for AP and 
AF; P≤0.01 for JHTOV, RMP, VTOV and FT), but there was no 
statistical difference in ACL and AV (P>0.05). The difference in 
the JHTOV, RMP, VTOV, AP, AF, and FT parameters was found 
to be a “large effect” according to the “effect size (Cohen d)” classi-
fication. DJ parameters of the athletes and the comparison results 
between the groups are shown in Table 3.

When the CMJ performances of the athletes were examined in 
Table 3, a statistical difference was observed between the groups 
in the JHTOV, RMP, ACL, VTOV, and FT (P≤0.05 for JHTOV, 
RMP, ACL, VTOV, and FT) but there was no statistical difference 
in AP, AF, and AV (P>0.05). The difference in the JHTOV, RMP, 
VTOV, AP, AF, and FT parameters was found to be a “large effect” 
according to the “effect size (Cohen d)” classification. Diagrams 
refering to the billateral CMJ, SJ, and DJ performances (mean 
values) of the deaf and normal-hearing groups is shown in Fig. 2.

DISCUSSION

Deaf athletes have an important position among disabled ath-
letes owing to factors such as having athletic performance levels 

Table 1. Comparasion of the athletes by counter movement jump test

Parameter Group No. X̄ SD SEM t P-value Cohen d †

JHTOV (m) Normal-hearing 14 0.41* 0.09 0.02 2.06 0.050 0.81
Deaf 12 0.33 0.10 0.02

RMP (W/kg) Normal-hearing 14 57.68* 8.82 2.35 2.66 0.014 1.03
Deaf 12 48.94 7.78 2.24

ACL (m/sec2) Normal-hearing 14 3.38 1.39 0.37 0.22 0.830 0.08
Deaf 12 3.27 1.31 0.37

VTOV (m/sec) Normal-hearing 14 2.70* 0.16 0.04 3.36 0.003 1.31
Deaf 12 2.35 0.35 0.10

AP (W) Normal-hearing 14 2,331.50* 408.21 109.09 3.04 0.006 1.19
Deaf 12 1,771.59 531.18 153.33

AF (N) Normal-hearing 14 1,608.00** 233.46 62.39 3.14 0.001 1.22
Deaf 12 1,329.62 215.13 62.10

AV (m/sec) Normal-hearing 14 1.50* 0.19 0.05 1.52 0.140 0.56
Deaf 12 1.36 0.29 0.08

FT (sec) Normal-hearing 14 0.55* 0.03 0.01 3.25 0.003 1.30
Deaf 12 0.48 0.07 0.02

JHTOV, jump height from take off velocity; RMP, relative maximal power; ACL, acceleration; VTOV, vertical take off velocity; AP, average power; AF, Average force; AV, average 
velocity; FT, flight time.
*Statistically significant differences (P≤ 0.05). **Statistically significant differences (P≤ 0.01). †Cohen d effect size where ≤ 0.2= small, ≤ 0.5= medium. and ≤ 0.8= large.
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close to those of normal athletes in addition to the competitions 
and sports organizations organized specially for them. It is even 
known that some talented deaf athletes who have resolved their 
communication problems are in the same team as normal-hearing 
athletes (Baranauskas et al., 2020; Kurková et al., 2011). Physical 

structure and jump performance are considered key factors for 
success in volleyball, where defensive and offensive actions are 
combined (Pion et al., 2015). The aim of this study was to exam-
ine the differences in bilateral CMJ, SJ, and DJ performances be-
tween olympic deaf and elite normal-hearing male volleyball 

Table 2. Comparasion of the athletes by squat jump test

Parameter Group No. X̄ SD SEM t P-value Cohen d †

JHTOV (m) Normal-hearing 14 0.62** 0.14 0.03 4.09 0.000 1.57
Deaf 12 0.42 0.11 0.03

RMP (W/kg) Normal-hearing 14 68.06** 7.79 2.08 5.42 0.000 2.20
Deaf 12 52.54 6.63 1.91

ACL (m/sec2) Normal-hearing 14 5.85 1.74 0.46 1.55 0.134 0.60
Deaf 12 4.89 1.37 0.39

VTOV (m/sec) Normal-hearing 14 2.79** 0.15 0.03 3.63 0.001 1.47
Deaf 12 2.51 0.24 0.07

AP (W) Normal-hearing 14 2,040.36* 578.48 154.60 2.59 0.016 1.00
Deaf 12 1,509.48 444.68 128.36

AF (N) Normal-hearing 14 1,340.00* 139.59 37.30 2.56 0.017 1.00
Deaf 12 1,182.60 173.43 50.06

AV (m/sec) Normal-hearing 14 1.39 0.38 0.10 1.58 0.127 0.61
Deaf 12 1.19 0.24 0.07

FT (sec) Normal-hearing 14 0.57** 0.03 0.01 3.67 0.001 1.44
Deaf 12 0.51 0.05 0.01

JHTOV, jump height from take off velocity; RMP, relative maximal power; ACL, acceleration; VTOV, vertical take off velocity; AP, average power; AF, Average force; AV, average 
velocity; FT, flight time.
*Statistically significant differences (P≤ 0.05). **Statistically significant differences (P≤ 0.01). †Cohen d effect size where ≤ 0.2= small, ≤ 0.5= medium. and ≤ 0.8= large.

Table 3. Comparasion of the athletes by drop jump test

Parameter Group No. X̄ SD SEM t P-value Cohen d †

JHTOV (m) Normal-hearing 14 0.38* 0.08 0.02 2.80 0.012 1.08
Deaf 12 0.30 0.07 0.01

RMP (W/kg) Normal-hearing 14 53.44* 7.48 1.99 2.56 0.017 0.99
Deaf 12 46.52 6.08 1.75

ACL (m/sec2) Normal-hearing 14 6.78* 1.96 0.52 -3.50 0.002 1.37
Deaf 12 9.71 2.31 0.66

VTOV (m/sec) Normal-hearing 14 2.75* 0.19 0.05 2.36 0.027 0.93
Deaf 12 2.55 0.24 0.69

AP (W) Normal-hearing 14 2,357.36 298.72 79.83 1.23 0.232 0.48
Deaf 12 2,161.42 504.72 145.70

AF (N) Normal-hearing 14 1,619.00 146.74 39.21 1.21 0.238 0.48
Deaf 12 1,518.92 266.10 76.81

AV (m/sec) Normal-hearing 14 1.58 0.18 0.04 0.47 0.640 0.02
Deaf 12 1.54 0.20 0.05

FT (sec) Normal-hearing 14 0.56* 0.03 0.01 2.54 0.018 1.20
Deaf 12 0.51 0.05 0.01

JHTOV, jump height from take off velocity; RMP, relative maximal power; ACL, acceleration; VTOV, vertical take off velocity; AP, average power; AF, Average force; AV, average 
velocity; FT, flight time.
*Statistically significant differences (P≤ 0.05). †Cohen d effect size where ≤ 0.2= small, ≤ 0.5= medium. and ≤ 0.8= large.
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players. The limited study related fitness and athletic characteris-
tics of deaf athletes was observed. To our knowledge, this is the 
first study to report the jumping performances in different proto-
cols of deaf male volleyball players compared to their nor-
mal-hearing peers.

In the present study, when the mechanism of jump protocols 
applied on the force plate is evaluated, it can be said that CMJ and 
DJ are methods rather focusing on “stretch shortening cycle” and 
eccentric-concentric muscle contractions, and SJ concentrates on 
actions such as explosive power, jumping height, and concentric 
muscle contraction (Borràs et al., 2011). The main finding in our 
study is that normal-hearing volleyball players have better jump 
performances than deaf volleyball players (P≤0.05). The existing 
difference is valid for all three jump protocols (CMJ, SJ, and DJ) 
(Tables 1–3). In their study comparing the biomechanical charac-
teristics of deaf and normal-hearing female football players, Szulc 
et al. (2017) stated that normal-hearing football players achieved 

better results in “spike jump for maximal power” values (1,828.6±  
509.4 W and 2,215.2±464.5 W, respectively; P=0.02, effect 
size=0.14). Moreover, normal-hearing athletes were said to have 
better values in “harmstring/quadriceps ratio” and “maximum 
voluntary contraction” values. Buśko et al. (2020) reported that 
deaf female football players had better jump performance than 
normal-hearing healthy individuals. These results confirm that 
deaf athletes have lower performance in basic motor features com-
pared to normal athletes.

Peng et al. (2019) investigated the relationship between indi-
vidually adjusted DJ drop heights and biomechanics. The authors 
stated that the optimum height adjustment needed to be more 
than 100% of the person’s CMJ performance (jumping height) to 
fully detect DJ performance (especially during the landing phase). 
In other words, the height that a person should use for DJ must 
be equal to or more than the CMJ performance of the same person. 
Accordingly, the drop height (30 cm) used in our study seems to 

Fig. 2. Representative general jumping performance diagrams from both groups (mean values) during each protocols.
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be at an acceptable level when associated with the JHTOV values 
(0.41±0.09, 0.33±0.10, respectively) of the CMJ test obtained 
from normal-hearing and deaf athletes. Meanwhile, the evaluation 
of CMJ and DJ measurements in deaf and normal-hearing groups 
in our study makes the results obtained from the two protocols, 
which resemble each other in terms of jumping mechanism, valu-
able. Furthermore, when the results of the DJ test in our study 
were examined (Table 3), the ACL parameter (Tables 2 and 3), 
which did not differ between the groups in the CMJ and SJ tests, 
exhibited a high statistical difference in the DJ test (P=0.002, ef-
fect size=1.37), which is an important finding. According to this 
finding, the lack of performance observed in deaf athletes in the 
ACL parameter, which refers to acceleration during DJ (maximum 
vertical jump immediately after the landing), is an issue that needs 
to be addressed.

Considering that the number of studies investigating the ath-
letic performance (particularly jumping) levels of deaf athletes is 
limited, it is assumed that it will be a correct method to evaluate 
the physiological adaptation in the body when interpreting the 
performance outputs of these athletes. In their studies, Vuillerme 
et al. (2002) and Śliwowski et al. (2018) emphasized that the best 
performance of a sportive movement depended on having appro-
priate postural coordination in the body. In this direction, Trecroci 
et al. (2015) stated that a jump-based training practice such as 
“jumping rope” performed in addition to standard football train-
ing improves balance and motor performance. Thus, jump-based 
exercises can be said to be beneficial in minimizing balance prob-
lems resulting from vestibular deformation, which is characteris-
tically present in deaf athletes. Schons et al. (2018) reported that 
an effective jump could be possible with the coordinated action of 
the muscles and the correct transfer of mechanical energy between 
the joints. This indicates that there will be major changes in the 
body’s center of gravity in the vertical axis. Postural stability prob-
lems, especially in deaf athletes, make it natural to experience prob-
lems in points such as the control of the center of gravity and 
body sway in an action, such as jumping, which takes place in the 
vertical axis. Accordingly, in the findings of our study, the statisti-
cal differences between the groups in favor of normal-hearing ath-
letes in all jump protocols can be said to be important.

When studies in the literature on improving the jumping ca-
pacity of volleyball players were reviewed, plyometric (Gjinovci et 
al., 2017; Mroczek et al., 2017), electromyostimulation (Malatesta 
et al., 2003) and whole-body vibration (Pérez-Turpin et al., 2014) 
training practices were found to show improving effects on CMJ 
and SJ performances. It is thought that training modules focusing 

on improving jumping ability can be appropriate in terms of com-
pensating for the loss of jump performance detected in deaf athletes, 
performing volleyball-specific actions (block, spike, etc.) more ef-
fectively, and achieving a performance graph closer to normal- 
hearing volleyball players.

In summary, our results show that a performance difference was 
determined between the olympic deaf and elite normal-hearing 
volleyball players. Moreover, the findings of the study performed 
with the force plate, which is a center of pressure-based measuring 
device, are considered to be valid and reliable. Therefore, jumping 
exercises in different different techniques should be included more 
in the training programs of deaf athletes. Considering that the 
number of studies on athletic performance in deaf athletes is lim-
ited, it can be said that our study will contribute to researchers and 
coaches in respect of detecting a key ability in volleyball, such as 
jumping, in different jump protocols.
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