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AbSTRAcT
Purpose. Ankle injuries are common in volleyball players and are linked to the athlete’s postural control. The aim of the 
report is to investigate the differences between ankle functions and postural control ability of volleyball players and controls, 
and also the relationship between the variables in order to understand the factors affecting postural control.
Methods. 40 female participants (age: 21.18 ± 0.27, volleyball players/controls: 20/20) were included in the study. Ankle 
functions (joint range of motion (ROM), joint position sense (JPS), vibration and isometric muscle strength) and postural 
control variables (anterior-posterior and medial-lateral sway velocity, ellipse area and perimeter) were evaluated by static 
stability test. The differences between the groups and the correlation between variables were analysed.
Results. Significant differences favoured the volleyball group in ankle dorsiflexion, inversion, and eversion ROM, JPS, 
dorsiflexor and plantar flexor isometric muscle strength, and postural control variables (p < 0.05). However, the control 
group demonstrated superior vibration sensitivity on the 1st and 5th metatarsal heads (p < 0.05). A significant correlation 
was observed between the anterior-posterior sway velocity and dorsiflexion ROM, medial-lateral sway velocity and sway 
area with inversion ROM, sway area and vibration threshold in the 1st and 5th metatarsal heads (p < 0.05).
Conclusions. Volleyball players showed better results in ankle ROM, JPS, muscle strength and postural control. In addition 
to the similarities in ankle plantar flexion ROM, invertor and evertor isometric muscle strength between the groups, the 
controls showed better vibration sensitivity; which reveals potential causes of ankle injuries in volleyball players. Ankle 
function variables are found to be linked to postural control, highlighting the need to evaluate these functions for injury 
prevention.
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Introduction

Postural control is defined as reaching or returning 
to a state of equilibrium during standing in a quiet 
stance or in active situations and is achieved through 
the integration of sensory afferent inputs from propri-
oceptive, vestibular, and visual sources, which are pro-
cessed in the upper centres of the nervous system [1]. 
If we consider the upright body biomechanically as 
a whole mass, the centre of mass (coM) in the human 
body corresponds to the midpoint of the pelvis (about 
Sacral 2) at the level of about 1 m above the ground [2]. 
balance is maintained by extending the gravity vector 
from the coM to the ground, positioned between the 

two feet and approximately 4–5 cm in front of the 
ankle axis, with the projection of the coM onto the sup-
port surface defined as the centre of pressure (coP) 
serving as a marker for postural stability [3]. The body 
is unstable in an upright standing position and tends 
to move constantly. In situations that destabilise the 
body, this is initially countered by a corrective rota-
tional moment by the foot that is in contact with the 
support surface. The ankle helps the coM to stay in 
the base of support, and this requires adequate mobility 
of the ankle joint [4]. To maintain postural stability, 
ankle strategy is used frequently for low amplitude per-
turbations [5]. So, it can be said that there is a link be-
tween the ankle joint and postural control.
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Effective postural control and balance are factors 
that contribute to the prevention of sports-specific in-
juries, particularly in the ankle joint. In volleyball, 
a sport characterised by rapid and frequent move-
ments, it is very important to ensure postural stability. 
During volleyball-specific movements such as jump-
ing and landing, blocking and spiking, lower extrem-
ity kinematics are important in absorbing the loads that 
can be placed on the musculoskeletal system and en-
suring stability during the game [6]. Essential skills in 
volleyball, such as maintaining a balanced stance and 
effective postural control during ball contact, place great 
demands on ankle functions [7]. Under changing con-
ditions, each athlete develops a different postural con-
trol mechanism against perturbations. Volleyball play-
ers generally use the ascending strategy to ensure their 
postural stability, where the support surface aligns the 
coM with the applied force, exerting an equal force in 
the opposite direction [8]. In other words, volleyball 
players maintain postural balance by adjusting from 
distal to proximal joints, particularly the ankle, in the 
loading model. This proves how important a central 
point the ankle is for volleyball players.

Ankle sprain, which are occurring more severely in 
women than in men, are particularly common in vol-
leyball players [9–10]. Examining ankle sprains spe-
cifically, they are seen in volleyball players at a rate of 
19%, while the general population sees a rate of 26 per 
1000 people (0.216%) [11, 12]. The ankle joint serves as 
a dynamic link between the body and the ground, and 
the ability to adapt to different positions and move-
ments during sports are related to postural control. 
The ankle joint plays a crucial role in maintaining pos-
tural control and preventing sports-related injuries, 
which is why it requires frequent evaluation, especially 
in female athletes.

More than one variable plays a role in the person 
reaching a state of equilibrium [13]. Joint mobility is 
important in order to provide the required range of mo-
tion (ROM) for the targeted movement to occur and 
to obtain appropriate joint mechanics. Joint stability is 
as important as joint mobility in order to avoid injuries. 
Since joint stability is dependent on sensory input from 
peripheral receptors, proprioception and other deep 
senses play a role in maintaining postural stability. 
Somatosensory inputs provide information about body 
position and movement and allow postural control to 
be achieved. Stability also ensures optimum muscle 
strength and proper co-contraction and coordination. 
Previous studies have shown that enhancing various 
functional parameters, such as strength, propriocep-

tion, and balance, can decrease the risk of injury and 
positively impact athletic performance [14, 15].

We started with the question of why the incidence 
of ankle sprains is higher in volleyball players, whom 
we know to have better muscle strength, than in healthy 
people. We reviewed the literature to investigate the 
variables of static stability and ankle functions that 
develop or change with volleyball-specific training, and 
the relationships between these variables in order to 
better understand the reason for this frequency of ankle 
injury in volleyball players, as compared to the popu-
lation. However, ankle function assessments were not 
included in studies examining postural control in 
healthy volleyball players and their controls [1, 7].

To gain a better understanding of the specific abili-
ties developed for the sport, it is important to investi-
gate how volleyball experience affects ankle functions 
and postural control variables in athletes with stable 
ankles. We consider that volleyball players will have 
better results than healthy controls in terms of ankle 
function and postural control variables. We wonder 
what other factors are different in the ankle joint? To 
determine answers to these questions, we aimed to 
show how healthy controls and volleyball players differ 
in terms of ankle function, postural control, and deep 
senses (proprioception and vibration sense).

Another aim of our study was to determine the re-
lationship between the evaluated ankle functions and 
postural control. because of the relationship between 
ankle injuries and impaired postural control, deter-
mining the variables that have the potential to affect 
postural control is beneficial for preventing ankle in-
juries.

Materials and methods

Study design

The study was performed as a single blind obser-
vational case-control study. The demographic and clini-
cal information form was applied to the volunteers 
through a face-to-face interview. After completing the 
general information form, participants’ cumberland 
Ankle Instability Tool (cAIT) scores were assessed for 
study suitability. Selected individuals underwent 
a static balance assessment using a computerised sta-
bilometer (ProKin-252) on a force platform. Postural 
control data were electronically recorded. Ankle eval-
uations included measuring active and passive ROM, 
joint position sense (JPS), vibration assessments, and 
strength measurements. All the clinical assessments 
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were made by a single physiotherapist, who was blind 
to the allocation of groups to prevent bias. All partici-
pants were assessed individually. Volleyball players 
were evaluated on a day when they did not have train-
ing during the off season. The data were immediately 
recorded in an evaluation form. The entire evaluation, 
including rest, lasted approximately 45–60 min and 
the participants were not followed up afterwards. The 
eligibility criteria set for participation in the study are 
listed below.

Eligibility criteria

Inclusion criteria:
– Female gender,
– Aged between 18 and 25 years,
– Having a score of  24 on cAIT,
– Volunteering to participate in the study.
Additionally, for the volleyball group:
– Having at least five years of volleyball experience 

[16].
Exclusion criteria:
– Having neuromuscular diseases or vestibular or 

visual problems,
– Having an orthopaedic injury located on the lower 

extremity,
– Presence of acute or chronic pain,
– Having suffered an ankle injury within the past 

year.
Additionally, for the control group:
– Participating in individual or team sports, such as 

swimming, tennis, volleyball, soccer, etc.,
– Participating in physical activity (all types of aero-

bic or strengthening training) for more than 150 min 
a week or more than 5 days a week (regardless of the 
duration) [5].

Participants

The sample size of the study was calculated using 
the G*Power program. Type 1 error value was set as 
 = 0.05 and power as (1- ) = 0.95. When the effect size 

(d value) was calculated from the reference article [16], 
the sample size for the independent sample t-test was 
calculated as 20 in each group and 40 in total. Twenty-
five participants enrolled in the volleyball group (VG) 
from the Yeditepe University Volleyball Team, who 
trained three times a week for 60–90 min and partici-
pated in the University League (Unilig) and 24 students 
were enrolled in the control group (cG) from the Ye di-
tepe University Physiotherapy and Rehabilitation De-

partment. After evaluating the eligibility of the peo-
ple who volunteered to participate in the study; 5 of 
the volleyball players (1 having an ankle injury in the 
past year and 4 having a cAIT score  24) and 4 stu-
dents (2 physically active and 2 having a cAIT score 
 24) were excluded (Figure 1). After the number of 

people to be included in the study was sufficient, par-
ticipant recruitment was stopped. The study was con-
ducted at the Yeditepe University Physiotherapy and 
Rehabilitation Laboratory with a total of 40 partici-
pants (age: 21.18 ± 0.27, female) – 20 in each group.

Determination of ankle joint stability

The ankle joint stability was assessed using the cAIT, 
which evaluates the presence of pain and instability 
during various activities, such as walking, running, 
and jumping, on different surfaces [17]. cAIT distin-
guishes stable and unstable ankles from each other. The 
scale consists of nine questions about both right and 
left ankle joint functions and whether there is pain dur-
ing the different activities mentioned above. A total of 
30 points can be scored on this scale, with scores above 
24 indicating increased stability and scores below 
24 indicating increased instability. Participants with 

Figure 1. Flow chart of the study
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ankle stability scores  24 on the cAIT were included 
in the study and underwent additional evaluation pro-
cedures.

Assessment of postural control

Postural control was assessed using a computerised 
stabilometer (ProKin PK-252, Technobody, bergamo, 
Italy), which is proven to be a reliable tool and consid-
ered the gold standard method, in a bipedal silent, 
upright position with eyes open on a force platform [18]. 
before the test, participants were asked to try to stand 
still in silent, upright posture, and no warning was 
given during the test (Figure 2). The static stability test 
was performed for 30 s and was repeated three times. 
A rest period of 60 s was given between repetitions. 
The study measured the following variables: average 
postural sway velocity in the AP and ML directions 
(mm/s), sway area (mm2), and perimeter (mm) of the 
displacement of the centre of pressure (coP) [19]. The 
data were recorded immediately via computer and the 
mean value data were used for data analysis, where 
lower values indicated better postural stability.

Figure 2. Assessment of static stability on the force 
platform via computerised stabilometer

Evaluation of ankle functions

All assessments of ankle functions were performed 
in the mentioned order on both extremities by the same 
physiotherapist after postural control assessment, with 
the extremity with which the participants preferred 
to kick a ball being considered the dominant side.

Range of motion

Dorsiflexion (DF), plantar flexion (PF), inversion 
(INVR) and eversion (EVR) ROM were measured with 
the help of a standard goniometer, both active and pas-
sively to evaluate the mobility of the ankle joint. For 
measuring DF and PF ROM, the participant laid su-
pine on a bed with a thin pillow under the knee. The 
goniometer’s pivot point was positioned on the lateral 
malleolus, with its fixed arm parallel to the fibula’s 
lateral midline and its movable arm tracking the 5th 
metatarsal bone’s lateral midline. For measuring EVR 
and INVR ROM, the participant laid prone on a bed 
with the knee flexed at 90° and the ankle in a 90° neu-
tral position. The goniometer’s pivot point was at the 
midpoint of the calcaneus, and the fixed arm, initially 
parallel to the midline of the sole, remained parallel to 
the ground throughout, while the movable arm fol-
lowed the sole’s midline. All evaluations were repeated 
3 times, and the average scores were recorded.

Joint position sense

Active JPS assessment was evaluated with the help 
of a standard goniometer at 105°, 120°, 130° and 140° 
DF, which were reference degrees. The assessment in-
volved having the individual close their eyes while 
lying in a supine position, with a pillow supporting their 
legs and knees to promote knee flexion and calf muscle 
relaxation. The starting position of the foot was estab-
lished at 145° of plantar flexion (PF). The ankle was 
randomly positioned passively at one of the reference 
degrees. The proximal arm was aligned parallel to the 
lateral midline of the fibula, the pivot point was placed 
on the lateral malleolus and the distal arm was set 
parallel to the 5th metatarsal, ensuring that the goni-
ometer did not make contact with the skin during the 
evaluation. The person was expected to return the an-
kle to the reference degree starting from 145° PF and 
deviation from the reference degree was recorded [20]. 
There is a margin of error of up to ± 2° in ankle joint 
proprioception measurements [21]. This process was 
repeated three times, and the mean value was used 
for analysis.
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Vibration disappearance threshold

The vibration disappearance threshold was assessed 
by placing a tuning fork (128 Hz) on the medial malle-
olus, 1st and 5th metatarsal heads. Upon hearing the 
vibrating sound immediately after striking the tuning 
fork against a solid surface, it was positioned at the 
designated reference point. With the help of a stop-
watch, the seconds were measured until the person 
no longer felt the vibration sensation. Throughout the 
procedure, the patient’s eyes remained closed. Prior to 
the evaluation, a preliminary test was performed on the 
bone structure to help the patient become familiar with 
and develop their tactile sensitivity [22]. This process 
was repeated three times for each point, and the result-
ing average value was documented.

Isometric muscle strength

The maximum isometric strength as the highest 
force value (newton), at DF, PF, INVR and EVR move-
ments of the ankle joint was evaluated by a manual 
dynamometer (JTech commander PowerTrack II; Jtech 
Medical, Salt Lake city, Utah, USA) [23]. Participants 
were shown the subtalar neutral position of the ankle 
and were asked to start each test from this position. 
Limbs that were not actively involved in the procedure 
were secured to the bed to eliminate any unintended 
movements. Prior to every measurement, the dynamom-
eter underwent calibration. Evaluation positions were 
performed with maximal push or pull orientations with 
the dynamometer above the metatarsal heads accord-
ing to previous research [24]. After the test was per-
formed for 3 s in 3 repetitions with 10-second inter-
vals and recorded, the highest force value (Newton) was 
used for statistical analysis.

Statistical analysis

The study analysis was carried out using the Sta-
tistical Package for Social Sciences (SPSS) 24 program. 
Descriptive statistics, such as mean and standard de-
viation (SD) were calculated. The Shapiro–Wilk test 
was used to analyse the normal distribution of the vari-
ables within the groups. Inferential statistics, includ-
ing the Independent Samples T-test (for normally dis-
tributed variables) and the Mann–Whitney U test (for 
not normally distributed variables), were performed to 
examine differences between groups, whereas a Spear-
man correlation Analysis was used to examine correla-
tions between variables. correlation coefficients (r) 
were expressed as moderate for values between 0.4 and 

0.6, and strong for values between 0.6 and 0.8. For all 
statistical analyses, a significance level of p < 0.05 was 
used [25].

Ethical approval
The research related to human use has complied 

with all the relevant national regulations and institu-
tional policies, has followed the tenets of the Declara-
tion of Helsinki, and has been approved by the Yeditepe 
University Ethics committee (approval No.: 202202159).

Informed consent
Informed consent was obtained from all individu-

als included in this study.

Results

Descriptive characteristics

All demographic variables were normally distrib-
uted within the groups (p > 0.05). When the demo-
graphic information of the participants was compared, 
there was no significant difference in the age and bMI, 
while the height and weight data were significantly 
different (Table 1).

Table 1. Demographic characteristics of participants

VG
mean ± SD

cG
mean ± SD

t p

Age (year) 21.20 ± 1.9 21.17 ± 1.66 –0.056 0.955
Height (m) 1.75 ± 0.05 1.62 ± 0.04 –7.764 0.001
Weight (kg) 63.53 ± 6.01 55.47 ± 7.03 –3.897 0.001
bMI (kg/m2) 18.13 ± 1.47 17.11 ± 2.10 –1.762 0.086

VG – volleyball group, cG – control group, bMI – body  mass 
index, t – independent sample T-test
significant at p < 0.05

comparison of ankle functions between groups

Table 2 illustrates the data and between-group dif-
ferences for ankle functions. The active and passive 
ROM data for DF, INVR, and EVR, JPS at all reference 
degrees, vibration sensed through the 1st and 5th toe and 
DF and PF isometric muscle strength showed signifi-
cant differences between groups for both extremities 
(p < 0.05). There was no significant difference in the 
other ankle function variables (active and passive PF 
ROM, vibration sensed through the medial malleolus, 
INVR and EVR isometric muscle strength) between the 
two groups (p > 0.05).
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Table 2. Differences between groups in terms of ankle function variables

VG cG VG vs cG VG vs cG

D 
mean ± SD

ND 
mean ± SD

D 
mean ± SD

ND 
mean ± SD

D 
t/Z

ND 
t/Z

D 
p

ND 
p

AROM (°)
DF 22.6 ± 4.40 21.21 ± 4.27 16.50 ± 3.27 16.17 ± 2.27 –3.81Z 4.65t 0.001 0.001
PF 40.03 ± 7.86 39.24 ± 6.19 38.05 ± 4.85 36.08 ± 6.42 0.959t 1.58t 0.344 0.122
INVR 32.31 ± 4.69 31.31 ± 3.04 26.05 ± 3.73 24.85 ± 3.00 –3.89Z 6.75t 0.001 0.001
EVR 21.42 ± 2.70 20.87 ± 2.62 17.98 ± 4.13 16.60 ± 5.44 –3.00Z –2.72Z 0.002 0.006

PROM (°)
DF 25.14 ± 3.99 22.84 ± 4.30 19.44 ± 4.23 20.48 ± 2.95 –3.53Z –2.30Z 0.001 0.021
PF 42.37 ± 5.11 42.34 ± 4.23 40.45 ± 3.32 41.20 ± 4.13 1.41t 0.863t 0.165 0.394
INVR 30.39 ± 6.29 34.75 ± 3.10 29.27 ± 5.90 28.38 ± 3.08 –2.33Z –4.50Z 0.020 0.001
EVR 24.41 ± 3.99 23.68 ± 1.90 21.25 ± 2.21 21.79 ± 2.18 3.09t –2.72Z 0.004 0.006

JPS (deviation°)
105° 0.90 ± 0.29 1.80 ± 0.31 4.50 ± 0.57 4.65 ± 0.43 –4.38Z 5.35t 0.001 0.001
120° 0.85 ± 0.26 1.20 ± 0.23 4.25 ± 0.55 3.45 ± 0.36 –4.27Z –4.31Z 0.001 0.001
130° 1.65 ± 0.46 1.85 ± 2.54 4.75 ± 0.52 3.85 ± 0.33 –3.95Z 4.75t 0.001 0.001
140° 1.15 ± 0.23 1.50 ± 0.27 3.40 ± 0.47 3.95 ± 0.41 4.23t 4.92t 0.001 0.001

Vibration (s)
MM 11.92 ± 1.42 12.25 ± 1.89 13.07 ± 3.00 13.37 ± 2.42 –1.54t –1.63t 0.130 0.111
1st toe 12.53 ± 2.09 12.97 ± 1.94 14.04 ± 2.50 15.58 ± 3.30 –2.06t –3.04t 0.046 0.004
5th toe 13.06 ± 2.32 12.69 ± 2.34 15.85 ± 3.06 15.94 ± 1.90 –3.24t –4.82t 0.002 0.000

Isometric strength (N)
DF 82.39 ± 13.31 75.36 ± 12.32 72.40 ± 10.38 66.92 ± 9.02 2.64t 2.47t 0.012 0.018
PF 58.00 ± 12.58 56.34 ± 11.40 44.86 ± 11.13 43.23 ± 8.93 –3.21Z –3.42Z 0.001 0.001
INVR 33.80 ± 8.28 32.62 ± 4.20 38.79 ± 11.66 33.65 ± 7.24 –1.56t –0.82Z 0.812 0.414
EVR 26.65 ± 7.54 25.36 ± 7.08 27.40 ± 11.70 24.93 ± 10.70 –0.24t 0.15t 0.127 0.881

VG – volleyball group, cG – control group, D – dominant extremity, ND – non-dominant extremity 
DF – dorsiflexion, PF – plantar flexion, INVR – inversion, EVR – eversion, AROM – active range of motion,  
PROM – passive range of motion, JPS – joint position sense 
MM – medial malleolus, t – independent sample T-test, Z – Mann–Whitney U test
significant at p < 0.05

Table 3. Differences between groups in terms of postural 
control variables

VG
mean ± SD

cG
mean ± SD

t/Z p

AP velocity 
(mm/s)

6.10 ± 1.51 10.80 ± 3.39 –4.49Z 0.001

ML velocity 
(mm/s)

4.80 ± 1.10 6.40 ± 2.68 –2.46t 0.018

Ellipse area 
(mm2)

128.40 ± 90.05 335.95 ± 300.43 –2.61Z 0.008

Perimeter 
(mm)

274.25 ± 48.82 420.85 ± 139.06 –4.44t 0.001

VG – volleyball group, cG – control group 
AP – anterior-posterior, ML – medial-lateral  
t – independent sample T-test, Z – Mann–Whitney U test
significant at p < 0.05

comparison of postural control between groups

In the results of the postural control variables, there 
were significant statistical differences between the two 
groups for all variables such as AP and ML sway ve-
locity, perimeter and ellipse area variables (Table 3) 
(p < 0.05).

correlation between ankle functions  
and postural control variables

The correlation between the ankle functions of the 
dominant (D) and non-dominant (ND) extremities and 
postural control variables are shown in Table 4.

For the VG, AP sway velocity had significant correla-
tions with the active DF, passive DF and passive EVR 
ROM. both ellipse area and perimeter variables had 
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Table 4. correlation between ankle functions and postural control variables

VG cG

AP velocity ML velocity ellipse area perimeter AP velocity ML velocity ellipse area perimeter

D ND D ND D ND D ND D ND D ND D ND D ND

AROM (°)

DF
r 0.448 0.569 0.280 0.389 0.198 0.341 –0.008 0.107 0.011 0.086 0.071 0.300 0.006 0.000 0.073 0.174
p 0.048 0.009 0.232 0.090 0.402 0.141 0.972 0.653 0.965 0.717 0.765 0.198 0.979 1.000 0.760 0.464

PF
r –0.314 –0.422 –0.187 –0.222 –0.384 –0.353 0.074 –0.027 0.225 0.182 0.314 0.243 0.349 0.138 0.265 0.164
p 0.178 0.064 0.429 0.347 0.094 0.127 0.758 0.911 0.340 0.442 0.177 0.301 0.131 0.562 0.259 0.490

INVR
r 0.016 –0.047 –0.238 –0.177 0.305 0.176 0.133 –0.079 –0.192 0.136 –0.341 0.021 0.052 0.135 –0.251 0.074
p 0.946 0.845 0.313 0.456 0.191 0.457 0.575 0.740 0.417 0.568 0.141 0.930 0.828 0.570 0.286 0.758

EVR
r 0.187 –0.035 0.434 0.275 0.786 0.765 0.449 0.346 0.050 0.267 0.172 0.285 0.153 0.002 0.076 0.239
p 0.431 0.883 0.056 0.242 0.001 0.001 0.047 0.136 0.833 0.254 0.468 0.223 0.519 0.995 0.749 0.310

PROM (°)

DF
r 0.450 0.443 0.380 0.261 0.301 0.347 0.075 0.023 0.121 0.235 0.236 0.405 0.054 0.269 0.193 0.341
p 0.046 0.051 0.099 0.266 0.198 0.134 0.754 0.925 0.611 0.318 0.317 0.077 0.822 0.251 0.416 0.141

PF
r –0.205 –0.332 –0.342 –0.233 –0.024 –0.299 0.159 –0.029 0.402 0.120 0.546 0.357 0.334 0.339 0.477 0.212
p 0.386 0.153 0.140 0.322 0.919 0.201 0.502 0.903 0.079 0.614 0.010 0.123 0.150 0.144 0.033 0.370

INVR
r 0.118 –0.142 0.138 0.183 0.284 0.486 –0.062 0.296 0.072 0.140 0.437 0.492 0.110 0.343 0.300 0.328
p 0.621 0.549 0.561 0.439 0.226 0.030 0.796 0.205 0.764 0.557 0.054 0.028 0.646 0.138 0.198 0.158

EVR
r 0.105 0.450 0.003 0.380 0.308 0.301 0.291 0.075 –0.453 0.016 –0.388 0.110 –0.209 –0.059 –0.401 0.117

p 0.658 0.567 0.991 0.152 0.187 0.771 0.213 0.311 0.045 0.947 0.091 0.645 0.377 0.805 0.080 0.623

JPS (deviation°)

105°
r –0.030 –0.025 –0.071 0.246 0.147 0.125 –0.286 –0.011 –0.205 0.112 0.002 –0.186 0.022 0.180 –0.074 –0.041
p 0.900 0.916 0.765 0.297 0.536 0.599 0.221 0.963 0.387 0.640 0.995 0.433 0.926 0.449 0.756 0.863

120°
r –0.250 0.380 0.071 0.364 0.403 0.371 0.167 0.059 0.003 0.103 0.117 –0.022 0.096 0.171 0.052 0.068
p 0.288 0.098 0.766 0.115 0.078 0.107 0.483 0.804 0.990 0.667 0.624 0.925 0.686 0.471 0.829 0.776

130°
r 0.107 0.299 –0.191 0.321 0.424 0.479 0.316 0.314 –0.052 –0.004 0.110 0.254 0.358 0.099 0.036 0.153
p 0.655 0.201 0.419 0.167 0.062 0.033 0.175 0.178 0.829 0.988 0.645 0.280 0.121 0.677 0.882 0.520

140°
r –0.255 0.144 0.152 –0.105 0.212 0.494 –0.043 –0.078 0.233 0.291 0.415 0.298 0.218 –0.027 0.308 0.313
p 0.278 0.545 0.522 0.659 0.371 0.027 0.856 0.743 0.322 0.213 0.069 0.203 0.357 0.910 0.186 0.179

Vibration (s)

MM
r –0.190 –0.346 –0.031 0.024 –0.166 –0.248 –0.248 –0.243 0.130 0.143 0.193 0.016 –0.081 –0.018 0.174 0.097
p 0.423 0.135 0.897 0.920 0.483 0.293 0.293 0.302 0.586 0.547 0.414 0.948 0.734 0.940 0.463 0.683

1stToe
r –0.087 –0.256 0.106 –0.221 0.477 0.336 –0.169 –0.214 –0.011 –0.002 0.378 0.107 –0.187 –0.096 0.122 0.012
p 0.715 0.275 0.656 0.349 0.033 0.148 0.477 0.365 0.962 0.992 0.101 0.654 0.431 0.686 0.610 0.959

5thToe
r –0.136 –0.134 0.185 0.240 0.646 0.414 0.157 0.132 0.214 –0.022 0.444 0.362 –0.089 –0.259 0.280 0.150
p 0.568 0.573 0.436 0.309 0.002 0.070 0.508 0.578 0.364 0.926 0.050 0.117 0.710 0.270 0.231 0.527

Isometric strength (N)

DF
r –0.019 –0.330 0.121 0.002 0.471 0.307 0.110 –0.100 0.379 0.210 0.281 0.101 0.177 0.097 0.366 0.145
p 0.937 0.155 0.611 0.995 0.036 0.188 0.644 0.673 0.100 0.374 0.230 0.670 0.455 0.684 0.113 0.541

PF
r 0.139 0.185 –0.192 –0.120 –0.082 –0.077 0.056 0.271 –0.292 –0.029 –0.216 –0.053 –0.041 0.070 –0.233 –0.071
p 0.558 0.434 0.418 0.615 0.731 0.746 0.814 0.247 0.211 0.903 0.361 0.826 0.862 0.769 0.323 0.766

INVR
r 0.027 0.009 0.263 0.529 0.226 0.214 0.139 0.065 –0.071 0.472 –0.072 0.136 –0.330 0.198 –0.034 0.342
p 0.909 0.969 0.263 0.017 0.338 0.365 0.560 0.785 0.767 0.036 0.764 0.567 0.155 0.403 0.887 0.140

EVR
r –0.012 0.038 –0.031 0.201 –0.452 –0.373 –0.221 –0.216 –0.057 0.115 –0.356 –0.048 0.085 0.212 –0.223 0.063
p 0.960 0.875 0.895 0.395 0.045 0.105 0.348 0.361 0.811 0.628 0.123 0.840 0.721 0.369 0.345 0.792

VG – volleyball group, cG – control group, D – dominant extremity, ND – non-dominant extremity, AP – anterior-posterior, ML – medial-lateral 
AROM – active range of motion, PROM – passive range of motion, JPS – joint position sense 
DF – dorsiflexion, PF – plantar flexion, INVR – inversion, EVR – eversion, MM – medial malleolus  
significant at p < 0.05
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significant correlations with the active EVR ROM and 
there was a significant correlation between the ellipse 
area and passive INVR ROM as well. Also, significant 
correlations were observed between the ellipse area and 
the JPS at 130° and 140° and the vibration sensed 
through the 1st and 5th metatarsal heads. For the iso-
metric muscle strength measurements, the ellipse area 
had a significant correlation with the DF and a negative 
correlation with the EVR directions and the ML sway 
velocity with the INVR direction at the VG (Figure 3).

Figure 3. Ankle functions correlated with postural control variables in the volleyball group

For the cG, the AP sway velocity had a negative cor-
relation with the passive EVR ROM. The ML sway ve-
locity and perimeter variables had significant corre-
lations with the passive PF ROM and the ML sway 
velocity was also significantly correlated with the pas-
sive INVR ROM. The cG had significant correlations 
between the AP sway velocity and the isometric strength 
in the INVR direction.
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Discussion

The aim of this study was to evaluate different ankle 
functions and postural control variables in university-
level volleyball players with stable ankles. To achieve 
this aim, we formed our sample group from female 
volleyball players as studies showing that females ex-
perience more severe ankle sprains than males, while 
also taking into consideration that physical fitness pa-
rameters of male and female athletes differ significantly. 
The results of the study have demonstrated that the 
volleyball players have better ankle ROM, JPS, DF and 
PF isometric muscle strength and postural control, 
whereas the controls had better vibration sensitivity. 
In addition, many ankle function variables were found 
to be related to the sway velocity and sway area.

In this study, we first compared volleyball players 
with the cG in terms of ankle functions. The ankle 
function ROM evaluation results (ankle DF, EVR and 
INVR ROM values) were found to be higher in the 
volleyball players, while no difference was observed 
between the volleyball players and the control group for 
the PF ROM. Regarding the ankle function JPS assess-
ment, it was observed that volleyball players showed 
fewer errors in the reposition test than the controls. 
Regarding the vibration sense, which is considered to 
be another deep sense, there was a difference between 
the groups at the 1st and 5th metatarsal heads in favour 
of the controls, while the vibration sense taken from 
the medial malleolus region of the volleyball group was 
not different from the control group. In addition, the 
isometric muscle strength of the dorsiflexor and plan-
tar flexor muscles of the volleyball players was found to 
be higher than in the control group, while the for INVR 
and EVR, the isometric muscle strengths did not dif-
fer between the groups.

When we look at the literature information on the 
ankle functions of volleyball players, many studies 
support our findings: DF, INVR and EVR ROM and 
DF and PF isometric strength are better in favour of 
volleyball players [16, 26–28]. It is generally accepted 
that the frequent training of specific movements in 
volleyball may lead to an improved ROM, JPS, and iso-
metric strength, which was clearly seen in this study. but 
why was this improvement not observed in the PF ROM, 
the medial malleolus region vibration sense, and the 
INVR and EVR isometric strength values?

Volleyball players generally use the PF muscles with 
eccentric contraction, and so it is thought that a large 
ROM is not needed, in contrast to ballet dancers, who 
use frequent concentric PF contraction [26]. consid-
ering these results, the ROM could be changing ac-

cording to the requirements of frequently repeated 
movements specific to volleyball with regular training. 
One study found that volleyball training improved the 
JPS in the knee joint compared to healthy controls [16]. 
According to the evaluation results of the vibration 
sense, which is accepted as another deep sense, there 
was a difference between the groups at the 1st and 5th 
metatarsal head, which was in favour of the controls 
in our study. We did not expect this result. No com-
parison has been made in the existing literature be-
tween the vibration sensitivity of healthy athletes and 
sedentary controls. The absence of a similar study in 
the literature makes it difficult to discuss this situa-
tion. However, we think that it could be explained by 
physical properties. Factors such as age and height can 
affect sensitivity vibration thresholds. Additionally, one 
early study found the vibration thresholds at the foot 
increases at a certain rate with every 10 cm increase in 
height [29]. Our study’s volleyball players had a higher 
mean height compared to the controls, which may ex-
plain our results. However, this does not explain the 
vibration sense result obtained for the medial malle-
olus region. Other studies on the sense of vibration are 
needed to explain it.

In the current study, it was shown that all postural 
control variables of the volleyball players were better 
than the cG. There are studies comparing the postural 
stability of both male and female volleyball players with 
healthy controls, and most of them reached the same 
conclusion as us [1, 7]. Athletes use different strategies 
than controls by making slight muscle adjustments to 
ensure a stable adaptation to the rapidly changing 
game. considering the need for postural stability re-
quired by the sport, the superior postural control abil-
ity seen in athletes can be easily explained.

In this study, we also examined the relationships 
between postural control and ankle functions. As pos-
tural control is identified as a risk factor for ankle in-
juries, investigating factors related to it is crucial in 
preventing potential injuries, particularly among ath-
letes. Our study explored associations between postural 
control variables and various ankle functions in vol-
leyball players. All the postural control variables of the 
volleyball players were found to be significantly better 
than the controls and also associated with some func-
tions of the ankle. Especially in volleyball players, a re-
lationship has been shown between ankle functions 
and AP sway velocity and ellipse area measurements.

based on the results of our study, it was determined 
that there was a correlation between the active and pas-
sive DF ROM and the AP velocity variable, and between 
the active EVR ROM and the ellipse area for VG. Also, 
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the passive PF ROMs of the controls were found to have 
significant correlations with the ML sway velocity and 
perimeter variables, which demonstrates that an in-
creased ROM is correlated with poor postural control. 
If an increased ROM is associated with poor postural 
control, it can be safely assumed that an increased 
ROM may be a risk factor for ankle injuries. Previously, 
an increased EVR ROM has been identified as a poten-
tial risk factor for injuries [30]. In contrast, a reduced 
active DF ROM has been shown to be a predictor of 
ankle injuries in volleyball players. This is because an 
insufficient DF ROM in the ankle joint can result in 
a rigid landing following a jump, thereby elevating the 
likelihood of ankle sprains [31, 32]. It is challenging to 
draw definitive conclusions regarding average joint mo-
bility or f lexibility values. Since both looseness and 
stiffness of the joint cause stability problems, these 
results could be showing that an optimal ankle ROM is 
needed to ensure postural stability and eliminate the 
risk of ankle injuries. In addition to all these, this study 
sought to answer the question of what the optimal DF 
and PF ROM is in volleyball players.

There was a significant correlation between the JPS 
at 130º and 140º with the ellipse area for the non-dom-
inant extremity of the volleyball players, which indi-
cates that the increase of error at the JPS assessment 
is correlated with the increase of the ellipse area of the 
displacement of coP. One study that agrees with our 
results showed that ankle proprioception was a deter-
miner of static stability [33]. Research shows that better 
JPS results may decrease the risk of a possible ankle 
injury [34]. Therefore, it should be taken into consid-
eration that athletes with better proprioceptive abilities 
will have a lower risk of injury, and assessing postural 
control could be a marker for this.

According to our study, the vibration threshold and 
ellipse area were found to be correlated at the 1st and 
5th metatarsal heads for volleyball players. In other 
words, this shows that as the ellipse area increases, the 
postural control ability decreases and the vibration 
threshold increases. Studies investigating the relation-
ship between vibration sensitivity and postural control 
were generally conducted with the elderly and patho-
logical groups and found a negative relationship be-
tween variables, as our study [35]. Height, weight and 
age are some of the factors that have been proven in 
previous research to have an effect on vibration sensi-
tivity [36]. In addition to the scarcity of studies on this 
subject, it is very difficult to comment because the sam-
ples of existing studies and the sample we included 
in our study have very different demographic and an-
thropometric characteristics.

Muscle strength and effective co-contraction of the 
antagonist muscles provide the necessary coordina-
tion and thus ensure efficient joint stability to reduce 
the risk of possible injuries [37]. We found that there 
was a significant correlation between the dorsiflexor 
isometric muscle strength and the ellipse area of the 
volleyball players, and between the invertor isometric 
muscle strength and the AP and ML sway velocity of 
both the volleyball players and controls. Our study con-
trasts with previous research, which found that the iso-
metric muscle strength of the dorsiflexors and plan-
tar flexors positively impacts the postural control in 
healthy young individuals [29]. However, a study on 
655 athletes from 9 sports found a positive correlation 
between these muscles’ strength and the sway velocity 
during a single-leg stance [38]. Higher muscle strength 
may impede postural control in athletes, but for those 
with average or lower strength, values approaching the 
mean may improve control. Optimal dorsiflexor and 
plantar flexor strength, in particular, can positively im-
pact postural control by controlling AP sway during 
stance and thus can be beneficial in reducing the risk 
of injury. The evertor muscles contribute significantly 
to ankle stability. A significant negative correlation be-
tween the evertor isometric muscle strength and the 
ellipse area was found for volleyball players. In accord-
ance with our study, a negative correlation was found 
between the evertor muscle strength and the AP dis-
placement of the coP of 19 recreational athletes who 
have a history of ankle sprain [39]. It is possible that vol-
leyball players may develop a postural control mecha-
nism based on the strength of the evertor muscles.

The limitations of the present study are that only 
participants with stable ankles were included in the 
study. In order to understand the relationship between 
ankle functions and postural control in depth in the 
presence of pathology, a group with ankle instability 
can be added to future studies. Although the lack of 
objective evaluations of the ankle functions used in 
the study may have affected the outcomes, it was an 
advantage that they were convenient and easily acces-
sible methods for use in the clinical settings. Also, the 
diversity of the postural control variables, individual 
differences and the scarcity of similar studies in the 
literature made it difficult to reach clear conclusions. 
However, in the light of the very few studies carried 
out with different populations in the literature and 
reaching contradictory results, it is assumed that with 
regular volleyball training, ankle functions can adapt 
to the needs of the sport of volleyball. It should be as-
sessed regularly when taking the relationship between 
ankle functions and postural control into considera-
tion, to prevent possible sport-specific injuries.
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Conclusions

Our results have demonstrated that the volleyball 
players had better ankle ROM, JPS, DF and PF isomet-
ric muscle strength and postural control, whereas the 
controls had better vibration sensitivity. What is clearly 
demonstrated in this study in terms of the ankle func-
tions of volleyball players is that the ankle PF ROM 
values, vibration sensation in the medial malleolus re-
gion, as well as the ankle INV and EVR isometric muscle 
strength are no different from the control group. This 
result may explain why volleyball players are vulner-
able to ankle sprains, considering that their load on 
the ankle area is much higher. In addition, many an-
kle function variables were found to be related to the 
sway velocity and sway area of displacement of the 
coP. Since effective postural control reduces the risk of 
injury, evaluating the ankle functions that affect pos-
tural control will be beneficial in contributing to pre-
ventive rehabilitation. We believe that more detailed 
studies should be performed, especially to understand 
the postural control abilities of volleyball players.
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