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Abstract  This study aimed to find the effects of 

proprioception training for improving ankle and trunk 

joint position senses, balance ability, agility and power, 

and thereby to lay the theoretical ground of proprioceptive 

training for preventing volleyball players’ injuries and 

improving their athletic performance. As the subjects of 

this study, 30 male players in Korea Volleyball Federation 

(KOVO), who had the career as volleyball players, were 

selected. The active motion mode of the Humac NORM 

(CSMI, U.S.A.), the isokinetic testing equipment to 

measure ankle joint and trunk position sense accurately, 

was used to measure inversion, eversion, plantar flexion, 

dorsi flexion and trunk flexion joint position. For balance 

ability, static and dynamic balance ability evaluated. One 

leg standing with closed eyes test was used to measure 

static balance, and dynamic balance was measured using 

Y-balance. Agility was measured using a side step and a 

20m dash. In the measurement of the joint position senses, 

with right ankle inversion 15°, left & right ankle dorsi 

flexion 10°, and left ankle plantar flexion and trunk 

flexion 15°, interaction effects were found (p<.01, p<.05). 

Plantar flexion of the right ankle had the interaction effect 

(p<.01). In the standing on one foot test to measure static 

and dynamic balance, the interaction effect was observed 

(p<.01). Right anterior, right posteromedial, left 

posteromedial, right composite score, and left composite 

score had the interaction effect (p<.01, p<.05). Right 

posteromedial and left posteromedial showed the 

interaction effect (p<.01, p<.05). The side-step test to 

measure agility also observed the interaction effect 

(p<.01). 20M dash also showed the interaction effect 

(p<.01). This study found that the proprioceptive training 

program affected improvements in volleyball players’ 

ankle and trunk joint position senses, balance, and agility. 

Keywords  Volleyball Player, Proprioceptive 

Training Program, Joint Position Senses, Balance Ability, 

Agility 

 

1. Introduction 

Volleyball requires repeated jumps, fast movements, 

and instantaneous skills of motions [1]. Unlike other ball 

sports, it does not allow a ball to touch the floor, but 

makes the ball move in the air in play. For this reason, 

volleyball players need speed and agility, quick decision, 

explosive movements, quick positioning, jumps, and 

blocking skill [2]. Proprioception is referred to as ‘one’s 

perception of body position for movement’ [3]. As critical 

sensory organs related to kinetic senses, there are muscle 

spindle, golgi tendon organ, and joint receptor[4-6]. The 

most important role of proprioception is to offer the 

information on motions and positions of body segments to 

motor nerve control system [7]. In exercise, 
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proprioception information is essential for nerve root 

control. Proprioception plays a critical role in maintaining 

stability around joints and body integrity [8]. 

Proprioception is helpful to improve motion coordination 

and prevent injuries is very important for accurate motor 

performance in a game [9,10]. 

Volleyball requires more jumps and landings than other 

sports. Upon these motions, players are known to have an 

injury most in their ankles [11]. Most landing injuries are 

related to ankle joint [12,13]. Physical fitness factors, 

which are considered important for the prevention from 

ankle damage, muscular strength and balance [14]. In 

order to improve proprioception for the prevention of 

ankle injury, sports players have training for enhancing 

their muscular strength and balance [15,16]. 

In a situation of defense or attack, when a player 

quickly changes his or her moving direction for a short 

distance, his or her muscles contract. The force and speed 

that occur at that time are basic prerequisites related to 

game performance [17,18]. In such a case, typical 

physical fitness factors are agility and quick adaptation. 

Since these two factors greatly affect athletic performance, 

they are essential for improvement in the performance. 

Given a lot of position senses in diverse situations, it is 

required to provide proprioceptive training for players. 

In addition, given that volleyball players move their 

upper and lower parts of their body a lot, their trunk 

stability much influences their stable motion control and 

thus is essential to improve their athletic performance and 

prevent injuries [19]. It is known that core exercises in 

harmony with proprioceptive training help to keep 

postural alignment and make dynamic and static balance 

in physical activities, and play a positive role for agility 

[20-22]. 

Therefore, it is required to provide proprioceptive 

training for volleyball players in order to prevent their 

sports injuries and improve athletic performance. 

Nevertheless, it is hard to find research on the effects of 

the proprioceptive training for volleyball players. This 

study tries to find the effects of proprioception training for 

improving ankle and trunk joint position senses, balance 

ability, agility and power, and thereby to lay the 

theoretical ground of proprioceptive training for 

preventing volleyball players’ injuries and improving their 

athletic performance. 

2. Materials and Methods 

In order to find the effects of the 8-week proprioceptive 

training program, this study was conducted in the pre-test 

and post-test with a proprioceptive training group and a 

control group. To test hypotheses established in this study, 

the control group design of experimental randomized 

pre-test and post-test was applied. The experimental 

design was selected, since it was possible to compare with 

post-test results after the training of pre-test information 

on test participants. In this study, a control group was 

used to find any difference with the post-test results 

according to experimental intervention (Figure 1). 

2.1. Participants 

As the subjects of this study, thirty male players in 

Korea Volleyball Federation(KOVO), who had the career 

as volleyball players, were selected. They were divided 

into an exercise group (16 persons) and into a control 

group (14 persons). The study subjects selected had no 

orthopaedic disorders of ankle joint and trunk, and no 

physical restrictions to exercise participation. In addition, 

they agreed on their voluntary participation after hearing 

the purpose of experiment and the explanation of a 

proprioceptive training program before the experiment. 

The general characteristics of the subjects are presented in 

(Table 1). 

2.2. Proprioceptive Training Program 

The proprioceptive training program was performed 50 

minutes per day and three times a week for eight weeks. It 

consisted of warmup exercise (10 minutes), main exercise 

(30 minutes), and cool-down exercise (10 minutes). A 

BOSU ball & Gym ball based training program with the 

unstable ground was designed. In consideration of the 

subjects’ unfamiliarity with the proprioceptive training 

program, they were trained with nothing on from 1st to 

4th weeks, and additionally with 2.0kg (total 4.0kg) 

dumbbell and 1.5kg (total 3.0kg) sandbag from 5th to 8th 

weeks. After the modification and supplementation of the 

proprioceptive training program used in a previous study, 

this researcher designed swing, receive, toss, core, and 

blocking actions (Figure 2) [23]. 
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Figure 1.  The design for experiment 

Table 1.  Physical characteristics of the subjects (n=30) 

Group 
Age 

(yrs) 

Height 

(cm) 

Weight 

(kg) 
BMI (kg/m2) 

Body fat 

(%) 

Career 

(yr) 

Exercise (n=16) 25.31±5.11 183.63±8.38 82.66±10.25 24.44±1.69 13.86±2.66 10.94±8.38 

Control (n=14) 24.14±4.83 185.57±6.89 79.20±7.13 22.98±1.35 11.71±4.52 8.79±7.49 

p 0.525 0.497 0.300 0.015* 0.120 0.467 

Valves Mean±SD 

BMI; B Body Mass Index 
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Warm up(10') Stretching Warm up(10') Stretching 

Main Exercise (30') BOSU ball & Gym ball 

(BOSU  ball for all movements was carried out with the convex 

part as the bottom 

For 1 to 4 weeks, the bare body was performed, and the size of the 

gym ball was chosen such that the bent leg was at a right angle of 

90 degrees when standing.) 

Main Exercise (30') BOSU ball & Gym ball 

(BOSU ball for all movements is performed with the convex part as 

the floor 

For 5-8 weeks, hold a 2.0kg dumbbell in each hand and wear a 

1.5kg sandbag on both ankles. The size of the gym ball was chosen 

so that when standing, the bent leg was at a right angle of 90 

degrees.) 

1. Swing exercise 1. Swing exercise 

1~4weeks 

1. Support one foot 

on the BOSU ball 

and the other foot on 

the gym ball by 

bending the knee 

2. Perform a 

volleyball swing 

motion with the trunk 

erect 

3. 15 reps × 3 sets 

4. Do the opposite leg 

5. Swing motion is 

performed only with 

the injection arm 

5~8weeks 1. Hold dumbbells in 

both hands and wear 

sandbags on both 

ankles 

2. One foot is 

supported on the 

BOSU ball and the 

other foot is 

supported by bending 

the knee on the gym 

ball 

3. Perform a 

volleyball swing 

motion with the trunk 

erect 

4. 15 reps × 3 sets, 

also on the opposite 

leg 

5. Swing motion is 

performed only with 

the injection arm 

    

2. Toss exercise 2. Toss exercise 

1~4weeks 

1. Step on one foot 

stably on the BOSU 

ball, and bend the 

other foot slightly 

behind the support 

foot to float it in the 

air 

2. Place a gym ball 

on your back and 

lean back, then bend 

your trunk forward 

and perform a 

volleyball toss 

motion using recoil 

3. 15 reps × 3 sets, do 

the opposite leg 

5~8weeks  1. Hold dumbbells in 

both hands and wear 

sandbags on both 

ankles 

2. Step on one foot 

stably on the BOSU 

ball, and bend the 

other foot slightly 

behind the support 

foot to float it in the 

air 

3. After placing a 

gym ball on your 

back and leaning on 

it, bend your trunk 

forward and perform 

a volleyball toss 

motion using recoil 

4. 15 reps × 3 sets, 

also on the opposite 

leg 
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3. Receive exercise 3. Receive exercise 

1~4weeks 

1. Place the gym ball 

on the front wall and 

bend your knees 

while supporting one 

foot in the center. 

The other foot is 

supported with a 

slight bend in the 

knee on a BOSU ball 

placed behind the 

gym ball 

2. Perform the 

receive motion while 

the trunk moves 

forward in the 

bending of the front 

knee. At this point, 

straighten your back 

knee 

3. 15 reps × 3 sets, do 

the opposite leg 

5~8weeks 1. Hold dumbbells in 

both hands and wear 

sandbags on both 

ankles 

2. Place the gym ball 

on the front wall and 

bend your knees 

while supporting one 

foot in the center. 

The other foot is 

supported with a 

slight bend in the 

knee on the BOSU 

ball placed behind 

the gym ball 

3. Perform the 

receive motion while 

the trunk moves 

forward in the 

bending of the front 

knee. At this point, 

straighten your back 

knee 

4. 15 reps × 3 sets, 

also on the opposite 

leg 

    

4. Core exercise 4. Core exercise 

1~4weeks 

1. Place a gym ball 

on the back wall, 

support one foot in 

the center, straighten 

your knees, and then 

lean forward and 

support both hands 

on the BOSU ball. 

The other foot is 

naturally floating in 

the air next to it 

2. Perform trunk 

exercise by pulling 

the leg lifted from the 

prone position at a 

right angle to the 

chest at 90 degrees 

3. 15 reps × 3 sets, do 

the opposite leg 

5~8weeks 1. Wear sandbags on 

both ankles 

2. Place the gym ball 

on the back wall, 

support one foot in 

the center, straighten 

your knees, and then 

lean forward and 

support both hands 

on the BOSU ball. 

The other foot is 

naturally floating in 

the air next to it 

3. Perform a trunk 

exercise by pulling 

the legs lifted from 

the prone position at 

a right angle to the 

chest at 90 degrees 

4. 15 reps × 3 sets, 

also on the opposite 

leg 
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5. Blocking exercise 5. Blocking exercise 

1~4weeks 

1. Support one foot in 

the center of the 

BOSU ball and place 

the other foot on the 

side 

2. Raise both arms 

straight up to take a 

volleyball blocking 

position 

3. Perform a volleyball 

blocking motion by 

simultaneously 

bringing the legs and 

arms spread out to the 

chest side at the same 

time and stretching 

them out at the same 

time 

4. 15 reps × 3 sets, 

also on the opposite 

leg 

5~8weeks 1. Hold dumbbells in 

both hands and wear 

sandbags on both 

ankles. Support one 

foot in the center of 

the BOSU ball and 

place the other foot on 

the side 

2. Raise both arms 

straight up to take a 

volleyball blocking 

position 

3. Perform a volleyball 

blocking motion by 

simultaneously 

bringing the legs and 

arms spread out to the 

chest side at the same 

time and stretching 

them out at the same 

time 

4. 15 reps × 3 sets, 

also on the opposite 

leg 

    

Cool-down (10') Stretching Cool-down (10') Stretching 

Figure 2.  Proprioceptive training program 

 

2.3. Measurement Method 

1) Height 

For height measurement, study participants were asked 

to wear short pants and short-sleeved shirts, step on the 

automatic height measurement system SH-9600A (sewoo 

system, Korea), stand in an erect posture, and get their 

heads, hips, and heels close to the column of the system 

naturally. 

2) Body composition 

For weight measurement, study participants were asked 

to stand in a natural erect posture, look straight ahead, and 

spread the feet out about 30° to 40°. For the measurement 

of body mass index (BMI) and body fat percentage (%), 

Inbody 770 was applied. The system is based on the bio 

electrical impedance method to measure the impedance of 

each body region (with the uses of 8-point tactile 

electrode and multi-frequency analysis). According to 

ACSM(2006) guidelines, for measurement accuracy, the 

study participants were not allowed to have a meal, 

beverages, alcohol, or caffeine, and to do hard physical 

activities two hours before measurements. 

3) Joint position sense 

For the accurate calculation of ankle and trunk joint 

position senses, the participants were asked to put on an 

eyeshade and a headset through which they were able to 

hear measurement information and white noise. In this 

way, their visual afferent information and vestibular 

system information were blocked. 

(1) Ankle joint position sense 

The active motion mode of the Humac NORM (CSMI, 

U.S.A.), the isokinetic testing equipment to measure ankle 

joint position sense accurately, was used to measure 

inversion, eversion, plantar flexion and dorsi flexion. 

(1) Measurement of inversion & eversion joint 

position senses 

The full range of motion of inversion and of eversion 

was set to 30° and 20°, respectively, and the target angle 

of inversion and of eversion was set to 15° and 10°, 

respectively. A participant’s feet were stopped for 10 

seconds at the target angle in order for perception of the 

angle. After three times of practice, in start posture, 

measurements were repeated three times according to a 

measuring person’s instruction. The error angle out of the 

target angle was recorded as a measured value. The mean 

of the measured values was adopted as a test result. 

(2) Measurement of plantar flexion & dorsi flexion 

joint position senses 

The full range of motion of plantar flexion and of dorsi 

flexion was set to 40° and 20°, respectively. The target 

angle of plantar flwxion and of dorsi flexion was set to 30° 
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and 10°, respectively. A participant’s feet were stopped 

for 10 seconds at the target angle in order for perception 

of the angle. After three times of practice, in start posture, 

measurements were repeated three times according to a 

measuring person’s instruction. The error angle out of the 

target angle was recorded as a measured value. The mean 

of the measured values was adopted as a test result. 

(3) Trunk joint position sense 

The active motion mode of the Humac NORM (CSMI, 

U.S.A.), the isokinetic testing equipment to measure trunk 

joint position sense accurately, was used for 

measurements. The range of motion of trunk. 

As for the range of motion of trunk in measurement, the 

range of motion for flexion and for extension was set to 

60° and –10°, respectively. Before testing, a participant’s 

motion was stopped for 5 seconds at the target angle 30° 

in order for the participant to perceive the target angle. 

After three times of practice, in start posture, 

measurements were repeated three times according to a 

measuring person’s instruction. The error angle out of the 

target angle was recorded as a measured value. The mean 

of the measured values was adopted as a test result. 

4) Static & dynamic balance ability 

(1) Closing the eyes and standing on one leg 

Closing the eyes and standing on one leg is a way of 

measuring static balance ability. A study participant stood 

with bare feet on the floor, putting both hands on the waist 

and taking one leg off the ground by making 90° flexion 

of pelvis and knee joint. As a measuring person started to 

give a signal of start, the study participant kept closing the 

eyes and taking the posture; if the study participant 

opened the eyes or moved the leg, a measuring person 

measured the time until the participant’s trunk was moved 

much by using a stopwatch. This measurement was 

repeated twice. A higher value was recorded. 

(2) Dynamic balance test (Y-Balance) 

For the measurement of the dynamic balance of lower 

extremities, a study participant stood on one leg, which 

became the central axis at the kit place in the center, and 

stretched out the other leg as far as possible in three 

anterior, posteromedial, and posterolateral directions. The 

stretching distance was measured. At this time, the study 

participant put both hands on the waist, and if the body 

swayed much or the leg was taken off the kit, the 

measurement came to an end. A test was conducted twice 

each for the left and the right, and a better result was 

recorded. 

In terms of normalized data, given the influence of a 

person’s height on test results, the measured results were 

normalized as follows: 

[(Anterior+Poteromedial+Posterolateral)/3*leg length]×100 = 

normalized data 

At this time, The leg length measured was from the 

anterior superior iliac spine(ASIS) to the middle of 

malleolus. 

5) Agility 

(1) Side-step 

Side-step is a method of measuring. A test participant 

stood in the center of the parallel lines drawn from the 

center to both sides at an distance of 120cm. The 

participant’s one line movement was counted as one. How 

many movements the test participant had for 20 seconds 

was measured. For injury prevention, a test participant 

had warmup exercise sufficiently. Measurements were 

made twice, and a higher value was recorded. 

(2) 20m dash 

For the measurement of instantaneous max. quick 

adaptation in volleyball court, 20m dash was applied in 

volleyball court. For injury prevention, a test participant 

had warmup exercise sufficiently. Witty sem (Italy) 

system was used to measure and record the fastest time. 

Measurements were made twice in volleyball court, and a 

better record was used. All records were measured in 

volleyball court without starting blocks. A test participant 

had a three-minute rest each time [24,25]. 

2.4. Data Analysis 

All the data obtained in this study were analyzed with 

SPSS package (ver 21.0). To examine the effects of the 

proprioceptive training program used in this study, this 

researcher divided study participants into an experimental 

(exercise) group and into a control group. Repeated 

measures ANOVA was conducted to compare the effects 

before and after the participation in the program. 

3. Results 

In the measurement of the joint position senses, with 

right ankle inversion 15°, left & right ankle dorsi flexion 

10°, and left ankle plantar flexion and trunk flexion 15°, 

interaction effects were found (p<.01, p<.05). In a 

post-hoc test, the exercise group had significant 

reductions (p<.01) in the measurements, whereas the 

control group showed no significant difference. Plantar 

flexion of the right ankle had the interaction effect (p<.01). 

In a post-hoc test, the exercise group had a significant 

reduction p<.01), while the control group showed a 

significant increase (p<.05) (Table 2). 

In the standing on one foot test to measure static and 

dynamic balance, the interaction effect was observed 

(p<.01). In a post-hoc test, the exercise group had a 

significant increase (p<.01) in the measurement, whereas 

the control had no significant difference. Right anterior, 

right posteromedial, left posteromedial, right composite 

score, and left composite score had the interaction effect 
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(p<.01, p<.05). In a post-hoc test, the exercise group had a 

significant increase (p<.01), whereas the control had no 

significant difference. Right posteromedial and left 

posteromedial showed the interaction effect (p<.01, 

p<.05). In a post-hoc test, the exercise group had a 

significant increase (p<.01), and the control group showed 

a significant rise (p<.05) (Table 3). 

The side-step test to measure agility also observed the 

interaction effect (p<.01). In a post-hoc test, the exercise 

group had a significant increase (p<.01), whereas the 

control group showed no significant difference. 20M dash 

also showed the interaction effect (p<.01). In a post-hoc 

test, the exercise group had a significant decrease (p<.01), 

whereas the control group had no significant 

difference(Table 4). 

4. Discussion 

This study analyzed the effects of an eight-week 

proprioceptive training program modified for volleyball 

motions [23]. 

Proprioception is a type of sensor in muscles, tendons, 

or ligaments. It immediately reacts to a movement, 

sending signals to the central nerve system and 

responding to the movement quickly. However, in the 

event of overuse or injury, the function of proprioception 

decreases or disappears, and deterioration of the balance 

function can lead to instability in the ankle joints[26]. 

Table 2.  Change of joint position sense 

Variability Group Pre Post Δ% 
 

F p 

ankle 

Rt. 

IV15° 

Exercise 
2.58 

±1.73 

1.88 

±1.42* 
-27.13 

a 0.029 0.867 

b 0.467 0.500 

Control 
1.91 

±1.75 

2.36 

±1.83 
23.56 

a*b 9.446 0.005* 

Rt. 

EV10° 

Exercise 
2.46 

±1.70 

1.38 

±0.91* 
-43.90 

a 0.001 0.980 

b 1.004 0.325 

Control 
1.81 

±0.92 

2.05 

±2.79 
13.26 

a*b 2.452 0.129 

Rt. 

PF30° 

Exercise 
3.21 

±1.63 

1.15 

±0.72** 
-64.17 

a 0.518 0.478 

b 10.832 0.003** 

Control 
2.14 

±1.11 

2.71 

±0.85* 
26.64 

a*b 33.862 0.001** 

Rt. 

DF10° 

Exercise 
2.85 

±1.16 

0.81 

±0.34** 
-71.58 

a 1.857 0.184 

b 19.186 0.001** 

Control 
1.36 

±0.72 

1.62 

±1.08 
19.12 

a*b 32.088 0.001** 

Lt. 

IV15° 

Exercise 
2.00 

±1.27 

1.23 

±0.38* 
-38.50 

a 0.136 0.715 

b 4.674 0.039* 

Control 
1.57 

±1.28 

1.45 

±0.45 
-7.64 

a*b 2.497 0.125 

Lt. 

EV10° 

Exercise 
2.04 

±1.03 

0.90 

±0.69** 
-55.88 

a 4.466 0.044* 

b 0.618 0.439 

Control 
2.48 

±1.41 

2.83 

±3.79 
14.11 

a*b 2.260 0.144 
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Table 2.  Continued 

 

Lt. 

PF30° 

Exercise 
2.88 

±1.25 

1.33 

±0.63** 
-53.82 

a 0.693 0.412 

b 11.480 0.002** 

Control 
2.43 

±0.90 

2.14 

±0.89 
-11.93 

a*b 5.413 0.027* 

Lt. 

DF10° 

Exercise 
2.44 

±1.25 

0.94 

±0.53** 
-61.48 

a 0.549 0.465 

b 4.086 0.053 

Control 
1.62 

±0.64 

2.07 

±1.04 
27.78 

a*b 14.151 0.001** 

trunk 

FX15° 

Exercise 
2.98 

±1.39 

1.19 

±0.66** 
-60.07 

a 0.500 0.485 

b 2.732 0.110 

Control 
2.05 

±1.35 

2.79 

±2.42 
36.10 

a*b 15.687 0.001** 

Valves are Mean±SD 

*p<.05, **p<.01, ***p<.001; paired t-test, a; group, b; time, a*b; group*time 

Δ% = [(post-pre)/pre]×100 

Rt: Right, Lt: Left 

IV: Inversion, EV: Eversion, PF: Plantar flexion, DF: Dorsi flexion, EX: Extension FX: Flexion 

Table 3.  Change of static and dynamic balance ability 

Variability Group Pre Post Δ% 
 

F p 

One Leg Standing Test 

Exercise 12.73±9.09 42.80±29.17** 236.21 

a 1.427 0.242 

b 21.269 0.001** 

Control 34.21±28.53 40.55±26.33 18.53 

a*b 9.040 0.006** 

Rt. 

Anterior 

Exercise 85.06±9.73 93.25±12.56** 9.63 

a 0.108 0.745 

b 5.492 0.026* 

Control 88.21±14.02 87.21±14.40 -1.13 

a*b 8.974 0.006** 

Rt. 

Posteriomedail 

Exercise 107.69±10.72 123.00±12.40** 14.22 

a 12.236 0.002** 

b 55.820 0.001** 

Control 99.00±11.50 104.14±10.80* 5.19 

a*b 13.797 0.001** 

Rt. 

Posteriolateral 

Exercise 105.94±12.78 118.94±13.99** 12.27 

a 5.289 0.029* 

b 30.584 0.001** 

Control 100.86±10.52 105.36±9.21 4.46 

a*b 7.215 0.012* 
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Table 3.  Continued 

Lt. 

Anterior 

Exercise 85.50±9.98 91.38±11.15** 6.88 

a 0.482 0.493 

b 4.335 0.047* 

Control 85.71±12.04 85.93±11.06 0.26 

a*b 3.747 0.063 

Lt. 

Posteriomedail 

Exercise 108.69±14.31 121.44±11.43** 11.73 

a 7.406 0.011* 

b 34.682 0.001** 

Control 101.07±10.67 106.29±11.68* 5.16 

a*b 6.103 0.020* 

Lt. 

Posteriolateral 

Exercise 105.75±8.22 116.50±11.48** 10.17 

a 10.341 0.003** 

b 8.836 0.006** 

Control 97.00±10.25 98.71±18.81 1.76 

a*b 4.644 0.040* 

Rt.Composite 

Score 

Exercise 105.16±10.18  118.05±11.64** 12.26 

a 6.779 0.015* 

b 39.726 0.001** 

Control 98.27±14.87 101.15±14.99 2.93 

a*b 15.987 0.001** 

Lt.Composite 

Score 

Exercise 106.06±9.64 116.48±10.42** 9.82 

a 8.469 0.007** 

b 30.997 0.001** 

Control 97.17±14.20 99.58±15.48 2.48 

a*b 12.082 0.002** 

Valves are Mean±SD 

*p<.05, **p<.01, ***p<.001; paired t-test, a; group, b; time, a*b; group*time 

Δ% = [(post-pre)/pre]×100 

Rt; Right, Lt; Left 

Table 4.  Change of agility and power 

Variability Group Pre Post Δ%  F p 

side step 

Exercise 50.13±3.40 55.69±2.63** 11.09 
a 6.051 0.020* 

b 27.214 0.001** 

Control 50.21±3.93 50.07±3.54 -0.28 
a*b 30.159 0.001** 

20M dash 

Exercise 3.22±0.17 2.90±0.22** -9.94 
a 0.055 0.817 

b 46.620 0.001** 

Control 3.08±0.12 3.07±0.13 -0.32 
a*b 43.013 0.001** 

Valves are Mean±SD 

*p<.05, **p<.01, ***p<.001; paired t-test, a; group, b; time, a*b; group*time 

Δ% = [(post-pre)/pre]×100 

Rt; Right, Lt; Left 
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Since ankle joints support the body in physical 

activities and body alignment, ankle joint hypoesthesia 

can cause injuries[27]. According to [26], proprioception 

deterioration can cause repeated damages to the ankle 

joints. 

This study found that compared with the control group, 

the exercise group had statistically significant reductions 

in the position senses of right ankle inversion 15°, left and 

right dorsi flexion 10°, and left and right plantar flexion 

30°. The results were consistent with the results of the 

studies by [15,28-30] which reported that proprioceptive 

exercise generated statistically significant differences in 

the ankle joint position senses. In addition, [31] reported 

that an eight-week proprioceptive training program was 

effective for ankle nerves, ligaments, and tendons by 

reducing errors in the joint position senses around the 

ankles of soccer players. The results of this study suggest 

that the proprioceptive training program improves 

volleyball players’ plantar flexion used for their jumps 

and thereby enhances their jumping ability, stabilizes soft 

tissues such as muscles, ligaments, and tendons related to 

the plantar flexion for landing, and helps prevent injuries 

and improve their athletic performance. 

The delay in response and abnormal posture patterns in 

the trunk can deteriorate the function of proprioception 

[32]. According to [33], proprioception enhancement 

training improved the overall stability of core muscles by 

reducing incorrect movement patterns and improving 

kinesthetic perception ability. Also, according to [34], 

when players exercise on the unstable ground, 

proprioception reacts first and controls the tension or 

length of muscles, or joint position for the motor control 

of each joint in the body. In this study, the exercise group 

showed a statistically significant reduction in the position 

sense error of active trunk joint flexion 30° compared 

with the control group. This is helpful for volleyball 

players’ stable and fast trunk movements when they take 

actions in response to a flying ball, such as receive, 

defense, bending the upper body and pausing, and quick 

positioning. 

Balance plays a critical role in exercise performance. It 

is one’s ability to keep body balanced [35] and the process 

of controlling one’s center of mass (COM) for the base of 

support for stationary positions or movements [36,37]. 

According to [38], proprioceptive training strengthened 

multiple muscles contributing to the stability, and 

controlled positions and exercises by maintaining balance 

and normalizing muscle tension. The studies conducted by 

[23,39] reported that static balance was improved as a 

result of the testing of one leg standing. That result is 

consistent with the result of the present study in which the 

exercise group that participated in the proprioceptive 

training program showed improved static balance ability 

compared with the control group. 

[40] conducted SEBT among thirty male sports players 

with ankle sprains and concluded that damaged ankles and 

health ankles had different ranges of reach and that 

damaged ankles had lower dynamic stability than healthy 

ones. Additionally, [41] reported that when the balance 

around the ankle joint was normal, both the static and 

dynamic stability of ankles must be maintained for the 

prevention of injuries. In this study, dynamic balance was 

measured using Y-balance. Compared with the control 

group, the exercise group showed statistically 

significantly improvement in the dynamic balance in all 

measurement positions except for anterior position of the 

left foot. The left and right composite scores were also 

significantly improved in the exercise group. This will be 

helpful for keeping stable balance when volleyball players 

receive a ball while moving with performance of receive 

or defense, or stop at the last moment of receiving a ball. 

With regard to agility, [42] reported that proprioceptive 

training improved side-step ability and the function of 

ankles and lower extremities. [43] argued that 

proprioception controlled balance for an efficient and fast 

motion change and coordination for continuous and 

accurate activities. The agility side-step test conducted in 

this study also found that the exercise group showed a 

statistically significant improvement compared with the 

control group. This will be helpful for volleyball motions 

that involve frequent instantaneous changes in direction. 

The 20M Dash measurement was performed in many 

sports to assess players’ motor ability and exercise 

conditions [44,45]. According to the study by [46], 

proprioceptive training improved quick adaptation by 

increasing coordination reacting to the neuromuscular 

system. In this study, compared with the control group, 

the exercise group had a statistically significant reduction 

in the 20M Dash measurement adjusted for the 

characteristics of volleyball. It suggests that the 

proprioceptive training program will improve volleyball 

players’ ability for quick adaptation after instantaneous 

direction change. 

It indicates that it is very important to perform the 

proprioceptive training program in order to prevent 

volleyball players’ injuries arising in training or game and 

to improve their athletic performance. 

5. Conclusions 

This study was conducted to find the influence of the 

eight-week proprioceptive training program on volleyball 

players’ ankle and trunk proprioception, and their static 

and dynamic balance and agility by dividing 30 volleyball 

players into an exercise group (n=16) and a control group 

(n=14). 

Joint position sense had statistically interaction effect 

on plantar flexion and dorsi flexion and inversion and 

trunk flexion according to a period and a group. Static 

balance ability was statistically effective at interaction 

according to a period and a group. Dynamic balance 

ability statistically interaction effect on anterior, 
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posterolateral, posteromedial and Composite Score 

according to a period and a group. Side step and 20M 

dash for the measurement of agility and power were 

statistically effective at interaction according to a period 

and a group. 

Given the result of this study, it is very meaningful that 

proprioceptive training positively affected volleyball 

players’ ankle, trunk joint position senses, static & 

dynamic balance, agility, and power. In particular, it is 

considered that the improvements in their ankle position 

senses and static & dynamic balance help to improve their 

athletic performance and prevent their injuries. 

This study was conducted with a small number of test 

participants, all of whom are male. For this reason, it is 

hard to generalize the test results to all volleyball players. 

Therefore, it will be necessary to conduct an additional 

study on short-term and long-term effects of the 

proprioceptive training program in consideration of 

gender, different age groups, a larger number of volleyball 

players, and the joints of the lower limb (e.g., knee joint, 

hip joint). 
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