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ABSTRACT 

 

Background: Table tennis is a dynamic sport and is known to be one of the fastest ball games. It has 

been proven that table tennis requires a short reaction time for success but there is a lack of evidence 

on the different types of exercises that can improve reaction time in table tennis players.  

Objective: To study the effectiveness of upper extremity proprioceptive training on reaction time in 

table tennis players. 

Methods: 34 Table tennis players, both males and females in the age group of 7-15 were included in 

the study. They were divided into two groups: Control Group (n=17) and Experimental Group (n=17) 

by lottery method. The reaction time of all the players was measured using the ruler drop test. The 

control group underwent a conventional training whereas the experimental group underwent an 

additional proprioception training along with conventional training for 6 weeks. The reaction times of 

the players were measured again at the end of 6 weeks. 

Results: When compared within the group, the reaction time did not show a significant statistical 

difference in the Control group (p>0.05) whereas the reaction time significantly decreased in the 

experimental group (p<0.05). When compared between the groups, reaction time showed a significant 

statistical difference between the Control and Experimental group (p<0.05) indicating that 

Experimental group produced a significantly shorter reaction time than the Control group at the end of 

6 weeks. 

Conclusion: This study shows that upper extremity proprioceptive training along with conventional 

training helps to improve reaction time in table tennis players. 
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INTRODUCTION 

Reaction Time (RT) is defined as 

time between the application of a stimulus 

& the body’s response to the stimulus. 

Reaction Time can be divided into 3 basic 

types: 
[1] 

1) Simple Reaction Time (1 stimulus 

 1 response) 

2) Choice Reaction Time (multiple stimuli 

    multiple responses) 

3) Recognition Reaction Time (multiple 

stimuli  only one will get response) 

In simple words, Reaction Time is a 

measure of how long it takes to initiate and 

complete an intended movement. 

Proprioception is defined as the 

body’s sense of position and motion, which 

includes body segment static position, 

displacement, velocity, acceleration, and 

muscular sense of force and effort. 

Proprioception is a subsystem of the 

somatosensory system which also includes 

touch, pain and temperature sense from the 

skin and musculoskeletal structures. 
[2] 

Proprioceptors are sensory endings that 
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derive various stimuli in response to 

mechanical deformation. These stimuli are 

converted into electrical impulses and sent 

to the brain where they are transformed into 

relative position and movement parameters. 
[3]

 The integrated sensory input from these 

proprioceptors at multiple joints creates a 

system for the purpose of accurate sensing 

and determination of limb position and 

movements in both open-chain and closed-

chain activities.  

 Sport is referred to as the ability of 

demonstrating athletic performance in a 

constant way. Sports practitioners and 

researchers are in constant search of newer 

and more efficient training methods to 

achieve success in modern sports requiring 

ever-increasing levels of peak physical and 

mental conditioning. 
[4] 

Reaction Time is one of the 

important factors that leads to success in 

sporting competitions. 
[5]

 RT can be 

influenced by various factors like gender, 

age, physical activity, physical fitness, 

training and fatigue. Based on these, it has 

been proven that RT is shorter in athletes as 

compared to non-athletes. 
[6]

 However even 

among athletes, RT is not caused by 

performance but can be improved with 

training. 
[5,7]

 

Proprioception is an important 

sensorimotor function for all mobility 

actions. 
[8-10]

 Proprioception plays an 

important role in sports and contributes 

greatly to the performance of athletes. 

Proprioception Training is defined as a 

series of exercises or situations that will 

produce a reaction by the nervous system in 

response to an external stimulus. 
[9]

 The 

noted dependency between sporting 

excellence and proprioceptive ability 

suggests that Proprioceptive training should 

be incorporated in sports training programs. 

Studies show a positive effect of 

Lower Limb proprioception training on RT 

measured by the Newtest 1000 device in 

normal non-athletic individuals. 
[11] 

However, there is a lack of evidence of 

studies on the effect of Upper Extremity 

proprioception training on RT.  

Most sports, especially racket sports 

require good RT for good performance. Due 

to lack of evidence, it is suggested that 

studies should be conducted to study the 

effect of Proprioception Training on RT in 

different sports branches and in different 

age groups. 
[11]

 

Table Tennis (TT) is a dynamic 

sport. TT being one of the fastest ball 

games, is characterised by perceptual 

uncertainty and time pressure and hence 

requires a short RT for success. 
[12] 

RT can 

be improved by exercises. 
[5,7] 

However, 

there is lack of evidence on the different 

types of exercises that can be used to 

improve the reaction time in TT players. 

Table Tennis is a sport in which success 

depends on many interconnected factors 

with motor co-ordination abilities indicated 

as the most important. 
[13] 

Studies have 

shown the significance of motor 

coordination in table tennis. 
[14,15] 

However, 

little research has been done on the 

significance of proprioception in table 

tennis where the role of features like sensing 

the ball and reacting in time are very 

important. 
[16] 

Hence the lack of evidence 

showed the need of studying the effect of 

Proprioceptive Training on reaction time in 

table tennis players. 
 

 In this study, we studied the Effects 

of Upper extremity proprioceptive training 

on reaction time in table tennis players. 

Reaction time was assessed using the ruler 

drop test. 

 

METHODOLOGY 

Objective: To study the effectiveness of 

upper extremity proprioceptive training on 

reaction time in table tennis players. 

Study Design: A pretest-posttest 

experimental group design was selected for 

testing the hypothesis.  

Study Population: 34 Novice district level 

table tennis players from Pune were studied. 

Both males and females in the age group of 

7-15 receiving at least 1 year of regular 

table tennis training were included in the 

study. Elite national level players and 

players with any previous injuries and/or 
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any other medical conditions or health 

problems were excluded from the study. 

Procedure: The participants of the study 

were divided into 2 groups - Control group 

and Experimental group by using the lottery 

method. Both the groups underwent a pre-

test where RT of the participants was 

measured using the Ruler Drop Test. 
[17,18]

 

After the pre-test, participants of both the 

groups were given conventional training and 

the participants of Experimental group were 

given additional Upper extremity 

proprioception training (Table 1) for a 

period of 6 weeks (4 days/week). After the 

Proprioception Training, RT of participants 

of both groups was measured again at the 

end of 6 weeks. 

Measurement of reaction time: In this 

study, RT was measured using the ruler 

drop test. The ruler drop test was chosen as 

the tool of assessment as it is easy to 

administer, requires minimal assistance, is 

cheap requiring only materials like a 

standard ruler, pen and paper and has a 

moderate to good reliability and validity. 
[17,18]

 
The test was explained and demonstrated to 

the participants. The ruler was held by the 

researcher between the outstretched index 

finger and thumb of the participant’s 

dominant hand so that the top of the 

participant’s thumb was level with the zero-

centimetre line on the ruler. 

The researcher instructed the participant to 

catch the ruler as soon as possible after it 

had been released.  

The researcher recorded the distance 

between the bottom of the ruler and the top 

of the participant’s thumb where the ruler 

has been caught. 

Two trials were given to each participant. 
[19] 

Three readings were taken from each 

participant and the mean was calculated as 

the RT of that participant. 

 

Reaction time was calculated using the 

formula: 

t = sqrt (2d/g) 

t = reaction time (in seconds) 

d = the distance at which the ruler was 

caught (in metres) 

g = force of acceleration of gravity (9.8m/s
2
) 

 

Exercise Protocol:  

Conventional training: Conventional 

training was given to both Control and 

Experimental groups. It included lower limb 

strengthening exercises, core strengthening 

exercises and agility training exercises.  

Proprioception training: Proprioception 

training was given only to the Experimental 

group. The following exercises were given 

as a part of upper extremity proprioceptive 

training. 
[20] 

(Table 1) 

 

Table 1: Proprioception training protocol 

 

 

 

 

 

 

 

 
 

RESULTS 

In this study 34 Table Tennis 

players, 17 in each group were studied. The 

data was analysed using the Epi info 

software with 95% confidence and the level 

of significance at p<0.05. The Reaction 

Time was compared using parametric tests, 

the unpaired and paired t-tests. The 

Reaction time within the groups (pre-test 

and post-test) was analysed using the Paired 

t-test. The pre and post-test Reaction time 

between the groups (Control Group and 

Experimental Group) was analysed using 

the unpaired t-test. 

Exercise Week 1 Week 2 Week 3 Week 4 Week 5 Week 6 

Rhythmic stabilization 30 sec hold 1 min hold 2 min hold    

Quadruped 30 sec hold 1 min hold 2 min hold    

Kneel push-up  30 sec hold 1 min hold 2 min hold   

Prone on elbows  30 sec hold 1 min hold 2 min hold   

Push up   30 sec hold 1 min hold  2 min hold  

Full push up feet elevated   30 sec hold 1 min hold 2 min hold  

Hands on wobble board    30 sec hold 1 min hold 2 min hold 

Hands on bosu ball    30 sec hold 1 min hold 2 min hold 

Elbows on gym ball     1 min hold 2 min hold 

Hands on gym ball      1 min hold 
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Table 2: Within group analysis 

 

 

 

 When the results were compared (Table 

2), RT of the Control Group did not 

show any significant statistical 

difference (p>0.05) whereas, RT of the 

Experimental Group showed a 

statistically significant difference 

(p<0.05). 

 The post-test RT of the Experimental 

Group was significantly shorter when 

compared to its pre-test values. 

(GRAPH 1) 

 

 

 

 

 

 

 

 

 

 
Table 3: Between Group analysis 

 

When the results were compared 

(Table 3), pre-test RT did not show any 

significant statistical difference between the 

Control Group and the Experimental Group 

(p>0.05). This signifies that the baseline of 

reaction time in both groups was matched. 

When the post-test results were compared, 

RT showed a statistically significant 

difference (p<0.05). Experimental Group 

reported a significantly lower reaction time 

than Control Group when compared at the 

end of 6 weeks. (GRAPH 2) 

 

 

 

 

 

 

 

 

DISCUSSION 

This study was conducted to find out 

the effectiveness of upper extremity 

proprioception training on reaction time in 

table tennis players. The control group 

underwent a conventional training whereas 

the experimental group received upper 

extremity proprioceptive training in addition 

to the conventional training.  

As per the results, the baselines were 

matched as the pre-test RT did not show any 

significant statistical (p>0.05) difference 

between the Control Group and the 

Experimental Group. According to research, 

RT is extremely important in sports in 

which the movements of the athletes are 

conditioned with the movements of the ball 

or with the actions of the opponent. In many 

fast movement sports, the success depends 

on the speed of the athlete in deciding the 

counter movements and the speed of the 

reaction. 
[21] 

Another study suggests that Table 

Tennis being one of the fastest ball games, 

is characterised by perceptual uncertainty 

and time pressure and hence requires a short 

reaction time for success. 
[12]

 

Many studies suggest that RT can be 

improved by different types of training 

methods. 
[6,12,22,23]

 

According to another study, 

proprioception plays an important role in 

sports and contributes greatly to the 

performance of athletes. 
[9]

 

The results of this study show a 

significant statistical difference between the 

pre-test and post-test RT of the experimental 

group after 6 weeks of upper extremity 

proprioception training. This is in 

accordance with many studies which proved 

that proprioception is an important 

sensorimotor function for all mobility 

actions. 
[8,10]

 Another study stated that the 

improvement in reaction time may be 

associated with the development in the 

process skills of the sensory-motor 

Group Pre-test mean+S.D. Post-test mean+S.D. p 

Control Group  0.137+0.016 0.137+0.013 p>0.05 

Experimental Group  0.138+0.017 0.125+0.017  p<0.05 

 Pre-test  

mean+S.D. 

Post-test  

mean+S.D. 

Control Group  0.137+0.016 0.137+0.013 

Experimental Group  0.138+0.017 0.125+0.017 

p (p>0.05) p<0.05 
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performance and central neural system due 

to the training. 
[24]

 

The results of the study show 

significant statistical difference between the 

post-test RT of the Control and the 

Experimental group. The results obtained 

were similar to a study which showed 

positive effects of lower limb 

proprioception training on coincidence 

anticipation timing and reaction time. 
[11]

 

This study used upper extremity 

proprioception training as an intervention 

for 6 weeks to improve the RT in table 

tennis players. The results obtained are 

similar to a study which used an alternate 

hand wall toss training for 5 weeks to 

improve RT. 
[25]

 A research done on 

biofeedback reaction time training 

supported the findings of this research by 

proving that a 5 weeks training program 

showed a positive improvement in RT. 
[26]

 

However, there is also a study that 

observed no changes in RT after a 4 weeks’ 

racket sport visual training program. The 

unsupportive result observed maybe caused 

by the shorter duration of the training. 
[27]

 

Hence, a minimum of 5 weeks of training 

seems to be required to observe a significant 

clinical improvement RT. 

In literature review, papers which 

study the effect of proprioception training 

on reaction time are very few and no 

evidences could be found that study the 

effectiveness of upper extremity 

proprioception training on reaction time. 

Therefore, this study shows that 

upper extremity proprioception training can 

help to improve the reaction time in table 

tennis players when trained for a period of 6 

weeks. 

 

CONCLUSION 

The study showed that the group 

which underwent an additional upper 

extremity proprioception training along with 

conventional training produced a shorter RT 

as compared to the group which underwent 

only conventional training. Hence, we 

conclude that upper extremity 

proprioceptive training along with 

conventional training helps to improve RT 

in table tennis players. 

This type of training is an integral 

part of the holistic approach to improve 

performance. Hence, we can encourage 

coaches and trainers that proprioception 

training can be incorporated as a significant 

part of training to improve reaction time in 

Table Tennis players.  

 

Future Scope of Research 

Future research can be attempted to 

compare the effect of Upper limb and 

Lower limb proprioception training on 

reaction time. 

Further research should be attempted to 

extend the training intervention period in 

order to determine whether this type of 

training can increase the differences found 

between the two groups.  

Research can also be done to study any 

significant variations in reaction time 

between males and females. 

In addition, further research can be done to 

investigate whether proprioceptive training 

can benefit in improving RT in other racket 

sports. 
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