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Abstract

Hand-Eye Coordination (HEC) and Hand Grip Strength (HGS) are among the most important skills in Taekwondo. 
On a technical level, HEC reflects neuromuscular coordination ability which enables quick responses, and HGS re-
flects muscle strength which indicates the strength and overall health of the athletes. Combined together, HEC and 
HGS likely allow Taekwondo athletes to perform better. The aim of this study was to identify if there is a relationship 
between HEC and HGS in elite Taekwondo athletes. 166 elite Taekwondo athletes (141 males, 25 females) voluntarily 
participated in this study and were divided into two categories: seniors (age >17 years) and juniors (age ≤17 years). 
HEC was assessed by hand-eye coordination manual dexterity test (Lafayette, IN, US) and HGS was measured using a 
hand dynamometer (Takei, Niigata, Japan). The results revealed that no significant relationship was observed between 
HEC and HGS (p>0.05) in elite Taekwondo athletes. Despite the several strength and neuromuscular adaptations ac-
quired during Taekwondo practice, HEC and HGS are not significantly correlated, and hence there is no relationship 
between HEC and HGS in elite Taekwondo athletes. The results obtained may benefit Taekwondo coaches and athletes 
in improving their training strategies. 
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Introduction
Taekwondo is a renowned Korean martial art involving the 

application of fast, powerful and complex kicks and punches 
with a great coordination (Kazemi et al., 2006). Being able to 
synchronize several extremities at the same time is one of the 
most important factors to succeed in Taekwondo. Multiple 
extremity coordination is the ability to use more than one ex-
tremity at the same time in a compatible and efficient man-
ner. Hand-Eye Coordination (HEC) and Hand Grip Strength 
(HGS) are among the most important skills in this sport. On 

a technical level, HEC reflects neuromuscular coordination 
ability enabling quick and fine responses, however, HGS re-
flects the general muscle strength which plays a particularly 
role in strong punches (Chiodo et al., 2011; Kons et al., 2020; 
Pieter & Heijmans, 2000). Having a high level of HEC and 
HGS abilities might allow Taekwondo athletes to perform 
stronger and precisely controlled movements.

Neuromuscular coordination is an ability allowing the 
combination of several movements into an effective and ef-
ficient movement pattern (Dharma et al., 2020), by refining 

Correspondence:

Haidar Djemai
Université Paris Cité, IRMES EA 7329, 45 rue des Saints-Pères, 75006 Paris, France
E-mail: haidar.djemai@gmail.com

ORIGINAL SCIENTIFIC PAPER



4 Sport Mont 22 (2024) 3

MUSCLE STRENGTH AND CONTROL IN TAEKWONDO ATHLETES | R. HAMMAD ET AL.

to the recruitment or inhibition of targeted motor units when 
visual accuracy is required (Khasawneh et al., 2009). In coor-
dinative performance specifically, good timing is needed for 
fine neuromuscular activation (Cortis et al., 2009). HEC, a 
visual-motor function that facilitates the use of the hand to-
wards a target, reflects the ability of both central and peripher-
al nervous systems (Wong et al., 2019). HEC is complex ability 
since several sensorimotor systems (e.g. visual system, vestib-
ular system, proprioception, supraspinal, spinal cord and skel-
etal muscle system, etc.) work synergistically (Crawford et al., 
2004) in order to perform different types of movement. HEC 
was found to be correlated with increasing age, suggesting that 
coordination decreases as an individual gets older (Getchell & 
Whitall, 2003).

At the same time, strength is a primary component of 
human motor skills and one of the most frequently trained 
motor abilities (Rdzanek et al., 2019). The development of 
muscle strength is promoted by a combination of several 
morphological and neural factors such as recruitment and 
synchronization of motor units (Suchomel et al., 2018). 
HGS, which involves the flexor muscles of the forearm and 
hand, is an important parameter to be assessed, since it is a 
marker of the upper-body muscular strength (Abaraogu et 
al., 2019). HGS plays a key role in injury prevention (Budoff, 
2004) and in overall strength development (Tietjen-Smith 
et al., 2006). More recent evidence indicated that the HGS 
test is considered a simple and economic test which can 
give practical information about muscles, nerves, bones, 
and joints (Wind et al., 2010). In martial arts, HGS can be 
considered as an indicator to predict a better performance 
(Iermakov et al., 2016). Additionally, HGS has been related 
to body movements in Judo where a correlation was ob-
served between HGS and balance control (Dias et al., 2011). 
When evaluating training programs, various studies have 
recommended martial arts training to enhance force and 
HEC (Kwok, 2012; Tsang et al., 2013; Wong et al., 2019). For 
instance, another study indicated that four weeks of Ving 
Tsun Chinese martial art training can improve elbow exten-
sor isometric peak force and the time to reach peak force, 
although it did not enhance HEC in middle-aged and older 
adults living in the community (Fong et al., 2016). In con-
trast, research on basketball players has shown that trained 
athletes have significantly shorter reaction times in HEC 
tasks with a decrease of 23.3% compared to an increase of 
8.1% of the control group (Tsang, 2014). However, existing 
studies have typically examined HEC and HGS separately, 
and there has been no investigation into the relationship 
between HEC and HGS in taekwondo athletes. Therefore, 
this study aims to determine if there is a correlation between 
HEC and HGS in elite Taekwondo athletes.

Materials and Methods
Participants

166 elite Taekwondo athletes (141 males, 25 females) vol-
untarily participated in this study and were divided into two 
categories: the juniors (aged ≤17 years; males: 15.48±1.12 and 
females: 15.19±1.01) and the seniors (aged >17 years; males: 
23.34±5.09 and females: 20.50±1.13). The procedures were 
approved by the Scientific Research Ethics Committee of Al-
Ahliyya Amman University (3/1-2020/2021). Prior to con-
ducting the two non-invasive tests, the purpose of the study 
was explained to the participants, and following their consent, 

the necessary instructions were given. Participants were given 
instructions, such as not consuming caffeine before the test or 
any products considered stimulating.

Measurements
HEC measurement (reflecting neuromuscular coordination)

Neuromuscular coordination was evaluated by a hand-
eye coordination manual dexterity test using Steadiness 
Tester (Lafayette Hole Type, Model 32011 Replacement 
Stylus, Model 32100; Lafayette, IN, US). This test consists 
of holding a metal-tipped stylus (with the dominant hand) 
in the middle of 9 consecutive holes becoming progressively 
smaller in diameter and stabilizing it in each hole for a pe-
riod of 10 s while trying to avoid touching the perimeter of 
the holes. In fact, as the hole diameter becomes narrower, a 
higher coordination ability is required. The errors were de-
tected by Silent Impulse Counter Model 58024C (Lafayette, 
IN, US). Each participant performed two trials using their 
dominant hand (preferred hand), the first one for stylus fa-
miliarization, and the second one for the assessment part. 
Factors affecting vision, such as lighting, were taken into ac-
count when applying the test.

HGS measurement (reflecting muscular strength)
A hand dynamometer (Takei Scientific Instruments Co., 

Ltd, Niigata, Japan) following the commonly accepted method 
was used to measure the HGS (kg). Following the recommen-
dations of the American Society of Hand Therapy (Mgbemena 
et al., 2019), the grip bar was adjusted so that the second joints 
of the fingers were bent to grip the handle of the dynamom-
eter. Concerning body position, the player stood up with 
the shoulder adducted and neutrally rotated. The elbow was 
straight, the forearm and wrist were in neutral positions, the 
arm was vertical, and the hand dynamometer was held close to 
the body. When ready, the athlete squeezed the dynamometer 
with a maximum isometric effort maintained for about 5 sec-
onds (Franchini et al., 2018) without body movement. After 
the familiarization test with their dominant hand, the athletes 
performed a test for each hand.

Statistical analyses
Quantitative results were reported as mean ± SD and sta-

tistical significance was set at p<0.05. Pearson’s correlation co-
efficient test was used for the correlations between HEC and 
HGS measurements. A two-way repeated measures ANOVA 
was used to identify HEC and HGS group differences (differ-
ences between males and females, as well as differences be-
tween juniors and seniors). All statistical analyses were per-
formed using the software R (3.6.2) (foundation for statistical 
computing, Vienna, Austria).

Results
HEC measurements

The results concerning the HEC assessment according 
to sex and age are represented in Table 1. The coordination 
performance is expressed by the number of touches record-
ed between the stylus and the hole. Poor coordination is re-
flected when the number of touches increases, and a lower 
number of touches indicates a higher coordination (the value 
0 is equivalent to absence of touches). The best coordination 
performance was obtained in the largest hole diameter (1.156 
inch) since no touches (0.00) have been recorded by any of 
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the Taekwondo athletes (Table 2). In contrast, the poorest 
coordination obtained was for the smallest hole diameter 
(0.0625 inch) with an average of 24.77 touches and a max-
imum of 100 touches recorded (Table 2). As the hole diam-
eter got narrower, the number of touches increased, hence 
an inverse relationship was observed. A significant sex effect 
was observed in holes 7 and 8. A significant age effect was 
observed in holes 7, 8 and 9.

HGS measurements
The average HGS obtained from both hands when all 

participants were considered was 32.19±7.95 kg (Table 1). 
Significant sex differences (p<0.001) were obtained suggest-
ing that HGS measurements were significantly higher for 
men (32.51±7.65 kg), compared to women (25.70±3.47 kg). 
Furthermore, significant age differences (p<0.001) were re-
vealed when comparing HGS measurements between juniors 

(29.84±6.94 kg) and seniors (37.39±6.86 kg), where seniors re-
corded a greater muscular strength (37.39±6.86 kg), compared 
to juniors (29.84±6.94 kg). 

Relationship between HEC and HGS measurements
HGS of the dominant hand. The correlation analysis be-

tween HEC and HGS from the same hand used for the HEC 
(dominant hand) revealed no statistical significance (p>0.05) 
over any of the different holes (Table 2). This result suggests 
that no correlation was found between these two abilities 
when the HGS of the dominant hand was considered.

HGS mean of the two hands. The correlation analysis be-
tween HEC (for the dominant hand) and HGS mean of the 
two hands revealed no statistical significance (p>0.05) over 
any of the different holes (Table 2). This result suggests that no 
significant correlation was found between these two abilities 
when the HGS mean of the two hands was considered.

Table 1. Hand-Eye Coordination (HEC) performance as well as Hand Grip Strength (HGS) measurements according to sex and 
age for Taekwondo athletes.

HEC and HGS
Sex Age p-value

Males (n=141) Females (n=25) Juniors (n=130) Seniors (n=36) Sex effect Age effect

HEC Performance

Hole 1 (1.156) 0.01 ± 0.08 0.00 ± 0.00 0.01 ± 0.09 0.00 ± 0.00 0.99 0.99

Hole 2 (1.125) 0.13 ± 0.76 0.00 ± 0.00 0.13 ± 0.78 0.06 ± 0.23 0.97 0.99

Hole 3 (0.500) 0.43 ± 1.36 0.00 ± 0.00 0.40 ± 1.35 0.25 ± 0.91 0.89 0.97

Hole 4 (0.312) 0.51 ± 1.27 0.44 ± 1.64 0.49 ± 1.14 0.53 ± 1.87 0.82 0.77

Hole 5 (0.187) 1.23 ± 2.87 2.12 ± 5.97 1.33 ± 3.00 1.47 ± 4.99 0.28 0.35

Hole 6 (0.109) 4.43 ± 7.50 3.12 ± 10.09 4.03 ± 6.48 4.97 ± 11.86 0.37 0.06

Hole 7 (0.093) 7.34 ± 11.26 7.44 ± 17.06 7.00 ± 10.29 8.64 ± 17.72 0.01 <0.001

Hole 8 (0.078) 13.24 ± 14.43 13.24 ± 22.96 12.81 ± 14.06 14.81 ± 21.49 <0.01 <0.001

Hole 9 (0.063) 24.87 ± 18.91 24.20 ± 25.76 23.88 ± 19.85 27.97 ± 20.52 0.48 0.02

HGS Measurements

HGS min 16.70 16.50 16.50 22.00 - -

HGS max 51.15 33.10 48.65 51.15 - -

HGS (dominant) 32.51 ± 7.65 25.70 ± 3.47 29.84 ± 6.94 37.39 ± 6.86 <0.001 <0.001

Note: Data are presented as: Hole (diameter in inch) and mean of touches ± SD. Sex effect, as well as age effects were analyzed using two-way 
repeated measures ANOVA. The value of 0 is equivalent to absence of touches.

Table 2. Correlation between Hand-Eye Coordination (HEC) performance and Hand Grip Strength (HGS) measurements for the 
Taekwondo athletes.

Touches recorded for the Coordination 
Performance

Correlation with the HGS  
(dominant hand)

Correlation with the HGS 
(average of both hands)

Hole diameter (inch) Minimum Maximum Mean ± SD r p-value r p-value

Hole 1 (1.156) 0.00 0.00 0.00 ± 0.00 0.00 0.99 0.00 0.97

Hole 2 (1.125) 0.00 8.00 0.11 ± 0.70 -0.01 0.87 0.02 0.80

Hole 3 (0.500) 0.00 11.00 0.37 ± 1.27 -0.08 0.32 -0.10 0.19

Hole 4 (0.312) 0.00 8.00 0.50 ± 1.33 -0.04 0.58 0.09 0.24

Hole 5 (0.187) 0.00 28.00 1.36 ± 3.51 -0.07 0.34 -0.10 0.19

Hole 6 (0.109) 0.00 50.00 4.23 ± 7.92 -0.11 0.15 -0.15 0.05

Hole 7 (0.093) 0.00 82.00 7.36 ± 12.24 -0.08 0.28 -0.13 0.10

Hole 8 (0.078) 0.00 99.00 13.24 ± 15.91 -0.09 0.21 -0.13 0.09

Hole 9 (0.063) 0.00 100.00 24.77 ± 20.00 0.02 0.74 0.00 0.98

Note: Data are presented as: mean of touches ± SD. Correlation between HEC and HGS were evaluated using Pearson correlation analysis. r: 
Pearson’s correlation coefficient; significance level: p-value <0.05.
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Discussion
To the best of our knowledge, this is the first study eval-

uating the relationship between HEC and HGS in elite 
Taekwondo athletes. Several recent studies have focused on 
martial arts since many important and interesting skills are 
involved. Analyzing the possible presence of a relationship 
between HEC and HGS in Taekwondo would allow us to un-
derstand whether these two important parameters are related 
or not in this sport. Even though quick responses and strong 
kicks are essential when performing Taekwondo, the results 
obtained indicated that HEC and HGS were not significantly 
correlated. Hence, there is no relationship between HEC and 
HGS in elite Taekwondo athletes.

Following the HEC performance, an inverse relationship 
was observed in all groups (higher number of touches when the 
hole diameter decreases). In fact, as the hole diameter decreases, 
a higher coordination ability is required. However, no signifi-
cant difference was highlighted between men and women nor 
between juniors and seniors. For the HGS measurements, signif-
icant age and sex differences were revealed, where men recorded 
a significantly higher HGS than women, and seniors recorded 
a significantly higher HGS than juniors. This is explained by 
the fact that men and seniors have a higher muscular strength 
than women and juniors respectively (Doherty, 2001). Since 
Taekwondo athletes have stronger punches with their dominant 
hand, the analysis of the correlation between HEC and HGS was 
first performed considering only the dominant hand. However, 
no significant correlation was obtained, the correlation analysis 
considering both hands was carried out (average of the obtained 
HGS), knowing both arms are used in Taekwondo. Even though 
both HEC and HGS are used in Taekwondo while performing/
playing, the correlation analysis results revealed that HEC and 
HGS (for the dominant hand and for the two hands averaged) 
were not significantly related in elite Taekwondo athletes. 

Some studies evaluated the relationship between HEC 
and HGS in several sports, or relationships involving HEC 
particularly. In concordance to our results, similar findings 
were observed in some studies. It was recently reported that 
although a significant correlation was observed between HEC 
and performance, no correlation was observed between HGS 
and HEC in adolescent tennis players (Pipal et al., 2017). Since 
tennis athletes use both HEC and HGS for precision and shots 
respectively while performing, this result is similar to our 
results. Additionally, badminton athletes had no better HEC 
than non-badminton athletes even though their performance 
levels were higher (Wong et al., 2019). However, in baseball, a 
relationship was observed between the hand-eye visual-motor 
reaction time and batting performance (Laby et al., 2018).

When evaluating a different coordination in Taekwondo 
which is the inter-joint coordination of the roundhouse kick, 
it was demonstrated that this coordination was advantageous 
in producing both fast kicking velocity and quick kicking time 
(Kim et al., 2011), and hence was related to those two parame-
ters. It would then be interesting to evaluate different types of 

coordination in Taekwondo and hence evaluate which coordi-
nations are the most related to HGS, which would be useful and 
beneficial to build specific training strategies. When comparing 
several skills in martial sports, it was observed that Karate ath-
letes have a better HEC and Taekwondo athletes have a faster 
perceptual processing, stating that perceptual and motor per-
formance differs between martial sports athletes according to 
the specific demands of the discipline (Chen et al., 2017). 

The coordination is usually practiced in any type of 
sports. Since both HEC and HGS are important to perform 
in Taekwondo specifically, the study wanted to see if there is a 
relationship between these two parameters. The lack of a rela-
tionship between HEC and HGS obtained in elite Taekwondo 
athletes might be due to several reasons. One of the reasons 
might be that these skills do not necessarily involve a high pre-
cision and accuracy like the HEC test. Another reason might be 
the fatigue of the central nervous system during performance 
which could lead to a gradual loss of concentration (Enoka & 
Duchateau, 2016). In addition, peripheral fatigue induced by 
the large amount of sweat lost and thus the loss of metabolites 
(vitamins and minerals), could also explain the lack of this 
relationship in Taekwondo athletes (Lv, 2015). Furthermore, 
Taekwondo primarily relies on lower body movements rather 
than upper body movements, making HGS potentially less rep-
resentative of the strength required for optimal performance in 
Taekwondo. Our study offers novel insights into the interaction 
between HES and HGS within Taekwondo, providing a com-
prehensive analysis by comparing different demographics (age, 
sex) and considering both dominant and non-dominant hands. 
This contributes valuable data to the broader understanding of 
physical attributes in martial arts. Despite including a large 
number of Taekwondo athletes, the groups were not homoge-
neous regarding sex (141 men and 25 women), possibly due to 
cultural and social factors prevalent in Arab countries (Sharara 
et al., 2018). Future research could explore the correlation be-
tween neuromuscular coordination and muscle strength of 
lower body parts, potentially revealing significant relationships 
relevant to Taekwondo performance. The findings of this study 
suggest that training programs for elite Taekwondo athletes 
might benefit from focusing separately on enhancing hand-eye 
coordination and hand grip strength, as no significant relation-
ship between these parameters was found.

Conclusion
The main objective of this study was to identify if there 

is a relationship between HGS and HEC in elite Taekwondo 
athletes. Even though quick responses and strong kicks are 
essential when performing in Taekwondo, and despite the sev-
eral strength and neuromuscular adaptations acquired during 
practice, HEC and HGS were not significantly correlated. 
Hence, there is no relationship between HEC and HGS in elite 
Taekwondo athletes. The results obtained should be taken into 
consideration by Taekwondo coaches and athletes when devel-
oping training strategies.
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