
The term laterality refers to the preference or dominance of the lateral asymmetry of the 
human body. The prevalence of left-handedness is reported to be 10–13%, but in some in-
teractive sports (e.g., fencing, racquet sports), the proportion of left-handers is higher. The 
left-handedness is considered an advantage in tennis; however, the one-sided load can cause 
muscular dysbalances leading to injuries. The research aim was to assess bilateral differences 
in handgrip strength youth male tennis players under-14 as to injury prevention (n = 232). In 
the study 12.5% were left-handed players. Handgrip strength was tested using a digital hand 
dynamometer (TKK 5401). A significant difference in grip strength in favor of the dominant 
hand was found between all players and right-handed players, only a non-significant differ-
ence was found between left-handed players. Regarding injury prevention, a difference be-
tween dominant hand and non-dominant hand force of >15% was found in 5.6% of players 
(high risk of injury) and >20% in 1.3% of players (very high risk). This predicts an increased 
risk of injury, so it is desirable to pay attention to both sides of the training load and to in-
clude compensatory or strengthening exercises.
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INTRODUCTION 

The research of human laterality has a rather long history, the notion of laterality is understood as 
a preferred use of one part of the body in comparison with the other one (left or right upper and 
lower extremity, eye, ear, etc.). From the general viewpoint, the notion of laterality relates to the 
preference or dominance as to the side asymmetry of the human body but also to the primary use of 
one brain hemisphere (e.g., Houle & Tremblay, 2020; Loffing et al., 2014). Laterality is considered 
one of the important factors for the development of talent, which is hereditary and develops from 
childhood. Assessment of bilateral asymmetries should be considered during the training process 
not only at the beginning but also as feedback on the training effect (Kubota & Demura, 2011; 
Loffing et al., 2016).

According to various authors, 10–13% left-handers can be found in the normal population 
(Loffing et al., 2014), e.g., Papadatou-Pastou et al. (2020) report in a meta-analysis of 144 studies 
that left-handedness prevalence lies between 9.3% and 18.1% (depending on criteria), with the 
best overall estimate being 10.4%, Wang et al. (2019) observed 8.6% left-handedness (US men and 
women aged 6 to 80 years). Among children and adolescents, Alqahtani et al. (2023) observed 
8.4% left-handed boys and 7.0% girls (Saudi Arabia, aged 6 to 18 years), Amo-Setién et al. (2020) 
observed 14.4% left-handed boys and 9.6% girls (Spain, aged 12 to 18 years), Rostamzadeh et al. 
(2021) reported left hand dominance in 5% of participants (Iran, aged 7 to 18 years).

In team sports, Barrenetxea-Garcia et al. (2019) identified 9.6% left-handed males in world class 
the water polo; Gualdi-Russo et al. (2019) found 5.4% left-handers among male basketball players 
from Italian leagues. Among professional volleyball players, Hadzic et al. (2014) observed 5.7% male 
left-handers. Prevalence of left-handers among adult athletes in team sports is therefore similar to 
that of the normal population. A higher prevalence was found among German youth male handball 
players: 22.6% left-handers (Baker et al., 2013) and 15.5–22.7% left-handers (Schorer et al., 2016).

As to various interactive individual sports, e.g., Loffing and Schorer (2021) showed that a higher 
numbers of left-handed boys’ junior athletes than in the general population were in foil (20.67%), 
épée (18.57%) and tennis (15.3%). In indirect interactive sports, Loffing and Hagemann (2016) 
presented the prevalence of left-handers among the top 100 male players in badminton being 12.6%, 
in table tennis 22.7%, and in tennis 13.4%. Malagoli Lanzoni et al. (2013) showed that among the 
top 100 male world players in racquet sports, 15% were left-handed in tennis, 29% in table tennis, 
14% in squash and 16% in badminton. Among Czech youth male tennis players under-10, 7% were 
identified as left-handers (Kolínský et al., 2017) and 12.4% among male players under-12 (Kolínský 
& Zháněl, 2019). Very different from the above data are the results reported by Carrasco et al. 
(2010) who found 34.2% of left-handers among Spanish young elite table tennis players.

In a number of studies, the issue of laterality is associated with handgrip strength (HGS) and the 
assessment of bilateral differences between the dominant hand (DH) and the non-dominant hand 
(NDH) in the context of injury in sport. Grip strength demonstrates good test-retest reliability, 
validity, and responsiveness (Wang et al., 2019). Bechtol (1954) formulated the rule that grip 
strength in the dominant hand is approximately 10% greater than in the non-dominant one. This 
fact (the “10% rule”) has been verified in a number of other studies, but gradually, e.g., Petersen et 
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al. (1989), Armstrong and Oldham (1999), McGrath et al. (2021) concluded that the 10% rule is 
approximately correct for right-handed subjects, but left-handed subjects can be considered to 
have almost equal strength in dominant and non-dominant hands. Similar conclusions were also 
reached by De Smet and Vercammen (2001), Hepping et al. (2015) and McQuiddy et al. (2015) 
among children and college students. Published results involving both adult populations and 
children and college students lead to the conclusion that the general validity of the 10% rule has 
not been demonstrated. In the normal population, Wang et al. (2019) found greater grip strength 
in DH in comparison with NDH among male participants at the age of 13–14. Greater strength 
of right-handers was found in male schoolchildren at the age of 13–14 in the USA, Belgium, Chile, 
Hawaii, or Lithuania (e.g., Butterfield et al., 2009; De Smet & Vercammen, 2001; Gómez-Campos 
et al., 2018; Tutkuviene & Schiefenhövel, 2013). Greater strength of DH vs NDH has also been 
shown in male schoolchildren in Spain (Amo-Setién et al., 2020), Belgium (De Smet & Vercammen, 
2001) and Netherlands (Ploegmakers et al., 2013).

In a review of HGS from many studies, Cronin et al. (2017) reported that elite and successful 
athletes in multiple team and individual sports have greater HGS compared to their sub-elite and less 
successful counterparts. Among young athletes e.g., in judo (Fukuda et al., 2018), padel (Pradas et al., 
2022), soft tennis (Kenji & Demura, 2016), tennis (Pereira et al., 2011), significant differences between 
DH and NDH were demonstrated, while in ice hockey (Toong et al., 2018), only a non-significant 
difference was found. Kenji and Demura (2016) reported a non-significant difference in grip strength 
in other sports as well (track and field, football, judo, baseball, basketball, and swimming). 

Among tennis players, coaches and researchers, the issue of connection of injuries in the context 
of bilateral differences is often discussed. In tennis, injuries to the wrist occur secondary to the 
repetitive nature of play and are seen at increasingly young ages. Isometric testing can be used 
to determine muscular strength levels, but dominant/non-dominant and agonist/antagonist 
relations are needed for meaningful interpretation of the results. Restoring greater dominant 
side wrist and forearm strength is indicated after an injury to the upper extremity in such players 
(Ellenbecker et al., 2022). Many studies point to the danger of injury as a result of lateral asymmetries 
in sports (Bishop  et al., 2018;  Clark & Clacher, 2020; Hepping  et al., 2015;  Roetert  & Kovacs, 
2018). Coren (1996) even talks about handedness as a predictor of increased risk of knee, elbow, 
or shoulder injury, fractures, and broken bones. A bilateral difference of 10–15% is considered 
significant muscle imbalance, which may result in a greater risk of injury (Ellenbecker & Davies, 
2000). A minority opinion was published by Afonso et al. (2022) who state that although bilateral 
asymmetries are often seen in sport, there is no evidence that they increase the risk of injury. Some 
authors dealing with the health aspects of limb asymmetries (Bishop et al., 2018; Clark & Clacher, 
2020; Hepping et al., 2015) state that a bilateral difference of up to 10% can be considered natural 
due to the preference of one of the limbs in everyday life (the “10% rule”). Clark and Clacher (2020) 
consider asymmetries >10% to be “clinically significant”, associated with the risk of the first 
non-contact lower limb injury. Bishop et al. (2018) and Hepping et al. (2015) consider bilateral 
differences >15% a high risk and bilateral differences >20% a very high risk in terms of potential 
injury. In tennis, injuries to the upper limbs are usually caused by repeated excessive loading of the 
speed-force nature of the movement. Frequent impairment of the musculoskeletal system caused 
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by excessive load on the joints was found in junior tennis players by Fu et al. (2018), other authors 
(Colberg et al., 2015; Pluim et al., 2016) found health problems in 47% or even 67% of junior tennis 
players. Kovacs et al. (2014) found an injury rate in 28% of elite junior tennis players, Roetert and 
Kovacs (2018) therefore state the importance of maintaining an ideal level of grip strength and 
avoiding overload. 

The purpose of the study was to evaluate handgrip strength and bilateral differences in tennis 
players under 14 years of age in the context of potential injury risk. The aim of the research was to 
identify (1) the level of somatic and strength characteristics, (2) the ratio of right-handed and left-
handed players, (3) bilateral differences in grip strength between the dominant and non-dominant 
hands.

METHOD

Participants
The participants were elite young Czech male tennis players (n = 232) eligible to compete in 
tournaments for youth male tennis players under-14 age (U14) (https://www.tenniseurope.org/
page/16456/Rules-and-Regulations). Young athletes were included in the Youth Training Centers 
of the Czech Tennis Association (CTA) - they were therefore selected as talented players. Ages of 
male athletes were between 13.0 and 14.9 years (age: 13.90 ± 0.58, body height: 170.15 ± 8.77 cm, 
body weight: 56.90 ± 9.21 kg). Players’ handedness was determined by asking which hand they use 
when playing their forehands. This hand was designated as dominant and players as right-handed 
(RH; n = 203; 87.5%) or left-handed (LH; n = 29; 12.5%).

Measurement
Research data were obtained using the TENDIAG1 test battery (Zháněl et al., 2015), namely the 
results relevant to the purpose of this study: body height and weight and handgrip strength (HGS). 
Anthropometric measurements included body height and body mass. Athletes’ body height was 
obtained with a fixed stadiometer (± 0.1 cm, Seca, Model 2131721009, Hamburg, Germany). Body 
mass to the nearest 0.1 kg was recorded with a digital balance (± 0.1 kg, Tanita BC-545N, Tanita 
Corporation, Tokyo, Japan). The HGS was tested using a digital hand dynamometer (TKK 5401 
Grip-D, Takei Scientific Instruments Co. Ltd, Tokyo, Japan). The TKK dynamometer is a digital 
tool with an adjustable grip span, ranging from 3.5 to 7 cm, the precision of the dynamometer is 
0.1 kg. The tests of HGS were performed with TKK dynamometer with the elbow in full extension. 
The players were standing during the entire test with the arm straight down at the side, with the 
shoulder slightly abducted, the elbow in full extension, the forearm in neutral position, and the wrist 
also extended. The players looked forward, with feet shoulder-width apart, and were instructed not 
to touch any part of the body with the dynamometer except the hand being measured. Each player 
performed the test twice with each hand (right and left alternatively). Participants were instructed 
to squeeze gradually and continuously for at least 2 seconds and were encouraged to do their best 
when performing the tests. If two trials for a given hand differed by more than 10%, a third trial 
was performed, with the two closest scores retained. 

https://www.tenniseurope.org/page/16456/Rules-and-Regulations
https://www.tenniseurope.org/page/16456/Rules-and-Regulations
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Statistical Analysis
The research data were analysed by descriptive methods (arithmetic mean, standard deviation, 
coefficient of variation, minimum and maximum value) and inferential statistics (t-test). The 
Shapiro Wilk test was used to test the normality of the frequency distribution of each variable. 

The evaluation of the effect size (ES) index d for bilateral differences was interpreted as small 
(d = .20), medium (d = .30) or large (d = .50) based on Cohen (1988). The data were processed using 
the licensed software IBM SPSS Statistics (version 28.0, SPSS Inc., Chicago, IL USA) and Microsoft 
Excel.

RESULTS 

Statistical analysis showed that the data came from a normal distribution (Shapiro-Wilk test). 
Among all players (n = 232), 87.5% (n = 203) were right-handed (RH) and 12.5% (n = 29) were left-
handed (LH). Baseline statistical characteristics for anthropometric (body height and weight) and 
strength variables (handgrip strength of the dominant and non-dominant hands) are shown in 
Table 1. Grip strength (HGS) of the dominant hand (DH) was higher (difference 4.41 kg) than that 
of the non-dominant hand (NDH). High variability (CV) of handgrip strength values was found for 
both hands (difference between DH and NDH only 1.73%).

Table 1. Basic statistical characteristics of the sample

Sample U14 Czech male tennis players (n = 232) 
Variables  M  SD  CV (%) min  max 
Age (y)  13.90  0.58  4.17 13.0  14.9 
Height (cm)  170.15  8.77  5.15 148.0  192.0 
Weight (kg)  56.90  9.21  16.19 33.2  83.9 
DH (kg)  34.90  7.33  21.00 18.8  58.5 

NDH (kg)  30.49  6.93  22.73 14.8  48.3 

Note. n = sample size; DH = dominant hand; NDH = non-dominant hand; M = mean; SD = standard deviation; CV = 

coefficient of variation; min = minimum; max = maximum; y = years; cm = centimeter; kg = kilogram.

Table 2 shows the results of the assessment of bilateral differences between the dominant 
and non-dominant hands obtained by calculating bilateral asymmetry index (BAI-1). Out of 232 
observed players, 13 (5.6%) had bilateral differences >15% (high risk in terms of potential injury). 
The strength difference >20% (very high risk) was found in 3 (1.3%) players. 

Table 2. The assessment of bilateral differences between the dominant and non-dominant hands

Bilateral differences   n = 232 %
RH vs LH  203 vs 29 87.5 vs 12.5
BAI-1 >15%  13 vs 0 5.60 *

BAI-1 >20%  2 vs 1 1.29 *

Note. n = sample size; RH = right-handers; LH = left-handers; BAI-1 = bilateral asymmetry index; * = from all players.
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Table 3 presents the results of the HGS comparison of the dominant (DH) and non-dominant hands 
(NDH) of right-handed (RH), left-handed (LH) and all players (AP). To verify the significance of 
differences in handgrip strength between DH and NDH, we used the t-test for independent samples 
and the effect size index d (Cohen’s d). Significant differences in handgrip strength between DH and 
NDH were demonstrated in right-handed players (RH) and all players (AP), only non-significant 
differences were found in left-handed players (LH). Assessment of differences in handgrip strength 
between the dominant and non-dominant hands using the bilateral asymmetry index (BAI-1) 
showed the highest value among RH players (7.13%), lower among all players (6.74%) and lowest 
among LH (3.98%). These summary results are therefore below the 15% threshold considered high 
risk in terms of potential injury. As Table 2 shows, only 6.89% of all players exceeded the 15% mark.

Table 3. Bilateral differences between the dominant (DH) and non-dominant hands (NDH)

HGS  M ± SD  
(kg)  diff. (d) min  

(kg) 
max  
(kg) 

BAI-1  
(%) 

Right-handed players (RH, n = 203)
DH  35.02 ± 7.34 

4.66*(.66)
18.8  58.5 

7.13 
NDH  30.36 ± 6.75  15.1  48.3 

Left-handed players (LH, n = 29)
DH  34.07 ± 7.34 

2.61 (.34)
19.8  48.3 

3.98 
NDH  31.46 ± 8.18  14.8  44.8 

All players (AP, n = 232)
DH  34.90 ± 7.33 

4.41*(.62)
18.8  58.5 

6.74 
NDH  30.49 ± 6.93  14.8  48.3 

Note. HGS = handgrip strength; DH = dominant hand; NDH = non-dominant hand; M = mean; SD = standard 

deviation; diff. = difference between DH and NDH; d = effect size index (Cohen’s d); BAI-1 = bilateral asymmetry 

index; kg = kilogram; *p < 0.05 for differences between DH and NDH.

DISCUSSION 

Table 4 lists studies examining bilateral differences in handgrip strength in a population of 
school children (boys) aged 13–14 years (Amo-Setién et al., 2020; De Smet & Vercammen, 2001; 
Ploegmakers et al., 2013; Rostamzadeh et al., 2021; Wang et al., 2019).

The values of bilateral asymmetry index (BAI-1, %) in studies of male schoolchildren in the 
category 13–14 years range between 2.9–4.0% (d = 0.18–0.40, small) and are small, thus the validity 
of the often mentioned “10% rule” has not been proven.

Despite the different destinations (ESP, BEL, IRN, NLD, USA) and numbers of participants 
(n = 41–314), consistent levels of handgrip strength were found in both the dominant (28.1–32.3 
kg, diff. = 4.2 kg) and non-dominant hands (26.4–30.5 kg, diff. = 4.1 kg). In studies that reported 
results by year (13 and 14 years), weighted arithmetic mean and standard deviation calculations 
were used for comparability with the U14 category used in sport.

The second part of the table shows the results of seven studies of under-14 male athletes in 
different sports. The representation of left-handers in our study (12.5%) corresponds to the 
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proportion of left-handers (10–13%) reported in the normal population (Loffing et al., 2014; 
Papadatou-Pastou et al., 2020).

Table 4. Handgrip strength (kg) and bilateral differences in different male participants (U14)

1st author   
(year of publish)  Participants  Age n

DH
(M ± SD)

NDH
(M ± SD)

BAI-1 
(%)

d

POPULATION
Amo-Setién (2020) Schoolchild., ESP  13–14 93 30.4 ± 6.7 28.3 ± 6.6 3.6 .32
De Smet (2001) Schoolchild., BEL  13–14 81 31.4 ± 6.8 29.2 ± 6.5 3.6 .33
Ploegmakers (2013) Schoolchild., NLD  13–14 112 31.4 ± 6.4 29.0 ± 6.4 4.0 .38
Rostamzadeh (2021) Schoolchild., IRN  13–14 221 28.1 ± 4.4 26.4 ± 4.3 3.1 .40
Wang (2019) Schoolchild., USA  13–14 314 32.3 ± 6.9 30.5 ± 5.5 2.9 .29
SPORT
Chapelle (2022) * Tennis, BEL  12.3 ± 1.6 41 28.7 ± 6.8 24.5 ± 5.7 7.9 .66
Kenji (2016) Soft Tennis, JPN  13–14 38 38.3 ± 7.3 30.8 ± 6.3 10.9 1.11
Carrasco (2010) Table tennis, ESP  12.0 ± 1.1 38 27.1 ± 5.1 22.1 ± 4.1 9.5 1.02
Pereira (2011) Tennis, BRA  U14 42 29.6 ± 7.1 18.3 ± 3.7 23.6 .63
Pradas (2022) Padel, ESP  13.8 ± 0.5 15 35.4 ± 7.3 30.5 ± 8.1 7.4 .64
Toong (2018) Ice hockey, CAN  U14 123 30.7 ± 7.6 29.6 ± 7.5 1.8 .15
ZeDi Norm (unpub.)  Tennis, DEU  U14 202 34.0 29.2 7.6 -
This study Tennis, CZE  U14 232 34.9 ± 7.3 30.5 ± 6.9 6.7 .62

Note. U14 = for studies reporting HGS values separately for ages 13 and 14, the values for U14 were calculated 

using a weighted arithmetic mean; n = sample size; Schoolchild. = schoolchildren; DH = dominant hand; NDH 

= non-dominant hand; BAI-1 = bilateral asymmetry index; M = mean; SD = standard deviation; BEL = Belgium; 

BRA = Brazil; CAN = Canada; CZE = Czechia; DEU = Germany; ESP = Spain; IRN = Iran; JPN = Japan; NLD 

= Netherlands; USA = United States of America; * = common values for the male and female participants; ZeDI 

Norm = Zentrum für Diagnostik und Intervention im Sport (Ruhr-Universität Bochum); unpub. = unpublished.  

The values of the bilateral asymmetry index in elite young Czech male tennis players under-14 
are similar to those observed by Chapelle et al. (2022) and ZeDI Norms among tennis players, 
Carrasco et al. (2010) among table tennis players, Kenji and Demura (2016) in soft tennis, and 
Pradas et al. (2022) among padel players. The BAI-1 values found by these authors range between 
6.7–10.9% (d = 0.62–1.11, medium–large) with only one case exceeding the 10% threshold (the 
majority validity of the “10% rule” has therefore not been proven). Significantly higher BAI-1 
value was published by Pereira et al. (2011) for tennis (23.6%, d = 0.63) and significantly lower 
one by Toong et al. (2018) for ice hockey (d = 0.15), which is not a unilateral sport though. In 
contrast to the consistent results of individual studies among schoolchildren, the findings of 
sports research in various destinations (BEL, BRA, CAN, CZE, DEU, ESP, JPN, NLD) and with 
different numbers of participants (n = 15–232) for both DH (M = 27.1–38.3 kg, diff. = 11.2 kg) 
and NDH (M = 18.3–30.8 kg, diff. = 12.5 kg) show significant differences among mean values, 
significantly larger than for schoolchildren. Carrasco et al. (2010) found significantly lower 
levels of handgrip strength in table tennis players, which is likely due to the much lower weight 
of the table tennis racket and balls compared to padel, soft tennis and tennis.
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CONCLUSION

The aim of the study was to assess bilateral differences in the grip strength of Czech youth male 
tennis players under-14 in the context of injury prevention. A significant difference in handgrip 
strength in favor of the dominant hand was found both among all players and among right-handed 
players, only a non-significant difference was found among left-handed players. However, the 
assessment of bilateral differences using the bilateral asymmetry index (BAI-1) showed relatively 
low values among left-handed (3.98%), right-handed players (7.13%), and all players (6.74%). When 
analyzing the individual levels of bilateral asymmetries, only a small number of players (6.9%) 
exceeded values >15%. This indicates an optimal level of bilateral hand strength differences of the 
monitored players and a low risk of injury. The level of bilateral asymmetry should be checked 
regularly, values >15% should be considered as a predictor of possible injuries in tennis.

RECOMMENDATIONS FOR PRACTICE 

Bilateral asymmetry could be a cause of an injury or muscle imbalances. Players and coaches 
should take this into account, recovery and compensatory exercises should be an important 
part of training. An exercise for eccentric external rotators strength may help with balancing the 
antagonist group strength. This crucial exercise should be incorporated into the training process 
in tennis mainly due to repetitively performed explosive concentric and eccentric contractions. 
Tennis strokes are usually characterized by the so-called stretch-shortening cycle so training 
sessions should consist of exercises of concentric and eccentric character. A larger amount of 
muscle mass in the dominant upper limb, according to Elliott (2006), also influences the overall 
posture of tennis players. The most common compensation is the elevation of the shoulder joint 
with overloading and shortening of the upper portion of the trapezius muscle. As a consequence, 
there is a reconstruction of movement patterns with premature and overly intense involvement 
of the upper scapular fixators, leading to scapular decentering. Therefore, compensatory exercises 
should be complemented with rehabilitation interventions that address these more complex 
pathokinesiological relationships.
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