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 abstract 
 Background:  ‪The aim of this study was to compare the lower limb muscle strength in terms of gender and limb 

dominancy in prepubescent swimmers.

 Material and methods:  ‪Seventy-four prepubescent swimmers (mean age: 11.01±1.58 years; 42 boys; 32 girls) who were 
training for at least 8 hours a week and without current lower limb pain participated in the study. 
Isometric muscle strength of lower limb was measured by hand-held dynamometry. Independent 
samples-t test was used to determine the difference between genders, while paired samples-t test was 
used for dominant-nondominant side comparison. The significance level was accepted as p<0.05

 Results:  ‪Knee flexion (p<0.001), extension (p<0.001) and ankle dorsiflexion (p=0.003) muscle strength were 
stronger on the dominant side than on the non-dominant side. Knee flexion/extension strength ratio 
was similar (p=0.957); while ankle plantar flexion/dorsiflexion strength ratio was significantly different 
(p=0.011). Boys swimmers had stronger isometric muscle strength in the dominant side together with 
knee flexion (p=0.018) and knee flexion extension strength ratio (p=0.007) than girls swimmers.

 Conclusions:  ‪Boys swimmers had higher dominant side knee flexion muscle strength compared to female peers. 
Gender and lower limb dominancy might be important for lower limb muscle strength to show varieties 
in prepubescent swimmers before planning a training program

 Key words:  ‪lower limb, knee, ankle, muscle strength, swimming. 
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introduction 
Swimming is a competitive sport that is in high demand among young people and aims to 
complete a certain distance in the shortest time possible [1]. In this sport, where water provides 
significantly more resistance to athletes’ movements, swimmers are constantly asked to generate 
propulsion [2]. In addition to the upper limb movements, lower limb movements also play an 
important role in swimming. A high lower limb muscle strength is required to achieve good 
performance. In particular, in swimming, suffcient and  alanced lower and upper eetremity  
muscle strength is needed to push the body in the water and to move rapidly [3].

Asymmetries in the lower lim s are determined  y strength deficits  etween the two lim s 
[4]. Asymmetries in the lower limbs have been the subject of recent studies concerning many 
different contact and non-contact sports. Strength asymmetries  etween the dominant and 
nondominant lim s or  etween agonist-antagonist muscle groups (reciprocal strength ratio 
im alances) have  een reported in sports with asymmetric kinetic patterns like soccer [5], 
 asket all [6], and volley all [7] as well as in sports with symmetric motor patterns like 
running and cycling [8]. However, it is noteworthy that there are no studies eeamining 
lower limb muscle strength asymmetry in prepubescent swimmers in the literature.

Few studies have eeamined lower lim  muscle strength  etween girls and  oys in 
prepu escence. These studies reported that there were no significant gender differences 
in peak torque of the knee fleeor and eetensor in untrained volunteers [9, 10]. In addition, 
lower limb muscle strength has been reported to be similar in untrained boys and girls aged 
10 to 12 years [11]. Mameletzi et al. [12], who eeamined gender differences in isokinetic 
strength of knee muscles in 10–12-year-old swimmers, found no significant differences 
 etween  oys and girls in the knee muscle strength. Contrary to these studies, a more 
recent study has reported that lower eetremity asymmetries are more common in female 
athletes than in male athletes, especially in the pubescent period [13]. 

According to these studies in the literature, the results regarding strength asymmetries 
 etween the dominant and nondominant lim s  y gender are uncertain due to conflicting 
findings, and the gender effect on lower lim  strength  etween the dominant and 
nondominant sides is not well documented. Moreover, to our knowledge, lower eetremity 
muscle strength has not  een studied suffciently in athletic populations who have  een  
trained in activities requiring specific skills, such as swimming, according to gender and 
dominance. Since it has  een reported that adolescents at this age are more likely to  e injured 
due to changes in their  odies [14, 15], it may  e important to eeamine the lower eetremity 
muscle strength in terms of the dominance of limbs and determine whether there is a gender 
difference in prepu escent swimmers. We hypothesized that there would  e varieties in lower 
limb muscle strength according to gender and limb dominancy in prepubescent swimmers.

material and methods 
ParticiPants 
In this cross-sectional study in which lower lim  muscle strength was eeamined in 
prepubescent swimmers, 32 girls and 42 boys practicing swimming were evaluated. 
Before the evaluations, an informative meeting was held for coaches, swimmers and 
their parents. All swimmers were directed to work  y the team coaches of the ANKA 
sports swimming clu . Before the evaluations, all participants filled out a questionnaire 
containing demographic information (hand dominance, swimming eeperience, etc.) (Ta le 
1). Informed consent was obtained from all swimmers and their parents before collecting 
data. Measurements were made at the Beytepe Olympic Swimming Pool. This study was 
approved in advance  y Hacettepe University Non-Interventional Clinical Research Ethics 
Committee with the decision num er GO20/858. 
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This study involved volunteer swimmers who trained at least 8 hours a week, who did not 
miss training for more than 2 months in any period. The swimmers who had a history of 
lower lim  injury and felt pain during the evaluation were eecluded from the study. The 
dominant lim  was assessed via asking foot preference for activities such as kicking a  all.

Ta le 1. Physical characteristics of the swimmers

Boys (n=42) Girls (n=32) p*
Age (years) 10.93±1.61 11.12±1.55 0.615
Body height (cm) 146.38±11.07 150.09±11.42 0.163
Sitting height (cm) 76.20±5.56 77.72±6.66 0.360
Lower leg length (cm) 68.53±6.74 71.54±6.41 0.114
Weight (kg) 38.14±8.30 39.84±9.69 0.419
Body Mass Index (kg/m2) 17.63±2.27 17.40±1.96 0.633
Swimming experience (years) 4.37±1.99 4.7±1.95 0.334

Note.*p>0.05.

measurements 
A MicroFet 2 hand-held dynamometer (Model-01165, Lafayette Instrument Company, 
Lafayette IN, USA) device, which is valid and relia le for swimmers, was used for isome-
tric muscle strength measurement [16]. The advantages of this device are that it is sim-
ple to use, easy to carry, and its measurements are not time-consuming, and low cost.

Muscle strength measurement was made  efore the morning swimming training session and 
was evaluated using a standard  reak-test method. Each swimmer involved in the study was 
informed about the measurement of muscle strength before starting the assessment. In order 
to ensure correct movement, the swimmers were asked to perform a su maeimal contraction 
against the evaluator's hand  efore the test [17]. Measurements were made according to 
the " reak test" technique. In this protocol, the clinician pushes the dynamometer until 
motion is released in the joint so that he can  eat the maeimum muscle strength [18]. 

Swimmers were positioned prone for knee fleeion (FL), ankle plantar (PLF) and dorsi 
fleeion (DFL) muscle strength measurement. For the knee fleeion measurement, the lim  
on the measured side was positioned at 90 degrees fleeion. The swimmers were asked 
to apply the maeimum force in the opposite direction to the resistance of the researcher 
who made the measurement (Figure 1a- ). 

Fig. 1. Knee flexion and extension
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For the measurement of ankle plantar and dorsifleeion muscle strength, the swimmers' feet 
were positioned from the ankle to hang from the end of the measuring ta le. Measurements 
were made  y asking the swimmers to keep the ankle in a neutral position (Figure 2a- ).

Fig. 2. Ankle dorsiflexion and plantar flexion

For the measurement of knee eetension (EX) muscle strength, the individuals were 
seated with their legs hanging from the knee at 90° fleeion, feet free, arms crossed on 
the chest and not supported. During the knee eetension muscle strength measurement, 
after swimmers completed the maeimum knee eetension, the leg was sta ilized with one 
hand of the clinician. In all muscle strength measurements, the swimmers were asked to 
maintain their maeimum isometric contraction for 5 seconds after the relevant movement 
was completed. The average of 3 consecutive maeimum contraction measurement values 
performed at 30-second intervals was taken and recorded in kilograms. The average 
maeimum contraction strength was standardized  ased on  ody weight to compare lower 
lim  muscle strength. FL: EX and PFL: DFL ratios were calculated for each swimmer from 
the standardized values and were reported.

IBM SPSS 20.0 package program was used for data analysis. Whether varia les show 
normal distri ution was determined  y visual (histogram and pro a ility graphs) and 
analytical methods (Kolmogorov-Smirnov / Shapiro-Wilk tests). Descriptive analysis was 
shown with the mean and standard deviation for numerical variables.

Since the variables showed normal distribution, in the comparison of muscle strength 
according to gender, the t-test was used in independent samples. In the dominant and 
non-dominant side comparisons, the dependent sample t-test was used  ecause the data 
were distri uted normally. Type-1 error level was used as 5% for statistical significance.

results 
Physical characteristics of the swimmers participating in the study were similar (p>0.05) 
(Ta le 1). A comparison of the knee fleeion, eetension, ankle dorsifleeion, plantar fleeion 
muscle strength of the dominant and non-dominant sides of swimmers is shown in Ta le 
2. While there was a statistically significant difference  etween swimmers' dominant and 
non-dominant side knee fleeion, eetension, ankle dorsifleeion muscle strength values 
(p<0.05); there was no difference in ankle plantar fleeion muscle strength values (p>0.05). 
While there was no statistically significant difference in the dominant and non-dominant 
side knee fleeion eetension ratio (p>0.05), there was a significant difference in the ankle 
plantar fleeion dorsifleeion strength ratio (p<0.05).
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Ta le 2. Comparison of muscle strength and ratios of the dominant and non-dominant side

n=74 Dominant  
X±SD

Non-Dominant 
X±SD Deficit (%) t p 

Knee (kg)
- FL 21.50±4.62 19.48±4.05 8.73±12.07 6.809 <0.001*
- EX 20.21±4.57 18.38±4.57 8.52±13.50 5.868 <0.001*
FL:EX 1.09±0.26 1.09±0.24 -1.25±15.81 -0.054 0.957
Ankle (kg)
- PFL 26.94±5.61 26.92±6.52 -0.35±15.04 0.031 0.975
- DFL 27.22±4.90 25.93±5.39 4.48±12.65 3.123 0.003*
PFL:DFL 0.99±0.15 1.05±0.21 -6.69±20.17 -2.615 0.011*

Note.*p<0.05 Paired Sample t-test; SD: Standard Deviation; FL: Flexion; EX: Extension; PFL: Plantar flexion; DFL: 
Dorsi flexion.

A comparison of swimmers' knee fleeion, eetension, ankle dorsifleeion and plantar fleeion 
muscle strength  y gender is shown in Ta le 3. While there was a statistically significant 
difference  etween  oys and girls in favor of  oys in the dominant side knee fleeion mu-
scle strength (p=0.018) and knee FL:ER (p=0.007), there was no statistically significant 
difference  etween  oys and girls swimmers in the knee eetension, ankle dorsifleeion, 
plantar fleeion muscle strength, and PFL:DFL (p>0.05).

Ta le 3. Comparison of muscle strength and ratios according to gender

n=74
Dominant X±SD Non-Dominant  X±SD

Girls (n=32) Boys (n=42) p Girls (n=32) Boys (n=42) p
FL (kg) 20.15±2.97 22.53±5.36 0.018* 18.74±3.17 20.04±4.57 0.154
EX (kg) 20.42±4.28 20.04±4.82 0.720 18.82±4.76 18.04±4.45 0.473
FL/EX 1.00±0.15 1.16±0.31 0.007* 1.03±0.21 1.14±0.26 0.051

PF (kg) 27.09±6.48 26.82±4.90 0.845 26.58±6.42 27.19±6.67 0.697
DF (kg) 27.23±5.07 27.21±4.82 0.985 25.61±5.98 26.19±4.94 0.660
PFL/DFL 1.00±0.19 0.99±0.12 0.758 1.06±0.22 1.05±0.21 0.856

discussion 
The results of this study demonstrated that boy and girl prepubescent swimmers are si-
milar in lower lim  muscle strength eecept knee fleeion strength and FL:EX in favor of 
 oy swimmers. In addition, knee fleeion, eetension, ankle dorsifleeion muscle strength 
and PFL:DFL were higher in the dominant side in prepu escent swimmers although the 
knee FL:EX and plantar fleeion muscle strength were similar in  oth sides. 

The muscular strength im alance  etween the dominant and non-dominant side is usually 
known as a factor that may affect performance and increase the risk of injury [19, 20]. 
Although there is no definite consensus on the magnitude of the percentage of dominant 
and non-dominant side strength deficits, it was stated in a study with soccer players that 
this rate  eing more than 10% may pose a risk of injury [4, 21]. Dalamitros et al. [22] 
studied 11  oy adolescent swimmers (age: 14.82±0.45 years)  efore and after a regular 
com ined swimming period. In the comparison of the dominant non-dominant side of the 
muscle strength values  efore treatment, the authors found a 2.58% deficit in fleeion 
muscle strength and 2.89% in eetension muscle strength. In our study, muscle strength 
deficit was found  etween the dominant and non-dominant sides in knee fleeion strength 
 y 8.73% and in knee eetension strength  y 8.52%. The reason for the high asymmetry 
percentage is that swimmers in our study have low swimming eeperience and, therefore, 
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adequate muscle adaptation may not have developed yet. Accordingly, the strength deficit 
 etween the dominant and non-dominant side presented in the current study can  e defined 
as normal. Future studies should focus on these factors as the presence of asymmetry 
can result from a wide variety of factors such as overtraining, technique, developmental 
factors, laterality and effect of the injury [23]. 

Gender differences seem to  e eeplained  y the differences in the amount of training in 
many top-level athletes such as skiers, swimmers, runners, soccer players [24]. Buśko 
et al. [25], who eeamines the differences in knee fleeion and eetension muscle strength 
according to gender, found a difference in favor of men in  oth fleeion and eetension 
muscle strength. They stated that this difference in muscle strength was caused  y the 
fact that boys have more muscle mass. By contrast, in our study, girls and boys swimmers 
showed similarities in lower lim  muscle strength, eecept for the dominant side knee 
fleeion muscle strength and fleeion eetension strength ratio. The reason for this may  e 
that the swimmers in our study continue their development due to their pre-adolescence 
period. While the swimmers’ average age in the study  y Buśko et al. was 21.9±3.2, the 
average age of the swimmers in our study was 11.01±1.58. 

Mameletzi et al. [12], who eeamined see differences in isokinetic strength of knee muscles 
in 10–12-year-old swimmers, found no significant differences  etween  oys and girls for 
the eetension, fleeion strength, and fleeion-eetension strength ratio. By contrast, in our 
study, there was a difference in favor of  oys in knee fleeion, eetension muscle strength, 
and fleeion-eetension strength ratio. The reason for this difference in knee fleeion in favor 
of  oys swimmers might  e due to the fact that  oys have more type 2 muscle fi ers [26]. 
In the analysis  y gender, knee eetension ankle plantar and dorsifleeion muscle strength 
were surprisingly similar. This may be because the boys and girls swimmers evaluated in 
the study did not complete the maturation period (Tanner stage 1-2). Since the swimmers 
evaluated in the study are in the pre-adolescent period, muscle development and growth 
continue. Adequate and balanced muscle development is important with maturation. 

limitation  
The most important limitation of our study is that due to the low average age of the 
swimmers evaluated in the study, their maturation stages were not completed. This may 
have an impact on the results of muscle strength assessment by gender. Since these data 
reflect this age group, long-term follow-up studies are needed to demonstrate the muscle 
strength change in boys and girls swimmers due to growth with a hormonal change. 
Another limitation is that swimmers do not have pre-season data. When the literature 
is eeamined, studies with swimmers generally include follow-up studies. In our study, 
it would  e  etter to have evaluation data for pre-season muscle strength in order to 
interpret the changes that occurred during the swimming season.

conclusion 
In conclusion, we compared the lower limb muscle strength in terms of gender and limb 
dominance in prepu escent swimmers. We found that while  oy and girl prepu escent 
swimmers share similarities in knee eetension, ankle plantar, dorsifleeion muscle strength 
and plantar fleeion dorsifleeion strength ratio,  oy and girl prepu escent swimmers show 
differences in knee fleeion strength and F/E ratio in favor of  oy swimmers. In addition, 
we found that lower limb muscle strength was asymmetrical between dominant and 
nondominant sides in prepu escent swimmers. Our findings concerning lower eetremity 
muscle strength according to gender and limb dominance may be helpful in planning  
a training program of prepubescent swimmers. However, since the measured parameters 
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of prepu escent swimmers will change very quickly with advancing age and will  e 
completely different, our findings should  e interpreted carefully and not generalized to 
other young athletes of different ages who are interested in various sports.
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