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    Abstract 

Objectives: The purpose of this study was to examine the effects of swimming 

training on selected strength and respiratory function variables in pre-pubertal children.  

Methods: Thirteen trained 7- to 10-years-old swimmers who were the members of the 

same college team and who trained for at least 6 months, 3 days a week volunteered to 

participate in this study. The values of investigated variables were compared with the values 

of the untrained group, matched for age and gender. Forced vital capacity (FVC), forced 

expiratory volume in one second (FEV1), and maximum voluntary ventilation (MVV) were 

measured to determine the respiratory function. The bio-motoric properties were evaluated by 

right and left handgrip isometric strength, and vertical jumping height, determined by squat 

jump (SJ) and counter movement jump (CMJ) tests.  

Results: Mean age, height, weight and BMI values were not significant different 

between groups (p > 0.05). The respiratory function (FVC, FEV1 and MVV values) and 

handgrip-right and handgrip-left values were not significant different between groups (p > 

0.05). Additionally, SJ values were not different between groups (p > 0.05), but CMJ values 

were significantly different between groups with higher values in trained group (p = 0.012). 

Conclusion: There are studies that put forth the positive effects of exercise programs 

on the respiratory functions of individuals who have not yet completed their developments as 

well as studies that state the contrary. The findings of the current study demonstrated that 
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there was a statistically significant difference only for CMJ performance in favor of trained 

children, and not for the other investigated variables. Inadequate training experience and little 

age of the participants may explain the results. It has been determined that the respiratory 

functions are closely related to body size which increases with chronological age and training 

factors may not affect the lung capacity.    

Keywords: Respiratory function, Handgrip strength, Jumping height, Pre-pubertal children,  

 

INTRODUCTION  

Sport is useful and necessary in terms of physical, physiological and personality 

development of children in the age of growth. Participating in regular sports activities before 

and after adolescence ensures healthy circulation and respiratory system, and at the same 

time, it contributes to the mental and spiritual development (Alpay et al., 2007). Children 

regulate social relationships through sports; they improve self-confidence, competitiveness, 

motivation and control. Swimming is one of the most practiced sports in western countries, 

where sedentarism and obesity are increasing, especially in children (Font-Ribera et al., 

2011). Evidence shows that water exercises and swimming increase lung function, and 

aerobic capacity, improve cardiovascular fitness and quality of life (Weisel et al., 2009).     

Strength is important component related to daily life. Physical educators use strength 

testing to evaluate student performance. In addition, coaches use strength testing to monitor 

effectiveness of training and to select athletes for sports team. Researchers use strength testing 

to identify both the determinants and trainability of strength during childhood (Almuzaini, 

2007). Grip strength is often used in evaluating physical fitness status as an indicator of 

overall physical strength (Massey-Westrop et al., 2004; Koley et al, 2011), because, a typical 

hand dynamometer is simple, not expensive, and well established method for assessing the 
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strength (Gerodimos, 2012). It has also been shown that handgrip strength is associated with 

maximum upper and lower body strength values (Milliken et al., 2008, Cohen et al., 2010). 

Additionally, jumping tests are used to indirectly measure the strength/power property of 

lower-body and for this, the jump height is utilized. 

Within our knowledge, there is limited number of studies with conflicting results that 

examined the effects of training on strength and respiratory function development in pre-

pubertal children. However, the participation of children in organized sports program has 

increased recently. Hence, the purpose of the current study was to investigate the effects of 

swimming training on handgrip strength, jumping performance and pulmonary function in 

pre-pubertal children.  

METHODS  

Participants: Thirteen trained and thirteen untrained 7- to 10-years-old children 

volunteered to participate in this study. Thirteen trained swimmers (n = 8 male and n = 5 

female) were members of the same college team who had trained for at least 6 months, 3 days 

a week. Investigated variables of the swimmers were compared with untrained children from 

the same college (n = 8 male and n = 5 female), matched for age and gender. Lack of 

information about whether the untrained children had participated regularly in physical 

activity different from swimming is one of the limitation of the current study. None of the 

participants had medical history, leg or arm injury, cardiovascular and pulmonary diseases. At 

the beginning of the study all participants and their parents were informed about possible risks 

and benefits of the study and written consent forms were obtained from parents. The study 

was conducted in accordance with the Declaration of Helsinki, and approved by the 

Institutional Review Board (Protocol number: 19984). 
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Anthropometric measurements: Subjects’ height was measured using a stadiometer 

(Holtain, Britain) and subjects’ weight was determined by bioelectrical impedance (BIA) 

analyzer (Tanita TBF 401A, Japan). The body mass index (BMI) was calculated (Formula 1). 

BMI = Weight (kg) / Height2 (m)                   Formula 1 

Isometric handgrip strength: Each participant was given a brief demonstration and 

verbal instructions for the handgrip test using the Takei T.K.K.5101 digital handgrip 

dynamometer (Takei Scientific Instruments Co. Ltd, Tokyo, Japan). If necessary, the grip 

opening was adjusted according to the subject’s hand size. The test was conducted for both 

the dominant and non-dominant hand, in standing, with shoulder adducted and neutrally 

rotated, the wrist, and the elbow in full extension. The dynamometer was held freely without 

support, not touching the subject’s trunk (Koley et al., 2011). Three trials were allowed with 

sufficient recovery period and the highest score was recorded in kilograms (kg) as peak grip 

strength. 

Jump tests: Following a standardized warm-up of 5-7 minute of jogging and 5-7 

minute of dynamic stretching in indoor saloon, the participants rested for 5-min. All jumps 

were performed using a dedicated force platform (Sport Expert TM, MPS-501, Tümer 

Electronic LDT, Turkey). After a familiarization session each subject performed three 

maximal voluntary vertical jumps at each of two testing conditions - Squat Jump (SJ) and 

Counter Movement Jump (CMJ); and the best value of the three trials were used for further 

analyses. The SJ was performed from a starting position with the subjects’ knees flexed to 

900, hands fixed on the hips and with no allowance for preparatory counter-movement. The 

CMJ was performed from an upright standing position, with the hands fixed on the hips and 

with a counter movement; preparatory phase ended at a position corresponded to the starting 

position in SJ. More than 2 minutes was given for rest among trials.  
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Pulmonary Functions: A Spiro lab III ergo spirometer (Medical International 

Research, Italy) was used to measure pulmonary functions. The spirometric values were 

measured when the subjects were in seated position (Kürkçü & Gökhan, 2011; Alpay et al., 

2007). Wearing a nose clip, and following a maximal inspiration, subjects performed a 

maximal expiration for the determination of forced vital capacity (FVC), forced expiratory 

volume in one second (FEV1), and maximum voluntary ventilation (MVV). 

Statistical analyses: The analyses were executed using the SPSS for windows (version 

18.0). Descriptive statistics were computed for each group and all values were presented as 

mean ± standard deviation (SD). The normality of distribution of the data was assessed with 

Shapiro – Wilk test; the physical properties were compared between groups using the ”Man 

Whitney U” test, additionally, the pulmonary function (FVC, FEV1, and MVV), and 

performance values (handgrip strength, SJ, and CMJ) were compared between groups using 

the “independent student t-test”. The statistical significance was set at p < 0.05. The achieved 

power (1-β) for a sample size of 13 participants (for each group) was computed at an α level 

of 0.05 (2-tailed) using the G*Power (version 3.1.9.2), and the values were reported for 

significant findings.   

RESULTS  

The physical properties of the trained and untrained participants are presented in Table 

1. Mean age, height, weight and BMI values were not significant different between groups (p 

> 0.05). The pulmonary function values are presented in Table 2, additionally, handgrip 

strength, SJ and CMJ performance test values of the participants are presented in Table 3. The 

FVC, FEV1 and MVV values were not significant different between groups (p > 0.05). The 

results indicated that the handgrip-right (handgrip-R) and handgrip-left (handgrip-L) values 

were not significant different between groups (p > 0.05). Additionally, SJ values were not 
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different between groups (p > 0.05), but CMJ values were significantly different between 

groups with higher values in trained group (p = 0.012; 1-β = 0.95). 

 

Table 1. The physical properties of the trained and untrained participants  

Variables  Groups Mean ± SD Min value Max value 

Age (years) 
Trained 8.07 ± 1.11 7.00 10.00 

Untrained 8.07 ± 1.11 7.00 10.00 

Height (cm)  
Trained 128.11 ± 9.02 118.80 148.00 

Untrained 126.37 ± 9.44 114.00 144.00 

Weight (kg)  
Trained 25.78 ± 6.64 16.90 41.80 

Untrained 28.10 ± 10.46 19.30 54.50 

BMI (kg/m2) 
Trained 16.07 ± 2.16 13.70 21.30 

Untrained 17.10 ± 3.79 13.50 26.30 

BMI = body mass index. 

 

Table 2. The pulmonary function values of the trained and untrained participants  

Variables  Groups Mean ± SD Min value Max value 

FVC (L) 
Trained  1.81 ± 0.46 1.08 2.77 

Untrained  1.56 ± 0.46 0.81 2.48 

FEV1 (L) 
Trained  1.41 ± 0.35 0.99 2.06 

Untrained  1.22 ± 0.39 0.61 1.99 

MVV (L/m) 
Trained  51.61 ± 13.95 25.50 76.00 

Untrained  40.04 ± 21.19 18.50 100.60 

FVC = forced vital capacity; FEV1 = forced expiratory volume in one second; MVV = 

maximum voluntary ventilation. 
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Table 3. Handgrip strength, SJ and CMJ performance values of the trained and 

untrained participants  

Variables  Groups Mean ± SD Min value Max value 

Handgrip-R (kg)  
Trained  12.67 ± 2.64 8.10 16.80 

Untrained  11.43 ± 3.20 6.20 17.80 

Handgrip-L (kg) 
Trained  12.22 ± 2.61 7.40 15.40 

Untrained  10.89 ± 2.90 5.90 16.80 

SJ (cm) 
Trained  13.00 ± 2.67 9.00 17.00 

Untrained  11.15 ± 2.73 8.00 17.00 

CMJ (cm) 
Trained  15.76 ± 2.80* 11.00 19.00 

Untrained  12.69 ± 2.95 9.00 19.00 

Handgrip-R = handgrip right strength; Handgrip-L = handgrip left strength; SJ = squat 

jump; CMJ = counter movement jump. *p<0.05 significantly different from untrained group 

value.    

 

DISCUSSION 

Respiratory system functions are affected from body size, and this is closely related to 

age. For this reason, the current study was conducted on the same age group of children. The 

findings demonstrated that the respiratory function (FVC, FEV1, and MVV values) and 

handgrip-R and handgrip-L values were not significant different between groups (p > 0.05). 

Additionally, SJ values were not different between groups (p > 0.05), but CMJ values were 

significantly different between groups with higher values in trained group (p = 0.012). 

It is well known that the level of physical activity affect the lung volumes (Andersen 

et al., 1980). It has been reported that the VC, and FVC values of basketball players (mean 

age 12.6 years) were significantly higher than untrained boys at the similar age (Alpay et al., 

2007). Similarly, the FVC and FEV1 values of handball players were significantly higher than 
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the values of control group [2.62 and 2.88 vs 1.89 and 1.83, respectively] (Kürkçü & Gökhan, 

2011). İmamoğlu and Kılcıgil (2007) reported that the values of vital capacity in 10-13 years 

old football players were 1.64 (lt), 2.04 (lt), 2.30 (lt), and 2.50 (lt) respectively. Differently 

from the mentioned studies above, the VC, FVC, and FEV1 values in 11-year old football 

players were recorded as 2.03 ± 0.62, 1.99 ± 0.59, and 1.95 ± 0.55 versus 1.93 ± 0.33, 1.71 ± 

0.31, and 1.72 ± 0.34 respectively in 11-year old badminton players, and no significant 

difference was observed between groups for investigated variables  (Kürkçü et al., 2009).  

Dağlıoğlu et al. (2006) showed that the VC values of 7-13 year old children increased 

from 1.74 ± 1.13 (lt) to 2.42 ± 1.12 (lt) after participating to the swimming summer training 

program. Furthermore, it has been demonstrated that the VC, FVC, and FEV1 values 

significantly increased in 8-12 year old children after 3-month training (Kesavachandran et 

al., 2001). Eriksson et al (1978) have also noted that increased lung volume was already 

present in a group of 10 year old boys (n = 18) who had just begun swimming training.  

Additionally, one-year of intensive endurance swim training was shown to induced significant 

increase in static and dynamic lung volumes,  and in particular, an improvement of the flow-

volume relationship in pre-pubertal girl swimmers (mean age 9.8 years) in comparison with 

children who had a normal level of physical activity (Courteix et al., 1997). 

The study conducted by Andersen et al. (1980) reported the FVC and FEV1 values in 

8-year old boys as 2.10 ± 0.29, and 1.82 ± 0.25, and in 8-year old girls as 1.88 ± 0.25, and 

1.72 ± 0.23, respectively. These values are higher than the values reported in the current 

study. The physical fitness status of children involved to the mentioned study may explain 

this situation; the VO2max value was reported as 53.8 ± 3.70 (mL.min-1.kg-1) for boys and 

49.4 ± 7.08 (mL.min-1.kg-1) for girls (Andersen et al., 1980). When the Turkish population is 

considered, the VO2 max values have been recorded as 27 mL.kg-1.dk-1 in 10-11 year old girls 
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(Saygın et al., 2011; Saygın & Dükancı, 2009), and 32 – 33 mL.kg-1.dk-1 in 10-11 year old 

boys (Saygın et al., 2011; Saygın et al., 2009). The VO2 max value has been determined as 

35.12 ± 4.9 mL.kg-1.dk-1 after 12 week-movement training in the girl athletes (mean age: 10.4 

± 0.7 years) (Ölçücü et al., 2011). In another study, the VO2 max value has been observed as 

39.76 ± 8.6 mL.kg-1.dk-1 after 16 week- movement training program  in boy athletes (mean 

age: 11.1 ± 0.8 years) (Saygın et al., 2005). In the current study, since we did not measure the 

VO2 max, it is difficult to compare these findings.  

It has been suggested that respiratory muscles can increase their strength and 

endurance capacity in response to specific training (Courteix et al., 1997). Swimmers perform 

strenuous underwater exercise holding their breath for prolonged periods (Bougault et al., 

2009). Hence, respiratory muscles, including swimmer’s diaphragm, are required to develop 

higher pressure, resulting from water immersion during respiratory cycle, leading to 

functional strengthening of the muscles, as well as improvement in the chest wall elasticity, 

resulting in higher level of the lung function (Bougault et al., 2009; Lazovic-Popovic et al., 

2016).   

Regarding spirometric parameters, one possible limiting factor in our study was the 

fact that children were still in the early stages of the swimming program. Training experience 

and training frequency may explain this situation. In the current study, children were 

subjected to the swimming training for 6 months and it seems that this period was not enough 

for significant alteration in respiratory function. Longitudinal studies of subjects involved in 

land based activities (i.e. athletics, basketball, canoeing, and rowing) show lung volume to be 

unaffected by short term training (Doherty & Dimitriou, 1997). Furthermore, other studies 

were also unable to detect lung volume increases in child swimmers after six or seven months 

of training (Gibbons et al., 1972; Vaccaro et al., 1978). On the other hand, and in consistent 
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with the findings of the current study, Özgül et al. (2015) showed that the FVC and FEV1 

values did not change significantly in boys and girls athletes (mean age 12.0 ± 1.3 and 11.8 ± 

1.2 years, respectively) after 8-week swimming training program [FVC values: 1.84 ± 0.42 

vs.1.88 ± 0.41; FEV1 values: 1.74 ± 0.41 vs. 1.82 ± 0.41).  

Lazovic-Popovic et al. (2016) compared pulmonary parameters between swimmers, 

footballers and age- and sex-matched controls, and reported that the swimmers had 

significantly higher FVC and FEV1 values. Additionally, this research group investigated the 

influence of training factors (training period (years), age at the beginning of training (years), 

and weekly amount of training (hours)) on the pulmonary function indices in swimmers 

(controlled for anthropometric features) and reported that there was no influence of any of the 

training factors on the percentage of the predicted FVC and FEV1 values. On the other hand, 

it has been determined that there was a significant positive correlation between age, body 

weight, body height, and spirometric variables (Lazovic-Popovic et al., 2016). Silvestri et al. 

(2013) also have reported similar findings. As a result, the age of participants (mean age: 8 ± 

1 years) seems to be more reasonable affect and explanation for the current findings regarding 

the spirometric parameters.  

There are many important factors in the objective evaluation of strength in the 

pediatric population and the handgrip strength test is one of the most common methods of 

measuring isometric strength in children (Van Praagh & Franca, 1998). España-Romero et al. 

(2010) found high reliability of handgrip strength in both children and adolescent using the 

Takei hand dynamometer. Other studies also support this finding in both pre-pubertal and 

pubertal children (Gerodimos, 2012; Molenaar et al., 2008). 

Handgrip strength is a physiological variable that is affected by a number of factors 

including age, gender, and body size (Koley et al., 2011). In a study conducted by Şahin et al. 
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(2011) the handgrip strength of right and left hand was reported as 5.33 ± 1.29 and 5.27 ± 

2.28 in 7-year-old taekwondo athletes. Additionally, in the mentioned study the handgrip 

strength of right and left hand was reported as 8.13 ± 1.31 and 7.97 ± 2.29 in 8-year-old 

athletes. It has been observed that the handgrip strength values were significantly different 

between groups (p<0.01) (Şahin et al., 2011). Another study demonstrated that isometric 

handgrip strength in 11-to 13-year-old children was 17.0 ± 2.3 (kg) (Almuzaini, 2007). 

Kafkas et al. (2009) indicated that 11-year-old elite badminton players had significantly 

higher handgrip strength values (18.43 ± 4.16 kg) than amateur players (13.97 ± 1.05 kg). In 

contrast to this study, although, the handgrip strength values recorded in the current study are 

higher than the values recorded for 7-to 8-year-old taekwondo athletes, there was no 

significant differences between groups.  

SJ and CMJ are commonly used tests to measure athlete-jumping ability. SJ is used to 

measure the lower-body concentric strength/power, while CMJ is used to measure the lower-

body reactive strength/power (Newton et al., 2006). The SJ can be used as the most basic 

functional expression of explosive muscle strength as it requires only concentric activation. 

The CMJ requires moderate eccentric activation followed by high concentric activation, and 

therefore requires a more complex timing and graduation of the motor units. Thus the SJ can 

serve as a baseline for the potential of explosive muscle strength and CMJ may indicate 

development of this potential (Bencke et al., 2002). Almuzaini (2007) demonstrated that 

vertical jump height in 11-to 13-year-old children was 32.2 ± 4.0 (cm). Another study 

reported the jumping height values in 7 and 8 year-old athletes as 19.20 ± 3.92 and 29.40 ± 

3.94, respectively and significant difference between groups (p<0.01) (Şahin et al., 2011). 

Comparing with the mentioned study, the results of the current study are quite low. 
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Significant difference in CMJ values show that the elastic strength can be developed by 

training in children of this age group.   

CONCLUSION 

Consequently, the main finding of the current study show that the six-month 

swimming training did not affect the respiratory function in 7- to10-year-old children. One 

possible explanation for these findings may be the inadequate training experience, which have 

might result in insufficient adaptation. The other more reasonable explanation may be the 

little age of the participants. It has been reported that the respiratory function increases with 

chronological age and training factors may not affect the lung capacity. It should be pointed 

out that the mean values of spirometric variables are higher for swimmers; the small sample 

size of the groups may have affected the results, so that performing the study in larger sample 

groups is recommended. Even it is known that the jumping height increases with age, the 

results show that the swimming training can improve the elastic strength in pre-pubertal 

children.  
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