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Abstract 
Artistic gymnastics requires the performance of a variety of technical elements on different 

apparatuses where gymnasts have to overcome their body mass. Maintaining optimal health and a good 
level of physical fitness is crucial in order to successfully perform the routines. The aim of this study was to 
assess health and physical fitness related biomarkers in young gymnasts, whilst estimating the benefits of 
regular gymnastics practice at primary school ages. The study included 90 children, 49 of whom (mean age 
9.5 years) were practising artistic gymnastics for at least 2 years with an average of 6 hours per week, and a 
control group of 41 children (mean age 8.9 years). The participants completed the Alpha-Fit physical fitness 
test battery (BMI, %Fat, handgrip strength, standing long jump, 4x10m shuttle run test and 20m multistage 
fitness test). Percentile scores were calculated for the results of each test. The height, body mass, BMI, and 
%Fat of the male and female gymnasts were significantly lower than those of the control groups (p<0.001, 
with very large effect size d>1.20). All gymnasts had their body fat within the norms. The results from the 
standing long jump test, 4x10m shuttle run test, as well as the 20m shuttle run test, were significantly greater 
in favour of the gymnasts in comparison to the control groups for both genders (p<0.001, d>1.20). These 
findings show that practising artistic gymnastics has a positive impact on the health-related biomarkers of 
children’s physical fitness, and it contributes to sustaining a normal health status. 
Keywords: Alpha-fit, BMI, children, gymnasts, health. 

1. Introduction 
Nowadays, millions of children are involved in gymnastics all over the world, and that requires 

detailed understanding of the health-related benefits in both genders, and particularly at a young age. 
Unlike other sports, artistic gymnastics requires the performance of a variety of technical elements on 
different apparatuses where gymnasts have to overcome their body weight and mostly multiply it several 
times when tumbling and dismounting [22]. Maintaining optimal health and a good level of physical fitness 
is crucial in order to successfully perform the routines. Assessing the gymnast’s physical fitness level, as well 
as identifying the exact components which need to be developed are both important goals in the coaching 
practise. Measuring and tracking the biomarkers related to physical fitness can provide information on the 
impact of the sport on each gymnast’s health [10]. 

The health-related physical fitness has been described in the literature as a multidimensional 
structure, which includes body composition, musculoskeletal fitness, motor fitness, and cardiorespiratory 
fitness [2, 3, 51, 52]. It has also been shown in both, cross-sectional and longitudinal studies in Europe, that 
the health-related physical fitness is a major factor in children’s health [50, 52]. The modern field-based test 
batteries are created on the basis of assessing the biomarkers related to physical fitness and health, and there 
are more than fifteen physical fitness test batteries for children and adolescents applied around the world 
[11, 26]. One of the most used fitness test batteries applied in longitudinal and cross-sectional studies on 
health biomarkers in relation to physical fitness in children, is the Alpha-fit test battery, which has been 
shown to be valid, reliable and safe [13, 15, 52, 55]. 

Gymnastics is one of the sports activities which can be practised from a very young age, and children 
involved in gymnastics are introduced to foundational elements, such as jumping, hanging, rotating, 
crawling, and rolling [47]. Further understanding of the health-related benefits on both genders in primary 
school children can benefit not only the coaches involved in gymnastics, but also the physical education 
teachers, parents and gymnasts as well. Therefore, the aim of this study was to assess health-related 
biomarkers of physical fitness at primary school age whilst estimating the benefits of regular gymnastics 
practice at young ages. 
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2. Methods 
2.1. Participants 

The study included 49 primary school children (19 boys and 30 girls) who were practising artistic 
gymnastics with a minimum of 2 years and an average of 4 hours per week, and a control group consisted of 
41 children (18 boys and 23 girls). All participants were from the United Kingdom. The gymnasts were from 
five gymnastics clubs in three different areas (London, Bexhill-On-Sea, and Basingstoke) all registered with 
British Gymnastics Federation. The control group was from primary school children in London who were 
not seriously engaged (not more than one session per week) in any sports, apart from their Physical 
Education lessons. 

An informed consent form was obtained from the parents/guardians of all participants prior to this 
study. 

2.2. Health-related physical fitness assessment 
All participants completed the Alpha-Fit test battery [2], which includes different anthropometric 

measurements, such as height, weight, BMI, waist circumference, skinfolds (%Fat), and field-based fitness 
tests (handgrip strength test, standing long jump, 4x10 m shuttle run test, and the 20 m shuttle run test), 
which are all related to the children’s health. The anthropometric measurements were taken twice, and the 
mean was used in the analyses, as described in the test manual of the Alpha-fit battery. The handgrip 
strength test, standing long jump test and 4x10 m shuttle run test were performed twice, and the better score 
was used in the analyses, whilst the 20 m shuttle run test was performed once [2]. 

2.2.1. Body composition 
Height was measured by using the Leicester Height Measure to the nearest 1 mm. This height 

measure has become the standard in practice, and has been used extensively and over a period of time in the 
National Child Measurement Programme in England [19]. Body weight and body fat percent (%Fat) were 
registered by using Tanita BF-689 Children’s Body Fat Monitor, within an accuracy of 50 g. This scale applies 
the bioelectrical impedance method to assess body composition and has a specialised application for 
anthropometric measurements of children between the ages of 5 and 18. In addition, two skinfolds (triceps 
and subscapular) were measured to an accuracy of 1 mm by using the Lange Skinfold Caliper, produced by 
Beta Technology Inc, Cambridge. The sum of the skinfolds was used to obtain %Fat by applying Slaughter’s 
equations [20, 57], which are recommended for children, as this method is both simple and accurate [2, 9, 35]. 
Furthermore, recent international norms for Caucasian children [41] were applied to calculate percentiles 
scores (PRs) of %Fat for each participant, and the following cut-offs were used: %Fat > 85th PRs is classified 
as ‘overweight’; %Fat > 95th PRs is ‘obese’; and %Fat < 2nd PRs is ‘underfat’ [41]. 

The body mass index (BMI) was calculated as: body mass/height2 (kg/m2). The WHO AnthroPlus 
specialised software, produced by the World Health Organisation [62], was applied in order to calculate the 
percentile scores of height, weight and BMI of the children. The following classification of the BMI percentile 
scores was used: BMI > 85th PRs is classified as ‘overweight’; BMI > 97th PRs is ‘obese’; BMI < 15th PRs is 
‘thinness’; and BMI < 3rd PRs is ‘severe thinness’ [60]. 

Waist and arm circumferences were measured with the Lufkin W606PM tape measure to the nearest 
0.1 cm. Waist-to-height ratio (WHtR = waist circumference/height) was calculated, and the recommended 
cut-off of 0.500 was applied to assess increased health risk in children [4, 40]. The upper arm muscle area 
(UAMA) was calculated in accordance with two parameters (arm circumference in cm and triceps skinfold 
in cm) by applying the following formula [1]: 

UAMA (cm2) = (Arm circumference – π x triceps skinfold)2 / 4π 
Furthermore, the percentile scores for the UAMA were also calculated for each participant by using 

the recent norms for children [1]. In addition, the relative UAMA (cm2/kg) was obtained by dividing the 
UAMA (cm2) by body mass (kg). 
Lean body mass (kg) was calculated by subtracting the body fat (kg) from the body weight. 

2.2.2. Musculoskeletal fitness 
Handgrip strength was measured for both hands by using the TKK digital hand dynamometer (TKK 

5101 Grip-D, Takey, Tokyo, Japan) to assess upper body isometric strength. The individual optimal grip 

http://www.ijaep.com/


International Journal of Applied Exercise Physiology    www.ijaep.com                                          VOL. 10 (1)  
                 
 

 

117 

span was determined for each participant prior to testing by using the equations for girls and boys between 
the ages of 6 and 12 [14]. The elbow of the tested hand was fully extended, as this position had been shown 
to be the most appropriate protocol in order to evaluate maximal handgrip strength in children [27] and in 
adolescents [16]. The tested hand was free of the body, and the testing procedure was strictly followed [2, 
45]. In addition, the relative handgrip strength was also calculated by dividing the average handgrip 
strength of both hands (kg) by the body weight (kg). 

The standing long jump test was recorded to within an accuracy of 1 cm, in order to assess lower body 
explosive strength. The distance was measured from the take‐off line to the point where the back side of the 
heel lands on the ground, as described in the Alpha-Fit test [2]. 

Percentile scores for the average handgrip strength and the standing long jump tests were calculated 
from the existing norm for European children [42, 46]. Unfortunately, there is still a reference gap between 
9.9 and 12.9 years without percentile scores in the published norms for those tests, which has to be filled in, 
in order to appropriately assess children’s physical fitness [42]. Therefore, the recently proposed values for 
the tests from the Alpha-Fit battery [29], which had been obtained by means of a linier interpolation from the 
existing norms [42, 46, 49, 59] were used in order to calculate the missing percentile scores. 

2.2.3. Motor fitness 
The 4x10 m shuttle run test (4x10 m SRT) at maximum speed was applied to measure speed of 

movement, agility and coordination, in accordance with the procedure described in the Alpha-fit test battery 
[2]. The test was recorded in seconds by using the Fastime 4 Stopwatch, to an accuracy of 0.1 sec. The 
percentile scores of the results from this test were calculated by using the existing norms [46, 49], and the 
interpolated values of the 4x10 m SRT [29] for the missing norms between the ages of 9.9 and 12.9. 

2.2.4. Cardiorespiratory fitness 
The BeepShuttle Junior software for children [32] was applied to administer the 20 m shuttle run test 

(20 m SRT) with the original 1-minute protocol, which starts at a speed of 8.5 km/h and increases by 0.5 
km/h after each minute, as described by Leger et al. [36]. This software facilitates the administration of the 
20 m SRT by applying audio signals and visualisation, and calculates the estimated maximal oxygen uptake 
(VO2max) by using Leger’s equation [37]. In order to assess the VO2max of the participants, BeepShuttle 
Junior computed the percentile score for each individual based on age- and gender-specific international 
norms [42, 59]. 

2.3. Statistical Analyses 
The statistical analyses were conducted by using SPSS Statistics 19, IBM, USA software, using 

descriptive statistics and the Kolmogorov-Smirnov test of normality. All parameters with a normal 
distribution were compared by using the independent t-test, and those with an abnormal distribution by 
utilising the non-parametric Mann-Whitney U test. Statistically significant differences between the average 
values were evaluated at p < 0.05, and all data in the text are presented as mean ± SD. Percentile scores were 
compared to some fixed percentile values, such as 25th, 35th, 40th, 50th, 75th, 85th, and 90th, by using one sample 
t-test in order to support the results analyses. Cohen’s effect size was calculated for the parameters which 
showed significant differences, and was classified as follow: d > 2.00 - huge (H), d > 1.20 - very large (VL), d 
> 0.80 - large (L), d > 0.50 - medium (M), d > 0.20 - small (S), and d > 0.01 - very small (VS), [12, 56]. 

3. Results 

The female and male participants in all groups included children from different ages between 7 and 
11, and therefore, the comparison between the mean values of the parameters, as well as the calculation of 
the effect size between the groups, has been analysed by using the percentile scores. 

The anthropometric parameters with their corresponding percentile scores (PRs) of the primary school 
female gymnasts and the female control group are presented in Table 1. There was no significant difference 
between the mean ages of both groups. The mean percentile scores of the height, weight, BMI and %Fat in 
the female gymnasts were significantly lower than those in the control group. Moreover, the gymnasts’ 
percentile scores were also lower than the WHO international norms in girls at the same age, significantly 
lower than the 40th percentile for height (28.9 PRs, p < 0.05), and the 50th percentile for weight (37.7 PRs, p < 
0.05) and BMI (39.2 PRs, p < 0.05). The World Health Organization does not produce weight-for-age 
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percentile scores for children over 10 years of age, due to the fact that this indicator cannot distinguish 
between height and body mass at an age when many children are experiencing the pubertal growth spurt 
[61]. 

The mean percentile scores for %Fat in the female gymnasts (12.0 PRs where the %Fat was calculated 
by Slaughter’s equations, and 15.2 PRs where the %Fat was calculated by using the bioelectrical impedance 
method) were significantly lower than the 25th percentile (p < 0.05) in girls at the same age, in accordance 
with the international norms [41]. In addition, the female gymnasts had significantly lower mean values in 
comparison with the control group in relation to their arm circumference (20.1 cm vs 23.0 cm, p < 0.01), 
upper arm muscle area (24.4 cm2 vs 27.2 cm2, p > 0.05), and lean body mass (23.6 kg vs 29.0 kg, p < 0.01). This 
is probably due to the fact that the gymnasts had significantly smaller body sizes, such as height, weight and 
circumferences. On the other hand, the female gymnasts had significantly higher relative upper arm muscle 
area (0.91 cm2/kg vs 0.73 cm2/kg), which is probably a reflection of their higher muscle mass per unit 
weight. 

The mean waist-to-height ratio (WHtR) of the female gymnasts, as well as the individual values of 
WHtR for all 30 girls engaged in artistic gymnastics, were below the boundary of 0.500, which distinguishes 
children at risk as far as their health is concerned [4, 40]. In contrast, five of the twenty-three girls from the 
control group had their WHtR above the value of 0.500. 

The individual percentile scores of the anthropometric parameters in the group of female gymnasts 
showed that there are no ‘obese’ children, and only one gymnast was below the normal limits for her age 
(BMI < 3rd PRs, 9.8% Fat, %Fat > 2nd PRs). Additionally, only one of the 30 female gymnasts was assessed as 
‘overweight’ (BMI = 91.7 PRs, 27.4% Fat assessed by the bioelectrical impedance method, %Fat = 85.5 PRs). 
However, the same gymnast showed lower values of those parameters when assessed by Slaughter’s 
skinfold method (20.5% Fat calculated by Slaughter’s equations, %Fat = 60.2 PRs), and the WHtR was not 
above the boundary of 0.500. Furthermore, her upper arm muscle area (37.0 cm2) was the greatest in the 
group, and her relative upper arm muscle area (0.96 cm2/kg) was above the mean for the group of female 
gymnasts. Therefore, the BMI did not provide an adequate assessment, due to the large amount of muscle 
mass in this individual, and probably the body fat monitor for children (Tanita BF-689) did not adequately 
assess the %Fat in some children with greater muscle mass. 

Table 1. Anthropometric parameters and the corresponding percentile scores (PRs) of the female artistic 
gymnasts (n=30) and the control group of primary school girls (n=23), (mean ± SD), in addition to the effect size vs the 

control group 

 Female gymnasts 
(n=30) 

Control group  
Females (n=23) 

p Effect size vs 
Control group 

Age (years) 9.37 ± 1.35 9.03 ± 0.54 p > 0.05x  

Sports experience (months) 44.90 ± 17.96 - -  

Sessions per week 2.93 ± 1.05 - -  

Height (cm) 130.60 ± 7.36 139.92 ± 9.07 p < 0.001*  

Height – percentile score 28.88 ± 23.45 75.07 ± 30.76 p < 0.001x 1.72 VL 

Weight (kg) 27.18 ± 4.61 37.81 ± 10.01 p < 0.001*  

Weight – percentile score (n=21; 23)a 37.71 ± 22.81 80.93 ± 25.94 p < 0.001x 1.76 VL 

BMI (kg/cm2) 15.83 ± 1.45 19.08 ± 3.51 p < 0.001*  

BMI – percentile score 39.18 ± 23.55 74.37 ± 26.37 p < 0.001x 1.42 VL 

Arm circumference (cm) 20.11 ± 1.57 22.97 ± 3.31 p < 0.01x  

Waist circumference (cm) 55.28 ± 3.19 64.22 ± 8.53 p < 0.001*  

Waist-to-height ratio 0.41 ± 0.03 0.47 ± 0.06 p < 0.001x  

Subscapular skinfold (mm) 5.32 ± 1.62 11.94 ± 6.26 p < 0.001x  

Triceps skinfold (mm) 8.42 ± 1.76 14.68 ± 5.59 p < 0.001x  

%Fat (Slaughter) 13.21 ± 2.47 22.13 ± 5.99 p < 0.001*  
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%Fat (Slaughter)  
percentile score 

12.02 ± 14.00 63.31 ± 33.98 p < 0.001x 2.08 H 

%Fat (TANITA for children) 16.48 ± 3.99 26.09 ± 7.42 p < 0.001*  

%Fat (TANITA)  
percentile score 

15.15 ± 20.05 63.55 ± 35.66 p < 0.001x 1.74 VL 

UAMA (cm2) 24.42 ± 4.42 27.18 ± 6.38 p > 0.05x  

UAMA - percentile score 66.46 ± 23.38 78.14 ± 22.19 p < 0.05x 0.51 M 

Relative UAMA (cm2/kg) 0.91 ± 0.12 0.73 ± 0.09 p < 0.001x  

Lean Body Mass (kg) 23.56 ± 3.82 29.02 ± 6.09 p < 0.01*  

a - WHO does not provide weight-for-age reference data for children older than 10 years of age [61] 
* - compared by using the t-test for independent samples 
x - compared by using the Mann-Whitney U test for independent samples 
H – huge effect size, VL - very large, M - medium 

The mean percentile scores for height, weight and BMI in the control group are above the average for 
this age (significantly higher than the 50th PRs, p < 0.001), but within the WHO norms. Moreover, the mean 
percentile score of %Fat is also within the norm (> 2nd PRs and < 85th PRs), as provided for children [41], and 
the mean WHtR is below the boundary of 0.500. 

The individual percentile scores of the anthropometric parameters in the control group showed that 
nine of the primary school girls (39.1%) were ‘overweight’ (BMI > 85th PRs, %Fat > 85th PRs), one of whom 
had her WHtR above 0.500. Four of the girls (17.4%) in this group were assessed as ‘obese’ (BMI > 97 th PRs, 
%Fat > 95th PRs), three of whom had their WHtR above the boundary of 0.500, which is linked to a risk as far 
as their health is concerned. 
 
Table 2. Results from the Alpha-Fit health-related physical fitness tests, and the corresponding percentile scores of the 

female artistic gymnasts (n=30) and the control group of primary school girls (n=23), (mean ± SD) 

 Female gymnasts 
(n=30) 

Control group  
Females (n=23) 

p Effect size vs 
Control group 

Musculoskeletal Fitness: Upper body strength 

Handgrip strength test† (kg) 14.18 ± 2.97 16.45 ± 4.13 p > 0.05x  

Handgrip strength test (percentile score) 54.10 ± 29.24 75.83 ± 26.44 p < 0.01x 0.77 M 

Relative handgrip strength  
(kg/kg body weight) 

0.52 ± 0.07 0.45 ± 0.11 p < 0.01x 
 

Musculoskeletal Fitness: Lower body strength 

Standing long jump (cm) 154.61 ± 16.81 123.48 ± 21.70 p < 0.001*  

Standing long jump  
(percentile score) 

92.25 ± 11.65 55.55 ± 31.00 p < 0.001x 1.66 VL 

Motor Fitness 

4х10 m shuttle run test (sec) 11.97 ± 0.71 13.88 ± 1.25 p < 0.001*  

4х10 m shuttle run test (percentile score) 91.01 ± 10.31 52.37 ± 28.04 p < 0.001x 1.93 VL 

Cardiorespiratory Fitness 

VO2max (ml/kg/min) 52.06 ± 4.17 45.88 ± 2.08 p < 0.001x  

VO2max (percentile score) 89.26 ± 17.08 54.12 ± 22.34 p < 0.001x 1.80 VL 

† - values expressed as average of right and left hands 
* - compared by using the t-test for independent samples 
x - compared by using the Mann-Whitney U test for indipendent samples 
VL - very large effect size, M - medium 
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The results from the health-related physical fitness tests, as well as the corresponding percentile scores 
of the primary school female gymnasts and the control group, are presented in Table 2. The female gymnasts 
showed approximately equal values of handgrip strength in their left and right hands (14.1 ± 3.15 kg vs 14.2 
± 3.05 kg, p > 0.05). The girls from the control group showed a greater difference in handgrip strength 
between their left and right hands (16.8 ± 4.18 kg vs 16.1 ± 4.31 kg, p > 0.05). The female gymnasts had a 
lower average (of both hands) handgrip strength in comparison with the control group (14.2 ± 2.97 kg vs 16.5 
± 4.13 kg, p > 0.05), as well as a lower percentile score relating to handgrip strength (54.1 ± 29.24 kg vs 75.8 ± 
26.44 kg, p < 0.01), as shown in Table 2. This is due to the greater weight and height of the girls in the control 
group. However, the female gymnasts had a significantly higher relative handgrip strength of both hands 
(0.52 ± 0.07 kg/kg body weight for the gymnasts vs 0.45 ± 0.11 kg/kg body weight for the control group, 
p < 0.01, Table 2), as well as a significantly higher relative upper arm muscle area (0.91 cm2/kg vs 
0.73 cm2/kg, p < 0.001, Table 1), which confirms that the gymnasts had better strength parameters in relation 
to their body weight. 

The lower body strength, assessed with the standing long jump, was significantly higher in favour of 
the female gymnasts in comparison with the control group (154.6 ± 16.81 cm vs 123.5 ± 21.70 cm, 
respectively, p < 0.001). The mean percentile score of this parameter is also significantly higher in favour of 
the gymnasts (92.3 ± 11.65 vs 55.6 ± 31.00, p < 0.001), and it is even significantly higher than the 85th 
percentile (p < 0.01) than the European norms for girls at the same age. The individual results showed that 
24 out of the 30 female gymnasts had percentile scores higher than 90. 

The motor fitness, assessed with the 4x10 m shuttle run test, showed significantly better results in 
favour of the female gymnasts in comparison with the girls from the control group (12.0 ± 0.71 sec vs 13.9 ± 
1.25 sec, respectively, p < 0.001). The mean percentile score of the 4x10 m shuttle run test was significantly 
higher in the girls engaged in gymnastics (91.0 ± 10.31 vs 52.4 ± 28.04, p < 0.001), and similarly to the 
standing long jump test, the gymnasts had significantly higher percentile score (p < 0.01) than the 85th 
percentile of the European norms. The individual results revealed that 21 of the 30 gymnasts had percentile 
scores higher than 90, which is probably due to the develop motor skills from the gymnastics training. 

The cardiorespiratory fitness, assessed with the 20 m shuttle run test, showed significantly better 
maximal oxygen uptake (VO2max) in favour of the female gymnasts in comparison with the control group 
(52.1 ± 4.17 ml/kg/min vs 45.9 ± 2.08 ml/kg/min, respectively, p < 0.001). The mean percentile score of the 
VO2max was also significantly higher in the group of the gymnasts (89.3 ± 17.08 vs 54.1 ± 22.34, p < 0.001), 
and it was significantly higher (p < 0.01) than the 80th percentile of the European norms for girls at that age. 

The individual results of the VO2max, showed that 25 out of 30 gymnasts had percentile scores higher 
than 80, which suggests that in spite of the anaerobic nature of this sport, the artistic gymnastics training in 
young age (7-11-year-old gymnasts) improves the aerobic fitness in girls. 

Table 3. Anthropometric parameters and their percentile scores (PRs) of the male artistic gymnasts (n=19) and the 
control group of primary school boys (n=18), (mean ± SD), in addition to the effect size vs the control group 

 Male gymnasts  
(n=19) 

Control group  
Males (n=18) 

p Effect size vs 
Control group 

Age (years) 9.69 ± 1.49 8.79 ± 0.52 p < 0.05*  

Sports experience (months) 48.42 ± 21.01 - -  

Sessions per week 3.05 ± 1.08 - -  

Height (cm) 133.26 ± 7.62 136.56 ± 6.96 p > 0.05*  

Height – percentile score 33.94 ± 18.60 73.13 ± 19.38 p < 0.001* 2.06 H 

Weight (kg) 28.88 ± 4.39 37.09 ± 6.86 p < 0.001*  

Weight – percentile score (n=10; 18)a 41.01 ± 19.97 88.58 ± 14.45 p < 0.001x 2.87 H 

BMI (kg/cm2) 16.17 ± 1.02 19.83 ± 2.97 p < 0.001*  

BMI – percentile score 43.42 ± 21.26 86.94 ± 17.63 p < 0.001x 2.22 H 

Arm circumference (cm) 20.27 ± 1.66 22.84 ± 2.50 p < 0.01*  
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Waist circumference (cm) 57.65 ± 3.71 66.19 ± 6.78 p < 0.001*  

Waist-to-height ratio 0.42 ± 0.04 0.49 ± 0.05 p < 0.001x  

Subscapular skinfold (mm) 4.45 ± 0.89 13.11 ± 6.31 p < 0.001x  

Triceps skinfold (mm) 7.12 ± 1.88 14.22 ± 9.07 p < 0.01*  

%Fat (Slaughter) 10.69 ± 2.85 23.72 ± 8.63 p < 0.001*  

%Fat (Slaughter)  
percentile score 

23.04 ± 20.20 82.82 ± 23.29 p < 0.001x 2.75 H 

%Fat (TANITA for children) 14.88 ± 2.09 25.08 ± 7.21 p < 0.001*  

%Fat (TANITA)  
percentile score 

23.17 ± 21.17 78.88 ± 29.32 p < 0.001x 2.19 H 

UAMA (cm2) 25.95 ± 3.85 27.12 ± 5.41 p > 0.05*  

UAMA - percentile score 67.30 ± 18.88 80.91 ± 24.66 p < 0.05x 0.62 M 

Relative UAMA (cm2/kg) 0.91 ± 0.08 0.77 ± 0.17 p < 0.01x  

Lean Body Mass (kg) 25.72 ± 3.58 27.83 ± 3.18 p > 0.05*  
a - WHO does not provide weight-for-age reference data for children older than 10 years of age [61] 
* - compared by t-test for independent samples 
x - compared by Mann-Whitney U test for indipendent samples 
H – huge effect size, M - medium 

The anthropometric parameters and their percentile scores of the male gymnasts vs the control group 
are presented in Table 3. Although, there is a difference of nearly one year between the mean age of the 
groups, they were compared based on the calculated age- and gender-specific percentile scores for each 
parameter. Similarly, to the female gymnasts, the mean percentile scores of the height, weight, BMI and %Fat 
in the male gymnasts were significantly lower from those of the control group. Moreover, the mean 
percentile scores (PRs) of those parameters in the male gymnasts were also lower than the 50th percentile of 
the WHO norms for boys in the same age (weight PRs = 41.0, p > 0.05; BMI PRs = 43.4, p > 0.05; height PRs = 
33.9, p < 0.01). 

The mean percentile scores of %Fat in the male gymnasts (23.0 based on the results from the skinfold 
method, and 23.3 based on the bioelectrical impedance) were significantly lower than the 35th percentile 
(p < 0.05) in boys at the same age as provided by the international norms in children [41]. 

Similarly, to the female gymnasts, the male gymnasts had lower mean values of their arm 
circumference (20.3 cm vs 22.8 cm, p < 0.01), upper arm muscle area (26.0 cm2 vs 27.1 cm2, p > 0.05), and 
body lean mass (25.7 kg vs 27.8 kg, p > 0.05) in comparison with the control group. This is due to the smaller 
body sizes (weight and circumferences) in the children engaged in artistic gymnastics. However, the male 
gymnasts had significantly greater relative upper arm muscle area in contrast to the control group 
(0.91 cm2/kg vs 0.77 cm2/kg, respectively, p < 0.01). Those findings show that the children practising 
gymnastics have greater muscle mass of their arms per unit of weight. 

The individual percentile scores of the BMI in male gymnasts showed that none of the boys was 
classified as ‘obese’, and only one gymnast had a percentile score of 85 which is in the lower ‘overweight’ cut 
off. However, this gymnast had low %Fat (14.1% calculated with the bioelectrical impedance method, and 
13.9% calculated by the skinfold method), low percentile scores of %Fat (9.0 and 8.7, respectively), and the 
WHtR was not greater than the accepted 0.500 cut off. Moreover, he had the highest upper arm muscle area 
in the group of the male gymnasts (33.4 cm2), and his relative upper arms muscle area was 0.86 cm2/kg, 
which was close to the mean of his group. In this case, the BMI score was not accurate, due to the greater 
muscle mass, which cannot be assessed appropriately in athletes from the strength sports [8]. 

The mean percentile score of the BMI in the control group (87.0) was assessed as ‘overweight’ and was 
significantly higher than the 50th percentile of the WHO norms for boys. The individual results showed that 
5 of the 18 boys (2.8%) in the control group were ‘overweight’ (BMI > 85th PRs), and 3 of those 5 boys had 
high %Fat (%Fat > 85th PRs). Moreover, 7 boys (38.8%) from the control group were assessed as ‘obese’ (BMI 
> 97th PRs), 6 of whom had %Fat > 95th PRs. 
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Table 4. Results from the Alpha-Fit health-related physical fitness tests, and their percentile scores of the male artistic 
gymnasts (n=19) and the control group of primary school boys (n=18), (mean ± SD) 

 Male gymnasts  
(n=19) 

Control group  
Males (n=18) 

p Effect size vs 
Control group 

Musculoskeletal Fitness: Upper body strength 

Handgrip strength test† (kg) 16.91 ± 3.44 15.42 ± 2.90 p > 0.05*  

Handgrip strength test (percentile 
score) 

58.60 ± 18.62 66.37 ± 24.34 p > 0.05* NS 

Relative handgrip strength  
(kg/kg body weight) 

0.58 ± 0.08 0.42 ± 0.08 p < 0.001*  

Musculoskeletal Fitness: Lower body strength 

Standing long jump (cm) 176.78 ± 22.44 124.56 ± 23.04 p < 0.001*  

Standing long jump  
(percentile score) 

96.24 ± 4.36 45.72 ± 30.28 p < 0.001x 2.37 H 

Motor Fitness 

4х10 m shuttle run test (sec) 11.18 ± 0.89 13.36 ± 1.08 p < 0.001*  

4х10 m shuttle run test (percentile 
score) 

92.41 ± 6.09 49.44 ± 25.25 p < 0.001* 2.37 H 

Cardiorespiratory Fitness 

VO2max (ml/kg/min) 53.98 ± 3.93 46.36 ± 2.67 p < 0.001x  

VO2max (percentile score) 88.63 ± 15.89 43.13 ± 21.56 p < 0.001x 2.41 H 

† - values expressed as average of right and left hands 
* - compared by t-test for independent samples 
x - compared by Mann-Whitney U test for indipendent samples 
H – huge effect size; 
NS – not significant 

The results of the health-related physical fitness tests and their corresponding percentile scores in the 
male gymnasts and the control group are presented in Table 4. The male gymnasts showed 1 kg non-
significant difference in the handgrip strength values of left vs right hands (16.4 ± 3.54 kg vs 17.4 ± 3.42 kg, 
respectively, p > 0.05), with the highest individual difference of 2.5 kg. The control group also showed a 
difference of 1 kg between left and right hands (14.9 ± 3.11 kg vs 15.9 ± 2.92 kg, respectively, p > 0.05), but 
those boys had greater individual differences reaching 4.8 kg. 

There were no significant differences between the mean handgrip strength expressed as average of 
right and left hands (16.9 ± 3.44 kg for the gymnasts vs 15.4 ± 2.90 kg for the control group, p > 0.05) and 
their mean percentile scores (58.6 ± 18.62 kg for the gymnasts vs 66.4 ± 24.34 kg for the control group, 
p > 0.05), as shown in Table 4. However, the male gymnasts had significantly higher relative handgrip 
strength (0.6 ± 0.08 kg/kg body weight vs 0.4 ± 0.08 kg/kg body weight, p < 0.001). 

As it was the case with the female gymnasts, the lower body strength, assessed with the standing long 
jump, was also significantly higher in favour of the male gymnasts in comparison with the control group 
(176.8 ± 22.44 cm vs 124.6 ± 23.04 cm, respectively, p < 0.001). The mean percentile score of the standing long 
jump test was also significantly higher in favour of the male gymnasts (96.2 ± 4.36 vs 45.7 ± 30.28, p < 0.001), 
and it was significantly higher than the 90th percentile (p < 0.001) of the European norms for boys at the same 
age. The individual results showed that 17 out of the 19 male gymnasts had percentile scores higher than 90. 

The 4x10 m shuttle run test showed significantly better results in favour of the male gymnasts in 
comparison with the boys from the control group (11.2 ± 0.89 sec vs 13.4 ± 1.08 sec, respectively, p < 0.001). 
The mean percentile score of the 4x10 m shuttle run test was significantly higher in the boys practising 
gymnastics (92.4 ± 6.09 vs 49.4 ± 25.25, p < 0.001), and the male gymnasts also had significantly higher 
percentile score (p < 0.001) than the 85th percentile of the European norms. The individual results of the 
motor fitness showed that 14 of the 19 male gymnasts had percentile scores higher than 90. 
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The cardiorespiratory fitness, assessed by the 20 m shuttle run test, using the BeepShuttle Junior 
software [32], showed significantly higher maximal oxygen uptake (VO2max) in favour of the male gymnasts 
in comparison with the control group (54.0 ± 3.93 ml/kg/min vs 46.4 ± 2.67 ml/kg/min, respectively, 
p < 0.001). The mean VO2max percentile score was also significantly higher in the group of the gymnasts 
(88.6 ± 15.89 vs 43.1 ± 21.56, p < 0.001), and it was significantly higher (p < 0.01) than the 75th percentile of the 
norms for boys at that age. The individual results of the 20 m shuttle run test, showed that 15 out of 19 male 
gymnasts had percentile scores higher than 80. 

 
Figure 1. Distribution of the BMI percentile scores in the artistic gymnasts (boys and girls together, n=49) and the 

control group (n=41) 

The distribution of the BMI percentile scores for all gymnasts (boys and girls, n=49) and the control 
groups (boys and girls, n=41) are presented in Figure 1. The results showed that 46 out of the 49 artistic 
gymnasts had their BMI within the norms, and the other 3 gymnasts have been discussed in this article. 
These findings show that the gymnastics training in childhood, both in boys and girls, contributes to 
maintaining a normal weight, and thereby sustaining a normal health status. 

Sixteen out of the forty-one primary school children in the control group had their BMI within the 
WHO norms. The percentile scores of the other 25 children were above the 85th percentile (14 children were 
assessed as ‘overweight’, and 11 as ‘obese’), and 10 of those children had their WHtR above the 0.500 cut off, 
and the %Fat was greater than the 95th PRs, all of which identified them as children at risk, as far as their 
health is concerned. 

4. Discussion 

The percentile scores of the main anthropometric parameters, including height, weight, BMI, arm and 
waist circumferences, and %Fat in the male and female gymnasts were significantly lower than those of the 
control groups (Table 1 and Table 3). Moreover, the mean percentile scores (PRs) of height and %Fat in the 
gymnasts were also lower than the 50th percentile of the WHO norms for children at the same age and from 
the same gender. However, such lower mean values are within the published results in children engaged in 
gymnastics [6, 21, 25, 31, 34]. Although gymnasts are shorter on average and their height-for-age 
progressively decreases as the age increases [7, 25], review on the role of training on the growth of the 
gymnasts concluded that adult height of artistic gymnasts of both genders is not compromised by intensive 
gymnastics training at a young age or during the pubertal growth spurt [39].Thus, artistic gymnastics plays 
an unique role as a sport which provides opportunities for those with smaller body sizes in a world where 
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many sports are biased in favour of tall or big athletes [54]. Although having smaller body sizes, the boys 
and the girls practising gymnastics showed significantly higher relative upper arm muscle area in 
comparison with the control groups (Table 1 and Table 3), which highlights their greater muscle mass per 
unit of body weight. 

On the whole, the percentile scores of the BMI provided an accurate assessment of the groups (Figure 
1), but failed to appropriately evaluate the body composition of individual gymnasts with greater muscle 
mass. Although widely used for the assessment of body composition [17, 24, 48], the BMI has shown to be 
inappropriate for professional athletes [8], adolescent athletes [38], and individual cases of child athletes 
with greater muscle mass [28, 31, 33]. Therefore, the %Fat and strength parameters (relative upper arm 
muscle area and relative handgrip strength) should be mainly used in the anthropometric analyses of artistic 
gymnasts. 

The gymnastics training contributes to the maintaining of normal weight (Figure 1), and helps 
sustaining a normal health status both in boys and girls involved in this sport. The %Fat was very low, both 
in female and male artistic gymnasts (Table 1 and Table 3), which is normal for children and adolescents 
involved in gymnastics [21]. The values of %Fat from our study are similar to those reviewed by Benardot 
(2014), where the average %Fat for children and adolescents practising gymnastics ranged from 9% to 22% 
[6]. 

The results showed that around 61% of the children in the control groups were ‘overweight’ or 
‘obese’, which is even higher than the 30-45% overweight/obesity rate reported in the literature [18, 53]. This 
high percent of children with excess weight in the control groups is probably due to the lack of engagement 
in enough physical activities in their lifestyle. 

The wide application of the physical fitness test battery ‘Alpha-Fit’ provided an excellent opportunity 
to compare the health-related fitness levels between the groups in this study, as well as the participants and 
children from different countries around the world based on age- and gender-specific international norms. 

The artistic gymnasts showed approximately equal values of their handgrip strength in left and right 
hands, which was more evidently in the female gymnasts (14.1 ± 3.15 kg for left vs 14.2 ± 3.05 kg for right 
hand, p > 0.05). These findings of body symmetry are in accordance with our previous study in children 
engaged in artistic gymnastics [30, 33]. Although, there were no significant differences between the mean 
handgrip strength (expressed as average of right and left hands) between the gymnasts and the control 
group for both genders in our study, the gymnasts actually had significantly higher relative handgrip 
strength, as well as relative upper arm muscle area (Table 1 and Table 3). These findings show that the 
children practising artistic gymnastics have better relative strength parameters in addition to a greater 
muscle mass per unit body weight. Percentile scores of such parameters (relative handgrip strength and 
relative upper arm muscle area) should be obtained in future research in order to appropriately assess 
artistic gymnasts. 

The lower body strength, assessed by the standing long jump test, was significantly greater in favour 
of the gymnasts in comparison with the control groups for both genders, and 84% of all artistic gymnasts 
had percentile scores higher than the 90th percentile of the international norms, which is probably due to the 
well-developed muscles of their lower limbs from the gymnastics training (especially from the exercises on 
floor and vault), as well as the familiarisation of the standing long jump technique, which is often used in 
testing gymnasts [21]. 

The motor fitness, assessed with the 4x10 m shuttle run test, was also significantly better in favour of 
the gymnasts in comparison with the control group for both genders (Table 2 and Table 4), and 71% out of 
all artistic gymnasts had percentile scores higher than the 90th percentile of the international norms. These 
findings suggest that children from both genders develop better motor fitness, including agility, 
coordination, and speed of movement, as a result of practising artistic gymnastics. The 4x10 m shuttle run 
test has shown to have a high correlation with the standing long jump test in a sample of young artistic 
gymnasts, who completed the Alpha-Fit test battery (r = - 0.73, p < 0.001 and – 0.83, p < 0.001 for girls and 
boys, respectively), and those gymnasts showed the largest registered Cohen’s effect size for these two tests 
in the groups with greater experience in gymnastics [25]. Additionally, children and adolescents practising 
rhythmic gymnastics also achieved their best results in those two tests, after completing the Alpha-fit battery 
[44]. 
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The cardiorespiratory fitness, assessed with the 20 m shuttle run test, showed significantly better 
absolute results and percentile scores in favour of the gymnasts for both genders in comparison with the 
control groups (Table 2 and Table 4). The mean VO2max for the female and male gymnasts in our study (52.1 
± 4.17 ml/kg/min and 54.0 ± 3.93 ml/kg/min, respectively) were close to the published values of VO2max 
for gymnasts (around 50 ml/kg/min) in different studies in the literature [5, 23, 43, 58]. Moreover, Jemni 
(2011) found out that the VO2max values in elite and non-elite gymnasts (50 ml/kg/min on average) have 
not changed in the last few decades [21]. Furthermore, Barantsev (1985) registered VO2max values of 
gymnasts at different ages, and found out that the VO2max values gradually decrease from 53.2 ± 6.3 
ml/kg/min for 12-year-old gymnasts to 50.9 ± 6.2 ml/kg/min for 14-15-year old gymnasts, and to 47.2 ± 6.7 
ml/kg/min for 25-year-old male gymnasts [5]. According to Jemni (2011), this decrease in VO2max, which is 
visible after puberty in gymnasts, is due to the prevalence of intense strength training, required to master the 
complex technical elements from the routines of the male gymnasts [21]. 

The individual results of the 20m shuttle run test in the gymnasts showed that 82% of all gymnasts 
had percentile scores higher than 80, which suggests that in spite of the anaerobic nature of this sport, the 
artistic gymnastics training in young age (7-11-year-old gymnasts) improves the cardio-respiratory fitness 
both in boys and girls compared to non-particularly active children. Although most of the literature confirm 
that gymnastics practice doesn’t improve maximal oxygen uptake in adult gymnasts [23], the difference we 
found in our study could be because of the young age of our groups, hence these gymnasts were still in 
young developmental stages. 

5. Conclusions 

Practising artistic gymnastics maintains children’s weight in the normal limits, and has a positive 
impact on all of the health-related biomarkers of their physical fitness. The children engaged in gymnastics 
(both boys and girls) had significantly better physical fitness variables, in comparison with the control 
groups, as well as the international norms for children in the same age and from the same gender. 

The skinfold method using Slaughter’s equations, as well as the bioelectrical impedance method (by 
using Tanita BF-689 for children) are both appropriate for the assessment of %Fat in children, but the body 
fat monitor (Tanita) might not take into consideration the specific nature of the body composition in child 
athletes in separate cases. Body fat percentage should be used as part of anthropometric assessments, as well 
as relative parameters for strength per unit of body weight (relative handgrip strength and relative upper 
arm muscle area) should be applied for gymnasts instead of the absolute ones, in order to accurately assess 
their health-related physical fitness. Percentile scores for relative handgrip strength and relative upper arm 
muscle area in children should be obtained in future research. 

References 

1. Addo OY, Himes JH, and Zemel BS. Reference ranges for midupper arm circumference, upper arm 
muscle area, and upper arm fat area in US children and adolescents aged 1-20 y. Am J Clin Nutr. 
2017;105(1):111-120. 

2. ALPHA. The ALPHA Health-related Fitness Test battery for Children and Adolescents, Test Manual. 
2009. 

3. Artero EG, et al. Reliability of field-based fitness tests in youth. Int J Sports Med. 2011;32(3):159-169. 
4. Ashwell M and Hsieh SD. Six reasons why the waist-to-height ratio is a rapid and effective global 

indicator for health risks of obesity and how its use could simplify the international public health 
message on obesity. International journal of food sciences and nutrition. 2005;56(5):303-307. 

5. Barantsev A. Do gymnasts need to develop aerobic capacity? Soviet Sports Review. 1985;25(1):20-22. 
6. Benardot D. Gymnastics,in: Sports Nutrition: The Encyclopedia of Sports Medicine IOC Medical Commission 

Publication; 2014. 
7. Benardot D and Czerwinski C. Selected body composition and growth measures of junior elite gymnasts. 

J Am Diet Assoc. 1991;91(1):29-33. 
8. Bogin B and Varela-Silva I. The Body Mass Index: the good, the bad and the horrid. Bulletin de la Societe 

Suisse d'Anthropologie. 2012;18(2):5-11. 

http://www.ijaep.com/


International Journal of Applied Exercise Physiology    www.ijaep.com                                          VOL. 10 (1)  
                 
 

 

126 

9. Boye KR, et al. Anthropometric assessment of muscularity during growth: estimating fat-free mass with 2 
skinfold-thickness measurements is superior to measuring midupper arm muscle area in healthy 
prepubertal children. The American Journal of Clinical Nutrition. 2002;76(3):628-632. 

10. British Gymnastics. Level 3 Coaching Theory - Resource Pack. B Gymnastics, 2015. 
11. Castro-Pinero. J., et al. Criterion-related validity of field-based fitness tests in youth: A systematic review. 

. Br J Sports Med. 2009;44:934-943. 
12. Cohen J. Statistical Power Analysis for the Behavioral Sciences: Lawrence Erlbaum Associates; 1988. 
13. Cvejic D, Pejovic T, and Ostojic S. Assessment of physical fitness in children and adolescents. Physical 

Education and Sport. 2013;11(2):135-145. 
14. Espana-Romero V, et al. Hand span influences optimal grip span in boys and girls aged 6 to 12 years. The 

Journal of hand surgery. 2008;33(3):378-384. 
15. Espana-Romero V, et al. Assessing Health-Related Fitness Tests in the School Setting: Reliability, 

Feasibility and Safety; The ALPHA Study Int J Sports Med. 2010. 
16. Espana-Romero V, et al. Elbow position affects handgrip strength in adolescents: Validity and reliability 

of Jamar, DynEx, and TKK Dynamometers. The Journal of Strength and Conditioning Research. 
2010;24(1):272-277. 

17. Flegal KM, Tabak CJ, and Ogden CL. Overweight in children: definitions and interpretation. Health 
education research. 2006;21(6):755-760. 

18. Guinhouya CB, Apete GK, and Hubert H. Diagnostic quality of Actigraph-based physical activity cut-offs 
for children: what overweight/obesity references can tell? Pediatrics international : official journal of the 
Japan Pediatric Society. 2009;51(4):568-573. 

19. Health and Social Care Information Centre. National Child Measurement Programme: England, 2014/15 
school year. 2015. 

20. Heyward VH and Stolarczyk LM. Applied Body Composition Assessment: Human Kinetics; 1996. 
21. Jemni M. The Science of Gymnastics: Routledge; London, UK. 2011. 
22. Jemni M. The Science of Gymnastics - Advanced Concepts; 2018. 2nd ed. Routledge, Taylor & Francis 

Grp. London and New York. ISBN: eBook 9781315203805, Paperback 9781138701939; 
https://www.routledge.com/The-Science-of-Gymnastics-Advanced-
Concepts/Jemni/p/book/97811387019392018. 

23. Jemni M, Sands WA, Friemel F, Stone MH, and Cooke CB. Any effect of gymnastics training on upper-
body and lower-body aerobic and power components in national and international male gymnasts? 
Journal of strength and conditioning research. 2006;20(4):899-907. 

24. Keys A, Fidanza F, Karvonen MJ, Kimura N, and Taylor HL. Indices of relative weight and obesity. Int J 
Epidemiol. 2014;43(3):655-665. 

25. Kiuchukov I, et al. Impact of gymnastics training on the health-related physical fitness of young female 
and male artistic gymnasts. Science of Gymnastics Journal. 2019;11(2):175 - 187. 

26. Kolimechkov S. Physical Fitness Assessment in Children and Adolescents: A Systematic Review. 
European Journal of Physical Education and Sport Science. 2017;3(4):65-78. 

27. Kolimechkov S, Castro-Piñero J, Petrov L, and Alexandrova A. The effect of elbow position on the 
handgrip strength test in children: validity and reliability of TKK 5101 and DynX dynamometers. 
Pedagogy of Physical Culture and Sports. 2020;24(5):240-247. 

28. Kolimechkov S and L. P. The Body Mass Index: A Systematic Review. Journal of Exercise Physiology and 
Health. 2020;3(2):21-27. 

29. Kolimechkov S, Petrov L, and Alexandrova A. Alpha-fit test battery norms for children and adolescents 
from 5 to 18 years of age obtained by a linear interpolation of existing European physical fitness 
references. European Journal of Physical Education and Sport Science. 2019;5(4):1-14. 

30. Kolimechkov S, Petrov L, Alexandrova A, Andreeva L, and Atanasov P. Assessment of the nutrition and 
physical developmentof pre-school and primary school children practising artistic gymnastics, in: VI 
National Nutrition Conference. Bulgarian Society of Nutrition and Dietetics, 2013. 

31. Kolimechkov S, Petrov L, Alexandrova A, and Atanasov P. Nutrition and physical development 
assessment of pre-school and primary school children practising artistic gymnastics African Journal for 
Physical Activity and Health Sciences (AJPHES). 2016;22(2:2):565-577. 

http://www.ijaep.com/


International Journal of Applied Exercise Physiology    www.ijaep.com                                          VOL. 10 (1)  
                 
 

 

127 

32. Kolimechkov S, Petrov L, Alexandrova A, and Cholakov K. BeepShuttle Junior: Software for the 
Administration of the 20m Shuttle Run Test in Children and Adolescents. Journal of Advanced Sport 
Technology. 2018;1(3):35-40. 

33. Kolimechkov S, et al. Assessment of the physical development of pre-school and primary school children 
practising artistic gymnastics. Journal of Sport Science. 2013;4:106-115. 

34. Kolimechkov S, et al. Nutritional status and body composition of young artistic gymnasts from Bulgaria. 
Journal of Applied Sports Sciences. 2019;1:39-52. 

35. Laurson KR, Eisenmann JC, and Welk GJ. Body fat percentile curves for U.S. children and adolescents. 
American Journal of Preventive  Medicine. 2011;41(4 Suppl 2):S87-92. 

36. Leger L, Lambert J, Goulet A, Rowan C, and Dinelle Y. [Aerobic capacity of 6 to 17-year-old Quebecois--
20 meter shuttle run test with 1 minute stages]. Canadian journal of applied sport sciences Journal canadien des 
sciences appliquees au sport. 1984;9(2):64-69. 

37. Leger LA, Mercier D, Gadoury C, and Lambert J. The multistage 20 metre shuttle run test for aerobic 
fitness. Journal of sports sciences. 1988;6(2):93-101. 

38. Lutoslawska G, et al. Relationship between the percentage of body fat and surrogate indices of fatness in 
male and female Polish active and sedentary students. Journal of Physiological Anthropology. 2014;33(10). 

39. Malina RM, et al. Role of intensive training in the growth and maturation of artistic gymnasts. Sports Med. 
2013;43(9):783-802. 

40. McCarthy HD and Ashwell M. A study of central fatness using waist-to-height ratios in UK children and 
adolescents over two decades supports the simple message--'keep your waist circumference to less than 
half your height'. Int J Obes (Lond). 2006;30(6):988-992. 

41. McCarthy HD, T.J. Cole, T. Fry, S.A. Jebb, and Prentice AM. Body fat reference curves for children. 
International journal of Obesity. 2006;30:598-602. 

42. Miguel-Etayo P, et al. Physical fitness reference standards in European children: the IDEFICS study. 
International Journal of Obesity. 2014;38:57-66. 

43. Montgomery DL and Beaudin PA. Blood lactate and heart rate response of young females during 
gymnastic routines. J Sports Med Phys Fitness. 1982;22(3):358-365. 

44. Montosa I, Vernetta M, and López-Bedoya J. Assessment of health-related fitness by the ALPHA-fitness 
test battery in girls and adolescents who practise rhythmic gymnastics. Journal of Human Sport and 
Exercise. 2018;13(1):1-17. 

45. NHANES. Muscle Strength Procedures Manual. National Health and Nutrition Examination Survey 
(NHANES), 2013. 

46. Ortega F, et al. Physical fitness levels among European adolescents: the HELENA study. British Journal of 
Sports Medicine. 2011;45:20-29. 

47. Pajek M, Cuk I, Kovac M, and Jakse B. Implementation of the gymnastics curriculum in the third cycle of 
basic school in Slovenia. Science of Gymnastics Journal. 2010;2(3):15-27. 

48. Pekar T. Body Mass Index. IMS Magazine. 2011;Summer 2011:21-22. 
49. Roriz De Oliveira MS, Seabra A, Freitas D, Eisenmann JC, and Maia J. Physical fitness percentile charts 

for children aged 6-10 from Portugal. J Sports Med Phys Fitness. 2014;54(6):780-792. 
50. Ruiz J, et al. Health-related fitness assessment in childhood and adolescence: a European approach based 

on the AVENA, EYHS and HELENA studies. J Public Health. 2006;14(5):269-277. 
51. Ruiz J, et al. Predictive validity of health-related fitness in youth: a systematic review. Br J Sports Med. 

2009;43(12):909-923. 
52. Ruiz J, et al. Field-based fitness assessment in young people: the ALPHA health-related fitness test 

battery for children and adolescents. Br J Sports Med. 2010. 
53. Sanchez-Vaznaugh EV, Sanchez BN, Crawford PB, and Egerter S. Association between competitive food 

and beverage policies in elementary schools and childhood overweight/obesity trends: differences by 
neighborhood socioeconomic resources. JAMA pediatrics. 2015;169(5):e150781. 

54. Sands W. Why Gymnastics? USA Gymnastics Online: Technique. 1999;19(3). 
55. Santos R and Mota J. The ALPHA health-related physical fitness test battery for children and adolescents. 

Nutr Hosp. 2011;26(6):1199-1200. 
56. Sawilowsky S. New Effect Size Rules of Thumb. Journal of Modern Applied Statistical Methods. 

2009;8(2):597-599. 

http://www.ijaep.com/


International Journal of Applied Exercise Physiology    www.ijaep.com                                          VOL. 10 (1)  
                 
 

 

128 

57. Slaughter M, et al. Skinfold equations for estimation of body fatness in children and youth. Hum Biol. 
1988;60(5):709-723. 

58. Sprynarova S and Parizkova J. Comparison of the functional, circulatory and respiratory capacity in girl 
gymnasts and swimmers. J Sports Med Phys Fitness. 1969;9(3):165-172. 

59. Tomkinson GR, et al. International normative 20 m shuttle run values from 1 142 026 children and youth 
representing 50 countries. Br J Sports Med. 2016. 

60. WHO. Body Mass Index for age (5-19 years), WHO AnthroPlus software [Internet]: World Health 
Organization. 2007. [cited 2019]. Available from: 
http://www.who.int/growthref/who2007_bmi_for_age/en/. 

61. WHO. Weight for age (5-19 years), WHO AnthroPlus software [Internet]: World Health Organization. 
2007. [cited 2019]. Available from: http://www.who.int/growthref/who2007_weight_for_age/en/. 

62. WHO. WHO Anthro for personal computers, version 3.2.2, 2011: Software for assessing growth and 
development of the world's children. Geneva: WHO, 2010. 2011. 

 
 

  

http://www.ijaep.com/
http://www.who.int/growthref/who2007_bmi_for_age/en/
http://www.who.int/growthref/who2007_weight_for_age/en/



