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Abstract 

INTRODUCTION: Studies on the anthropometric characteristics of athletes have a long 

history, but there are no published reviews on the somatotype of artistic gymnasts. 

Practitioners and professional coaches can gain guidance from improved understanding of the 

ideal body constitution and the impact of high-intensity training since preadolescence on body 

build. The present review is designed to provide this information.  

EVIDENCE ACQUISITION: Academic Search Complete, SPORTDiscus,  Medline, 

Google Scholar, and ResearchGate were searched in January 2017. All studies on the body 

composition of male artistic gymnasts were included. We identified 19 studies assessing 

somatotype in male gymnasts.  

EVIDENCE SYNTHESIS: We found high heterogeneity of somatotype components 

between younger gymnasts (≤ 18 years) and older gymnasts (> 18 years) (1.6±0.3 -5.4±0.8 -

3.0±0.6 vs. 1.8±0.4 -5.9±0.6 -2.2±0.4). Four different somatotypes resulted from the literature 

analysis, and ectomorphic mesomorph was the prevalent somatotype in both younger and 

older athletes. The main result showed a significant difference in ectomorphy (lower in older 

gymnasts than in younger gymnasts).  

CONCLUSIONS: Proper interpretation of the literature data may inform future research and 

enable professional coaches to longitudinally monitor gymnasts’ somatotype components 

during growth and in talent identification. More research is needed to better understand the 

most suitable somatotype variations related to the different apparatuses used in artistic 

gymnastics. 

  

Key words: Body constitution - kinanthropometry - male gymnasts - sport sciences. 
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Introduction 

One of the key elements in talent identification is the anthropological assessment since it is 

used in monitoring, analysis, and evaluation of the efficiency of training and athlete selection. 

Some important anthropological characteristics and indices can respond to training load (body 

weight, muscle mass, body fat, and bone density), while others are genetically determined 

(height and bone breadth), even if the environment can influence them (e.g., short height due 

to malnutrition). The combination of characteristics might largely affect the level of 

achievement in sports. 1 

According to sports classification, gymnastics is an anaerobic sport (Levine et al. 2015). The 

shortest event is vault (5.16±0.41 s), whereas the longest is floor exercises (60.90±3.44 s).2 

Different types of exercises are practiced during training and competition in men’s artistic 

gymnastics: 1. pommel horse (exercises performed only in support); 2. horizontal bar, parallel 

bars (exercises performed in hanging or support); 3. floor exercises, vault (strong interaction 

with support). 3 Several changes in the last 20-30 years were introduced in men’s artistic 

gymnastics. 4 The apparatuses have undergone and are still undergoing extensive 

modifications, such as: spring-loaded ring suspension frames made for bow and recoil; 

sprung-top and much wider vaulting tables; thicker landing mats; parallel bars with thinner 

and hollow fiberglass rails; vaulting boards with adjustable spring; increasing elasticity in all 

apparatus. These modifications have strongly influenced different skills. The code of points 

changed dramatically with the introduction  of a new points system for artistic gymnastics in 

2006 (International Federation of Gymnastics, F.I.G.). Unlike the old code of points, scores 

are no longer limited to 10 points  and there are two different evaluations: an execution score 

and a difficulty score.  At the same time, standard of gymnastic apparatuses was also 
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improved. 5 A feedback between competition demands and training technology should affect 

changes in sports activities and, in consequence, in body characteristics of gymnasts. 

Previous publications have examined gymnasts up to 19866  and 19937, while not always 

mentioning the age of gymnasts.6-7 Few papers have examined adult athletes in more recent 

years.8 Studies of junior and adult athletes conducted by the same research teams are very 

scarce.9 Artistic gymnastics is one of the oldest sports. Olympic medal winners10 and 

contemporary athletes (older and younger) should be examined and compared in terms of 

body build to provide insights into effective methods to identify somatically talented athletes 

in this sport. Therefore, this study updates the knowledge with more recent studies aiming to 

determine the somatotype of older and younger artistic gymnasts in light of available 

references by means of a meta-analysis. A secondary aim was to understand if body 

characteristics of the athletes changed during the analyzed period.  

 

Evidence acquisition 

A literature search using the key words “Somatotype AND Gymnastics AND Male” was 

performed in publications from 1993–2016 of the following databases: Academic Search 

Complete, SPORTDiscus with full text, Medline, Google Scholar and ResearchGate. The 

electronic search was supplemented by hand searching the references lists for the selected 

articles. The inclusion criteria were (a) data on the age of study participants; (b) competitive 

level; (c) sample size with data on means and SD concerning the somatotype components; and 

(d) male sex. The exclusion criteria were (a) failure to provide information about the age of 

study participants; (b) a lack of standard deviations for somatotype components; and (c) 

female participants. Given the reduced number of studies found on the topic, we also 

considered non-English literature.  The data collected were classified according to age 

(younger: 18 years or younger; older: over 18 years). The combined means and SDs for age, 
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body height, and body weight were calculated according to Kirkendall et al 11 while taking 

sample sizes into account.   Comparisons were performed using t-test. In addition, distribution 

of somatotypes in older and younger gymnasts, as well in periods before and after 1993, was 

analyzed in 25 samples (19 articles). The Fisher exact test was employed to compare 

frequency distributions.  

Dedicated software was used to identify somatotypes,12 and the Fisher exact test was 

performed to compare frequency distributions. Somatotype components were compared by 

meta-analysis using Medical Bundle software (Statistica v.12). After finding the significance 

of heterogeneity Q between individual samples, the I2 index (independent of trial size) was 

computed. I2 ranges from 0% to 100% and is interpreted as low (≤ 25%), moderate (25-50%), 

or high (≥ 75%). Further analysis was done using the random effects option. Confidence 

intervals for individual samples, age groups, and overall confidence intervals were also 

computed. The significance of intergroup differences (older vs. younger) was calculated for 

each component of the somatotype using a Z-test (p<0.05). 

  

Evidence synthesis 

The results of the literature search are illustrated in a flow chart in Fig. 1.13 After the initial 

search in the international databases, 1491 documents related to gymnasts and other sports 

were found. Further analysis led to the exclusion of 32 papers that did not meet the inclusion 

criteria. During the screening stage, 19 eligible studies that reported 25 individual samples of 

431 older male and 107 younger male gymnasts were identified for quantitative analysis. 

From the results presented by Amigò et al.,14 we included younger gymnasts aged 12.1, 14.2, 

16.1 and 18.1 years. 

*Figure 1 near here* 
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Based on observational cross-sectional studies, we found that  the sample sizes ranged from 6 

to 165 subjects in older groups and from 6 to 17 in younger groups. The mean age of older 

participants in individual samples ranged from 19.8 to 27.2 years, whereas the mean age of 

younger participants ranged from 12.1 to 18.1 years. In younger athletes with age ranging 

from 8 to 15 years, the authors did not present standard deviations.14  The combined SD for 

age was not computed.  

 

Athletes Characteristics 

The combined sample size of the 25 coded individual samples was 538 subjects. The 431 

senior athletes (age = 22.2 years; stature =167.8  6.3 cm; weight = 64.2  6.7 kg) were 

naturally older, taller (t=34.01, df=536, p<0.001), and heavier (t=26.7, df=536, p<0.001) than 

younger athletes (age = 13.4 years; stature = 142.0  9.4 cm; weight = 43.4  9.0 kg). 

 

Differentiation of somatotypes in gymnasts 

Four different somatotypes were identified in gymnasts (Table I). Ectomorphic mesomorphs 

coexisted most often with other somatotypes. No significant differences were found between 

older and younger athletes (Fisher exact test p=0.229).  In older participants, balanced 

mesomorphs occurred as often as ectomorphic mesomorphs, in contrast to the observations in 

younger athletes. These differences were statistically significant (Fisher exact test p=0.027). 

Endomorphic mesomorphs occurred occasionally in older athletes, whereas mesomorph-

ectomorphs occurred only in the younger group without any statistical significance.  

          *Table I near here* 

The somatotype distribution  before  and after 1993  is presented in Table II. 

          *Table II near here* 
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No difference in ectomorphic mesomorph (p=0.241) was found between gymnasts before and 

after 1993. For balanced mesomorph,  different frequency (p=0. 021) resulted between 

periods. Balanced mesomorph was prevalent after 1993. 

The location of individual samples is illustrated in somatocharts for older (Fig. 2)8,9,15-27 

 and younger gymnasts (Fig. 3).9,14,28-31 The mean somatotype for the older group was S = 

1.8 0.4-5.9  0.6-2.2  0.4 (balanced mesomorph), whereas that for younger athletes was S = 

1.6 0.3-5.4  0.8-3.0  0.6 (ectomorphic mesomorph). The SANOVA results show a 

significant difference between the components of older and younger gymnasts (F=7.00(1,23), 

p=0.014).  

*Figures 2 and 3 near here* 

ANOVA does not show any significant difference between gymnasts before and after 1993 

for endomorphy (F(1,23)=0.28, p=0.392; “before 1993”: 1.71±0.40 vs “after 

1993”:1.79±0.36), and mesomorphy (F(1,23)= 0.40, p=0.460;  “before 1993”: 5.64±0.70  vs 

“after 1993”:5.82±0.71). For ectomorphy, the difference was close to significance level 

(F(1,23)= 3.00, p=0.093; “before 1993”: 2.65±0.71 vs “after 1993”: 2.22 ± 0.46).  Similarly, 

somatochart (Fig.4) displays a different somatotype distribution: gymnasts somatotype was 

ectomorphic mesomorph before 1993 and balanced mesomorph after 1993. 

*Figure 4 near here* 

 

Meta-Analysis of Somatotype Components in Subgroups of Older and Younger Gymnasts 

Definite heterogeneity was a characteristic of older samples in individual components of the 

somatotype: endomorphy (Q=195.590, df=15, p<0.001; I2=92.33%, Cl= 89.12-94.59%), 

mesomorphy (Q= 188.403, p<0.001; I2=92.04%, Cl=88.66-94.41%), and ectomorphy 

(Q=111.086, p<0.001; I2=86.37%, Cl=79.40-90.99%). Similarly, high heterogeneity was 

found in the younger subgroups for endomorphy (Q=39.039; df=8, p<0.001; I2=79.51%, Cl= 
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61.68-89.04%), mesomorphy (Q=94.98, p<0.001; I2=91.58, Cl= 86.26-94.84%), and 

ectomorphy (Q=59.41, p<0.001; I2=86.3, Cl=74.44-95.30%). Therefore, comparisons were 

based on the mean difference, random effects, and T2 in separate subgroup analyses.  

Older and younger athletes showed no statistical significant difference for endomorphy 

(Z=1.014, p=0.311, mean=1.76, Cl=1.62-1.89 vs. 1.65, Cl=1.61-1.81) (Fig.5). In the older 

group, these confidence limits did not contain positive outliers (mean=2.60, Cl=2.19-3.01; 14 

mean=2.73, Cl =2.40-3.06) 8 and negative outliers (mean=1.10, Cl=0.96-1.24 ) .20 In the 

younger group, the most outlying results were presented by Araujo and Montinho 

(mean=2.20, Cl=1.96-2.40)29 (Fig.5). 8,9,14-31 

For mesomorphy (Z=1.600, p=0.107), we found differences that were close to the significance 

level between older athletes (mean=5.87, Cl=5.62-6.12) and younger athletes (mean=5.39, 

Cl= 4.88-5.90) (Fig. 5). The most positive outlying results for mesomorphy of adults 

(mean=7.06, Cl=6.57-7.55) were presented by João and Filho,27 whereas negative outliers 

(mean=4.43; Cl=4.14-4.72) were documented by Čuk et al.25 Among younger subgroups, the 

most pronounced positive results were those of Italian (mean=6.30, Cl=5.87-6.73)9 and 

Spanish gymnasts (mean=6.30, Cl=5.42-7.18),14  and the most pronounced negative results 

were those of Brazilian gymnasts (mean=4.20, Cl=3.73-4.47)29 (Fig.6).8,9,14-31 

With respect to ectomorphy, a significant difference was found between the means of older 

(mean=2.13, Cl=1.94-2.33) and younger (mean=3.02, Cl=2.59-3.62) gymnastics athletes (Z=-

3.722, p<0.001) (Fig.7). 8,9,14-31  The highest outliers were observed for two individual samples 

of older athletes (mean=1.50, Cl=1.25-1.75;15 mean=1.60, Cl=1.35-1.85) 27 and younger 

athletes (mean=3.90, Cl=3.53-4.27;28 mean=4.00, Cl=3.41-4.59)29. 

                 ***Figures 5-7 near here*** 

 

Discussion 
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The principal focus of our interest was somatotype in male competitors of the Artistic 

Gymnastics according to age. Body height and body mass have been documented in studies of 

somatotypes in various sports groups. The results support the hypothesis that gymnasts are 

generally shorter and lighter than athletes from other sports.2,8,24,26  The mean age of athletes 

from individual samples ranged from 12.114 to 27.26,26. The mean age of Olympic medal 

winners from the Olympic Games in London (2012)10 was 23.3 years and was similar to the 

mean age in the older subgroup in our review (22.2 years). Interesting differences occurred 

between medal winners in individual events. The greatest age difference (7.7 years) was 

found between the results in the rings and vault events (27.0 and 19.3 years, respectively). 

Outstanding athletes in the last decade started training at the age of 6.2 years.10 

The body build of older athletes was more diverse than that of younger gymnasts, but the 

most prevalent somatotype in both subgroups was ectomorphic mesomorph. An exception of 

endomorphic mesomorph was observed in older gymnasts before 1993.15 This situation, 

however, concerned touring gymnastic demonstration team  (no competitors at their readiness 

moment). A de-training effect was probably responsible for their highest endomorphy. Almost 

the same frequency was found in the older group for balanced mesomorph, but this 

somatotype was not found in younger athletes. Therefore, age and weekly training volume, 

which tends to increase with  age in athletes,32  represent factors that moderate the body build 

of male artistic gymnasts. Also, contemporary changes in rules and mastering of  apparatuses 

for training and competition occurred during the examined update period from 1993.,5  

The routine requirements, becoming more demanding and increasingly difficult, can explain 

the adaptation in body build of gymnasts selected for competitions. In addition to training 

effects, the athlete’s anthropometric characteristics play an important role in defining the 

potential for success in a given sport.33-34  For these reasons, our findings from studies on 
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gymnast’s somatotype may also support decision making for this sport and for adequate 

training programs used by professional coaches.  

One problem is specialization in gymnastic apparatuses used in all-around events. Athletes 

perform routines during events using the floor, pommel horse, rings, vault, parallel bars, and 

high bar. Thus, it is difficult to match various special skills demonstrated on different 

apparatuses with the quality of dismount. This is likely to affect the scores in all-around 

events and thus the level of achievement in artistic gymnastics in the Olympic Games.35  We 

found no studies concerning the relationships of somatotypes with apparatuses preferred by 

gymnasts, who should be examined in these terms despite athletes being difficult to access for 

research.  

A characteristically high level of mesomorphy was observed in the younger subgroup,28-29,31 

and the level of individual samples coincided with values characteristic for adult athletes .25 

Another six individual younger samples14 showed Cl values similar to those recorded in adult 

athletes. This phenomenon can be regarded as feedback in the biological paradigm of mutual 

relationships between somatotype and the effects of sport-specific training. This approach to 

solving the problem has also been presented in studies focusing on the relationships between 

the type of sport and body build of athletes with respect to their competitive level 8,34-35 and 

compared to a control group of non-athletes.8,37 

In this review, no meta-analysis was conducted among different competitions level due to a 

lack of uniformity of the available studies concerning this criterion: limited information on 

achievements within each competition (medallist, non-medallists) is included, again making 

comparisons difficult.  

The prognoses of the development of gymnasts should consider anthropological methods to 

predict adult body height,33, 38 since gymnasts tend to be shorter than athletes from other 

sports. From this point of view, the peak height velocity (PHV) needs consideration. 
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Investigations on the  PHV year in gymnasts are very rare. According to a longitudinal study, 

Polish elite gymnasts reached PHV (7.8±1.1cm/per year) at 15.1±0.8 years.40  Moreover, as 

regards the changes in somatotype after PHV, it appeared that the gymnasts mesomorphy 

reached 6.2 and 6.3 at the age 16 and 18, respectively.14 A more comprehensive approach to 

this problem can also be found in sports science in light of the relationships between heredity, 

lifestyles, environmental, personal attributes and physical activity, physical fitness, health, 

and wellness.38 One of the studies in our update review from 1993 to present and meta-

analysis discussed the somatotypes of male gymnasts across various age categories: juniors 

differed in their somatotypes and individual somatotype components from seniors.9  

Nevertheless, contemporary juniors are judged under the same code of points as the seniors of 

the F.I.G..  

The results of individual samples have demonstrated that younger athletes (aged 12 to 18 

years) are characterized by the same somatotype (ectomorphic mesomorph). The mesomorphy 

component becomes more pronounced from the youngest to the oldest individual samples, but 

its position with respect to endomorphy and ectomorphy is similar between groups.14 The 

same somatotype was also present in an independent study of junior athletes,9,30 and its 

determination could be useful for the identification of talented candidates for artistic 

gymnastics. The mentioned group revealed a strong relationship between the starting age and 

the age of retiring from artistic gymnastics, as well as their dependence on the event.10 We 

suppose that this group of Olympians is characterized by a specific body build that gives them 

an advantage over their opponents. However, further research is needed. 

 

Conclusions 

This review is the first to consider several empirical studies focusing on somatotype 

components among male gymnasts. Since artistic gymnastics represents an Olympic sport, it 
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is important to base current and future interventions on somatotype evidence in this discipline. 

Although a limited numbers of articles were available, our findings demonstrated significant 

differences between the somatotypes of older and younger gymnasts. The differences were 

found mainly in the values of ectomorphy (older < younger) and mesomorphy (older > 

younger), but no difference was observed in the endomorphy somatotype component. 

Ectomorphy, which is based on the height-to-weight ratio, turned out to be significantly lower 

in older athletes than in younger athletes. While striving to increase mesomorphy, 

professional coaches should take into account the structural aptitudes of candidates, the 

breadth of the epiphyses of the humerus and the femur, and the individual responses of 

muscles of the upper and lower limbs to training load. Endomorphy pointed to higher fat 

percentage, which did not differ between older and younger athletes. However, its level 

should be controlled since it can have negative effects on relative strength, which is essential 

in artistic gymnastics, since numerous movements are based on hangs and supports and it is 

necessary to use the comprehensive effect of the athlete's own body.  

This review contributed to the existing body of knowledge in the area of artistic gymnastics 

by providing further objective instruments for evaluation,  also highlighting that current 

research has overlooked apparatuses used in artistic gymnastics. To provide a better picture in 

this field, we recommend that researchers consider the most appropriate somatotype specific 

to the requirements of a given apparatus. 
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TABLE I. Distribution of somatotypes in older and younger artistic gymnasts according to 25 

individual samples (19 articles). 

 

Somatotype 

Samples of 

older 

gymnasts 

n. 

Samples  of 

younger 

gymnasts 

n. 

 

Total 

Samples 

n. 

 

Definition (Carter & Heath 1990, 

p.406) 

Ectomorphic 

mesomorph 

8 7 15 Mesomorphy is dominant, and 

ectomorphy is greater than 

endomorphy 

Balanced  

mesomorph 

7 0 7 Mesomorphy is dominant, 

endomorphy and ectomorphy are 

less and equal (or do not differ by 

more than one-half unit)  

Mesomorph-

ectomorph  

0 2 2 Mesomorphy and ectomorphy are 

equal (or do not differ than one 

half); endomorphy is lower 

Endomorphic 

mesomorph 

1 0 1 Mesomorphy is dominant, and 

endomorphy is greater than 

ectomorphy 

Total 16 9 25  
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TABLE II. Distribution of somatotypes before and after 1993 according to 25 samples (19 

articles). 

Somatotype Samples before 1993 

n. 

Samples after 1993 

n. 

  Total Samples  

n. 

Ectomorphic 

mesomorph 

10 5 15 

Balanced  

mesomorph 

1 6 7 

Mesomorph-

ectomorph  

2 0 2 

Endomorphic 

mesomorph 

1 0 1 

Total 14 11 25 
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Titles of figures  

Fig. 1. Flowchart of the literature search procedure (according to Moher et al27). 

Fig. 2. Somatotypes of 16 older groups: 1-Denmark, Carter, 1970 endomorphic 

mesomorph; 2-USA Iowa University, Carter, 1970 ectomorphic mesomorph; 3- American 

Association U placers, Carter,1971 balanced mesomorph; 4- Mexico Olympics, Garay (De) 

et al,1974 ectomorphic mesomorph; 5-Cuba International, Lopez et al,1979 ectomorphic 

mesomorph; 6-Montreal Olympics, Carter et al,1982 ectomorphic mesomorph; 7-China, 

Zeng, 1985 ectomorphic mesomorph; 8-Cuba, Rodriquez et al,1986 ectomorphic 

mesomorph; 9-South Australia, Withers et al,1986 ectomorphic mesomorph; 10-World 

Championships in Rotterdam, Claessens et al,1991 ectomorphic mesomorph; 11-Italy, 

Gualdi-Russo et al,1993 balanced mesomorph; 12-Argentina, Lentini et al,2004 balanced 

mesomorph; 13-World Cup in Ljubljana, Čuk et al, 2007 balanced mesomorph; 14-Italy, 

Massida et al, 2013 balanced mesomorph; 15-Chile, Rodriquez et al, 2014 balanced 

mesomorph; 16-Brazil, João et al, 2015 balanced mesomorph. The largest circle represents 

the mean somatopoint. 

Fig. 3. Somatotypes of 9 younger groups: 17-Brno Czechoslovakia, Stepnicka,1976  

mesomorph-ectomorph; 18-Brazil club, Araujo et al,1978 mesomorph-ectomorph; 19-

Venezuela, Perez,1981 ectomorphic mesomorph; 20-Oregon class II-IV, Broekhoff et 

al,1986 ectomorphic mesomorph; 21-Spain (12.1 yrs), Amigò et al, 2009 
 ectomorphic 

mesomorph; 22-Spain (14.2 yrs), Amigò et al, 2009 
 ectomorphic mesomorph; 23-Spain 

(16.1 yrs), Amigò et al, 2009 ectomorphic mesomorph; 24-Spain (18.1 yrs), Amigò et al, 

2009 ectomorphic mesomorph; 25-Italy, Massida et al, 2013 ectomorphic mesomorph. 

The largest circle represents the mean somatopoint. 

Fig. 4. Comparison of somatotypes of male gymnasts studied before and after 1993.The 

period since 1993 shows a slight increase in mesomorphic component. 

Fig. 5. Forest plot for the endomorphy component. 

Fig. 6. Forest plot for the mesomorphy component. 

Fig. 7. Forest plot for the ectomorphy component. 
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