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A B S T R A C T

The somatotyping method is especially helpful in sports in which the body could directly influence the biomechanics

of movements and the performance’s results. The purpose of this study was to determine the somatotype of elite Italian

gymnasts and to compare it in terms of competition levels. The sample comprised 64 elite gymnasts (42 females (F),

somatotype 1.4-4.4-3.2; and 22 males (M), somatotype 1.6-6.3-2.1) belonging to the Italian National Artistic Gymnastic

Team (2007) at different competition levels: Allieve, Junior, and Senior. Mean whole somatotypes, by competition levels,

were not significantly different in both sexes (Female gymnasts: Allieve, 1.3-4.6-3.3; Junior, 1.3-4.2-3.6; Senior, 1.7-4.2-

2.7; Male gymnasts: Junior, 1.5-6.3-2.5; Senior, 1.7-6.3-1.6). Male Junior gymnasts exhibited greater ectomorphy than

Senior athletes (F1,20=7.75, p<0.01). Compared to other elite athletes male and female gymnasts tend to be less endo-

morphic and more mesomorphic. This study highlighted the peculiarities of the somatotype of Italian elite gymnasts and

their strong homogeneity, evident also from the low values of somatotype attitudinal mean (SAM). The results emphasize

the need for a specific somatotype to reach an elite level in sport and the need to integrate the somatotype analysis between

the scientific instruments for selecting talent also in artistic gymnastics.
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Introduction

Understanding and describing the characteristics of
elite human performance in sport involve the analysis of
the various factors which influence the performance at
different levels. Several authors8,22,25 have shown that
elite athletes have distinct characteristics, including
anthropometric dimensions, somatotype and body com-
position.

The somatotyping method is especially helpful in the
»aesthetic« sports, such as artistic gymnastics, where the
body is the primary element in obtaining high perfor-
mance scores16. In fact, the gymnasts’ body could influ-
ence the judges’ evaluation5 and the biomechanics of the
technical movements2. Generally, somatotypes of ath-
letes are quite different from each other19 and several
trends characterizing competitive gymnasts from refer-
ence samples are obvious6. Most evidence is that, whilst
ratings in each of the somatotype components may vary
from one sample to another, the relative dominance of
components does not7,12,18. In female gymnasts the me-
somorphy is, usually, the dominant component and ecto-
morphy is greater than endomorphy12. This somatotype

is identified as an ectomorphic mesomorph and it differs
from those of sedentary female who, typically, tends to be
more endomorphic and less mesomorphic7.

As far as male gymnasts is concerned, they have a bal-
anced mesomorphs somatotype with greater mesomor-
phy values than those observed in female gymnasts12.

There are few recent studies selectively focused on
somatotype of top-level gymnasts and none has been con-
ducted on elite Italian gymnasts.

The aim of this study was to describe somatotypes of
Italian elite male and female artistic gymnasts in the XXI
century in relation to competition levels.

Material and Methods

This study investigated the somatotypes of Italian
elite male and female gymnasts, who were members of
Italian National Artistic Gymnastic Team (2007) in dif-
ferent categories: Allieve (A) (n.23), Junior (J) (Females,
n.10; Males, n.13) and Senior (S) (Females, n.9; Males,
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n.9) according to the gymnasts’ age and the Italian Gym-
nastics Federation’ rules. The examined samples were
representative of the entire groups in terms of competi-
tion levels (that included only National, European, World
and Olympic medal winners). All athletes included in
this study provided informed consent, and the study was
approved by the President and the ethics committee of
the Italian Gymnastic Federation (F.G.I.). All partici-
pants were subjected to anthropometric measurements.
The rules and techniques for measuring recommended
by the International Working Group of Kinanthropome-
try, outlined by Ross and Marfell-Jones27 and adopted by
the International Society for the Advancement of Kinan-
thropometry (ISAK) were followed for each assessment.

The sample comprised 64 elite male and female gym-
nasts (Females = n.42, mean age 13.4 ± 2.5; and Males =
n.22, mean age 18.6 ± 5.0) from Italian origin. Females
had been practicing gymnastics for 6.4 years, on average,
and their training consisted of 28.2 ± 6.8 hours per week
(range 15–42 hours). Males had been practicing gymnas-
tics for 11.0 years, on average, and their training con-
sisted of 26.2 ± 6.2 hours per week (range 15–36 hours).

The following variables were assessed for each sub-
ject: stature, weight, humerus and femur widths, arm
(flexed) and calf girths and the biceps, triceps, subsca-
pular, supraspinale, and medial calf skinfolds. Skinfolds
were taken by means of the Lange caliper. A portable
stadiometer (Freestanding Magnimeter, Raven Equip-
ment Ltd, UK) was used to measure height. All measure-
ments were performed twice, and the results were aver-
aged. Technical errors of measurement met the required
target levels for within and between measurers: � 5% for
skinfolds and � 1% for other measures1. All participants
were measured by the same trained anthropologist.
Height Weight Ratio (HWR), as a ponderal index for cal-
culating ectomorphic somatotype, was calculated divid-
ing the height by cube root of weight, according to proce-
dures used for Heath-Carter somatotype rating. The

somatotype was estimated following the Heath & Carter
Anthropometric protocol12.

The special somatotype analysis of variance methods
(SANOV) was used to compare the three-dimensional
somatotype according to competition level and sex9.
Comparison of separate components’ means were made
by univariate analyses of variance using Tukey’s HSD
test of significance at the p<0.01 level. Analysis of co-
variance (ANCOVA) controlling for age was calculated
for each anthropometric variable by level (Allieve, Junior
and Senior) and by sex (male and female). If the AN-
COVA was significant, univariate F-tests were performed
to determine which component contribute to the differ-
ence(s). STATISTICA (version 8.0, Statsoft) and Somato-
type-Calculation and Analysis (Sweat Technologies) soft-
ware were used for all statistical analysis.

Results

The descriptive statistics for age, body size and soma-
totype variables by sex and competition levels are pre-
sented in Table I. Overall, the gymnasts’ age range was
9–22 years for females and 12–27 years for males. Female
gymnasts were, on average, younger (t=5.54, p<0.001)
than male gymnasts. After controlling for age with
ANCOVA, females were shorter (t=7.87, p<0.001) and
lighter (t=9.79, p<0.001) than male gymnasts.

Females had a higher height-weight ratio (stature/bo-
dy mass–0.33) than male gymnasts (F=23.19, p<0.001).
The somatotype attitudinal means (SAM) for each sex
did not differ (t=0.85). When the whole somatotype
means of male and female gymnasts were compared us-
ing SANOV, they were significantly different (SAD=2.30,
F=48.24, p<0.001). Univariate analyses revealed no dif-
ferences in endomorphy (F1,62=3.99), but there were dif-
ferences in mesomorphy (F1,62=87.22, p<0.001) and ec-
tomorphy (F1,62=23.61, p<0.001), which were higher in
males than in females. The mean somatotype of females
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TABLE 1

ANTHROPOMETRIC AND SOMATOTYPE FEATURES FOR ELITE MALE AND FEMALE GYMNASTS
BY COMPETITION LEVEL (MEAN ± SD)

Age (y) Stature (cm) Weight (kg) HWR Endo Meso Ecto SAM

Female

Allieve (n=23) 11.7±1.0 139.7±8.1d 33.2±5.0d 43.5±1.1 1.3±0.2 4.6±0.7 3.3±1.4 0.9±0.5

Junior (n=10) 14.1±0.5 148.4±6.3 38.7±5.8 44.0±1.0 1.3±0.3 4.2±0.6 3.6±0.7 0.8±0.5

Senior (n=9) 17.1±2.0bc 153.8±5.6b 46.8±5.8bc 42.7±0.9 1.7±0.5 4.2±0.8 2.7±0.6 1.0±0.5

All (n=42) 13.4±2.4a 144.8±9.2a 37.4±7.5a 43.5±1.1a 1.4±0.3 4.4±0.7a 3.2±0.8a 1.0±0.5

Male

Junior (n=13) 15.1±1.7 161.4±11.1 55.7±12.3 42.5±1.1 1.5±0.2 6.3±0.8 2.5±0.8 1.1±0.5

Senior (n=9) 22.4±4.8e 169.0±5.7 69.3±4.2e 41.1±1.1e 1.7±0.2 6.3±0.9 1.6±0.6e 0.9±0.6

All (n=22) 18.1±4.9 164.5±9.8 61.3±11.8 41.9±1.3 1.6±0.2 6.3±0.9 2.1±0.9 1.1±0.5

a p<0.01 for Female versus Male gymnasts; b p<0.01 for Senior versus Allieve female gymnasts; c p<0.01 for Senior versus Junior fe-
male gymnasts; d p<0.01 for Allieve versus Junior female gymnasts; e p<0.01 for Senior versus Junior male gymnasts. HWR = Height
Weight Ratio.



was ectomorphic mesomorph, while those of males fell in
the balanced mesomorph category.

Senior female gymnasts were older (F=60.41, p<

0.001) than Allieve and Junior. After controlling for age
with ANCOVA, senior were heavier (F=20.7, p<0.001)
than Allieve and Junior. Allieve were lighter and shorter
(F=13.71, p<0.001) than Junior, and Senior were also
taller than Allieve (F=21.91, p<0.001). The height-weight
ratio did not differ from the three competition levels
(F=3.23).

The somatoplots for the three groups are shown in
Figure 1. The SAMs for each level did not differ (F=0.42)
with a narrow range of 0.93–1.16. Therefore, the distri-
butions of the somatoplots about their respective means
were very similar in relation to competition level.

The whole somatotype means also did not differ among
the three gymnasts’ groups (F=2.38). All showed a mean
somatotype which fell in the ectomorphic mesomorph
category. In the three groups, the most frequent category
was the ectomorphic mesomorph (Allieve 70%; Junior
50%, Senior 44%), followed by the mesomorph ecto-
morph (Allieve 13%, Junior 30%, Senior 22%). The 13%
of Allieve and 20% of Junior were classified mesomor-
phic-ectomorph, while 22% of Senior fell into the bal-
anced mesomorph category as the 4% of Allieve did.

Senior male gymnasts were older (t=8.25, p<0.001)
than Junior. After controlling for age with ANCOVA, Ju-
nior were lighter (t=3.16, p<0.01) than Senior.

Height did not differ between the two competition
levels (t=1.08), while the height-weight ratio was higher
in Junior than in Senior (t = –2.75, p<0.05). The somato-
plots for the two competition levels are shown in Figure 1.

The SAMs did not differ (t=0.18) and were very simi-
lar for each level, and the distributions of the somato-
plots about their respective means were also similar. The
whole somatotype means also did not differ between the
two gymnasts’ groups (SAD=0.93, F=3.28), but the uni-
variate analyses of variance revealed differences in ecto-

morphy (F1,20=7.75, p<0.01) that was higher in Junior
than Senior gymnasts. The mean somatotype was ecto-
morphic mesomorph for Junior and balanced meso-
morph for Senior.

For Junior the most frequently category was the
ectomorphic-mesomorph (69%) followed by the balanced
mesomorph (31%), while for Senior gymnasts the most
frequent category was the balanced mesomorph, (78%)
followed by endomorphic mesomorph (11%) and by ecto-
morphic mesomorph (11%).

Discussion and Conclusion

This investigation gave indications of interest which
will be useful to expand and update the somatotype data
on elite gymnasts. In females, the effect of competitive
level on the investigated anthropometric characteristics
is evident and it can be attributed to a difference in age
among the three groups of athletes. Conversely, somato-
type differences among the three groups are minima, in-
dicating a strong homogeneity whatever the competitive
levels. Therefore, the somatotype significantly character-
izes the gymnasts compared to female athletes in other
different sports such, for example, tennis and
volleyball23,28. Most of the examined gymnasts were char-
acterized by an ectomorphic mesomorph somatotype
with a trend towards a balanced mesomorph somatotype,
especially for senior gymnasts. Our results agree with
those described in literature14. Female Italian gymnasts
showed a greater development of mesomorphy (4.4 vs.

3.7) and lower values of endomorphy (1.4 vs. 1.8) com-
pared to female gymnasts examined by Claessens and
colleagues (13), while the ectomorphic component was
similar between the two groups of athletes (3.1 vs. 3.2).

Generally, young successful athletes (11–17 years)
tend to have a somatotype similar to those of adult ath-
letes in their respective sports10. Young athletes have
slightly lower values of endomorphy and mesomorphy
and tend to be more ectomorphic than adult athletes4.
The latter component reflects the role of growth in the
transition between late adolescence and young adult-
hood. In our sample we found no significant differences
among the three competition levels, though senior ath-
letes were slightly more endomorphic and less ectomor-
phic than their younger colleagues.

Similar findings are evident among male junior gym-
nasts, who had higher ectomorphic values than senior
athletes. Most of the male gymnasts (57.5%) who partici-
pated at the World Championships of 198713 were classi-
fied as balanced mesomorph, as was true for Italian
males. Male Italian gymnasts showed a greater develop-
ment of mesomorphy (6.3 vs 5.6) compared to gymnasts
examined by Claessens and colleagues (13), while ecto-
morphic and endomorphic components were very similar
in both groups (endo: Italy 1.6 vs World 1.5; ecto: Italy
2.1 vs World 2.1, respectively).

Amigo and colleagues3 showed that in 90% of cases,
the individual somatotypes of elite male Spanish gym-
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Fig. 1. Somatotype distribution of male and female gymnasts.

Female: a) Allieve n=23, b) Junior n=10, c) Senior n=9; Male:

d) Junior n=13, e) Senior, n=9; O = Mean somatotypes.



nasts were classified as ectomorphic mesomorph. The
Italian male gymnasts examined in the present study
showed a mean somatotype similar to those of Australian
(1.8-6.2-2.5)24 and Argentinean gymnasts (1.9-6.7-1.6)26.
As seen in our sample, the mean somatotype of Argen-
tine and Australian gymnasts fell in the balanced meso-
morph region. Italian gymnasts showed a peculiar soma-
totype versus other elite athletes from different sports,
such as, volleyball and karate20, 21 and, on average, male
gymnasts tend to be more balanced mesomorph.

The very low values of SAMs in all gymnasts’ groups
of both sexes emphasize an important somatotype homo-
geneity regardless of competitive level.

The difference in the whole somatotype mean be-
tween male and female gymnasts could be due to the typ-
ical difference in physical structure between genders, but
also to the different technical movements performed by
gymnasts. In fact, although artistic gymnastics perfor-
mance shares many similarities between both males and
females, it also needs different athletic requirements
that favor a particular optimal somatotype. The typical
exercise of males consists to perform short routines char-
acterized by a greater development of fat free mass com-
pared to the technical movement of artistic female gym-
nastics that, conversely, required less development of
maximal strength. Our results agree with Carter and
Heath’s findings12, although it is important to highlight
the greater mesomorphic value of gymnasts in the pres-
ent study. Compared to gymnasts of 20 years ago13, the
whole mean somatotype of Italian gymnasts was very
similar to those of elite gymnasts who participated in the
1987 World Championship, indicating a stability of so-
matotype as a whole during passage of time. However,
when the somatotype components were separately con-
sidered, the Italian male and female gymnasts were more
mesomorphic compared to gymnasts of 20 years ago, and
female Italian athletes also had a lower endomorphy
value.

The differences in somatotype components between
Italian athletes and gymnasts of 20 years ago has arisen
partly due to changes in difficulty levels of males and fe-
males prescribed by Code of Points by FIG (International
Federation of Gymnastic), expecting gymnasts to gener-
ate higher muscle force in all body parts and to perform
elements, including more rotation around vertical and
horizontal axes which require adjustments in body struc-
ture.

Researches on artistic gymnasts somatotype are hard-
ly available on literature, or they are based on old date17,

although is well known the evidence, underscored by
Claessens15, of changes in physical structure of the elite
gymnasts from 1960 till today. For example, some da-
ta8,10,13 on mean somatotypes of female gymnasts shows a
trend of decreasing endomorphy ratings among interna-
tional competitors between the Mexico Olympics in 1968
(endo: 2.7) and the World Championships in 1987 (endo:
1.8).

Generally, the biomechanical aspects of gymnastics
seem to favor athletes with a linear physical structure, a
relatively low endomorphy value and a high mesomor-
phic development. As for height and weight, differences
in somatotype between the gymnasts and the reference
sample are evident early and remain evident until adult-
hood. While it is probable that the genetic component fa-
vors some people than others in developing a good physical
structure for artistic gymnastics, it is equally probable
that selection by coaches, training, and diet are key fac-
tors in the development of elite performance11.

Perhaps the „perfect physique“ for every sports does
not exist, because other factors are also essential, such as
psychological and motivational attitudes, relationship
with the coach, methods of training etc. Undoubtedly,
however, subjects with a somatotype different from that
identified in this research will be less likely to reach a
high level in artistic gymnastics29,30.

Our data will be added to the results of reference for
the somatometrical characteristics of elite gymnasts to
provide up–to-date values for future research and assess-
ment.

The strong somatotypic homogeneity of the Italian
gymnasts suggests the importance of a specific morphol-
ogy to achieve high level in artistic gymnastic and, as a
consequence, it can give coaches useful indication to ori-
ent training protocol.

Our results indicate that a peculiar somatotype char-
acterizes gymnasts regardless age and level of competition,
suggesting the importance to introduce the somatotype’s
analysis in the identification and selection process of tal-
ents.
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SOMATOTIP ELITNIH TALIJANSKIH GIMNASTI^ARA

S A @ E T A K

Odre|ivanje somatotipa je metoda osobito korisna u sportovima u kojima tijelo izravno utje~e na biomehaniku po-
kreta i rezultata izvedbe. Cilj je ovog istra`ivanja utvrditi somatotip elitnih talijanskih gimnasti~ara te ga usporediti u
smislu razina natjecanja. Uzorak se sastojao od 64 elitnih gimnasti~ara (42 `ena (F), somatotipa 1.4-4.4-3.2, i 22 mu{kar-
ca (M), somatotipa 1.6-6.3-2.1) koji pripadaju talijanskom nacionalnom gimnasti~kom timu (2007) u razli~itim razina-
ma natjecanja: Allieve, Junior i Senior. ^itavi srednji somatotipovi, prema razinama natjecanja, ne razlikuju se zna~aj-
no u oba spola (gimnasti~arke: Allieve, 1.3-4.6-3.3, Junior, Senior, 1.3-4.2-3.6; 1.7-4.2-2.7; gimnasti~ari: Junior, 1,5-6,3
do 2,5; vi{i, 1.7-6.3-1.6). Mu{ki Junior gimnasti~ari pokazuju ve}u ektomorfnost od starijih sporta{a (F1,20 = 7,75, p<0,01). U
usporedbi s drugim elitnim sporta{ima, mu{ki i `enski gimnasti~ari imaju tendenciju biti manje endomorfni i vi{e
mezomorfni. Ova studija istakla je osobitosti somatotipa talijanskih elitnih gimnasti~ara i njihovu sna`nu homogenost.
Rezultati nagla{avaju potrebu da odre|eni somatotip dostigne elitnu razinu u sportu te potrebu da se analiza soma-
totipa uklju~i me|u znanstvene instrumente za odabir talenata i u sportskoj gimnastici.
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