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Abstract

Sambo is a relatively novel international martial art founded back in the 1930’s. It is mainly characterised by
specific throws, holds, arm and leg locks, where successful performance depend on a specific technique and
tactical skills along with optimal physical fitness. The aim of the present study was somatotype and anthropo-
metric profiles of elite junior sambo athletes divided by weight categories.

A total of 156 elite junior sambo athletes from 34 countries participants of the World Youth and Junior Sambo
Championships participated in the study (52 females and 104 males from 10 weight categories). Anthropometrical
variables were taken in order to calculate somatotypes. A one-way analysis of variance and Tukey’s post hoc
test were used to compare groups by weight categories and effect sizesn22 were calculated as well.

Results of this study provide the first description of the anthropometrical profile and somatotype of elite male
and female junior sambo athletes. A typical somatotype in male sambo athletes was endomorphic mesomorph
with indicating a predominance of musculoskeletal tissue, while female athletes were classified as endomor-
phic mesomorph and mesomorphic endomorph in relation with weight division.

This study highlights the importance of distinguishing between categories during the training and selection
processes since sambo athletes have a specific body composition in function of the weight category in which
they compete.
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Martial arts - are any of

several arts of combat and self-

defence (such as sambo) that
are widely practised as a sport.

Skinfolds - is a fold of skin
and its underlying adherent
subcutaneous tissue.

Weight categories - are
divisions used to match
competitors against others of
their own weight.

Somatochart - A diagram

that can be used to display the
somatotype of an individual

or group.

Anthropometric profile
- refers to comparative
measurements of the bodly.

INTRODUCTION

Qualification and determination of elite athletes
can provide insightful information regarding to
competitive success. In combat sports, struc-
turally similar to sambo, special attention has
been paid to the morphological characteristics
of elite athletes [1-6]. However, there is no avail-
able study about body composition and somato-
types of sambo athletes. Sambo is a relatively
novel international martial art founded back in
the 1930’s. It is mainly characterised by specific
throws, holds, arm and leg locks, where success-
ful performance depend on a specific technique
and tactical skills along with optimal physical fit-
ness [7]. During a high-intensity action in sambo,
the opponents are trying to throw each other pre-
dominantly on the back or to control the oppo-
nent during the ground phase [7, 8].

Sambo competitions are divided according to age
and weight category. Therefore, based on age and
weight category sambo athletes need to control
body mass in order to select the best category
that suits them. Research has shown that com-
bat athletes usually try to maximise muscle mass
and to minimise adiposity in each weight category,
with an attempt to increase power-body mass
ratio. This process starts in early adolescence
in both genders [9]. However, negative conse-
quences due to rapid weight loss are not rare [10].

Previous research points out on differences in
anthropometrical characteristics of combat ath-
letes due to numerous factors, including compe-
tition level, weight category, experience, gender
and age [8, 11-13]. Also, there are relationships
between somatotype and the level of sports
achievement in martial arts [14]. The authors
found key factors which determine champion lev-
els, emphasising the importance of somatic build
for specialisation in sport [15]. Also, differences
in somatotype between males and females have
consistently been found in both the general and
athletic populations with the males being more
mesomorphic and the females having a higher
endomorphy rating.

Determination data which allow identification
and classification of somatic build in elite sambo
athletes will contribute in development a model
necessary for success in sambo sport. Such infor-
mation may also be useful and serve as an indi-
cator of the minimum fitness standards required
to compete in sambo on high levels. Since body
composition, as well as certain somatotype of

athletes, can determine success in combat sports,
our study will provide useful information in this
field regarding to sambo. Concerning this fact, the
aim of this study was the somatotype and anthro-
pometric profiles of elite junior sambo athletes
divided by weight categories.

MATERIAL AND METHODS

Subjects and design

The sample was composed of 104 male sambo
athletes (age 19.8 +3.7 years) and 52 female
sambo athletes (age 17.7 £1.4 years). All testing
procedures were conducted during the World
Youth and Junior Sambo Championships held in
Novi Sad (Serbia). Participants were divided into
ten male and female official weight categories
(male for -48 kg, -52 kg, -57 kg, -62 kg, -68 kg,
-74 kg, -82 kg, -90 kg, -100 kg +100 kg, female
for -44 kg, -48 kg, -52 kg, -56 kg, -60 kg, -64 kg,
-68 kg, -72 kg, -80 kg, +80 kg). All participants
took part voluntarily in the study. Informed writ-
ten consent was obtained from each subject, and
all procedures were performed in accordance
with the Declaration of Helsinki. The study was
approved by the local institutional review board
(IRB).

Anthropometrical measurements

Following anthropometric measurements were
conducted: height and body mass, four skinfolds
(triceps, subscapular, supraspinale, calf), breadths
(humerus and femur diameters), girths (arm and
calf), breadths (humerus and femur diameters).
Body height was determined using a Martin
anthropometer (GPM, Switzerland), skinfolds
were measured using a John Bull caliper (British
Indicator Ltd, UK) accurate to 0.2 mm, girth
measurements were acquired with a steel mea-
suring tape, and wrist girth and bicondylar diam-
eters of the femur and humerus were measured
using a small spreading caliper (SiberHegner,
Switzerland).

Statistical Analysis

Data are presented as the mean and standard
deviation (+). The Levene’s test was used to access
the equality of variances. A one-way analysis of
variance and Tukey's post hoc test were used to
compare groups by weight categories and effect
sizes n2 were calculated as well. The level of sig-
nificance was set at 5%. All analyses were con-
ducted using SPSS statistics software.
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RESULTS

Male sambo athletes did not have either one par-
ticipant from the lightest weight category accord-
ing to sambo rules (<48 kg). First three weight
categories showed differed height across non-
subsequent weight categories. Athletes from
first four weight categories were different gen-
erally compared with the four heaviest in all four
skinfolds. Exceptions are in triceps and calf skin-
folds where differences were not found between
-100 kg weight category with any of lighter or
>100 kg group (Table 1).

Statistically significant differences in humerus
breadth were only found between two lighter cate-
gories and -90 kg. Otherwise, in femur breadth dif-
ferences were more often. Namely, athletes from
first three weight categories were different from

Drid P et al. - Somatotypes of elite male and female...

-82 kg, -90 kg and >100 kg, -68 kg were different
compared with -90 kg and >100 kg, -74 kg with
-62 kg and >100 kg. Groups -100 kg and >100 kg
were significantly different as well. Concerning
arm girth, it could be concluded that athletes were
always different compared with non-subsequent
weigh categories, i.e., 52 kg with 8 heaviest groups,
-57 kg with 7, etc. The second girth showed differ-
ences between the three lightest and four heaviest
groups. Middle group (-68 kg) were different com-
pared with two lightest and two heaviest groups.
Somatotype differences between weight catego-
ries were not found (Table 1).

Female sambo athletes from three lightest weight
categories were significantly smaller than ath-
letes from three heaviest groups. Also, partic-
ipants from the first category were different

Table 1. Differences between weight categories of male sambo athletes (mean and standard deviation).

Variable 48 -52° -57¢ -62¢ -68° -74f -829 -90" -100' >100/ Statistics
(n=0) (n=9) (n=12) (n=17) (n=19) (n=13) (n=18) (n=9) (n=4) (n=3)
167.14 170.88 175.48 175.77 178.67 180.24 184.70 183.00

Height (cm) 161;230:‘}2'79 +2.29 +4.27 +4.57 +4.62 +6.10 +5.80 +4.21 +3.61 F=21 28 6,P=0.000,

o efghij bghij b bei be bed bodef bed ' =0.65

Skinfolds

Triceps 6.02 +1.55 632+122 611181 6.63+1.24 829+273 9574263 1204+476 8951455 1433+4.04 F=9.55,p=0.000,

(0‘] mm) - ghj ghj ghj ghj hj bede bedef bedef nZ =045
Supraspinale 6.40 +1.68 6.18+£1.82  811£3.95 7954241 9234411 14134761 23.78+8.77 2050+2.89 28.67+5.13  F=19.47,p=0.000,

(0.7 mm) - ahij ahij ohij ahij hij bedhj bdefg bedef bcdefg =062
Subscapular 7.40£1.34 75289 8254211  874+138  9.92+2.02 1257 +4.55 17494552 16.75+2.99 21.67+153  F=20.50, p=0.000,

(0.1 mm) - ahij ghij ghiij ghij hiij bedehj bedefg bedef bedefg nz =0.63
(alf 540 +1.58 6.03+149 635£190 6.65+1.69 7.63+£210 9.56+4.06 10.61%3.14 8.85%3.94 1233+4.62 F=6.18, p=10.000,

(0'-] mm) - ghj ghj ahj ghj bode beode b,c,d,e rlz =034

Breadths

Humerus . 6.81+.56 6.87 £.32 7.21+.88 7.22+.38 742 +.63 73357 7.76 £.51 6.73+1.16  8.07+.59 F=3.15,p=0.003,

(mm) : h be 12=0.21
9.16+£.38 9.27+£.29 931+.77 9.97 £45 10.12+53  1036+70 1086+49 9.75+195 11.87+£1.70 F=10.33,p=0.000,

Femur (mm) - fghj ghj fghj hj dj bedj bcde j bedefgi nl =047

Girths

2849+2.13  30.55£250 31.62+1.58 33124177 3424+1.08 36.66+156 36.90+1.74 39.73+.53 43.23+1.78  F=45.94,p=0.000,

Arm (cm) - defghij efghij bighij beghij bedghij bedefhij bodefij bodefg bedefgh =080
3212 +£.87 32954127 33934121 36214192 37.154£1.03 36914516 38.61+1.63 41.25+1.50 43.00+2.65 F=12.84,p=0.000,

Calf (cm) - fohij efghij fghij b bedj bod) bed bede bedeta =052

Somatotypes

F=0.81,p=0.59,

Endomorphy - 3.51+1.39 247105 329£135  286+1.12 2.97+£150  275+£1.01 0 37117 32£134 0 410+1.29 =070
F=0.40,p=0.918,

Mesomorphy - 5.60+1.37 5.03+.78 511+1.05 484+129 5524190 510+£155 525+145 5.66+2.69  5.70+.89 = 0.04
F=0.57,p=10.800,

Ectomorphy = 223133 261197 242+1.00 240+1.03 2.07%134 2.19+.90 2.00 .63 1.91£1.66 1.39+.80

=005

different from: @ —48 kg; b -52 kg; ¢ =57 kg; d —62 kg; e —68 kg; f —74 kg; g =—82 kg; h 90 kg; i 100 kg; j >100kg.
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Table 2. Differences between weight categories of female sambo athletes (mean and standard deviation).

Variable —44 -48° =52¢ -56¢ -60° -64 —68° -72" -80' >80 statistics
(n=5) (n=5) (n=5) (n=10) (n=12) (n=6) (n=3) (n=2) (n=2) (n=2)

. 153.54+4.43  156.14+£2.04 156.34+3.29 161.96+3.68 164.40+4.78 163.25+2.75 164.77+£9.55 172.25+3.18 173.10+.14 170.00+1.41 F=8.63, p=0.000,

Height (cm) defohij ehiij ehiij ai abc a a abc abed abc r]z =0.65

Skinfolds

Triceps 10.80+2.39  9.00+2.92  12.64+2.86 12.60+2.76  14.18+4.59  13.73+2.58 16.33+2.52 18.50+6.36 16.70+.99  30.50%+9.19 F=6.82,p=10.000,

(0.1 mm) j j j j j j j j abedefal =059
Supraspinale  10.20+4.92  10.80+3.35 13.12+2.09  13.56+6.38 16.68+6.74 15.57+3.61 19.67+11.50 22.50+7.78 15.50+.71 40.50+12.02 F=5.18,p=10.000,

(0.1mm) j j j j j j j j abedefgl =053
Subscapular  7.64+1.77 8724228  11.20£2.28  9.46x+2.19  11.58+£3.61 11.77£1.42 1283425 15.60+.85 13.50+.71 41.00+£11.31 F=21.68,p=0.000,

(0.1 mm) j i j j j j j j j abcdefghi =082
Calf 10.40+£3.97  83243.18  10.52+£6.55  13.54+3.02  13.32+4.95 13.33+4.84 15.00£10.15 23.70+2.40 16.00+8.49 40.50+12.02  F=7.56, p=0.000,

(0.1 mm) i hj i j j j j b j abcdefgi =062

Breadths

T;ﬁ$s 530+£57  610£128  5.06+£79  612+49  604+1.06 543+87  660+26 58042 61057  645+.64 F:1$l%§flm'
7.96 +.63 7421144 8.14+.89 8.94+.60 9.02+.82 838+1.14  9.77+.46 9.70+.28  10.55+.78 13.20+.42 F=9.78,p =0.000,

Femur (mm) ij deij ij j bj j bj j abc abcdefgh nl =0.68

Girths

27104230  27.20+45 29.60+£1.14  28.75+92 30.00+1.35 30.70+1.74 3217+29 3250+2.12 32.00+1.41 44.00+7.07 F=19.42,p=0.000,

Arm (cm) fghij fghij j i j abj abj abj abj abcdefghi =081
3130£130 32404167 33.80+£1.48 3340191 3475+.99 37.08+1.50 36.33+1.15 3825+1.77 4050+.71 49.50+71  F=35.27,p=0.000,

Calf (cm) efghij fohij thij thij aij abcd; abj bl abcde] abcdefghi =088

Somatotypes

F=1.65p=0.136,

Endomorphy ~ 3.67 +.84 257+73 393£150  276+1.04 338+1.18 279142 52799  330+130 3.52+1.41 3.40+2.09 7=028
F=0.54,p=0.835,

Mesomorphy 5444179 5144214 461+1.56 4594138  5.00+1.42 5.55+.45 5154185 579+1.62 346+31 437+£3.12 P=0.11
F=0.83,p=10.590,

Ectomorphy 20771 2.06+1.21 1.89+£1.15 276 +.74 207+128 212132 914157 213+£133  258+77  2.66+1.06

n=0.16

different from: a —44 kg; b —48 kg; ¢ —52 kg; d —56 kg; e —60 kg; f —64 kg; g —68 kg; h —72 kg; i —80 kg; j >80kg.

compared with -56, -60, -64 and -68 and -60
with -48 and -52. The heaviest weight category
was different compared with all other categories
in all four measured skinfolds. Moreover, only calf
skinfold showed differences between -48 kg and
-72 kg. The results for breadths there were signif-
icant differences between categories in the first
breath, but in second, measured on the femur,
differences exist between three lightest and two
heaviest categories, -48 kg was also different
compared with -56 kg and -60 kg. The athletes
from the heaviest weight category were signifi-
cantly different compared with all other athletes.
In terms of arm girth and calf girth, the two light-
est weight categories were different compared
with the last five and that the heaviest one was

different compared with all. Somatotype differ-
ences between weight categories were not found
in female athletes (Table 2).

Somatotocharthe t in male categories were simi-
lar in the first four groups -52 kg, -57 kg, -62 kg,
-68 kg, with typically endomorphic mesomorph
type. Others athletes from heavier weight cat-
egory were categorised as an extreme endo-
morphic mesomorphic type, while the heaviest
category +100 kg differed from all other groups
(Figure 1).

Female sambo athletes somatotype analysis
(Figure 2) shows mostly mesomorphic endomorph
body type (-44 kg, -52 kg, -60 kg, -64 kg, -72 kg).
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Figure 1. Somatochart of elite male sambo athletes by each weights

category.

Endomorphic mesomorph type is noted in -48 kg
and -56 kg. Somatotype categories were similar
in the -68 kg and -80 kg with dominant endomor-
phic mesomorph, while the heaviest category dif-
fered from all other groups.

DISCUSSION

To our knowledge, no publications on sambo ath-
letes have the been published in the available
literature. Therefore, no concrete comparisons
are possible. Our study attempts to establish the
anthropometric characteristic and somatotype
of elite junior male and female sambo athletes.
Since sambo is weight classified sport we focused
on all ten official categories. Based on obtained
results male and female athletes height differed
across 10 weight categories. Furthermore, with
the increase in the weight, higher average height
is observed in booth gender, except in heaviest
weight divisions.

A linear increase of all skinfolds from first lower
to the heavy category was noted, with the excep-
tion in -100 kg male category. Interesting, triceps
and calf skinfolds in -100 kg where not differed
in compared with all others category. Generally,
the first four categories had lowered all skinfold
thickness in compared with the heaviest cate-
gory. Similar results have been observed on com-
bat weight classified sports [16, 17]. All measured
female skinfold thickness did not differ among

X = Endomerphy = Ectomorphy

category.

category, with exception +80 kg and calf skinfold
between -48 kg and -72 kg. Concerning all skin-
folds, +80 kg group presented higher values com-
pared to all other weight categories. The bigger
the skinfold thickness in the segments in females
compared to males observed in our study, which
was also reported in judo athletes [18]. Statistical
analysis of bone diameters demonstrated a lin-
ear increase from the light to the heavyweight
male categories, except -100 kg. Thus, statisti-
cally significant differences in humerus breadth
were only found between two lighter groups and
-90 kg. Contrary, femur breadth differences were
noted in all weight categories, with the biggest
differences being noted in the +100 kg compared
with all categories. Results for humerus breadths
did not differ in a female between categories, but
femur breadths were differing mainly between
three lightest and two heaviest categories. Also,
female athletes from the heaviest weight cate-
gory were significantly different compared with
all other. Concerning girths, most of the differ-
ences among male categories appeared in the
arm girths with non-subsequent weigh catego-
ries, as well as concerning calf girths with a linear
increase from the light to the heavyweight cate-
gories. Arm girth and calf girth in the two lightest
female weight categories were different com-
pared with the last five, while the heaviest one
was different compared with all. According to
authors [19], male judo athletes presented higher
values than female in the humerus breadth and
arm girth. Thus, our study is in accordance with a

Figure 2. Somatochart of elite female sambo athletes by each weights
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result obtained on judo athletes. This study points
to distinction in anthropometric characteristics
in relation to weight category in both genders.
Several studies have been dedicated to determine
the athletes’ body composition and the dominant
somatotype in different combat sports by weight
division [13, 20].

Generally, in this study male sambo athletes typ-
ically showed endomorphic mesomorph somato-
type, with the less expressed ectomorphic
component. As shown in Figure 1 two separate
homogeneous groups of weight categories were
noted. First, four lightest (52 kg, -57 kg, -62 kg,
-68 kg) was separate from four next heavier
categories which had highest mesomorphy and
endomorphy ratings, but the lowest ectomor-
phy rating. In addition, heaviest athletes had an
extreme endomorph-mesomorph rating, but the
lowest ectomorphy rating. This may result from
the heavier body weight, larger skinfolds, bone
breadths and girths relative to stature, compared
to the other groups.

On the other hand, somatochart analysis pre-
sented in Figure 2 shows two type of somatotype.
Female sambo athletes demonstrated mesomor-
phic endomorph (-44 kg, -52 kg, -60 kg, -64 kg,
-72 kg), and other weight division shows endo-
morphic mesomorph component. Also, female
heaviest athletes had an extreme endomorph
mesomorph rating. The examined female sambo
athletes show diversified anthropometric indices,
body composition and somatotype by weight cat-
egory. Such differences were observed in some
earlier research [17, 21].

Consequently, a division of competitors into
weight categories is fully justified in sambo.

Literature data suggest that anthropometric stud-
ies involving somatotype show differences in ath-
letes and that it depends on the gender and type
of sports activities.

Furthermore, high-level junior male and female
sambo athletes are quite similar to athletes from
combat sports such as judo and wrestling [5, 22-24].
These results provide the first description of the
body composition and somatotype of elite male
and female junior sambo athletes. In addition, a
greater diversity of somatotypes in younger ath-
letes of both sexes compared to the elderly are
noted [15]. In this matter, it is necessary to include
senior sambo athletes of booth gender by weight
division in the future research.

CONCLUSIONS

In summary, obtained results can serve as a basis
for an anthropometrical model for elite male and
female sambo athletes. A typical somatotype in
male sambo athletes was endomorphic meso-
morph with indicating a predominance of mus-
culoskeletal tissue, while female athletes were
classified as endomorphic mesomorph and meso-
morphic endomorph in relation with weight divi-
sion. This information provides reference values
of anthropometric characteristics, body compo-
sition and somatotype of elite male and female
junior sambo athletes. Concerning this fact,
understanding the characteristics of sambo ath-
letes will be helpful for athletes and coaches to
control the training process and reduce the risk
of extreme dieting. However, there is a need for
future research to investigate sambo athletes in
relation to age and different competitive level in
an aim to generalise results.
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