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Abstract
Background & Study Aim:

Athletes belonging to the world elite in a particular sport, provide the most accurate information on intrinsic properties of their body composition. Knowledge of internal proportions of the body plays an important role in the assessment of athletes’ body composition. The purpose of the study was the properties of body composition in athletes of
the Polish national team in modern pentathlon in comparison to members of the same population not professionally engaged in sport.

Material & Methods:

Eleven female athletes of the Polish National Team in modern pentathlon were tested. The competitors were 18-35
years old (23.37 ± 5.2), their body weight was from 54-65 kg (59.4 ± 3.6) and the body height 160-180 cm (170.2 ±
5.6). The athletes’ training experience was 6-20 years (12.4 ± 4.4). One hundred and fifty female students of Warsaw
University of Technology (Poland) constituted the reference group. Internal proportions of body composition were
assessed by means of Perkal’s natural indicators.

Results:

An analysis of internal proportions of factors of athletes’ body composition revealed significant differences in individual groups of features. The total volume of the athletes’ bodies results from low intensity of stoutness features
and even one of length and of adiposity. The proportions of features within the analysed factors showed a distinct
advantage of the length of the upper extremity over the sitting body height (the length factor) and the domination of
musculature of the forearm (the stoutness factor).

Conclusion:

The specific profile of body composition in athletes practising modern pentathlon is most likely due to the long-term
effects of training as well as the system of selection of persons with specific somatic predisposition developed in the
course of many years of training practice.
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The modern pentathlon – an
Olympic sport that comprises
five events: fencing, 200 m
freestyle swimming, show
jumping, and a final combined
event of pistol shooting, and a
3200 m cross-country run. The
sport has been a core sport
of the Olympic Games since
1912, and since 1949 an annual
World Championship has been
held [19]

Introduction
Anthropologists’ current research confirms the fact
that body composition constitutes one of the elements
of differentiating athletes from people not involved in
sport regularly [1-3]. Differences in body composition – in many cases even extreme ones – also regard
athletes differing in terms of practiced sports [4, 5].
This is why research on athletes belonging to the
world’s elite in a particular sports discipline provides
the most accurate information on intrinsic properties
of their composition [6, 7]. Knowledge of internal
proportions of the body plays an important role in the
assessment of athletes’ body composition.
These issues gain a particular importance in pentathlon, a sports discipline with various fitness and technical demands. With these general assumptions in mind,
the main aim of the study was the properties of body
composition in athletes of the Polish national team in
modern pentathlon in comparison to members of the
same population (a reference group) not professionally
engaged in sport and to settle the following questions:
What factors of body composition determine the athletes’ specific body build?
What internal proportions of body composition are
characteristic of them?

Material and methods
The research involved representatives of the Polish
national team in modern pentathlon (n=11). The competitors’ age was 18-35 years (23.37 ± 5.2), their body
weight 54-65 kg (59.4 ± 3.6) and the body height 160180 cm (170.2 ± 5.6). The athletes’ training experience was 6-20 years (12.4 ± 4.4).

-

Assessment of internal proportions of body composition (further referred to as composition) was made
by Perkal’s natural indicators method [23] with
Milicerowa’s modifications [16]. In order to do this,
the following were specified:

-

-

– composition factors m – by summing up the standardized values within each factor and dividing the
sum by the number of features identifying the given
factor. The adiposity factor, which is a standardized
value of skin and fat folds: Z = m, is an exception).

-

-

– the total body size indicator (M) of the group:
M = m1 + m2 + m3 / 3;
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– the assessment of internal proportions of body
composition was made by calculating Perkal’s natural indicators for each composition factor: m1 – M;
m2 – M; m3 – M;
– the evenness of the composition was determined by
means of the intra-personal variability index – the difference between the natural indicator with the highest numerical value and the natural indicator with the
lowest value);
– the code of internal proportions of the group was
determined on the basis of the point scale of Perkal’s
natural indicators (Table 1);
– the assessment of internal proportions of the composition features within each of the factors was made
by taking away the value of the m factor from the
standardized features.
Table 1. Point scales of Perkal’s natural indicators

Points

Values of Perkal’s natural indicators

1
2
3
4
5
6
7

X to –1.07
–1.06 to –0.57
–0.56 to –0.18
–0.19 to 0.18
0.19 to 0.57
0.58 to 1.06
1.07 to X

values less than average
average value
values greater than average

The reference group consisted of 153 students of Warsaw
University of Technology [10].

Results
Athletes’ somatic features indicate differences in their
physique in comparison to the group of girls not practising sport (Tab. 2). A characteristic feature of body composition in the Polish representatives in modern pentathlon
is a considerable forearm circumference (in this respect
they outweigh their peers not practising sports by 1.49 of
the standardised value Z) and in the length of the upper
extremity (1.46Z). Noteworthy is also the thickness of
skin and fat folds measured on the abdomen, under the
lower angle of the scapula and the arm (55.2 mm) – in
this respect they outweigh the non-training girls by 0.85Z.
The values of body composition factors confirm in a
more generalized terms the observations about values
of individual standardised features. In terms of body
stoutness female pentathletes are the most similar to
the control group (m2 = 0.09). The factor distinguishing female pentathletes the most is the adiposity factor (m3 = 0.85) – Table 3.
smaes.archbudo.com
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Table 2. Standardised somatic features of the Polish representatives in modern pentathlon (n=11)

Factors

Female students of Warsaw
Technical University, n=153[10]

Female pentathletes,
n=11

Standardised value

x

s

x

z

standing body height, cm

166.23

6.2

170.14

0.63

standing body height, cm

88.1

3.18

89.46

0.43

upper extremity length,
cm

70.67

3.2

75.34

1.46

lower extremity length, cm 78.14

4.09

80.67

0.62

shoulder width, cm

35.96

1.62

36.53

0.35

pelvis width, cm

27.98

1.46

27.73

–0.17

elbow width, cm

6.01

0.3

4.89

–0.40

knee width, cm

8.81

0.43

8.59

–0.51

forearm circumference, cm

22.36

1.42

24.48

1.49

shank circumference, cm

35.32

2.66

34.78

–0.20

thickness of 3 skin and fat
folds, mm

42.5

15

55.2

0.85

Feature

m1
length

m2
stoutness

m3
adiposity

Table 3. Factors of body composition of female Polish
representatives in modern pentathlon (n = 11)

Length
m1

Stoutness Adiposity Total body
m2
m3
size factor M

0.78

0.09

0.85

0.58

-

-

-

-

-

Factors

An analysis of mutual proportions of body composition in female pentathletes points to their small
diversity – the intragroup variability index amounts
to 0.75. A distinctive characteristic of such a composition are the stoutness features (–0.48). The contribution of length (0.21) and fat (0.27) features is the
most proportionate (Figure 1).

Using the point scale of Perkal’s natural indicators [8],
the following code of the athletes’ internal proportions
was obtained: 4-1-4. This means that the total body size
(M) is due to slightly larger than average values of body
length and adiposity and very low ones of stoutness.
Calculation of internal proportions of composition
features within each of the factors provides very
important information on the body composition of
athletes in the Polish national modern pentathlon
team. In the features expressing the length factor there
is a clear advantage of the upper extremity length
(0.67) over the body height while sitting (–0.36).
The contribution of characteristics of the body height
while standing and the lower extremity length to the
length factor is more even (Figure 2).
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(patterns of specific types of body composition, characterized by means of several significantly different
factors). Among many typologies used in anthropology, Sheldon’s somatotypology is the most widely
used [11] and has gone through numerous modifications improving the objectivity of its evaluation, such
as Heath’s and Carter’s [12].

Factors
adiposity

stoutness

lenght
-0.5

0

0.5

Figure 1. Natural indicators of body composition in female
Polish representatives in modern pentathlon
(n=11)
shank perimetr
forearm perimetr
knee width
elbow width
pelvic width
shoulders width
lenght of lower extremity
lenght of upper extremity
sitting body height
body height

-1.5

-1

-0.5

0

0.5

1

1.5

Figure 2. Natural indicators of somatic features within
the factors in Polish female representatives in
pentathlon (n=11)

-

-

-

Within the features reflecting the stoutness factor
there is a clear advantage of the forearm musculature
(1.40). The knee (–0.60) and elbow (–0.49) widths
are the least proportionate to the overall value of the
factor. The contribution of the remaining features of
the factor is relatively proportionate.

Discussion

-

-

The most commonly used method of assessing athletes’ body composition are so-called somatotypes
14 | VOLUME 10 | 2014

Perkal’s natural indicators method [8] has a high relevance in the assessment of body composition, especially in the case of athletes. It allows characterizing
internal proportions of body composition of each
individual or group of individuals. It allows selecting
such features of which we know that they are of major
importance in a given sport or whose utility we want to
check. Also the number of factors and their types may
vary. Because the calculations are conducted on standardised values, we can specify, for example, the suitability of a candidate or a player to a given discipline
from the point of view of his/her body composition
(the national team in the discipline will constitute the
reference group), or the body composition of individual players in comparison to the whole team.
Polish official representatives in fencing are the
most similar to the control group in the stoutness
and length factors. The greatest distinctiveness of
this group, however, appears in terms of adiposity
with simultaneously increased total body size (M
= 0.58). Studies of Polish representatives in tennis
[13] showed similar trends. The code of female tennis players’ internal proportions amounted to 6-2-1,
and it was higher than the average values in length
features and lower in stoutness features and very low
in adiposity. The differences between these groups
of athletes refer to a larger contribution of adiposity to the total body size of female pentathletes (4-14). In the body composition of female tennis players
the advantage of the forearm circumference and the
body height was also clear. The total body size index
in both groups of girls was similar. However, it is
pentathletes who represent a more proportional body
composition (the intra-group variability is 0.75, and
in the case of tennis players 1.4).
A study of internal proportions of Polish representatives (n = 13) in judo revealed slightly different trends
[14]. In terms of internal proportions of factors, pentathletes are becoming the most similar to athletes of
light-weight categories – the code of internal proportions amounted to 4-4-4, of middle-weight categories
2-6-4, and of heavy-weight categories 2-5-5. Internal
proportions of features in the stoutness factor pointed
smaes.archbudo.com

Jagiełło M et al. – Internal proportions of body...

to a dominance of the forearm circumference and the
elbow width. The pelvis width and the shank circumference had a disproportionately small role in female
judokas, which was also the case of the shoulders width
in heavy-weight categories. In addition, in heavy – and
medium-weight categories a distinct advantage of the
upper extremity length (the length factor) has also been
observed. In terms of the uniformity of composition (the
intra-group variability index), female pentathletes are
inferior to judokas of light – (0.11) and medium-weight
(0.75) categories. They are, in turn, more evenly built
than female judokas of heavy-weight categories (1.01).

Conclusions
The specific profile of body composition in athletes
practising modern pentathlon is most likely due to
long-term effects of training as well as the system for
the selection of persons with specific somatic predispositions developed in the course of many years of
training practice.
Greater circumference of the forearm, the upper
extremity length as well as slightly higher fat tissue
content constitute specific distinctiveness of women
specializing in this sport

Results analogous to those of female pentathletes were
obtained in studies of the Polish national team in men’s
pentathlon [15]. Male athletes of the Polish national
team in modern pentathlon are characterized by a significantly higher value of the forearm circumference
(0.78Z) and of the upper extremity length (0.54Z), and
a lower one of the knee width (–0.42Z) in comparison
to persons not involved in training. The code of internal proportions amounted to 5-4-4. Hence the greatest
differences in internal proportions of factors related to
stoutness. However, male pentathletes are more uniformly built (the intragroup variability index amounted
to 0.33). In terms of the uniformity of composition,
pentathletes surpass both tennis players (1.08) [16] and
the Polish representatives in judo (light-weight categories 2.65, middle-weight categories 1.55, heavy-weight
categories 4.49) [17] and in wrestling (light-weight
categories 0.65, middle-weight categories 1.71, and
heavy-weight categories 0.98) [18].

Proportions of somatic features within the length factor show an important advantage of the upper extremity length over the lower one and disproportionately
small contribution of the body height while sitting.
Among the features reflecting the stoutness factor
there is a clear advantage of the forearm musculature
and a slight one of the shoulder width.

The results of our studies have proved that women
successful in modern pentathlon differ significantly in their body composition from peers are not
engaged in sport (a reference to students of Warsaw
University of Technology) and players representing
other disciplines.
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