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ABSTRACT

Contemporary anthropological research confirms the fact that body composition is one of the basic elements diffe-
rentiating athletes from persons not practising sport. Among athletes representing various branches of sport there
are also significant differences in their body composition. Internal proportions of the body composition of an athlete,
or a selected group of athletes, is an especially important yet little researched issue of sports anthropology. This
problem is still topical in sports games, especially in tennis. Therefore, the aim of the study was to determine internal
proportions of the body composition of female tennis players from the Polish national team in comparison to persons
who do not practice sport professionally.

The study involved female athletes of the Polish national tennis team (n = 10). The study was carried out in a training
camp from 28 September to 9 October 2002 in Zakopane — Centre of Sports Preparation. Athletes’ age was 16—20
(18.1 £ 1.4) years, and the training experience 8—12 years (10.5 = 1.8). The mean body height for the group members
was 171.9 £ 6.7 cm and the mean body mass 59.7 + 6.3 kg.

The results of research by Piechaczek et al. (1996) constituted the reference point for the results of measurements of Po-
lish tennis representatives. The authors studied 153 female students of Warsaw Technical University aged 20.2 + 1.09
years. They were randomly chosen students of the first and the second year of various departments at this university.
The mean body height of the students was 166.2 £ 6.2 cm and the mean body mass 57.4 +7.72 kg.

Anthropometric measurements were taken using standard instruments (Drozdowski, 1998). The analysis involved
11 somatic features which determined three so-called factors of body composition: length (m,), stoutness (m,) and
obesity (m3). The assessment of proportions of the body composition was made by means of Perkal s natural indices
(1953) with Milicerowa's modifications (1956).

We determined the following: composition factors (m), index of total body size (M), internal proportions of the body
composition, evenness of composition, the code of internal proportions, also the assessment of internal proportions
of the body composition within each of the factors.

Taking into consideration the mean values of the studied somatic features in the control group and the comparative
group we found differences in their body composition. The representatives of the Polish national tennis team showed
substantially longer upper and lower limbs, and the body height was greater. They also had much greater forearm
perimeter and shorter pelvic width.

As to the total body size, the tennis players slightly exceeded the students (M = 0.24). The total body size (M) resulted
from high values of length features (m; = 1.01), low ones of stoutness (m, = —0.39) and medium ones of obesity
(m3; = 0.1). The value of the intragroup variability index (harmony of composition) amounted to 1.4 and the code of
internal proportions of tennis players’ body composition — to 6—2—4.

The proportions of internal features of the stoutness index (natural indices of features within a factor) showed the
advantage of the forearm perimeter (1.62) and elbow width (0.36). The knee width (—1.30) and pelvic width (—0.60)
were disproportionate to the total value of this factor. The input of features characterizing the length factor was
relatively proportional.

Keywords: tennis, training, body composition, internal proportions.

INTRODUCTION

urrent studies of anthropologists confirm composition are also observed among athletes
the fact that the body composition is one engaged in different sports events (Tanner, 1964;
of the elements differentiating athletes Garay et al., 1974; Tittel, Wutscherk, 1991; Arnot,
from nonathletes (Drozdowski, 1998; Laska-Mier-  Gaines,1992).
zejewska, 1999). Significant differences in body
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There are studies aiming to reveal the depen-
dence between various aspects of body composi-
tion and the level of sports mastery or efficiency
of the competitive activity. These data are avai-
lable for karate and judo (Sterkowicz, Zarow,
1988, 1994; Jagiello et al., 2004), Greco-Roman
and free-style wrestling (Tumanian, Martirosow,
1976; Sktad et al., 1995; Jagietto W., Kruszewski
2005) pentathlon (Pacelt, 1992), track and field
(Migasiewicz, 1999; Iskra, Walaszczyk, 2007),
gymnastics (Drozdowski, 1984; Karosz,1993) and
tennis (Jagietto, Jagietto, 2004).

These studies were based on the analysis of the
so-called somatotypes, proportions or tissue com-
ponents. In our opinion the question of internal
proportions of the body composition of the given
athlete or a selected group of athletes is a very im-
portant but insufficiently studied problem of sports
anthropology. This problem is especially important
in sports games, and tennis in particular.

Therefore, the aim of the study was to deter-
mine internal proportions of the body composition
of female tennis players from the Polish national
team in comparison to persons who do not practice
sport professionally.

RESEARCH SUBJECTS AND
METHODS

Ten female athletes, members of the national
tennis team of Poland participated in the study.
The study was conducted in a training camp from
September 28 to October 9, 2002 in the city of
Zakopane — the Centre of Sports Preparation.
The female tennis players’ age ranged from 16 to
20 years (18.1 £ 1.4), whereas their training ex-
perience was 8—12 years (10.5 £ 1.8). The mean
body height of the group was 171.9 £ 6.7 cm,
and the mean body mass was 59.7 + 6.3 kg. The
results of the research by Piechaczek et al. (1996)
constituted the reference point for the results of
measurements of Polish tennis representatives.
The authors studied 153 female students of War-
saw Technical University aged 20.2 £ 1.09 years.
They were randomly chosen students of the first
and the second year of various departments at this
university. The mean body height for the students
was 166.2 £ 6.2 cm and the mean body mass
57.4 +7.72 kg.

Anthropometric measurements were conducted
using standard instruments (Drozdowski, 1998).

Measurements of 11 anthropometric features
were taken to determine three so-called factors of

body composition: length (m;), stoutness (m,) and
obesity (m;). In this work factors of composition
mean the features common to several indices in
contrast to the notion of a factor as the cause of
the appearance of a certain phenomenon or the
formation of features.

In order to determine internal proportions of the
body composition in members of female national
tennis team of Poland the mathematical method
of natural indices (Perkal, 1953) was used. The
indices were calculated on the basis of standardized
values (Z) which are called standardized indices
in statistics. A group of female students at Warsaw
Technical University (Piechaczek et al., 1996)
was used for standardization. Numerous scientific
publications (Skibinska et al., 1987; Piechaczek et
al., 1996) emphasize special comparative values
of this social group in the studies on Polish
athletes’ body composition. The female students
of the Technical University are characterised by
the greatest biological development (height and
body mass) among Polish academic youth. Thus
they are the part of student population which is
constitutionally closest to athletes, but on the other
hand the students mentioned above as a whole
are characterised by low physical activity. Hence,
in comparison to them, there is a possibility to
accurately determine the effects of the influence
of specific training stimuli on the organisms of
athletes specialising in a particular sport or event.
In the presented profiles of body composition,
the so-called zero line shows the mean values of
students’ features while distances from this line
measured by standard deviation inform about
the difference of the body composition between
students and athletes (identification of features
characterising tennis players’ body composition).

The next stage (after standardization) of
revealing internal proportions was to determine:

e Composition factors m — by summing up
the standardized values within each factor
and dividing the sum by the number of featu-
res identified in the given factor. The obesity
factor is an exception and it is a standardized
value of skin and fat folds: Z = m;.

e Index of total body size of the group (M):
M=m1+m2+m3/3.

e Assessment of internal proportions of the
body composition made by calculating
Perkal’s natural indices for each composition
factor: m; — M; m, — M; m; — M.

e Evenness of the composition was determined
by means of the intrapersonal (intragroup) va-
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Table 1. Scale of points of Perkal’s (1953)
natural indices Points Values of natural indices
1 X do —-1.07
2 -1.06 do —0.57 | Below average
3 —0.56 do —0.18
4 ~0.19  do 0.8 |Average
5 0.19 do 0.57
6 0.58 do 1.06 |Above average
7 1.07 do X

riability index — the difference between the
natural index with the highest numerical value
and the natural index with the lowest one.

e The code of internal proportions of the group
on the basis of the point scale of Perkal’s na-
tural indices (Table 1). Natural indices have
three-digit values and can be positive or ne-
gative. To bring them to one-digit values and
free them of algebraic signs, these indicators
are given values on the scale from 1 to 7.

e The assessment of internal proportions of the
body composition within each of the factors
was made by taking away the value of the m
factor from the standardized feature.

RESEARCH RESULTS

Results of standardization of somatic indices
of female tennis players showed the differences
in the composition of their bodies as compared to
the reference group (Table 2). The greatest diffe-
rences were observed in the knee width, the upper

and the lower extremity length and the forearm
perimeter. These results show general properties
of the body composition, yet they do not provide
information on its internal proportions. Hence, the
mathematical method of Perkal’s natural indices
(1953) was used.

Values of the body composition factors con-
firm the results obtained during the standardization
of particular indices (Table 3) by more generalized
means. The length factor (m; = 1.01) was the fac-
tor distinctly characterizing female tennis players’
body composition.

The factor of stoutness (of skeleton and mus-
cular tissue — m,) which constituted 0.39 as well
as the index of total body size (M) which cons-
tituted 0.24 were slightly lower compared to the
reference group. The factor of obesity (m; = 0.1)
was the closest to that of the reference group.

The analysis of mutual proportions between
factors of female tennis players’ body compositi-
on demonstrated distinct differences in particular
groups of composition indices (Table 4).

ifabl‘e 2. Standardized anthropometric Reference Female tennis | Standardized
indices of the members of female Factors Somatic features group, n = 153 | players, n =10 value
national tennis team of Poland X SD X Z
(n =10) 1 [ Body length, cm 166.23| 62 17185 0.91
2 | Sitting body length, cm 88.1 3.18 90.50 0.75
m ity length
: 3 | Upper extremity length, 1 o7 1 55 74.08 1.07
length cm
4 i;wer extremity length, || o 14 1 409 83.58 133
5 | Shoulder width, cm (a-a) | 35.96 | 1.62 35.14 -0.51
6 |Pelvis width, cm (ic-ic) | 27.98 | 1.46 26.53 -0.99
m 7 | Elbow width, cm 6.01 0.3 6.00 -0.03
Kn idth 1-
stoutness | 8 eprz‘; width, em (ep 8.81 | 0.43 8.08 ~1.70
9 | Forearm perimeter, cm 22.36 1.42 24.10 1.23
10 | Shin width, cm 3532 | 2.66 34.38 —0.35
m . .
3 ‘ 1 Thickness of 3 skin and 45 15 43.95 0.10
obe51ty fat folds
T‘a?)le 3 Factors of the body cm.npo- Factors Length m, Stoutness m, Obesity m; Index of total size M
sition in members of female national Val 101 039 01 024
tennis team of Poland (n = 10) aues : — : :
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Natural indices Length Stoutness Obesity Intragroup variability index Table 4. Nat“,”}l m‘dlces of factors of the
body composition in members of female
Values 0.77 —0.63 —0.14 1.4 national tennis team of Poland (n = 10)
Fact Length Stout Table 5. Natural indices of the somatic
actors eng outness features within the factors in members
= of the female national tennis team of
=) 5 Poland (n = 10)
= g o St
1) - i~ 3
4 2z 2| s 2|,
S| = || 5| 8| %] =] = =2
o 5 R 5 15 o) z z g £ 5
= - ) = 5 = @ 2 a
< > = ) 1 = 2 © IS
g g = 2 £ 2 2 8 2 2 g
& & s | o 3|l s | & | 3| &2 | 2| &
Values | -0.11 [ -0.26 | 0.05 | 0.32 | -0.11 | -0.60 [ 0.36 | —1.30 | 1.62 | 0.04
Shin perimeter
Forearm perimeter
St
2
9
Knee width &£
Factors: %
Obesity Elbow width >. 2
Pelvis width (ic-ic)
Shoulder width (a-a)
Stoutness
Lower extremity length
Upper extremity length g
Length ii‘
Sitting body length %‘)
-
Body length
L L L L L ! 1 L ! ! ! 1
-1 -0.5 0 0.5 1 2 415 -1 05 0 05 1 15 2

Fig. 1. Natural indices of factors of the body composition in
members of the female national tennis team of Poland (n = 10)

The value of intragroup variability index
(composition uniformity) is rather high (1.4). The
most distinctive feature of such composition is
great length as well as proportional to the total
body size low contribution of stoutness. Indices
of obesity are most proportional to the total body
size (Fig. 1).

The code of internal proportions of the studied
female tennis players (6—2—4) was obtained on
the basis of Perkal’s (1953) scale. It means that the
total body size (M) is related to higher longitudinal
body dimensions, low stoutness and an average
degree of obesity.

Fig. 2. Natural indices of the somatic features within the factors
in the members of the female national tennis team of Poland
(n=10)

The analysis of internal proportions of the so-
matic features within the specified factors (natural
indices of the somatic features within the factors)
provides significant information on the tennis
players’ body composition. Natural indices of the
somatic features within the factors were calculated
by deducting the value of m factor from a standar-
dized feature (Table 5).

In the indices identical to the stoutness factor
a distinct prevalence of forearm perimeter (1.62)
was revealed. Knee (—1.30) and pelvis (-0.60)
widths were non-proportional to the total value
of this factor. In length indices some advantage
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of the lower extremity length (0.32) as compared
to the sitting body length (-0.26) was noted. The
contribution of the body length and that of the
upper extremity to the length factor were rather
similar (Fig. 2).

DISCUSSION

Determining internal proportions of the body
composition is particularly important in the studies
on athletes. The applied Perkal’s method (1953)
with Milicerowa’s modifications (1956) was creat-
ed many years ago and is very laborious. However,
due to multiple use of this method in the past it
was possible to refer the results of our study to
earlier research.

Among factors of the body composition just
that of obesity was the closest to the control group.
The greatest superiority of female tennis players
was expressed in the length factor. In this regard
it should be noted that the youth of the Warsaw
Technical University is the most physically deve-
loped academic group of the population.

Analogous studies of the male national tennis
team of Poland (Jagietto W., Jagietto M., 2006)
demonstrated that the total body size (M) was the
closest to the control group, whereas the highest
superiority of athletes related to the length fac-
tor.

Presented indices of the body composition
factors prove that in body composition of the
members of the female national tennis team of
Poland the leptosomic features prevail along with
a high degree of index variability.

T. Laska-Mierzejewska’s studies (1999) on
sports games confirmed this tendency — top level
athletes are characterized by distinct superiority
of one factor over another. Athletes of the national
team of Poland have high values of the internal
variability index, whereas in athletes of the third
league (and especially in volleyball) they are close
to zero.

The above regularity was mentioned by A. Cla-
essens et al. (1986) in the examination of the body
composition of female gymnasts at different skill
levels. Female gymnasts are characterized by very
lean body composition or low body mass relative
to the body length. For elite female gymnasts more
linear body composition is peculiar compared to
those of the lowest skill level.

Natural indices of somatic indices within fac-
tors sufficiently identify tennis specifics. In the
stoutness factor, for example, distinct superiority

of the forearm perimeter and the elbow width
as well as a relatively uniform contribution of
length indices confirm the previously revealed
adaptation peculiarities of loads in tennis (Ja-
gietto, 2005).

Proceeding from the obtained findings we
can conclude that a mathematical method for the
analysis of internal proportions of the body com-
position using natural indices (Perkal, 1953) is a
rather prospective way for analysis and evaluation
of these aspects. Unlike other methods of the body
composition evaluation it has several advantages
(Perkal, 1953; Milicerowa, 1956; Laska-Mierze-
jewska, 2002).

During standardization of anthropometric data
we may receive the arithmetical mean of the stu-
died group or the mean of the group of academic
youth of Poland in our case. Thus, we get an ans-
wer to the question by which indices and at what
level our athletes differ from the mean reference
group, i.e., we may evaluate the impact of athletic
preparation.

Other methods for body composition evaluati-
on are usually orientated to certain biological-ge-
ographical and socio-economic life conditions as,
for instance, it is the case of American university
youth in Sheldon’s somatotyping (Sheldon, 1940).
These the so-called exogamous factors are (to-
gether with endogamous ones) the major factors
of human development (Wolanski, 2005). There-
fore, in order to determine the body composition
peculiarities, it is advisable to use the reference
group meeting the life conditions of the studied
contingent.

CONCLUSIONS

1. Taking into consideration the mean values of
the studied somatic features in the control group
and the reference group we can find differences
in their body composition. The representatives
of the Polish national tennis team are charac-
terized by substantial lengths of upper and lo-
wer limbs and the body height. They also have
much longer forearm perimeter and shorter pel-
vic width. Thus they represent a leptosomatic
type of body composition.

2. Female tennis players do not differ significantly
from students not engaged in sports training
according to the total body size (M = 0.24). Ho-
wever, they are characterized by a higher length
factor (m; = 1.01) along with a low value of
stoutness (m; =—0.39).
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3. Natural indices of the body composition factors
indicate internal proportions of female tennis
players (6—2—4) in which the total body size
is due to high longitudinal body dimensions (6),
low indices of stoutness (2) and an average de-
gree of obesity (4).

4. Natural indices of features within the stou-
tness factor revealed the prevalence of the fo-
rearm perimeter (1.62) and elbow width (0.36).
The knee width (-1.30) and pelvis width
(—0.60) are disproportionate to the overall value
of his factor. The input of features characterizing
the length factor is relatively proportional.
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SANTRAUKA

Siuolaikiniai antropologiniai tyrimai patvirtina fakta, kad sportininky ir nesportuojanéiy asmenuy,
skirtingy Saky sportininky kiino sandara skiriasi. Sportininko ar tam tikros sportininky grupés kiino proporci-
jos yra labai svarbi, ta¢iau mazai tyrinéta sporto antropologijos problema. Si problema labai aktuali sportiniy
zaidimy, ypac teniso srityje. Taigi tyrimo tikslas — nustatyti Lenkijos motery teniso rinktinés nariy kiino
sandaros proporcijas, lyginant su moterimis, kurios profesionaliai nesportuoja.

Buvo tiriamos Lenkijos rinktinés teniso komandos narés (n = 10). Tyrimas vyko treniruociy stovykloje
nuo 2002 m. rugséjo 28 iki spalio 9 dienos Zakopanés sportinio rengimo centre. Sportininkiy amzius —
16—20 mety (18,1 £ 1,4), treniravimosi trukmé — 8—12 mety (10,5 + 1,8). Grupés nariy vidutinis tigis —
171,9 £ 6,7 cm, vidutiné kiino masé¢ — 59,7 + 6,3 kg.

Lenkijos tenisininkiy kiino matmenys palyginti su H. Piechaczek ir kolegu (1996) gautaisiais. Autoriai
buvo istyre 153 VarSuvos technikos universiteto studentes, kuriy amzius — 20,2 = 1,09 mety. Sios pirmo
ir antro kurso jvairiy fakultety studentés buvo atrinktos atsitiktiniu budu. Studenciy vidutinis figis —
166,2 + 6,2 cm, kiino mas¢ — 57,4 + 7,72 kg.

Antropometriniai matavimai atlikti naudojant standartinius btidus (Drozdowsi, 1998). Buvo analizuojama
11 somatiniy savybiy, kurios apibtdino tris kiino sandaros dydzius: ilgi (m;), stambuma (m;) ir nutukima
(m3). Kiino sandaros proporcijos ivertintos pagal J. Perkal (1953) natiiralius indeksus, kuriuos modifikavo
H. Milicerowa (1956).

Nustatyti Sie indeksai: sandaros dydziai (m), viso kiino dydzio indeksas (M), kiino sandaros proporcijos,
sandaros tolygumas, kiino proporcijuy kodas. Kiino proporcijos buvo vertinamos kiekvienu is iy aspekty.

Vidutinés tirty kiino sandaros somatiniy savybiy vertés kontrolinéje ir lyginamojoje grupéje skyrési.
Lenkijos tenisininkiy rinktinés narés i$siskyré ranky ir koju ilgiu, tigiu. Juy dilbio perimetras buvo didesnis,
o dubens plotis — mazesnis.

Kalbant apie bendra kiino dydi, tenisininkiy rodikliai buvo Siek tiek didesni nei studenciy (M = 0,24).
Bendras kiino dydis (M) priklausé nuo kiino daliy ilgio reik§miy (m; = 1,01), mazy kino stambumo reikSmiy
(my = 0,39) ir vidutiniy nutukimo reik§miy (m; = 0,1). Kaitumo indekso grupés viduje reik§mé (kiino sandaros
derm¢é (harmonija)) sieké 1,4, o kiino proporcijy kodas 6—2—4.

Stambumo indekso kiino savybiy proporcijos (nattraliy savybiy indeksai faktoriaus viduje) parodé,
kad yra dilbio perimetro (1,62) ir alkiinés ploc¢io (0,36) pranasumas. Kelio plotis (—1,30) ir dubens plotis
(-0,60) yra neproporcingi bendrai Sio faktoriaus vertei. Savybés, apibiidinancios ilgio faktoriy, yra salygiskai
proporcingos.

RaktaZodziai: tenisas, treniravimasis, kiino sandara, kiino proporcijos.
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