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The use of new, ol)jcctivc methods
jion — hydrostatic weighing and calliperometry —
has S}n'f_t(:»d in the recent years the problem of body
composition 10 a l)nvﬂeged Place of interest in
medical resgarch and in other science disciplines
of human biology.

Most of the investigations conducted until now
were {ocused. on the solution of the problem of
pody composition .under extreme pathological con-
ditions, especially in obesity, less commonly in mal-
putrition .dISOI‘deI‘S whereas from the “domain of
physiologwal research, ie. in healthy population,
reports are quite scarce.

Welham and Behnke in 1942 investigated
a group of sportsmen, and in an objective metho-
dical appx:oach they pointed to a high degree of
physical fitness though according to tables of ideal
height and weight for the corresponding age, their
sportsmen were within the range usually char-
acterizing obese individuals [18].

The above authors thus pointed to the necessity
of applying more physiological-qualitative aspects
permitting a functional evaluation' of the actual
status of the organism as regards its basic compo-
nents.

The composition of the human body is a dynamic
feature susceptible of substantial changes not only
during the growth and evolution of the organism,
but also in adult and advanced age. Such changes
occur owing to genetic, developmental and regula-
tive factors and according to the degree of physical
activity and the mode of nutrition.

If gradual and rather permanent increments of
body weight are recorded in adult subjects pre-
viously exhibiting optimal weight according to
weight and age, unless a simultaneous increase In
physical activity occurs, then all the increments are
almost exclusively constituted by depot body fat.
The reverse is true in subjects exhibiting consider-
able physical activity, such as manual worker.s,
Sportsmen, persons taking regular exercise etc., In
whom a relative overweight may be due to an
ncreased percentage of active body matter repre-
sented, first of all, by powerful musculature.

The methodical approach to the evaluation of

ese two morphologically and functionally sub-
Stantially different components of the human organ-
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ism and methods of investigating quantitative shifts
between them have been elaborated in the light
of recent advances by Keys and Brozek
(3, 4, 10, 11]. By objective methods they have con-
firmed the view of French authors that in fact the
proportion of depot fat represents an-“élémem va-
riable” of the body weight, its variation range be-
ing between 1 and 40 or more per cent [10, 5].
Of greatest interest for routine field investiga-
tions concerning the two main components was the
discovery by the afore-mentioned and other authors
of a close correlation between over-all fat of the
organism and subcutaneously stored fat: under’'phy-
siological conditions, the latter represents a constant
proportion of the over-all body fat [3, 1, 14]\ '
By means of respective regression equations
based on the values measured, one can determine
the percentage of the over-all fat and, indirectly,
also the amount of active body matter (proportions
of the two main components of the body weight).
A survey of body composition thus obtained affords
at the same time a picture of functional fitness,
the degree of training, performance capacity and
actual status of nutrition. R

Object, methods used, and mode
of material evaluation

In our investigation we have applied the above
knowledge to the end of studying the influence of
a new form of physical culture — bodybuilding —
on somatic development and on body composition.

Twenty six participants (two from Poland) of the
all-Slovakian competition in bodybuilding, having
taken place in December 1965, in Bratislava, were
examined. _ SN L

Our attention was focused in ‘the first place on
anthropometry, individual history of sports activi-
ties and nutrition, further on physical pérformance
in the course of the competition. o '

The main somatic data, body height and body
weight, were obtained according to standardized
criteria of anthropometry, the age of each partici
pant was stated as the data of examination. =~ =

Three values were recorded for breast circumfer-
ence: breast circumference at the mean respiration
position at the level of breast nipples, values at
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maximum inspiralion and maximum expiralion.
CII‘C{Imf@mnco of both arms was recorded at max-
mum contraction of the biceps and triceps muscles.

Calliper measurements were carried out by one
of the authors, using the callipers devised by Best
[2], in the modification of Pafizkov 4 [13].
Twelve standard sites on the body surface were
selected on the right; 10 were chosen in accordance
with Patizkov 4, measurements in the neck site
were according 1o Hejda [7]. In addition, we
determined also the value over the biceps.

In computing the WH-index, the data of B ud-
lovsky and Grunt [6] were used as a refer-
ence base. To compute the percentage of body
fat and active body matter the nomograms elabo-
rated by Patizkova [16] were wiilized.

By means of a dynamometer the foree of hand
clasp was measured on three consecutice occasions
on both sides. Further, as functional tests, the sport
performances altained in the competition were
evaluated: weight lifting at biceps contraction
(weight bar grasped with palms up), in bench press
and in squatting with weight bar on the chest.
_On analysing statistically the data obtained, spe-
cial attention was paid to establishing respective
correlations or regression relationships between in-
dividual indices of somatic and functional develop-
ment.

Characteristics of the group

The number of participants, n = 26, the mean
age of the bodybuilders was 21 years (the youngest
was 18 years old, the oldest 27). No acute inter-
current or chronic affection was found by medical
examination of the participants before the opening
of the competition, and the health condition in all
was assessed as very good. The bodybuilders prac-
tised the sport for an average of 2.7 years (mini-
mum 1 year, maximum 5 years), performing exer-
cises five days a week on an average (minimum
3 days, maximum 7 days); the mean duration of
a training was 1,8 hours (minimum 1 hour, max-
imum 2.5 hours). The structure according to pro-
fession was as follows: 57 per cent — university
students, 43 per cent employees of whom 31 per
cent performed light work, 12 per cent were man-
ual workers.

RESULTS

The mean body weight of the participants was
76.0 kg (variation from 59.0 kg to 89.0 kg), the
mean body height was 175 em (162—185 cm).

The mean value of the group for body weight
as expressed in the per cent of ideal weight accord-
ing to Broca was 101 per cent (89—111 per cent).

The weight-height index (expressed in standard
deviations, (mean +0.22, var. —0.09—0.42).

The sum of the width of ten skin folds: mean
value was 58 mm (37—84 mm). The percentual
proportion of body fat: mean value was 12.0 per
cent (var. 8.0—15.5 per cent), of active body matter
referred to body weight: mean value 88.0 per cent
(var. 84.5—92.0 per cent).
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TABL L1
ndividual skinfolds measured

Mean \lalut‘is:1 f;); lbod,\' curface sites
e Mean values in em
| TN P R
Bod_\,-buildt‘rs Iejda, Diffep.
ial n = 26, - lgge)_ ence
Seria oyl o
Jum- e of fold age
.\lum Typ e -
er " N -
| S ]
—— | 3 4 5 o
1 2 EEEEES KN
R, AP A=
1. | Cheek 0.52 81(1)(15 om | o
. 0.38 ; / %
2. Suhntmlntnl fold 0.46 0.139 1.20 0.74
S | o 0.26 | 0.024 | 120 | 0.4
o 1 0.82 | 0.122 | 140 | 058
B | Gheet 11 0.44 | 0.122 | 110 | o0.6g
& | FHank 0.3¢ | 0.092 | L10 | 0.7
3 | Abdomen 058 | 0213 | 1.30 | 079
Gl e, 0.62 | 0.13¢ | 080 | 0.3
Eiu 045 | 0.186 | 1.20 | 0.75
11, | Neck 0.04 | 0176 | 1.30 | 0.3
12. | Biceps 0.38 | 0.090 | . .
13. Sum of ten
skinfolds (1—10) | 5.80 | 1,086

The mean density of the group was 1.068 g/ml
(var. 1.060—1.079 g/ml). )

The mean values for breast cu'cumferencg -
resting value 107.0 ¢cm, minimal 100.0 em, maximal
114.0 cm. Circumference of the right arm: maximal
triceps = 35.65 cm (variation range .32_—41 cm),
maximal biceps = 39.23 cm (variation range
35—47 cm). Left extremity: maximal triceps =
3517 em (var. r. 31—40 cm), maximal biceps =
38.35 em (var. r. 35—44 cm).

The data on the distribution and amount of sub-
cutaneous fat, as compared with the wvalues ob-
tained by He jda in Czech men, are presented in
the Table 1.

Diagram 1 shows the regression relationship be-
tween the weight-height index and the percentage
of over-all body fat and the respective correlation
coefficient obtained.

Diagram 2 illustrates the group as regards body
weight, height, and chest circumference. By means
of it the mean body weight corresponding to
a given height and mean chest circumference may
be readily read. This connection-line nomogram was
plotted. on the basis of numeric expression of
a multiple regression equation that expresses the
velation between body weight and body height
on the one hand and the mean chest circumference
on the other. The equation reads:

y = —78.415 4 0.564 x; +0.522 x,

in which y = body weight
Xy body height

Xy mean chest circumference

To see the reliability interval of body weight
values computed from the above equation Wwe
established also the corresponding standard devia-
ton: sy.xx, = 3.604.
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The results of function tests are expressed in
terms of the force of the right hand clasp — mean:
79.0 kg (minimum 59.0 kg, maximum 100.0 kg),
the left hand clasp — mean 70.0 kg (minimum
50.0 kg, maximum 100.0 kg). The sport perform-
ances during the competition were as follows: mean
biceps lift 55.0 kg (minimum 42.0 kg, maximum
650 kg), mean performance at bench-press —
115.0 kg (minimum 87.0 kg, maximum 160.0 kg),
mean performance in squat — 115.7 kg (minimum
87.5 kg, maximum 152.5 kg).

In further investigations an attempt Was made
to verify the reliability of arm circumference at
maximum biceps or triceps contraction as a meas-
ure of functional capacity.

To this end we investigate
tween the performance at ma
traction and maximum biceps
resulting correlation coefficient 1s T = 0.800; t}}e
respective straight line of regression 1s pTesented in
Dl.agram 3. In the same way correlation was .esta-
blished between bench-press- and maximum . triceps

d the correlation be-
ximum biceps con-

circumferences. The

The correlation coelficient is T =

circumflerence.
¢ ol regression

= (.785, the respective straight lin
is reproduced in Diagram 4.

By computing the correlation coelficients it was
proved that the quantilative anthropometric index
of arm circumference is a reliable clue for functio-
nal evaluation of the performance capacily of the
organism.

By taking the individual nutritional history it
was shown that 59 per cenl of the group were
accustomed 1o take the main midday meal in col-
lective self-services, the rest individually taking
their meals in families, without paying any respect
lo increased energy outpul in days of fraining ex-
cept for milk whose consumption amounts to 1.5
a day per subject in the group (minimum 0.5 1,
maximum 2 1 a day).

The mean number of meals taken w
in the course of the day (minimum 2 me
imum 6 meals).

Additional food allowances consumed were re-
corded especially in university students, in the first
place milk (with few exceptions bought almost
daily), pastry (ordinary or sweet), yoghurt —
3 times in a week, meat producls, €ggs, butter,
cheeses, curd, twice a week on an average; cream
and fruit preserves were bought less frequently.

In spite of the critical period of nutrition, we did
not record in a single case additional intake of
fresh vegetables and [ruit, not even of refrlgerat_ed
products or southern fruits. Especially in university
students, this circumstance was under the influence
of economic aspects of food consumption.

as 4 meals
als, max-

DISCUSSION

While nutritionists evaluating the nutritional
health status of various populations and social
groups may be satisfied with comparing the data
on body weight and height with corresponding
standard values for a given population, these cri-
teria are insufficient in evaluating sportsmen or 1
more detailed anthropological studies.

In a previous work, one of the authors, using
the same basis of comparison for the evaluation
of weight-height indices as applied in the present
study, established in the so-called healthy popula-
tion of 25—40-year-old males a statistically highly
significant correlation between the weight-height
index and the percentage of body fat, expressed
by a correlation coefficient of 0.792 [9].

In our group we found that an analogous cor-
relation shows but a medium closeness expressed
by the coefficient of correlation, r = 0.4884. That
denotes that the weight-height index is mo more
reliable owing to the changes that have occurred in
the body composition of sportsmen.

The effect of sport on the organism is reflected
in mutual shifts between fat-free body matter and
fat. It is therefore necessary, in order to evaluate
exactly the actual status of the sportsman’s organ-
ism, to complete current anthropometric measure-
ments — body weight, height and their relation —
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with the establishment of one of the above com-
ponents; thereby also, in
sight into the ofher component is gained.

In the first place, in sportsmen as in manual
workers one may presume a greater share of active
body matter as a result of well-developed muscu-
lature, in the comparison of the corresponding age
group of average population.

Our results attest 10 the fact that the absolute
values of subcutaneous lissue as measured with
callipers are lower n sportsmen in comparison with
those of clinically healthy population of males of
the same age, as pointed out in Table 1.

Hejda (11], in his group. stated the mean
width of skin fold. as measured in 12 sites, to be
1.20 m for males up to 40 years of age; similar
average value in our group, though obtained in not
completely identical sites, exhibits not even a half
of the above value (0.52).

Keys and Brogek eslablished the standard
share of the over-all body fat to be 14 per cent
of the body weight and density 1.0629 [10] for an
average 25-year-old man of American population.

Patizkova confirmed the fact that the fat
content in similar physiological groups of our po-
pulation is practically identical so that the above
figures may be considered at the same time as the
norm for the population of this country [15].

etrisek and co-workers, using the hydro-
static method of weighing, found in 15—20-year-
old males of Prague population, of normal weight
with respect to height, the proportion of fat to be
19.4 per cent and the density, 1.049; for the age-
group of 21—30 years, the values were 23.4 per
cent and 1.040 respectively [17].

The group of bodybuilders studied shows an aver-
age of 101 per cent of ideal weight, but the pro-
portion of body fat shows the mean value of 12.0
per cent, the standard deviation being 1.676; in
comparison with the values referred to above these
figures are considerably lower. The corresponding
higher mean density of 1.068 g/ml only underlines
the greater share of active body matter at the
normal weight of the bodybuilders. In this respect,
certainly an important part is played by regular
physical activity — training five times a week, last-
ing 1.8 hours.

However, regular physical activity represents
only one of the main factors influencing the deve-
lopment of the organism and its composition, the
other is the mode of nutrition. ,

Hejda and Fabry found increased amounts
of subcutaneous fat in people showing a less fre-
quent food intake [8].

The dietary regimen of the bodybuilders is char-
acterized by an average of four meals a day con-
sisting of mixed food, further by the above-average
milk consumption of 1.5 | per person and day as
compared with the recommended allowances for the
average consumer. They showed also preferential
additional consumption of animal proteins, keeping
low glycides, i.e. favouring consumption of bio-
logically valuable food. One may, therefore, pre-
sume that the body composition of the body (mus-

an indirect way, an in-
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correlate well with quantitative anthropometric dagy
(circumference. values) related to the largest megs.
ure to powerfull musculature, less to the skeleton,
and, up to a negligible degree, to subcutaneous fat,

In sportsmen with low subcutaneous fat Values,
circumference measures represent, at the same time,
valuable indicators of the physical performance
capacity.

From the above aspect, the new form of physical
education — bodybuilding (musclebuilding) may be
considered as beneficial, first of all with respects
to the degree of physical fitness and the perform-
ance capacity attained, and it may be looked upon
as an important factor in the prevention of obesity.
This would apply especially to university youth,
mostly exhibiting a relatively little physical activity.
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SUMMARY

An_anthropological study was undertaken in 26
participants of an all-Slovakia competition in body-
building.

The investigation was focused on the relation-
ship between the individual quantitative and qua-
litativg somatic indices and the degree of functional
capacity.

A connection-line
for the determinati
to body height an
active sportsmen,

Using calliperometry and the established relation

nomogram has been presented
on of body weight with regard
d resting chest circumference in
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To conclude, the significance of the new sport
Jiscipline — bodybuilding (musclebuilding) — js
described as van.effect.lve factor for attaining a high
fegree of p‘hy‘51.ca1 fitness and performance capa-
sty Also, its importance for the prevention of
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