
Introduction
Body composition is an important component in weight

sensitive sports. Several reports indicate high muscularity and
low body fat percentage in combat sports organized in weight
categories [1,2]. The number of studies estimating body com-
position in adolescent wrestling or judo athletes is limited. The
reported percentage of body fat is ranging from 9.9±4.4% to
16.0±7.9% in boys and from 16.1±3.5 % to 23.8±8.3% in girls
[2,3,4,5,6,7,8]. Traditionally, prior to competition most athletes
undergo rapid weight loss in an attempt to qualify in a lighter
weight class in order to gain an advantage over smaller and
weaker opponents [9]. The possible negative effects of weight
cycling are well documented. Several official organs published
policy statement and guidelines in the promotion of healthy
weight control practices [10,11]. Espe cially the weight cycling in
young athletes is of concern [11]. Weight reduction practices in
adolescents should be strongly discouraged since growth and
development require additional energy and nutrient input. It
has been shown that even in adolescent athletes inappropriate
weight loss methods are used resulting in caloric deficit, nutri-
ent deficit and dehydration. This may result in incomplete reco -
very after training, additional injury risk and eventually distur bed
growth and development. In order to prevent extreme weight

loss regimens immediately before the competition the Wrest -
ling Federation developed the system of minimal wrestling
weight. Briefly, wrestling athletes need a pre competition body
composition analysis under euhydrated conditions (as indicat-
ed by urine density analysis). For boys the lower limit of body
fat percentage is 7% whilst girls need at least 12% body fat.
Athletes beneath these limits need medical clearance before
they start competition. If the body composition is above the
body fat percentage limits, maximal weekly changes are given
(1.5%/week). In the wrestling guidelines body fat percentage is
estimated by means of skinfold measurements. Reliable skin-
fold measurements can only be obtained when measurements
are carried out by a trained anthropometrist.

In the most recent position stand on Nutrition and Athletic
Performance, the ACSM points to the errors associated with
all body composition assessment techniques [12]. It is believ -
ed that the accuracy of Bio Electrical Impedance Analyses
(BIA) is similar to skinfold assessment. BIA may be preferable
because it does not require the technical skill associated with
skinfold measurement. Several BIA instruments became com-
mercially available. The ACSM asks for evaluation of these re -
cent impedance devices in specific athletic populations, espe-
cially in youngsters [12].
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Summary
Introduction. Adolescent judo athletes are often involved in weight reduction practices. Knowledge and adequate follow-up

of the body compostion of adolescent judo athletes is of uttermost importance to guarantee an optimal growth and development
in combination with optimal performance in an acceptable weight category. Regular follow-up of body composition requires re -
liable field methods. 

Material and methods. In total 30 adolescent judo athletes (13 girls; 17 boys) of regional, national or international level par-
ticipated in the study (mean age: 16.3±1.3 years of age). Body composition was assessed using 4 different technics and methods. It
was the aim of the pre sent study to estimate body fat percentage with different field methods in comparison with the under water
weighing technique as criterium value. 

Results. Body fat percentage differed as a function of the used technique for the girls while values for boy where more
homogenous. Strong correlations were obtained when comparing the different methods for the girls only. In adolescent athletes,
follow-up of body composition should be carried out on regular time intervals. 

Conclusions. Field methods may be used but comparison against a criterion methods is required. Due to the specific mor-
phology of judo athletes a further standardization of methods to estimate the body compostion is required. 
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It was the aim of the present study to estimate the per-
centage of body fat in adolescent judo athletes. Several field
techniques (skin folds; total body BIA; upper body BIA; lower
body BIA; and near infra red interactance) were compared
with the under water weighing method.

Material and methods 
In total 30 adolescent judo athletes (13 girls; 17 boys) of

regional, national or international level participated in the study
(mean age: 16.3±1.3 years of age). All participants and their
parents were informed about the study and signed informed
consent.

Prior to the measurement the subjects were asked to avoid
any type of exercise up to 12 hours before the measurements
and to restrain from eating and drinking up to 4 hours before
the measurements. Athletes were in normal training period and
not involved in a weight reduction procedure.

Body composition was assessed using the following tech-
niques and/or methods:

(1) Anthropometric techniques for the determination of per -
centage of body fat and muscular mass. Body height was mea -
sur ed using a wall mounted stadiometer (precise up to 1 mm).
Skinfolds were measured at the biceps, triceps, subscapular,
suprailiac, thigh, and calf. Upper arm, thigh and calf circum-
ferences were measured as well as bicondular femur and
humerus width. All measurements were carried out by one
and the same investigator following ISAK guidelines [13].

Using the Durnin and Womersly equations [14] body den-
sity was calculated using the sum of 4 skinfolds (biceps, triceps,
subscapular and suprailiac). Body density obtained with these
formulas was used in the Siri formula [15] to calculate the per-
centage of body fat.

Using the corrected arm, thigh and calf circumferences in
the formula proposed by Poortmans et al. [16], total skeletal
muscle mass was calculated.

(2) BIA techniques. The Tanita Body Composition Analy -
zer TBF 410® was used as the BIA foot-foot method. This
instrument uses a current at 50 kHz with an intensity of 500
µA. After introducing gender, age and height of the subject
and after selection of the athletic or non-athletic mode (based
on the weekly hours of physical activity), the subject stands
on the instrument with the feet on the electrodes. The instru-
ment displays the body weight and an estimate of the per -
cent age of body fat, using the introduced parameters, the
measured body weight and the impedance value (formula not
available). The impedance value is also displayed (for possi-
ble use in another biometrical formula). 

The Omron Body Fat Analyzer ® was used as the BIA
hand-hand method. This single frequency instrument uses 
a current of 50 kHz with an intensity of 500 µA. After intro-
ducing gender, age, weight and height of the subject the
instrument is held in both hands in front of the body with
straight arms. The instrument displays an estimate of body fat
using the introduced parameters in combination with the
measured impedance value (formula not available).

The Nutriguard® is a multiple frequency (5, 50 and 100
kHz) hand-foot method operating at 0.8 mA. Self-adhesive
electrodes are applied at the ankle and de wrist with the sub-
ject in supine position. After introducing body weight, height,
age and gender the instrument is ready to measure. When
the measurement is finished the instrument displays the re -
sistance and the capacitance. Based on these values body
composition is calculated. 

(3) Near infra red reactance. The Futrex® analyzes the
amount of reflected near infrared light emitted into the biceps
(anterior midline of the biceps brachii midway between the
antecubital fossa and acromion process of the right arm). The
near infrared light is absorbed by fat and reflected by lean tis-
sue. The local amount of subcutaneous and intramuscular fat
at the biceps was found to be proportional to the percent fat
of the total body. Percentage of body fat is estimated using a
pre-programmed regression equation that includes age, gen-
der height and optical density values (intensity of re-emitted
light), (equation not available).

(4) Under water weighing. As criterion value for body fat,
percentage of body fat was estimated by the under water
weighing (UWW) technique using the Siri equation [15].

Briefly, the weight of the subject is measured before and
during submerging under water. Using Archimedes law, body
density is calculated. Body density is introduced in the formu-
la of Siri for the estimation of the percentage of body fat: 

Percentage of Body Fat = (495/UWD) – 450 with UWD=
under water body density. Underwater body density was cal-
culated using the following formula:

Underwater body density = W/(W – Ww)/dw) – (RV + GI)).

Where W is body weight in air, Ww is body weight in water
accurate to 1 g (highest value of 5 measurements, after maxi -
mal expiration), dw is the density of the water (determined
after measuring the water temperature), RV is residual lung
vo lume (based on gender, height, and weight), and GI is the
gas in the gastrointestinal tract (fixed to 100 g).

The athletes underwent the measurements in a random-
ized order, except for the UWW which was the last tech-
nique applied.

Body fat and muscle mass estimation methods were com-
pared for both genders. In case of a normal distribution, me thods
were compared using the repeated measures ANOVA or the
Friedman (in case of non normal distribution) procedure with
Post Hoc analyses. Correlations between methods were cal-
culated using the Pearson or the Spearman procedure. The
significance level was set at 0.05.

Results
Mean body height and weight for the girls were respec-

tively 163.3±7.6 cm and 56.2±9.7 kg. Body weight ranged
from 41.2 to 71.3 kg representing weight categories from -40
kg to -70kg. Most of the girls were U17 (n=10) while the other
girls were U20 (n=3). Boys’ mean body height was 169.4±8.1
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cm whilst mean body weight was 62.5±11.4 kg. Body weight
ranged from 43.9 to 91.7 kg representing weight categories
from -50 to -90 kg. Again, 10 subjects were U17 while 7 male
subjects were U20.

Muscle mass was analysed for both genders taking into
account the age categories. U17 girls had an absolute and re -
lative muscle mass of respectively 22.4±3.7 kg or 36.7±4.6%. For
U20 girls these values were respectively 29.9±1.8 kg and 35.9±
1.3%. For U17 boys absolute muscle mass was 27.2± 3.5 kg
resulting in a relative muscle mass of 45.4±1.8%. For U20 boys
these values were respectively 34.9±5.5 kg and 44.6±0.2%.

The Nutriguard® instrument could not calculate values for
3 out of the 13 female athletes. For the males no values were
obtained with the Nutriguard® in 5 out of 17 athletes whilst
the Omron instrument failed to calculate a value for 3 out of
the 17 athletes (Table 1).

For the girls, the ANOVA procedure indicated significant
differences between the used techniques/methods (F=36.4;
p=0.001). Post hoc analyses revealed significant lower body
fat percentage values for the UWW compared to estimates by
skinfolds (p<0.001), Tanita® (p=0.006), Nutriguard® (p=0.011)
and Futrex® (p <0.001). The estimate with the Omron® in stru -
ment was significantly lower compared to the skinfolds (p<
0.001), the Tanita® (p=0.016) the Nutriguard® (p=0.023) and
the Futrex® (p=0.028). The results for the boys showed less
variability. Due to the not normal distribution of the results ob -
tained with the Nutriguard® and the Futrex® (both Kolmogo -
rov Goodness of Fit test, p=0.0200) non-parametric statistics
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Table 2: Pearsons ‘ correlation (and p values) between body fat % in girls according the different methods/instruments

Table 1. Pearsons ‘ correlation (and p values) between body fat % in girls according the different methods/instruments

Females Males

n % body fat n % body fat

Skinfolds 13 23.7 ±4.6 17 10.2±2.6

Tanita 13 22.1±4.5 17 9.7±3.7

Omron 13 17.7±3.3 14 9.3±5.1

Nutriguard 10 21.6±4.6 12 10.4±6.2

Futrex 13 23.4±5.7 17 8.9±2.6

UWW 13 16.4±5.6 17 7.2±4.5

SKF

(n=13)

Futrex

(n=13)

Tanita

(n=13)

Omron

(n=13)

Nutriguard

(n=10)

UWW r=0.924

p<0.001

r=0.758

p=0.003

r=0.486

p=0.092

r=0.770

p=0.002

r=0.723

p=0.018

SKF r= 0.843

p<0.001

r=0.616

p=0.025

r= 0.850

p<0.001

r=0.805

p=0.005

Futrex r= 0.598

p=0.031

r=0.646

p=0.017

r=0.774

p=0.009

Tanita r=0.572

p=0.041

r=0.752

p=0.018

Omron r= 0.790

p=0.007

were applied. The Friedman procedure did not detect statisti-
cal difference between the used measurement methods.

Analysis of the correlation coefficients between the differ-
ent methods for the girls, indicate that all correlations, except
between the UWW technique and the Tanita® were signifi-
cant. However, only between UWW and skinfold measurements
a very strong correlation was obtained (r=0.924). Strong corre-
lations were obtained between respectively the Futrex® instru -
ment and skinfold measurements (r=0.843), Omron® and
skinfold measurements (r=0.850) and between Nutriguard®
and skinfold measurements (r=0.805). 

The correlation between the different methods in the boys
was only significant between the Nutriguard® and the UWW
(p=0.007) and between the Omron® instrument and the
Tanita® instrument (p=0.004). The obtained correlations were
strong (respectively r=0.727 and r =0.714).

Discussion
The aim of this study was to evaluate body composition

in adolescent judo athletes using different methods to esti-
mate body fat (under water weighing, calculation from skin
folds, bio electrical impedance methods (hand-hand, foot-foot,
and hand-foot)) and an anthropometrical technique to esti-
mate muscle mass. Females’ body fat ranged between 16.4±
5.6% en 23.7±4.6% as a function of the used technique or
instrument. The values obtained in our study corroborate the
reported values in the literature on female judo and wrestling
athletes. The mean value obtained with skinfold measurements
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in our study (23.7±4.6%) is in line with the 22.9±4.6% ob -
tained on female adolescent wrestlers in the study of Hetzler
et al. [6]. In the latter study body fat was estimated using 4
skinfolds (triceps, suprailium, abdominal, and thigh) and the
Jackson & Pollock [17] equation while in the present study,
skinfolds at biceps, triceps, subscapular and suprailiac were
used in combination with the Durnin and Wommersly equa-
tion to estimate body density and the Siri equation to esti-
mate percentage of body fat. In the study of Boisseau et al.
[4] the same skinfolds were used for studying young (16.1± 0.3
years) French national female judo athletes. Body fat per centage
was 23.3±1.5% whilst estimated muscle mass (using equally the
formula proposed by Poortmans et al., [16]) was 22.2±1.2 kg
(compared to 22.4±3.7 kg in our study). Also, in the U18 judokas
studied by Little [2] using triceps, subscapular, suprailiac, abdo -
minal, front thigh and medial calf skinfolds measurements a mean
body fat percentage of 16.1±3.5% was obtained.

The present results for the boys corroborate very well the
body fat percentage reported by Little [2] for the U17 Canadian
judoka’s (10.2±2.6% versus 10.2±1.6% respectively).

The criterion UWW technique revealed for both girls and
boys lowest absolute values. For girls the UWW estimate was
significantly different from all other techniques except with the
Omron. In boys only a trend towards different values was
detected and hence no post hoc analysis was performed. The
low values for the UWW may be caused by specific bone den-
sity values in judo athletes. Indeed, as demonstrated by Proteau
et al. [18] the specific biomechanical environment of intensive
judo training results in high bone mineral density. The latter is
known to result in lower estimates of body fat percentage with
the UWW technique. The low values obtained for the girls
with the Omron instrument is in line with earlier obtained re -
sults on a student population (n=128), [19] and may be ex -
plain ed by the uneven body fat distribution in females since
the hand-hand BIA techniques estimate of body fat is mainly
based on the upper body with a minor contribution of the lo -
wer body. The failure of the instruments (Omron, Nutriguard)
to calculate an estimate of the percentage of body fat may be
due to the out of range resistance measurements caused by
the abovementioned specific body composition.

Only in girls acceptable correlations were obtained be -
tween the different methods. The latter may be an indication
that the user-friendly skinfold, BIA and infra red techniques
can be used as a follow up method in order to detect changes
in body composition. The combination of yearly measurement
of the body composition using more specialized techniques
(UWW, Dexa) in combination with a more frequently follow-up
with field methods may result in a better weight management
throughout the year. However, it should be born in mind that
even the most specialized techniques deliver only an indirect
estimate of the percentage of body fat [20]. Additionally, the
follow up of the SMM in combination with body fat can deliv-
er information on the weight management procedures since 
a loss of SMM may point to an inadequate weight reduction
program. The morphology of a judo athlete requires a high me -
so morphic component [1]. Our results indicate equally a sub-
stantial difference in muscle mass when comparing U17 judo
athletes with U20 athletes. Again, an optimal growth and mus-
cle development is only possible when training intensity; nutri-
tional intake and recuperation are well balanced. 

Conclusions
In conclusion, adolescents’ changing body composition

needs sufficient follow up as most of the athletes go often
through weight reduction periods in the preparation for compe-
tition. It may be important not only to estimate the percentage
of body fat but equally the muscle mass since absolute and re -
lative power are important determinants of judo success.

Relying on a single method/technique without control with
a more standardized method may lead to considerable over
or underestimation of the percentage of body fat. The speci -
fic morphology of judo athletes with a high muscular compo-
nent and a high bone density calls for the development of a
specific validated body composition assessment methodolo-
gy. Further standardization is required with selection of an
adequate reference method if measures are optioned to pro-
tect athletes for extensive weight loss procedures as pro-
posed by Artioli et al. [21].
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Table 3: Spearmans’ correlation (and p values) between body fat % in boys according the different methods/instruments

SKF

(n=17)

Futrex

(n=17)

Tanita

(n=17)

Omron

(n=14)

Nutriguard

(n=12)

UWW r=0.364

p=0.151

r=-0.204

p=0.433

r=0.222

p=0.391

r=0.467

p=0.092

r=0.727

p=0.007

SKF r= 0.414

p=0.098

r=0.449

p=0.071

r=0.445

p=0.111

r=0.552

p=0.063

Futrex r= 0.502

p=0.040

r=0.166

p=0.572

r=0.140

p=0.665

Tanita r=0.741

p=0.004

r=0.382

p=0.220

Omron r=0.274

p=0.440
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