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In order to determine the differences between results obtained by using two different 

methods for estimating the body fat percentage in adolescents, a comparative analysis was 
performed with bioelectrical impedance method and a traditional method for assessing body 
composition by skinfold measurement. The sample of this study consisted of 86 seventh grade 
students of elementary school (42 girls and 44 boys). Body fat percentage was estimated using 
electronic scale through bioelectrical impedance for assessing the body composition "OMRON 
BF-511, Japan" and traditionally by measuring skinfolds with caliper and further calculations 
using equations according to Slaughter (1988). After analyzing the obtained results, it was 

found that no statistically significant differences were present between body fat percentage 
obtained by the method of bioelectrical impedance and the method of skinfold measurement of 
triceps and subscapular (p = 0.711) and triceps and calf (p = 0.850) in girls, while statistically 
significant differences were found between the results of these two methods (p = 0.001; p = 
0.009) in boys. Comparison of two most commonly used methods for assessing body fat per-
centage shown similar results in girls, while in boys, significant differences were present be-
tween measurements of these two methods. 
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Introduction 

 
There is an increasing demand for body com-

position analysis in personal use or homecare to mon-
itor weight status, weight loss therapy, or outcome 
of strength or endurance exercise (1) and the most 
important fact to monitor general health status of 
children and adolescents because of presence of 

obesity prevalence among them. 
The body composition represents different tis-

sues within human body, as well as their mutual re-
lationship. According to the American Association for 
Health, Physical Education, Recreation and Dance 

(2), the body composition represents the ratio of fat, 
muscle and bone tissue in the overall body mass. 
Body composition is defined as a fitness component 
that is closely related to the relative values of mus-
cle, fat, water, bones, and other vital parts of the 

human body (3, 4). In practice, the most commonly 
used methods for determining the composition of 
the body are based on a two-compartment model 
where total body mass consists of two parts: fat and 
fat free mass (5). Currently, there is a range of meth-
ods for measuring body composition. They vary de-
pending on instrumental or personal needs, as well 

as in how accurately the observed values are deter-
mined (6). 

For the evaluation of fat tissue, direct and in-
direct methods are used. In practice, methods that 
have been shown to be much more accurate and 
valid are direct methods such as dual-energy X-ray 
absorptiometry (DEXA), hydrodensitometry, plethys-

mography (BOD POD), ultrasonic method, magnetic 
resonance and the most accessible, but not as accu-
rate as previously mentioned, method of bioelec-
trical impedance (BIA). Less accurate are indirect 
methods where results are obtained by measuring a 
number of anthropometric characteristics to determi-

ne the body fat percentage. The anthropometric me-
thod involves measuring body weight, body height, 
body circumference, skinfolds and diameters at re-
ference points from which individual parts of the 
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body composition can be calculated by using equa-

tions (7). The most famous and most commonly 

used traditional method which is based on a two-
component model of body composition is skinfold 
thickness measurement. Such methods require train-
ed gauges and knowledge of anatomy of the body. 
According to the measurement protocol, measure-

ments are taken at least twice, so that the final re-
sults can be traced, as opposed to the modern me-
thod for assessing the body composition by bioelec-
trical impedance where the procedure is fairly sim-
ple, fast and allows almost instantaneous results (8, 
9). 

The bioelectrical impedance method (BIA) is a 

non-invasive, fast, simple and reliable method which 
evaluates body composition by emission of a safe 
low-frequency current through the body structure 

and measures the impedance (resistance) of various 
tissues. The current flows through the body fluid 
that contains electrolytes without excessive resist-
ance. In addition, the fat tissue contains only small 

amounts of water, so current will not easily pass 
through fat tissue. Unlike body fat component, a fat 
free component, which contains large amounts of 
body fluid and, therefore, electrolytes, is a better 
conductor of the current. The latest generations of 
BIA devices allow precise calculations of body fat, 

body cell mass, extracellular mass, intracellular wa-
ter and extracellular water as well as several other 
derivatives (10). 

 
The aim 
 

The aim of this study was to determine body 

fat percent of elementary school students using indi-
rect (two equations for skinfold thickness measure-
ment) and direct (BIA) field methods for assessing 
body fat percentage and to find out the differences 
among these methods. 

 
Material and methods 

 
The sample of this study consisted of 86 - 7th 

grade elementary school students, age 13 years ± 6 
months. The sample was divided into two subsam-
ples: girls (n = 42; BMI = 19.97) and boys (n = 44; 
BMI = 20.59). The sample includes every student 

who volunteered to participate in the research with 
the consent of their parents. An additional require-

ment was that students during the testing were 
clinically healthy. Subjects were familiar with basic 
methods, procedures and research objectives. 

For assessment of body fat percent by indi-
rect method, anthropometric measurements of three 

skinfolds were performed: triceps (TRI), subscapular 
(SUB) and calf (CA). Measurement of skinfold thick-
ness was carried out according to the methodology 
recommended by the International Biological Pro-
gram (11) using the GPM GmbH GPM (GPM GmbH 
Switzerland) with a measurement accuracy of 0.2 
mm. The pressure of the instrument clamps on the 

skin and subcutaneous tissue was standard (10gr/ 
mm²). The measurement result was read 2 seconds 
after the grip had been caught on the skinfold. The 

results of the fat tissue from indirect method were 

calculated using the following equations according to 

Slaughter (12): 
For girls:  
1.)  BF%TRI+CA = .610 (TRI+CA) + 5.1 
2.) BF%TRI+SUB = 1.33 (TRI+SUB) - .013 

(TRI+SUB)2 - 2   

For boys: 
1.)  BF%TRI+CA = .735 (TRI+CA) + 1.0 
2.) BF%TRI+SUB =1.21 (TRI+SUB) - .008 

(TRI+ SUB)2 - 3.4 
For assessment of body fat percent by direct 

method, bioelectrical impedance analysis (BIA) me-
thod was used with single frequency tetrapolar 

hand-to-foot electronic scale OMRON-BF511 (Omron, 
Japan), which, according to the technical specifica-
tions of the device, gives results with a precision of 

0.1%. Before measurements, the previously obtai-
ned body height data (anthropometer by Martin), 
age and sex of the subjects were entered using the 
device key. Subjects were measured barefoot in light 

underwear following manufacturer’s instructions. The 
single frequency hand-to-foot BIA devices provides 
estimated values for BF% by passing an low frequ-
ency (50hz) alternating current through the subject 
than calculate impedance (ohms) of different body 
tissues. 

 
Statistical analysis 
 
In order to determine the differences in re-

sults between the indirect and the direct method for 
estimating body fat percent, a t-test for dependent 

samples (paired t-test) was applied at the level of 

statistical significance p < 0.05. 
For raw data processing and statistical analy-

sis, statistical software - STATISTICA 8.0 for Win-
dows (StatSoft, Inc., Tulsa, OK), was used. 

 
Results 
 

The results of t-test paired samples analyses 
of repeated measurements and comparison of two 
methods for estimating body fat percentage for girls 
were showed in tables 1-2. T-test analysis (Table 1.) 
showed no significant differences between body fat 
percentage measured from triceps and calf skinfolds 

equation (BF% = 22.66) and body fat percentage 
measured from Omron BF-511 bioelectrical imped-

ance scale (BF% = 22.80). Also, t-test analysis 
(Table 2.) showed no significant differences between 
body fat percentage measured from triceps and sub-
scapular skinfolds equation (BF% = 22.59) and body 
fat percentage measured from Omron BF-511 bio-

electrical impedance scale (BF% = 22.80). 
The results of t-test paired samples analyses 

of repeated measurements and comparison of two 
methods for estimating body fat percentage for boys 
were showed in tables 3-4. T-test analysis showed 
significant differences (p = 0.009) between body fat 
percentage measured with triceps and calf skinfolds 

equation (BF% = 19.56) and body fat percentage 
measured from Omron BF-511 bioelectrical imped-
ance scale (BF% = 17.65).  
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Table 1. T-test results of body fat percentage measured by triceps and calf skinfolds equation and 
 bioelectrical impedance analysis for girls 

 

Variable N Mean Std. Dev. t p 

BF%TRI+CA 42 22.66 5.681 
-0.191 0.850 

BF%BIA 42 22.80 7.556 

TRI+CA – body fat percent from triceps and calf skinfold equation; BIA – body fat percent from bioelectrical 
impedance analyzer Omron BF-511 

 
 
 

Table 2. T-test results of body fat percentage measured by triceps and subscapular skinfolds equation and 
bioelectrical impedance analysis for girls 

 

Variable N Mean Std. Dev. t p 

BF%TRI+SUB 42 22.59 5.145 
-0.374 0.711 

BF%BIA 42 22.80 7.556 

TRI+SUB – body fat percent from triceps and subscapular skinfold equation; BIA – body fat percent from 
bioelectrical impedance analyzer Omron BF-511 

 
 
 
 

T-test analysis showed significant differences 

(p= 0.001) between body fat percentage measured 
with triceps and subscapular skinfolds equation 

(BF%= 19.88) and body fat percentage measured 

from Omron BF-511 bioelectrical impedance scale 
(BF%= 17.65). 

 
 
 
 

Table 3. T-test results of body fat percentage measured by triceps and calf skinfolds equation and  
bioelectrical impedance analysis for boys 

 

Variable N Mean Std. Dev. t p 

BF%TRI+CA 44 19.56 6.662 
2.739 0.009* 

BF%BIA 44 17.65 7.357 

TRI+CA – body fat percent from triceps and calf skinfold equation; BIA – body fat percent from bioelectrical 
impedance analyzer Omron BF-511;* - significant at p < 0.01 

 
 
 

Table 4. T-test results of body fat percentage measured by triceps and subscapular skinfolds equation and  
bioelectrical impedance analysis for boys 

 

Variable N Mean Std. Dev. t p 

BF%TRI+SUB 44 19.88 6.289 
3.645 0.001* 

BF%BIA 44 17.65 7.357 

TRI+SUB – body fat percent from triceps and subscapular skinfold equation; BIA – body fat percent from 
bioelectrical impedance analyzer Omron BF-511; * - significant at p < 0.01 

 

 
 
 

Discussion 

 
The purpose of this study was to determine 

body fat percent of elementary school students 
using two field methods for assessing body fat 
percentage and to find out the differences among 

these methods. Skinfold measurements and bio-
electrical impedance analysis (BIA) are popular and 
most commonly used methods for assessing body 
composition in children and adolescents due to their 
cost efficiency and ease of use.  

Measurement of some skinfolds requires the 
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removal of clothing, which can be awkward in some 
testing situations (13). Compared to other choices of 
skinfold sites, measuring the calf and triceps skin-
folds and the subsequent prediction of percent body 
fat (% BF) (12) can be used to assess body compo-
sition of children in public settings while remaining 
sensitive to issues of privacy that have become in-
creasingly prevalent (14). Another good thing from 
practical point of view is measurement speed when 
using only two skinfold measurement, it is as fast as 
measuring with BIA. 

Bioelectrical impedance analysis (BIA) also re-
presents a simple, inexpensive and noninvasive me-
thod for assessing body composition that has broad 
application in research laboratories, hospitals, pri-
vate clinics, health centers and schools (15). The 
human factor plays an important part when measu-
rements are carried out using calipers. It is im-
portant for the person conducting the measure-
ments to be sufficiently experienced. Measurements 
based on BIA methods bring some other factors that 
significantly influence accuracy of these measure-
ments, such as body hydration, abnormalities in bo-
dy composition, underweight or overweight. There-
fore, when using BIA methods, the only results con-
sidered valid are those of individuals with BMI rang-
ing between 18.5 and 34 kg/m2 (6, 16-19) which is 
in accordance with BMI values from population in 
this study (BMI=19.97 for girls and BMI=20.59 for 
boys).  

The results from this study showed no signif-
icant differences between skinfold and BIA methods 
in girls. Triceps and calf skinfold equation (BF% = 
22.66) gave closer values to BIA (BF%bia= 22.80), 
than triceps and subscapular skinfold equation (BF% 
= 22.59) in girls. The results in boys showed that 
body fat percent from both skinfold equations sta-
tistically differ from BIA values. Triceps and calf 
skinfold equation (BF% = 19.56) and triceps and 
subscapular skinfold equation (BF% = 19.88), gave 
higher values than BIA (BF% = 17.56). In accor-
dance with these results, some studies reported that 
the triceps and calf skinfold equation overestimated 
BF% in boys (14), as well as triceps and subscapular 
skinfold equation (20). In their study, Čokorilo et al. 
reported no significant differences between skinfold 
method and BIA method results in adult females (8). 
Some researchers reported opposite results, that 
four different skinfold prediction equations under-
estimated BF% 8 to 12 year old boys and girls (21). 

Also, Parker et al., reported that the sum of the 
triceps and subscapular skinfolds underestimated of 
BF% in 10 to 14 year old boys (22). Janz et al., 
reported that the triceps and calf skinfolds equation 
delivered by Slaughter (12), overestimated of BF% 
in girls, and the total error increased in males with 
higher levels of maturation (23). On another side, 
the investigation of the accuracy of single-frequency 
BIA provided inconsistent results, with some studies 
showing a good accuracy (1, 24) and others report-
ing only a poor agreement between BIA and ref-
erence methods (25). 

The majority of mentioned authors have ref-
erence method like DEXA for comparison of agree-
ment between methods, so it is very difficult to 
claim from results of this study which method is 
more accurate. In the absence of reference method 
as a gold standard, it is impossible to know whether 
any of the methods investigated here is providing a 
"true" measure of body fat percentage (26). Also, 
we must consider  that equations derived more than 
30 years ago (12), possibly no longer represent the 
body fat characteristics of children today because of 
increasing prevalence of overweight and obesity in 
adolescents (14). 

 
Conclusion 
 
In summary, the present study results showed 

that two methods are interchangeable only for girls, 

while for boys there are significant differences be-
tween methods. From practical point of view, most 
suitable method for body fat assessment for girls is 
triceps and calf skinfold equation, it is fast and good 

for public use because do not require the removal of 
clothing. Based on the results of this study it is im-
possible to suggest which method is more accurate 

for body fat assessment in girls or boys because of 
the absence of reference method for comparison. It 
can be concluded that these methods are more ap-
propriate for assessing body fat of large population 
rather than an accurate measurement of individuals. 
According to many studies these methods are popu-
lation sensitive, so we must imply that obtained re-

sults refers only to population from this study. Fur-
thermore, future studies should aim to replicate re-
sults on different population with the reference me-
thod, also to aim at the development and validity of 
new equations for adolescents. 
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Sa ciljem da se utvrde razlike između rezultata dobijenih primenom različitih metoda za 

procenu količine masnog tkiva u organizmu kod adolescenata, izvršena je komparativna ana-
liza metode bioelektrične impedanse i tradicionalne metode za procenu telesne kompozicije 
merenjem kožnih nabora. Uzorak ispitanika činilo je 86 učenika sedmog razreda osnovne ško-
le (42 devojčice i 44 dečaka). Količina masnog tkiva procenjivana je pomoću vage, koja koristi 
bioelektričnu impedansu za procenu telesne kompozicije, "OMRON BF-511, Japan" i tradicio-
nalno, pomoću merenja kožnih nabora kaliperom i daljim izračunavanjem pomoću matema-
tičkih formula prema Slaughteru (1988). Nakon analize dobijenih rezultata, utvrđeno je da ne 
postoje statistički značajne razlike između procenta masnog tkiva dobijenog metodom bio-
električne impedanse i metodom merenja kožnih nabora tricepsa i leđa (p = 0,711) i tricepsa i 
potkolenice (p = 0,850) kod devojčica, dok su kod dečaka utvrđene statistički značajne razlike 
između rezultata dveju metoda (p = 0,001; p = 0,009). Obe metode, kao najzastupljenije i 
praktično primenljive, pokazale su slične rezultate kod devojčica, dok isti slučaj nije kod 
dečaka. 
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