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Introduction
Body composition can be estimated using different 

methods, which is extremely important for the diagnosis of 
the nutritional state and health (Guedes, 2013; Heyward, 
2001) not only of athletes, but also of physically active 
and sedentary individuals (Sundgot-Borgen et al., 2013; 
Souza et al., 2014). Therefore, it is necessary to know 
the limitations and the validity of each of these methods 
to make sure they provide reliable data, thus ensuring 
proper data interpretation (Rezende et al., 2007).

Different methods to estimate the main components 
of the human body, lean mass and fat mass (Carvalho and 
Pires, 1999) are available, such as hydrostatic weighing 

and absorption of dual x-ray emission (DXA), which is 
considered the gold standard to determine body composition, 
bioelectrical impedance analysis, and measurement 
through skin folds (SF), this being the most frequent 
method due to its low cost (Rodrigues et al., 2001).

Regarding the skin fold method, its validity lies 
in the fact that much of the body fat is located in the 
subcutaneous tissue. Thus, by measuring the skin thickness 
of certain regions of the body through already existing 
predictive equations, it is possible to estimate the body 
density, and consequently, the relative fat percentage of 
an individual (Guedes, 2006).

However, it is important to point out that factors such 
as the rater’s experience with the instrument, inter-rater 
difference, skin thickness, amount of subcutaneous fat, 
compressibility of the adipose tissue, and the hydration 
level of the evaluated subject are critical to obtain the 
values of body density through skin folds (Conterato and 
Vieira, 2001).

The predictive equations were developed by 
researchers who confirmed a relevant mathematical 
relationship between total body fat and subcutaneous 
fat. According to Okano et al. (2008), most predictive 
equations used in Brazil were developed and validated 
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with the Lange skinfold caliper. When using other brands 
of skinfold calipers, the reliability of the equations can 
be compromised. Brazilian scientists tend to use the 
Cescorf compass in their studies, because this skinfold 
caliper is manufactured in Brazil (Cyrino et al., 2003). 
Therefore, this study aims to validate the use of a new 
skinfold caliper, manufactured in Brazil, with equations 
for the correction of body fat values, using the Lange 
skinfold caliper as a reference.

Methods
This is a descriptive experimental study that aims 

to describe the characteristics of a certain population 
using standardized techniques to collect data (Gil, 2002).

This study evaluated 112 undergraduate students, 
mean age 26.2±6.8 years, of Caucasian ethnicity, from the 
Physical Education and Physical Therapy programs; of 
these, 54 were male, mean age 27.6±7.9 years, and 58 were 
female, mean age 24.9±5.8 years. This study included 
undergraduates of the following characteristics: (1) both 
sexes, aged 18 to 51 years; (2) hydrated individuals; 
(3) who had not performed vigorous exercises 24 hours 
before the anthropometric evaluation.

The following students were excluded from the 
study: (1) who presented a body mass index (BMI) 
equal to or greater than 30 kg/m2; (2) women with waist 
circumference (WC) equal to or greater than 88 cm; 
(3) men with waist circumference equal to or greater 
than 102 cm. All participants, after being informed 
of the procedures to which they would be submitted, 
signed an informed consent form (ICF). After that, data 
were collected on prescheduled days by only one rater 
with experience of approximately three years in these 
types of measurements. This study was approved by the 
Research Ethics Committee under protocol nº 889.026.

Anthropometric assessment
The anthropometric assessment consisted of the 

following measurements: total body mass (TBM), 
total height (TH), biceps skin folds (BSF), triceps skin 
folds (TSF), subscapular skin folds (SSF), pectoral 
skin folds (PSF), average axillary skin folds (AASF), 
suprailiac skin folds (SISF), abdominal skin folds 
(ASF), medial thigh skin folds (MTSF), and calf skin 
folds (CSF). TBM was measured in an anthropometric 
scale, platform style (Filizola, Filizola SA, Brazil), 
100 gram precision, and TH was measured with a 
portable stadiometer (Seca, Hamburg, Germany) of 
0.1 cm accuracy, considering the arithmetic average 
of three consecutive measurements as the final value, 
according to the protocol of Lohman et al. (1988).

The skin folds were measured in the following order: 
BSF, TSF, SSF, PSF, AASF, SISF, ASF, MTSF and CSF, 

using two different compasses: Lange, Beta Technology 
Incorporated, Cambridge, USA, of 1 mm precision, 60 mm 
reading range, 10 g/mm2 pressure, and 3 mm2 contact 
area; and WSC Dual Hand Cardiomed skinfold caliper, 
of 1 mm precision, 80 mm reading range, 10 g/mm2 
pressure, and 5 mm2 contact area. The WCS Dual Hand 
skinfold caliper offers a differentiation when compared to 
the other products in the market: you can read both sides 
of the skinfold caliper, allowing the use by left-handed 
people. Each skin fold was measured three times with both 
skinfold calipers in every evaluated person, from from 
the right hemibody, and the final result was the arithmetic 
average of the measurements. It should be emphasized that 
the instruments used in the research are properly calibrated 
according to their respective resolutions at the Cardiomed 
Company Ltda, Curitiba, Paraná - Brazil (attachments 1, 2). 
Instrument calibration is a concern to ensure higher accuracy 
in the measurements, according to Perini et al. (2005) and 
Melo et al. (2012). At the end of each sequence, the rater 
changed the adipometers. From the values of the skin 
folds, the body density was estimated using the predictive 
equations proposed by Jackson and Pollock (1978), 
Jackson et al. (1980), Durnin and Womersley (1974), and 
Petroski (1995). The relative body fat was estimated from 
the equation proposed by Siri (1956).

Jackson and Pollock (1978), equation for men, 
3 skin folds:

( )( )
( )( ) ( )( )2

1.1093800 0.0008267*

0.0000016* 0.0002574*

D ASF PSF MTSF

ASF PSF MTSF Age

= − + + +

+ + −
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Jackson et al. (1980), equation for women, 3 skin folds:
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( )( )
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Jackson and Pollock (1978), equation for men, 
7 skin folds:
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Jackson et al. (1980), equation for women, 7 skin folds:
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Durnin and Womersley (1974), equation for men:

( )( )1.1765 – 0.774D LogTSF SISF SSF BSF= + + + 	 (5)

Durnin and Womersley (1974), equation for women:
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( )( )1.1567 – 0.0717D LogTSF SISF SSF BSF= + + + 	 (6)

Petroski (1995), equation for men:
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Petroski (1995), equation for women:

( )( )
( )( )

1.19547130 – 0.07513507* –

0.00041072

D Log AASF SISF MTSF CSF

Age

= + + +
	(8)

The percentage of body fat (% BF) of the all equations 
will be obtained by Siri (1956):

( )% 495 / 450BF D= − 	 (9)

were, D = Density; BSF = biceps skin fold; TSF = triceps 
skin fold; SSF = subscapular skin fold; PSF = pectoral skin 
fold; AASF = average axillary skin fold; SISF = suprailiac 
skin fold; ASF = abdominal skin fold; MTSF = medial 
thigh skin fold; CSF = calf skin fold; Σ7SF = Sum of TS
F+SSF+PSF+AASF+SISF+ASF+MTSF+; % BF = body 
bat percentage.

Measurement of technical error (MTE)
The measure of intra-rater MTE provides the 

rater precision and it should be used as follows: 
the same rater performs the collection on different 
days, using the same material, unit of measure and 
conditions (Norton and Olds, 2000).

The method of differences was used to obtain the 
MTE, which is expressed by the standard deviation of 
repeated measurements (Pederson and Gore, 2000). 
This deviation is the degree of value dispersion from 
the average. The MTE calculation was divided into four 
steps, which are described below to provide a better 
understanding of the method.

MTE intra-rater calculator
The MTE intra-rater calculation considered the results 

of skin fold measurements of 20 volunteers (12 men and 
8 women) on the first and second days of evaluation, 
according to Norton and Olds (2005):

First stage: The difference between the 1st and 2nd 
measurements was determined for each skin fold of all 
20 volunteers.

Second stage: The obtained deviations were squared.
Third stage: The results of the second stage were 

summed (Σd2) and applied to obtain the absolute MTE.

² 
2
dMTE absolute
n

∑
= 	 (10)

where:
Σd2 = sum of deviations squared;

N = number of volunteers measured;
I = as many deviations as there are.

Fourth stage: The absolute MTE was modified 
into relative MTE to obtain the error expressed as a 
percentage. It required the calculation of the average 
value of the variable (AVV), as follows: the arithmetic 
average between the 1st and 2nd measurements of 
each volunteer was obtained for the same skin fold, 
that is, the measurement taken on the first and second 
day of each volunteer was added and divided by two, 
generating the average of this fold. This procedure 
was done for each of the 20 volunteers and the 20 
average values obtained were summed and divided 
by 20 (total volunteers).

( )  100MTEMTE relative
AVV

= × 	 (11)

where:
MTE = Measurement of technical error, expressed in %;
AVV = Average value of the variable.

MTE classification

The lower the MTE obtained, the better the accuracy 
of the rater when conducting the measurement. According 
to Norton and Olds (2000), the acceptable values for 
the intra-evaluative MTE in the collection of skin 
folds are: 7.5% and 5% for beginner and experienced 
anthropometrists, respectively.

Statistical analyses

Data were analyzed using BioState 2007 5.0 and Excel 
2010 software. To display the anthropometric characteristics 
of the participants, data were presented as average, standard 
deviation (SD), standard error of the average (SEA), 
and minimum-maximum amplitude. For all statistical 
procedures, the significance level of p ≤ 0.05 was used. 
The normality of the fat percentage found with the WCS 
Dual Hand and Lange skinfold calipers were verified by 
the Kolmogorov-Smirnov test. The fat percentage obtained 
with the equation of Jackson and Pollock (1978) of 3 skin 
folds for men, and the equation of Jackson et al. (1980) 
of 3 skin folds for women were the only ones that did not 
present normality. The comparison was performed through 
the Wilcoxon test for paired data, and for both cases the 
p-value was lower than 0.0001.

To correct the values found with the WCS Dual Hand 
skinfold caliper, a simple linear regression model was 
developed through the ordinal least squares method for 
each of the eight equations considering the % fat obtained 
with the Lange skinfold caliper as variable Y and the % 
of fat obtained with the WCS skinfold caliper as variable 
X, using the calculations below:
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0 1   *  Y b b X= +

which in this case can be represented as:

0 1   *  Lange b b WCS= +

with values of b0 and b1 determined as follows:
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where:
n = number of individuals analyzed;
X = % of fat estimated with the WCS skinfold caliper;
Y = % of fat estimated with the Lange skinfold caliper.

This procedure was performed for each of all eight 
formulas of Jackson and Pollock (1978), Jackson et al. 
(1980), Durnin and Womersley (1974), and Petroski 
(1995), and the correction equations were obtained for 
both male and female participants.

Results
Table 1 shows the mean, standard deviation, maximum 

and minimum values for age, body mass, height and BMI of 
112 undergraduate students who were included in the study. 
Data were compared between the groups, men presented 

higher values in relation to women in all variables, with 
significant differences. The p-value was 0.018 for age, 
0.000 for body mass, 0.000 for height, and 0.000 for BMI.

Table 2 shows the comparison between the average 
values of skin fold thickness of 54 men, measured 
with the WCS Dual Hand and Lange skinfold calipers. 
The average values obtained with the Lange skinfold 
caliper are significantly higher than those found with 
the WCS Dual Hand skinfold caliper. A difference was 
observed in triceps, chest, suprailiac, and calf skin folds. 
The average values obtained with the Lange skinfold 
caliper are significantly higher than those found with the 
WCS Dual Hand skinfold caliper for the measurements 
of triceps, pectoral, suprailiac, and calf skin folds.

Table 3 shows the correction equations of % BF values 
of male participants, derived from the measurements of 
skin fold thickness with the Lange and WCS Dual Hand 
skinfold calipers.

Table 4 shows the comparison between the average 
values of skin fold thickness of 58 women, measured 
with the WCS Dual Hand and Lange skinfold calipers. 
The average values obtained with the Lange skinfold caliper 
are significantly higher than those found with the WCS 
Dual Hand skinfold caliper for all the measures analyzed.

The corrections equations for the correction of % BF 
values female, derived from measurements of skin fold 
thickness, measured with adipometers Lange and WCS 
Dual Hand are presented in Table 5.

Table 2. Comparison between the thickness of skin folds, estimated by the Lange and WCS Du al Hand plicometers, measured in 54 men who 
were part of the sample.

Skin folds (mm) Lange (Mean±SD) WCS dual hand (Mean±SD) Difference (mm) P-value
BSF 5.2 ± 2.2 4.5 ± 2.4 0.7 0.060
TSF 11.3 ± 5.8 9.1 ± 5 2.2 0.022
SSF 19.6 ± 8.6 17 ± 8.6 2.6 0.061
PSF 12.1 ± 6.1 10.1 ± 5.6 2.0 0.041

AASF 12.5 ± 7.5 10.4 ± 7.1 2.1 0.079
SISF 20.8 ± 10.4 16.2 ± 10.5 4.6 0.013
ASF 23 ± 12.2 20.4 ± 13.1 2.6 0.149

MTSF 15 ± 7.1 12.9 ± 6.7 2.1 0.065
CSF 8.6 ± 4.2 7 ± 3.4 1.6 0.015

BSF: biceps; TSF: triceps; SSF: subscapular; PSF: pectoral; AASF: average axillary; SISF: suprailiac; ASF: abdominal; MTSF: medial thigh; CSF: calf; 
Mean ± SD: Mean ± Standard deviation.

Table 1. Description of the participants - 112 students.

Variables
Male (n= 54) Female (n= 58)

Mean ± SD Maximum Minimum Mean ± SD Maximum Minimum
Age (years) 27.6 ± 7.9 51 18 24.9 ± 5.8 44 18
Body Mass (kg) 75.5 ± 10.6 106 58 60.4 ± 7.4 77.2 45.8
Height (cm) 174 ± 0.05 192 163 163 ± 0.06 176 149
BMI (kg/m2) 24.8 ± 2.7 29.9 19.8 22.9 ± 2.1 27.3 18.6
BMI: body mass index; Mean ± SD: Mean ± Standard deviation.
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Intra-rater technical error of measurement was analyzed 
and presented high acceptance of measures collected by 
the anthropometrist of this study; the acceptance criterion 
adopted for experienced anthropometrists was ≤5.0%, 
and ≤7.0% for beginning anthropometrists. These results 
are presented in Table 6.

After observing significant differences in most 
skin folds collected, correction equations were 
created for each of the three formulas used in the 
study for both sexes (Tables 3 and 5). The average 
results found with the Lange and WCS Dual Hand 

skinfold calipers with the corrected values obtained 
from the WCS Dual Hand skinfold caliper after being 
calculated in the correction equations to estimate the 
relative fat percentage for men and women, illustrated 
in Figures 1 and 2, respectively.

Discussion
Several methods to estimate body composition 

have already been validated and proven effective, but 
the simplicity and the higher level of acceptance by 
the evaluated people, as it is a non-invasive low-cost 

Table 3. Regression equations for correcting the percentage of fat estimated by skin fold thickness measured with plicometer WCS Dual Hand 
for 54 men.

Variables Equation for correction of % BF R2 P-value
D & W %BF = 6.5592269 + 0.8243132 * %BF WCS 0.913 0.000
Petroski %BF = 3.8090510 + 0.9384101 * %BF WCS 0.949 0.000
J & P 3 %BF = 2.6884021 + 0.9410678 * %BF WCS 0.946 0.000

J, P & W 7 %BF = 3.3478433 + 0.9347317 * %BF WCS 0.961 0.000
D & W: Durnin & Womersley (1974); Petroski: Petroski (1995); J & P 3: Jackson & Pollock (1978) 3 skin folds; J, P & W 7: Jackson & Pollock (1978) 7 
skin folds; % BF: Percentage of body fat; R2: coefficient of determination; P-value: estimation error.

Table 4. Comparison between the thicknesses of skin folds, estimated by plicometers Lange and WCS Dual Hand, measured in 58 women who 
were part of the sample.

Skin folds (mm) Lange (Mean±SD) WCS Dual Hand (Mean±SD) Difference (mm) P-value
BSF 10.3 ± 4.2 7.7 ± 3.2 2.6 0.000
TSF 22.1 ± 5.4 17.6 ± 5.4 4.5 0.000
SSF 21.9 ± 6.8 19 ± 7 2.9 0.014
PSF 13.9 ± 5.5 11.8 ± 5 2.1 0.016

AASF 15.5 ± 7.3 12.5 ± 7 3.0 0.013
SISF 25.4 ± 7.7 20 ± 7.3 5.4 0.000
ASF 26.3 ± 8.3 23 ± 7.7 3.3 0.013

MTSF 35.3 ± 8.3 31.8 ± 9.3 3.5 0.018
CSF 19.4 ± 5.9 16.3 ± 5.2 3.1 0.001

BSF: biceps; TSF: triceps; SSF: subscapular; PSF: pectoral; AASF: average axillary; SISF: suprailiac; ASF: abdominal; MTSF: medial thigh; CSF: calf; 
Mean ± SD: Mean ± Standard deviation.

Table 5. Regression equations for correcting the percentage of fat estimated by skin fold thickness measured with WCS Dual Hand plicometer 
for 58 women.

Variables Equation for correction of % BF R2 P- Value
D & W %BF = 8.8446522 + 0.8224759 * %BF WCS 0.893 0.000
Petroski %BF = 6.9850725 + 0.8184568 * %BF WCS 0.910 0.000

J, P & W 3 %BF = 7.8683214 + 0.8533205 * %BF WCS 0.907 0.000
J, P & W 7 %BF= 6.1462522 + 0.9696753 * %BF WCS 0.830 0.000

D&W: Durnin & Womersley (1974); Petroski: Petroski (1995); J, P & W: Jackson et al. (1980) 3 skin folds; J, P & W 7: Jackson et al. (1980) 7 skin folds; 
% BF: Percentage of body fat; R2: coefficient of determination; P-value: estimation error.

Table 6. Presentation of the MTE intra-evaluator, tested with 20 participants of the research (12 men and 8 women).

Skin folds BSF TSF SSF PSF AASF SISF ASF MTSF CSF
MTE relative 0.99% 1.93% 3.05% 2.34% 2.07% 3.07% 3.64% 3.04% 1.77%
MTE average 2.43%

MTE experient 5.0%
MTE beginner 7.5%

MTE relative: Intra-rater error; MTE average: Average of the intra-rater errors of the nine skin folds collected; Experient MTE: Intra-rater error acceptable 
for experienced anthropometrists; Initiating MTE: Intra-rater error acceptable for beginner anthropometrists; BSF: biceps; TSF: triceps; SSF: subscapular; 
PSF: pectoral; AASF: average axillary; SISF: suprailiac; ASF: abdominal; MTSF: medial thigh; CSF: calf.
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technique, have made skin fold the most accepted method 
by health professionals to date (Rodrigues et al., 2001; 
Lintsi et al., 2004; Guedes, 2006).

Studies comparing different methods of body fat 
calculation show that the use of skin folds has a strong 
correlation with portable ultrasonography and electric 
bioimpedance (Neves et al., 2013), besides presenting 
approximate results with more analysis means such as 
hydrostatic weighing and DEXA (Rodrigues et al., 2001; 
Lintsi et al., 2004).

Although it shows a high correlation with the total 
amount of body fat, the results obtained from skin folds 
may have their accuracy compromised, that is, the values 
found through this technique may differ from the actual 

values, since they may be affected by factors such as 
difference of adipose tissue compressibility, the evaluated 
hydration status, muscle mass quantity, increased bone 
density, age and sex of the evaluated individual, as well 
as the way the skinfold caliper was handled by the rater, 
as well as the equipment calibration (Lorenzo et  al., 
2000; Gore et al., 2000; Lohman, 1981).

Therefore, safe, practical and valid instruments should 
be used to determine and identify the changes that may 
occur in body composition (Deminice and Rosa, 2009).

It should also be noted that different anthropometric 
equations have been developed, each targeted to a different 
group (Ellis, 2001), respecting factors like sex, ethnicity, 
and age (Rezende et al., 2007), which, when applied to 

Figure 1. Averages percentages of fat found by plicometers Lange, WCS and calculated with the correction equation, for relative values of the 
corporal fat obtained through the formulas proposed by Durnin and Womersley (1974); Petroski (1995); Jackson and Pollock (1978) 3 skin folds 
and Jackson and Pollock (1978) 7 skin folds for men. D & W: Equation Durnin and Womersley (1974); Petroski: Equation Petroski (1995); J & P 
3: Equation Jackson and Pollock (1978) 3 skin folds; J & P 7 Equation Jackson and Pollock (1978) 7 skin folds; % corrected: Average value found 
by applying the percentage of fat obtained by plicometer WCS dual hand, in the correction equation; Lange%: Average percentage of fat obtained 
with the compass Lange; WCS%: average fat percentage obtained with plicometer WCS.

Figure 2. Averages percentages of fat found by plicometers Lange, WCS and calculated with the correction equation, for relative values of the 
corporal fat obtained through the formulas proposed by Durnin and Womersley (1974); Petroski (1995), Jackson et al. (1980), and Jackson et al. 
(1980) for women. D & W: Equation Durnin and Womersley (1974); Petroski: Equation Petroski (1995); J, P & W 3: Equation Jackson et al. (1980) 
3 skin folds; J, P & 7 Equation Jackson et al. (1980) 7 skin folds; % corrected: Average value found by applying the percentage of fat obtained by 
plicometer WCS dual hand, in the correction equation; Lange%: Average percentage of fat obtained with the Lange plicometer; WCS%: average 
fat percentage obtained with plicometer WCS.
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other populations or situations can produce large errors 
(Eliakim et al., 2000). For Okano et al. (2008), many 
of the equations used in Brazil were developed using 
skinfold calipers that differ from those frequently used 
in Brazil, thus it may increase the probability of error at 
the end of the calculations. Therefore, the selection of 
appropriate equipment and methodology is of paramount 
importance for the professionals to obtain solid results 
according to their goals.

When specifically addressing the equations of body 
density estimation, four of the most commonly used were 
selected for this study, as follows: Jackson et al. (1980), 
Jackson and Pollock (1978), and Durnin and Womersley 
(1974) – all international equations, as well as the formula 
created by Petroski (1995), developed in Brazil.

The equations proposed by Jackson and Pollock (1978) 
were developed with a sample of 308 male participants, 
aged 18 to 61 years. The formula for women, developed by 
Jackson et al. (1980), had a sample of 249 female participants, 
aged 18 to 55 years. Durnin and Womersley (1974), when 
analyzing 209 men and 272 women, developed several 
equations stratifying the sample according to age, but the 
authors present general calculations for both sexes, which 
were used in this study. Petroski (1995) evaluated 304 men 
and 281 women, aged 18 to 66 years, and 18 to 51 years, 
respectively.

Considering the above, this study aimed to propose 
regression equations to correct the % fat values obtained 
with the WCS Dual Hand skinfold caliper, using the 
Lange skinfold caliper as a reference, which is widely 
used in many existing anthropometric equations.

As indicated in Tables  2  and  4, skin folds 
(BSF, SSF, AASF, MTSF and ASF) for males did not 
show statistically significant differences. Regarding the 
female participants in particular, for all skin folds, the 
p-value was less than 0.05, showing a significant difference 
between the Lange and the WCS Dual Hand skinfold 
calipers. However, some skin fold values collected from 
the male sample (TSF, SISF, PSF, and CSF) and all the 
folds from the female group had higher averages for 
the Lange skinfold caliper (p = 0.05) when compared 
with the WCS Dual Hand skinfold caliper, which can be 
attributed to a difference in the contact surface of both 
skinfold calipers, considering the Lange caliper has a 
contact area of less than 3 mm2 and the WCS Dual Hand 
caliper, 5 mm2, or possible intra-rater errors. However, 
the intra-evaluative MTE for the anthropometrist of 
this study presented the average of 2.43% of the nine 
folds collected in the study, indicating acceptance and 
great repeatability of the measurements. Thus, it is 
believed that the differences found in Table 2 and 4 are 
not attributed to the rater.

However, compressibility of the subcutaneous tissue 
and skin thickness are two variables that can affect skin 
fold measurements, as two identical thickness values of fat 

tissue may contain significantly different concentrations 
of fat (Clarys et al., 1987).

Okano et al. (2008) found similar results to this study 
by comparing skin fold values obtained with the Lange 
skinfold caliper to values obtained with the Cescorf 
skinfold caliper in a sample of 259 men. The authors 
concluded that, in order to conduct the assessment with 
the Cescorf skinfold caliper using the formulas validated 
with the Lange skinfold caliper, it is necessary to use 
correction equations to reduce the difference between 
the measurements performed with both skinfold calipers.

Regarding the assessed equations, Tables 3 and 5 
were proposed as a result of measurements with the 
Lange skinfold caliper. Therefore, the acceptance of 
these proposed correction equations aims to minimize the 
systematic error caused by differences in the measurement 
scale of the skinfold calipers. A limitation of this study 
was the inability to eliminate measurement errors of the 
rater, which may have impacted the results. The values of 
the estimated % BF are affected by the type of skinfold 
caliper, due to factors such as measurement range, 
contact surface, and mechanics, so the skinfold caliper 
to be used should be the one from which the prediction 
equation was originated (Okano et al., 2008).

Finally, the results obtained in this study show 
significant differences in the percentage of body fat 
estimated with the WCS Dual Hand and Lange skinfold 
calipers using the equations of Jackson and Pollock 
(1978), Jackson et al. (1980), Durnin and Womersley 
(1974), and Petroski (1995) for both male and female 
participants. Thus, the authors of this study suggest the 
use of equations presented in this study to correct the 
relative body fat estimated with the WCS Dual Hand 
skinfold caliper, whenever the use of the Lange skinfold 
caliper is not available, in order to minimize the difference 
between the skinfold calipers.
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