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Abstract:  

Introduction: Skinfold (SKF) measurement provides an affordable and practical assessment of body fat 

percentage (BF%) and fat free mass (FFM) in field-based studies. However, SKF measurement is relatively 

safe, quick, cheap and non-invasive method (21) for the assessment of body composition, use of inappropriate 

equations in SKF measurement method can lead systematic or non-systematic prediction errors (25). 

Purpose: The purpose of this study was to compare the BF% and FFM value obtained by the SKF measurement 

method and dual-energy X-ray absorptiometry (DEXA) considered as a reference method.  

Methods: Fifty two male (mean ± SD, age: 25.23 ± 1.60yr; stature: 175.05 ± 5.86cm; body weight: 72.53 ± 

9.75kg) and forty six female (mean ± SD, age: 24.54 ± 2.14yr; stature: 165.88 ± 6.13cm; body weight: 57.60 ± 

7.17kg) Caucasian sedentary were participated in this study. Each participant’s BF% and FFM was assessed 

both by SKF measurement method and reference measurement DEXA. Widely used equations of Durnin and 

Womersley (20) and Siri (27) were used to calculate BF% from SKF measurements. All measurements were 

performed at least three hours after lunch between 15:00 and 17:00 o’clock. 

Results: Results of paired t test revealed that there was significant difference between SKF and DEXA 

measurement methods regarding to BF% (t= -6.785; p= 0.001) and FFM (t= 6.568; p= 0.001) values of males. 

Likewise, significant difference was indicated between SKF and DEXA measurement methods with respect to 

BF% (t= -6.126; p= 0.001) and FFM (t= 6.363; p= 0.001) values also in female participants. On the other 
hand, the BF% and FFM values obtained by using SKF method were highly correlated with those obtained by 

DEXA in males (BF%: r= 0.894, p= 0.001; SEE= 2.715% and FFM: r= 0.923, p=0.001; SEE=2.111kg) and 

females (BF%: r= 0.883, p= 0.001; SEE= 3.197% and FFM: r= 0.838, p=0.001; SEE=2.044kg), respectively. 

Conclusion: Accordingly, subgroups of Caucasian population-specific equations should be developed for 

accurate estimation of BF% for Turkish population. 
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1. INTRODUCTION 

Body composition is the health-related component of physical fitness (1) and is widely used by 
physicians, athletics trainers and health professionals (2, 3). Measurements of body composition 

provide important information of the various components of the human body such as fat mass, fat-free 

mass (FFM) and body fat percentage (BF%) (4). Different techniques have been used to the 

measurement of body composition are currently available which differ in various criteria, including 
sensitivity, cost, precision, invasiveness and technical complexity (5). Hydrostatic weighing, air 

displacement plethysmography and dual-energy X-ray absorptiometry (DEXA) are considered 

reference methods to assess body composition (6, 7, 8). 

Previously, hydrostatic weighing was considered as the gold standard for the assessment of body 

composition but this method had many technical complexity (4, 9), inconvenient and difficult to use 

(10) and also demands a long time (11). Thus, other laboratory techniques have been developed and 
improved to BF% estimate (12). DEXA seems to be an alternative to the problems presented by hydro 

densitometry and allows for a rapid evaluation and with reliable data when comparing to hydrostatic 

weighting (7). Currently, DEXA has been considered as the gold standard for the measurement of 
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body composition (9). DEXA has been shown to be an effective measure of body composition and has 

been considered a valid and reliable reference measure in many populations (7, 13, 14, 15). On the 
other hand, reference techniques are routinely expensive, non-portable requires sophisticated 

laboratory equipment and is quite time-consuming and also often impractical for field-based studies 

(8, 16, 17, 18).  

Skinfold (SKF) thickness measurement provides an affordable and practical assessment of BF% and 

FFM in large populations in field-based studies (8, 19). This technique was a recommended method 

for a long time for determining BF% (20) and also FFM. SKF measurement is relatively safe and 

provides a rapid result for studying different populations, without the need for specialized laboratory 

equipment, exposure to radiation or costly equipment for the assessment of body composition (21, 22, 

23). However, equations used to predict total body fat from subcutaneous SKF measurement are 

based on adult cadaver studies of small sample sizes (24) and may not be relevant or valid in different 

populations. Furthermore, SKF measurements only provide an estimate of subcutaneous fat (10) and 

can not be used to reliably measure fat stored internally such as visceral fat (15). Moreover, the use of 

inappropriate equations in SKF measurement method can lead systematic or non-systematic 

prediction errors (25). Therefore, the purpose of this study was to compare the BF% and FFM value 

obtained by the SKF measurement method and DEXA considered as reference method.  

2. MATERIALS AND METHODS 

Fifty two male (mean ± SD, age: 25.23 ± 1.60yr; stature: 175.05 ± 5.86cm; body weight: 72.53 ± 

9.75kg) and forty six female (mean ± SD, age: 24.54 ± 2.14yr; stature: 165.88 ± 6.13cm; body weight: 

57.60 ± 7.17kg) Caucasian sedentary volunteered to participate in this study. The participants were 

fully informed about the protocols and procedures of the study before participating in the study. 

2.1. Study Design 

All measurements were performed at least three hours (h) after lunch at the same time of the day 

between 15:00 and 17:00 o’clock. At first, anthropometric and SKF measurements were completed 

respectively. Then, DEXA measurements were applied in order to collect reference values.  Tests 

were conducted at a constant environmental temperature and humidity (20-23°C and 50-60%, 

respectively). The participants were instructed to avoid exercise for a minimum of 24 h before testing. 

2.2. Anthropometric Measurements 

All the measurements were made following the guidelines outlined by the International Society for 

the Advancement of Kinanthropometry (ISAK) (26) by the same experienced investigator.  

Body mass was measured with a Seca scale (Seca 700, Medical Scales and Measuring Systems, 

Hamburg-GERMANY; precision of 0.1kg) and with the participant wearing underwear only and 

barefoot. Height was measured with a stadiometer incorporated into the scale (Seca 700, Medical 

Scales and Measuring Systems, Hamburg-GERMANY; precision of 0.1cm). The participant was 

instructed to take and hold a full breath. Stretched height with the head at the Frankfort plane was 

recorded. 

2.3. Skinfold Measurement 

SKF Measurements were performed following the protocol of the ISAK by the same trained and 

experienced investigator for each participant (26). SKF thickness was measured on the right side of 

the body to the nearest ±0.1mm with a SKF caliper (Holtain Ltd, Crymych, UK) from following sites.  

a) Subscapular, about 20 mm below the inferior angle of the scapula and 45˚ to lateral side of the 

body (Figure 1a).  

b) Triceps, a vertical fold halfway between the acromion process and the superior head of the radius, 

in the posterior aspect of the arm (Figure 1b).  

c) Biceps, at the same level as the triceps skinfold and directly above the centre of the cubital fossa 

(Figure 1c). 

d) Iliac Crest, immediately above the marked illiocrestale (the point on the most lateral aspect of the 

iliac tubercle, which is on the iliac crest) (Figure 1d).  
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SKF measurements were taken twice or three times (if the difference between the first two measures 

was greater than 5%) with the mean or median values for each site in a rotational order, respectively. 
The equation of Durnin and Womersley (20) was used to calculate the density of body from the SKF 

thickness variables. The density value was then converted to BF% using the Siri equation (27). FFM 

was calculated by subtracting fat mass from body mass.  

 

Figure1. SKF Thickness Measurement Sites. (a) Subscapular, (b) Triceps, (c) Biceps, (d) Iliac Crest. 

2.4. DEXA Measurements 

For the DEXA method, body composition was assessed by a total body scanner, using the Lunar 

DPX-IQ model (Lunar Radiation Corporation, Madison, WI, USA). All DEXA scans were performed 

by the same technician, who was trained in the operation of the scanner, the positioning of 
participants, and the analysis of results. Whole body scanning took about 20 minutes related to the 

participant’s stature. The average skin entrance dose was 0.015mrem. The results are presented as 

BF% and FFM was calculated by subtracting fat mass from body mass. All measurements were 
carried out at the University of Abant Izzet Baysal. 

2.5. Statistical Analysis 

After the calculation of mean and standard deviations (SD) for all variables, paired samples t test was 

used to compare the values (BF% and FFM) obtained from DEXA and SKF. Simple linear 
regressions were performed to calculate the relationship between BF% and FFM estimated by the 

reference measurement DEXA and SKF. Significance level of alpha was accepted as 0.05 and all 

analyses were performed on statistical package for the social sciences (SPSS version 16.0, SPSS Inc., 
Chicago, IL, USA). 

3. RESULTS 

Results of paired t test revealed that there was significant difference between SKF and DEXA 
measurement methods regarding to BF% (t= -6.785; p= 0.001) and FFM (t= 6.568; p= 0.001) values 

of males. Likewise, significant difference was indicated between SKF and DEXA measurement 

methods with respect to BF% (t= -6.126; p= 0.001) and FFM (t= 6.363; p= 0.001) values also in 
female participants. 

 

Figure2. BF% Values of Male and Female Participants Determined Via SKF and DEXA (* Significant Different 

than DEXA) 



Umid Karli et al. 

 

International Journal of Sports and Physical Education (IJSPE)                                                        Page | 23 

 

Figure3. FFM Values of Male and Female Participants Determined Via SKF and DEXA (* Significant Different 

than DEXA) 

The BF% and FFM values obtained using SKF were related with those obtained from DEXA in males 
(BF%: r= 0.894, p= 0.001 and FFM: r= 0.923, p=0.001) and females (r= 0.883, p= 0.001 and FFM: r= 

0.838, p= 0.001) (Table 1 and 2). 

Table1. Validation of SKF to DEXA Via BF% in Males and Females 

Validation results for males  

Constant error DEXA–SKF (%) 2.945 ± 3.130 

r(DEXA vs. SKF) 0.894 

SEE for SKF (%) 2.715 

Validation results for females  

Constant error DEXA–SKF (%) 3.450 ± 3.820 

r(DEXA vs. SKF) 0.883 

SEE for SKF (%) 3.197 

Table2. Validation of SKF to DEXA Via FFM in Males and Females 

Validation results for males  

Constant error DEXA–SKF (kg) 2.299 ± 2.524 

r(DEXA vs. SKF) 0.923 

SEE for SKF (kg) 2.111 

Validation results for females  

Constant error DEXA–SKF (kg) 2.118 ± 2.258 

r(DEXA vs. SKF) 0.838 

SEE for SKF (kg) 2.044 

However, the correlation between BF% obtained by SKF measurement and DEXA is high (r= 0.894; 

r= 0.883 for males and females, respectively), SKF measurement method underestimated BF% both in 

males and females compared to DEXA. As BF% the correlation between FFM obtained by SKF 

measurement and DEXA is also high (r= 0.923; r= 0.838 for males and females, respectively). 
However, opposite to BF% FFM was overestimated by SKF measurement method both in males and 

females compared to DEXA. 

4. DISCUSSION AND CONCLUSIONS 

This study was designed for the comparison of the BF% and FFM value obtained by the SKF 

measurement method and DEXA considered as reference method. The major finding of this study is 

the presence of the difference between SKF measurement method and DEXA with respect to BF% 
and FFM both in males and females. On the other hand, again regarding to BF% and FFM, the 

relation between SKF measurement and DEXA is quite high. 

BF% values obtained by SKF measurement method was significantly (p= 0.001) lower than the 
reference measurement DEXA both for male and female sedentary participants (Figure 2). 

Meanwhile, the correlation between BF% obtained by SKF measurements and DEXA is high and, 

SEE for BF% values of SKF is relatively small (Table 1). According to the American College of 
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Sports Medicine (28), obesity is associated with increased risk for the development of cardiovascular 

disease, hypertension, diabetes, specific types of cancer and other chronic diseases. Therefore, an 
accurate assessment of one’s body composition is important for all individuals, as BF% is closely 

related to one’s health and well-being (19). There are many equations in the literature that predict 

body fatness from SKF measurements (29). In the present study, the predicted values obtained from 
SKF thickness measurements were calculated by the equations of Durnin and Womersley (20) and 

Siri (27). The most of the body composition prediction equations have been developed for Caucasian 

populations-specific who were from European descent. However, the participants included in the 
present study are Caucasian but also are a homogeneous amalgamation of different ethnicity from 

three continents (European, African and Asian ancestry). Variation of the ethnicity might be the 

possible explanation of the difference between SKF values and DEXA regarding to BF%. Hence, 

ethnicity is one of the major factors that effect the fat distribution of the body, especially the adipose 
tissue located under the skin which is called as subcutaneous fat influences the thickness of the SKF. 

The measurement sites of the Durnin and Womersley (20) equation used in this study may not be 

suitable for accurate estimation of the body composition parameters of the present participants. The 
possible explanation for the underestimation of the SKF method might be the predictor variables used 

for calculation of the BF% in these equations. 

FFM values calculated via BF% values obtained by SKF measurement method was significantly (p= 

0.001) higher than the reference measurement DEXA both for male and female sedentary participants 

(Figure 3). Meanwhile, the correlation between FFM obtained from the SKF measurement method 

and DEXA is high and, SEE for FFM values of SKF is relatively small (Table 2). The variation of the 

ethnicity might be the possible explanation also for the difference between FFM obtained from SKF 

method and DEXA. The possible explanation for the overestimation of FFM obtained from SKF 

method might be the predictor variables used for calculation of the BF% in these equations. 

Whether the correlation between BF% and FFM obtained by SKF measurement and DEXA is high, 

SKF measurement method underestimated BF% and overestimated FFM values both in males and 

females compared to DEXA. The data as an outcome of this study indicated that SKF method 

presented no expected accuracy in estimating BF% and FFM for Turkish population either for males 

or females in relation with the DEXA reference method. Hence, subgroups of Caucasian population-

specific equations should be developed for accurate estimation of BF% and FFM for Turkish 

population. 
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