
Introduction
According to the World Health Organization (WHO),
anthropometry –compared to other procedures– is an
inexpensive and harmless method for evaluating the size,
proportions and composition of the human body.[1]

However, anthropometric methods are less sensitive
compared to complex and technological techniques such
as computerized tomography, magnetic resonance imag-
ing or dual-energy X-ray absorptiometry. Nevertheless,
because they are simple and inexpensive, anthropometric
methods are still preferred for evaluating body composi-
tion, especially in studies conducted in large communi-

ties.[2] Determining the reliability of these methods is
vital for the effectiveness of these studies.[3]

Subcutaneous fat tissue comprises 50% of the total
amount of body fat. Based on this fact, important infor-
mation about body composition may be gained from the
measurement of skinfold thickness.[4] In some previous
studies, ultrasonography (USG) was used for measuring
the thickness of subcutaneous fat tissue, and it was
reported as a method that provides accurate information
on subcutaneous fat tissue thickness.[5–9] Based on these
conclusions, the subcutaneous fat tissue thickness meas-
urements made with USG were accepted as reference
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Abstract

Objectives: To determine the amount of body fat tissue with skinfold thickness measurements is a common method to esti-
mate the body composition. The other method used for this purpose is ultrasonography which is expensive and needs spe-
cialization to apply. In this study, validity of skinfold thickness measurements was investigated using ultrasonography.  

Methods: One hundred adult volunteers (50 males and 50 females) were used in this study. The ages of the subjects were 20
to 70, selected as10 males and 10 females for each decade.  Subcutaneous fat thickness of the subjects were measured at seven
body sites (submandibula, triceps, biceps, subscapula, suprailiac, thigh and calf) using a skinfold caliper and an ultrasound equip-
ment. The measurements were made by the same person on the right side of the body, while the subject was standing in a
upright position.  

Results: Mean ultrasonographic measurements were smaller than those performed using a skinfold caliper at all areas
(p<0.05). Measurements performed with these two techniques were correlated significantly (p<0.001) at submandibular (r=
0.596), subscapular (r=0.692), suprailiac (r=0.706), triceps (r=0.751), biceps (r=0.752), thigh (r=0.802) and calf (r=0.849)
areas.  

Conclusion: The skinfold thickness measurements made using skinfold caliper provides reliable information about the sub-
cutaneous fat tissue. 
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values in our study, and the reliability of measurements
with skinfold calipers was discussed. 

Materials and Methods
One hundred (50 male, 50 female) participants aged
20–70 years were selected for the study, grouped as 10
male and 10 female participants for each 10 year.
Consent was obtained from the participants who were
informed about the aim of the study and procedures to
be carried out. The height, weight and body mass index
(BMI) of the participants are given in Table 1 for men
and in Table 2 for women. Anthropometric and USG
measurements were made at Pamukkale University
Hospital, in the morning hours following 8–12 hour fast-
ing period. Measurements were taken from the right side
of the body with the participants standing in an upright
positon with their clothes and shoes off. All measure-
ments were performed by the same investigator. 

Measurements of skinfold and subcutaneous fat tissue
thickness were obtained from seven parts of the body
using a skinfold caliper and an ultrasound device. 
The sites from which measurements were taken were: 
• Submandibular region: under the chin on the median

plane 2 cm behind the gnathion
• Triceps: midpoint between the acromion and olecra-

non protrusions on the posterior center line of the
arm

• Biceps: midpoint between the acromion and olecra-
non protrusions on the front center line of the arm

• Subscapular: 1–2 cm  below the bottom end of the
scapul 

• Suprailiac: just above the intersection of the anterior
axillary line with the anterior superior iliac spine

• Front thigh: midpoint of the imaginary line drawn
between the upper edge of the patella and midpoint
of inguinal ligament on the front of the thigh 

• Inner surface of the calf: medial side of the thickest
part of the calf
Holtain brand pincer type caliper was used to measure

skinfold thickness. The skin and subcutaneous fat tissue
was pinched with the thumb and forefinger, and lightly
pulled away from the muscle tissue in alignment with the
natural fold of skin for the measurements. The measure-
ment included the double layer of skin and the subcuta-
neous fat tissue. At least two measures were made from
each region and their average was calculated (Figure 1). 

USG measurements were carried out using Logic 500
pro, General Electric, Milwaukee, WI, 6–9 MHz linear
array ultrasound device. After placing the probe of the
device perpendicular to the skin, the distance between the
points where the skin joins the subcutaneous fat tissue,
and the subcutaneous fat tissue joins muscle tissue was
measured with an electronic caliper. The probe of the
device was placed perpendicular to the skin, and the dis-
tance between the points where the skin was continuous
with the subcutaneous fat tissue, and the subcutaneous fat
tissue continuous with the muscle tissue was measured
with an electronic caliper. Three measurements were
obtained from each region and were averaged (Figure 2). 

Data was analyzed using SPSS version 10.0 program
(SPSS Inc., Chicago, IL, USA). For descriptive analysis
the percentages, means and standard deviations were cal-
culated. Paired sample t–tests were used for comparing
anthropometric and USG measurements; independent
t–test was used for the comparison of measurements for
gender, and the relationship between skinfold measure-
ments and USG measurements was evaluated with
Pearson correlation analysis. p<0.05 was accepted to be
statistically significant. 

Results
The skinfold thickness measurements performed with a
skinfold caliper and subcutaneous fat tissue thickness val-

Age ranges Height (cm) Weight (kg) BMI (kg/m2)
Mean±SD Mean±SD Mean±SD

20-29 179.3±8.4 81.7±11.2 25.4±2.8

30-39 173.1±8.0 74.3±9.8 24.8±3.0

40-49 170.8±5.3 80.6±9.0 27.6±2.5

50-59 170.3±5.7 72.5±7.7 25.0±2.8

60-69 167.7±5.4 75.5±7.0 26.8±1.9

Table 1
Height, weight and body mass index (BMI) of men in relatiom to 

age groups (n=10 for each age group).

Age ranges Height (cm) Weight (kg) BMI (kg/m2)
Mean±SD Mean±SD Mean±SD

20-29 168.2±13.5 68.5±17.6 23.9±4.6

30-39 166.6±9.6 68.5±12.5 24.7±4.3

40-49 163.7±8.8 72.4±11.6 26.9±2.6

50-59 164.9±7.6 70.9±9.6 26.2±3.9

60-69 167.2±8.5 71.8±10.3 27.5±3.1

Table 2
Height, weight and body mass index (BMI) of women in relatiom to

age groups (n=10 for each age group).
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ues assessed by USG, obtained from each of the seven
regions of the individual’s body are presented in Table 3. 

Measurements made with a skinfold caliper were
found significantly higher than those using USG
(p<0.01). When measurements obtained from the same
area with the same method were compared among gen-
ders, measurements taken from females were found to be
higher than those taken from males. There were no sig-
nificant difference between genders for subcutaneous fat
tissue thickness from the submandibular region per-
formed with USG and from the subscapular region with
skinfold caliper (p>0.05); however, the differences were
significant for measurements taken from all other
regions using both methods (p<0.05). 

The correlation coefficient values obtained between
skinfold thickness measurements taken by skinfold

caliper and subcutaneous fat tissue thickness determined
by USG are presented in Table 4, with gender was taken
into account. Highly significant correlations were found
for measurements from submandibular, triceps, biceps,
suprailiac, calf regions, and very high significant correla-
tions were found for measurements from subscapular
and thigh regions in males. In females, highly significant
correlations were found for measurements from sub-
mandibular, triceps, biceps, subscapular, suprailiac, thigh
regions, and very high significant correlation was
obtained for the measurements taken from the calf
region (p<0.05). The results of measurements conducted
for all cases were consistent with the results obtained for
genders. The statistically significant positive relationship
was found to be valid for measurements taken from all
seven regions of the body. 

Figure 1. Holtain brand clamp-type mechanical skinfold caliper. Figure 2. The ultrasound image of subcutaneous fat tissue. *: skin;
**: fat tissue; ***: muscle tissue.

Male (n=50) Female (n=50)
Male-Female 

Independent samples t-test

Skinfold USG) Skinfold USG Skinfold USG 
Site Mean±SD Mean±SD Mean±SD Mean±SD p p

Submandibular 11.5±4.3 4.3±1.2 14.0±4.6 4.6±1.2 0.006 0.238

Triceps 11.9±5.6 5.7±3.5 20.3±6.9 13.6±6.6 0.000 0.000

Biceps 8.2±3.9 3.4±1.4 15.2±6.0 6.6±3.5 0.000 0.000

Subscapular 19.3±7.6 5.1±3.8 21.8±8.4 7.5±5.1 0.121 0.009

Suprailiac 12.5±6.7 7.6±4.2 18.7±7.3 14.0±8.1 0.000 0.000

Thigh 19.5±8.9 7.3±3.9 30.3±8.2 15.0±6.8 0.000 0.000

Calf 12.6±6.3 5.5±2.8 22.2±7.7 11.1±4.5 0.000 0.000

Table 3
Skinfold thickness and subcutaneous fat thickness of the subjects. Measurements are in mm, and using a skinfold caliper and USG. 



5Comparison of ultrasonography and skinfold measurements of subcutaneous fat thickness 

Anatomy 2014; 8

Discussion
There are studies in literature which show that skinfold
thickness values obtained from different parts of the
body are appropriate for use in determining body com-
position.[3,4,10] The identification of methods for deter-
mining body composition, which are proven to be easily
applicable, low in cost and reliable, enables body compo-
sition to be easily evaluated in clinical settings and to be
studied in large groups outside the clinical setting.[11] The
measurement of skinfold thickness is one of these meth-
ods. Subcutaneous fat tissue comprises 50% of total
amount of body fat. According to this fact, information
about body composition may be obtained by measuring
skinfold thickness.[4] One such study with this aim was
carried out by Belbrauet et al.[12] for evaluating the
patient’s nutritional status. In this study, triceps skinfold
thickness was measured in patients and healthy individu-
als. Triceps skinfold thickness was observed to be signif-
icantly correlated to age in both patients and healthy
individuals (r=-0.24).

In another study from United States, skinfold thick-
ness measurements from the subscapular and triceps
regions were made to determine reference curves of sub-
scapular and triceps skinfold thicknesses, for the identifi-
cation of obesity among children and adolescents.
According to the results of the latter study, the mean
subscapular skinfold thickness values were similar for
black and white children of both genders within the same
age range.  Among male children within the age range of
8–14, the mean triceps skinfold thickness values were
higher in white children when compared to black chil-
dren.[13] Similar to these, other researchers also deter-
mined body composition by making use of skinfold
thickness measures.[14–16]

There are also studies in literature that investigated
whether the measured values are valid measures of sub-
cutaneous fat tissue, and thus provide correct informa-
tion on body composition. The results of the present
study investigating the reliability of skinfold thickness
measurements are presented in Table 5, together with
the results of earlier studies by Weits et al.,[17] Fanelli and
Kuczmarski,[18] Kuczmarski et al.[19] The results found by
Weits et al.,[17] Fanelli and Kuczmarski[18] were lower than
those found in our study, with the exception of the
results of Weits et al.[17] for the measurement of the skin-
fold of suprailiac region. Fanelli and Kuczmarski[18] also
found that the values in the same way in all regions
appears to be lower than those in our study. However,
the measurements by Kuczmarski et al.[19] were higher
than those in our study. These differences may be due to
use of different reference points, or due to different
racial characteristics of volunteers or the very various

Correlation coefficient (r)

Male Female Total
Site (n=50) (n=50) (n=100)

Submandibular 0.586* 0.592* 0.587*

Triceps 0.494* 0.703* 0.619*

Biceps 0.677* 0.659* 0.636*

Subscapular 0.755* 0.641* 0.651*

Suprailiac 0.667 0.660* 0.607*

Thigh 0.763* 0.741* 0.711*

Calf 0.740* 0.800* 0.772*

Table 4
Correlation of subcutaneous fat thickness between the measure-
ments determined by caliper and ultrasound imaging, in male,

female and all subjects (*p<0.05).

Present study Weits et al. (1986) Fanelli and Kuczmarski (1984) Kuczmarski et al. (1987)  
(n=100) (n=26) (n= 124) (n=44) 

Site Caliper USG Caliper USG Caliper USG Caliper USG

Submandibular 12.7±4.6 4.4±1.2 - - - - - -

Triceps 16.1±7.5 9.7±6.6 11.85±5.93 8.07±2.29 10.1±4.1 6.1±2.5 30.4±8.5 20.2±7.8

Biceps 11.7±6.2 5.0±3.1 5.40±2.65 5.35±1.52 3.6±1.4 2.4±1.2 21.3±7.2 17.2±7.0

Subscapular 20.6±8.1 6.3±4.7 12.67±7.43 8.93±2.65 10.5±2.8 5.6±1.8 27.6±7.7 14.4±3.8

Suprailiac 15.6±7.7 10.8±7.2 19.85±11.30 7.96±6.67 15.1±6.7 8.1±3.8 33.8±7.6 29.0±6.0

Thigh 24.9±10.1 11.2±6.8 - - 11.4±5.1 6.0±2.1 38.0±12.8 22.7±8.7

Calf 17.5±8.5 8.3±4.7 12.63±6.12 8.98±3.16 8.9±3.8 5.1±1.8 - -

Table 5
Skinfold thickness and subcutaneous fat thickness measurements from the present study and previous studies. 

Measurements are in mm, and using a skinfold caliper and USG.
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numbers of people participating in these studies. A sta-
tistically significant correlation was found between
measurements made with skinfold caliper and USG. The
measurements obtained using a caliper are higher than
those obtained using USG. The cause of this discrepan-
cy is that in measurements conducted by USG only, the
thickness of subcutaneous fat tissue is evaluated, where-
as in measurements conducted by caliper a double layer
of skin is also measured together with subcutaneous fat
tissue. 

In the studies by Weits et al.,[17] Fanelli and
Kuczmarski.[18] and Kuczmarski et al.,[19] the correlations
between measures taken by the two methods are found to
be very high and significant in some regions of the body,
and high and significant in some other regions. 

In the present study, the correlation values between
the two methods were calculated to be moderate and sig-
nificant in the submandibular and subscapular regions,
high and significant in the suprailiac region, and very
high and significant in the triceps, biceps, thigh and calf
regions. 

Conclusion
When USG measurements are taken as reference values
for the assessment of actual thickness of subcutaneous fat
tissue, skinfold thickness measurements performed with
skinfold calipers are found to yield to reliable results.
Therefore, accurate assessment of body composition can
be carried out by measuring skinfold thickness using a
skinfold caliper. In cases where the determination of
body composition is important as in obesity screening
research, the method of measuring skinfold thickness is a
non-invasive and cheap method, and its application is
easy. This method may be used within the clinic and out-
side the clinical settings.  
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