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Research context  

The focus of this thesis lays in the measurement of subcutaneous adipose tissue of the frontal thigh (FT) 

and lower abdomen (LA) using ultrasound (US). These measurements are compared with the golden 

standard of dual energy X-ray absorptiometry (DXA) as well as with the anthropometric measuring 

methods body mass index (BMI), thigh circumference (TC) and waist circumference (WC). It belongs to the 

field of rehabilitation physiology of internal diseases led by dr. K. Verboven and prof. dr. Dominique 

Hansen in Hasselt (Belgium). 

 

This study is clinically relevant because of the rising prevalence of obesity all around the world. For this it 

is very important to have accurate, accessible and affordable measurement methods to determine one’s 

body composition. With obesity, the distribution of fat mass determines the risks involved and with this 

the chances of ending up with all kinds of chronic health problems. It is well known that computed 

tomography (CT) and DXA are both highly accurate and relevant techniques for subcutaneous adipose 

tissue measurements, but with one downside: the costs and use of radiation during these interventions. 

US could be a cost saving alternative in this regard. Adding to this the fact that BMI and TC are two highly 

used, feasible methods for body composition measurements, it could be interesting to investigate the 

relationship between these anthropometric variables and US as well. Increasing the use of US in daily 

practice could result in a more widespread knowledge for everyone who works with overweight and obese 

people, from doctors, general practitioners and physiotherapists to dietitians and nutritionists. 

 

This study is part of a two-piece thesis where part one focussed on reviewing the existing literature 

concerning this topic. This is the second part and took place in the REVAL Rehabilitation research Center 

at the Faculty of Rehabilitation Sciences of Hasselt University.  

 

The general subject and direction of this study was guided by part one of this thesis. With the promoter, 

there was a more in-depth thinking process concerning a more specific research question. Consensus was 

reached on the current topic because of the relevance in clinical practice and the possibility to conduct 

these measurements in the REVAL Rehabilitation research Center. After gaining more insight in the topic, 

we discussed in- and exclusion criteria of our participants with our promoter. Roughly, Karen was in charge 

of writing this research context and the methods -including creating and composing tables and figures-, 

while Olga wrote the acknowledgement and the introduction. Abstract, results, discussion and conclusion 
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were written together. Statistical analysis was done by both students to make sure no mistakes were 

made.  

 

During the whole process of this explorative study the four-eyes principle was applied, meaning that all 

work was double checked by the other student and all decisions were made by consensus. When both 

reviewers did not agree about certain aspects, the promoter was contacted primarily by email. The 

promoter was also in charge of checking and guiding the required elements of this thesis like the 

introduction, methods, results and discussion. 
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1. Abstract 

Background: Obesity is becoming a big health-related problem worldwide. In women, adipose tissue is 

predominantly stored as subcutaneous adipose tissue in the hip region, while in men, it is often (intra-

)abdominally stored. Because of the health risks linked with the different storage depots, accurate and 

feasible body composition measurement techniques are of interest. Ultrasound (US) measurement of the 

subcutaneous adipose tissue in the frontal thigh (FT) region is a promising, but relatively under-researched 

method, especially in obese individuals. This study aims to investigate the validity of US and its 

comparability with other body composition measurement methods in an obese population. 

Method: A cross-sectional study was carried out in which US and Dual Energy X-ray (DXA) were used to 

determine subcutaneous adipose tissue depots in the FT and lower abdominal (LA) region as well as the 

fat mass of these regions. Linear regression analysis was used to investigate the relationship between DXA 

and US measurements. Both variables were also compared with anthropometric methods to gain full 

insight.   

Results: subcutaneous adipose tissue measured with US correlated positively with DXA-based fat mass in 

the LA (total group: r = 0.518, p < 0.001; females: r = 0.595, p = 0.006; males: 0.602, p = 0.005). In the FT 

region, US measured subcutaneous fat mass correlated positively with DXA fat mass in females (r = 0.555, 

p = 0.011). Thigh circumference correlated moderately with FT subcutaneous fat mass in women only. In 

the LA region males’ BMI correlated strongly with US measurements and WC showed a moderate to strong 

correlation with US in both genders. 

Discussion and conclusion: US shows good validity compared to DXA, but the relation with anthropometric 

methods appears to be location and gender specific. Future research with bigger cohorts is needed to 

investigate this more in detail.  

Keywords: Abdominal fat, adipose tissue, anthropometry, body composition, gynoid fat, obesity, 

subcutaneous adipose tissue, ultrasonography 
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2. Introduction 

Obesity is fast becoming one of the biggest health-related problems worldwide. The World Health 

Organisation (WHO) describes obesity as a possible health-impairing accumulation of excessive adipose 

tissue (WHO, 2018). Individuals are described as overweight when their body mass index (BMI) falls 

between 25.0 and 29.9 kg/m² and as obese when they have a BMI of 30.0 kg/m² or more (Eurostat et al., 

2019). Being overweight or obese poses an increased risk of developing chronic health problems like type 

2 diabetes mellitus, cardiovascular diseases, cancer and musculoskeletal problems (Field et al., 2001; Reilly 

et al., 2003).  

Evidence has shown that obesity-related health issues are not only related to the amount of body fat, 

but also to the location of adipose tissue accumulation (Yusuf et al., 2005). The amount of stored fat, the 

location and distribution of this excessive fat within the body is determined individually (Neeland, Poirier 

& Despres, 2018). A general distinction in the location of fat storage can be made. Females’ adipose tissue 

is mostly stored as subcutaneous fat in the gynoid region, while in men, adipose tissue is often abdominally 

stored (Blaak et al., 2001). In this abdominal region, fat is stored in two storage depots with the main depot 

being the subcutaneous adipose tissue depot. This is the main storage for body fat and is divided by the 

Scarpa’s fascia into deep subcutaneous adipose tissue (dSAT) and superficial subcutaneous adipose tissue 

(sSAT) (Marinou et al., 2014). While dSAT strongly relates to insulin resistance in a way comparable to the 

later discussed visceral adipose tissue, sSAT correlates with the fat distribution pattern of the lower body 

(Smith et al., 2001; Kelley et al., 2000). Adipose tissue can also be stored as deeper located visceral adipose 

tissue and as non-adipose tissue, which function as secondary, ectopic storage depots when the 

subcutaneous depot is saturated (Virtue & Vidal-Puig, 2010; Chandra et al., 2014). Based on this ‘adipose 

tissue expandability’ hypothesis, the inter-individual differences in the capacity of subcutaneous adipose 

tissue to store excessive lipids and how this leads to ectopic lipid overflow in visceral adipose tissue and 

non-adipose tissues can be explained (Gray & Vidal-Puig, 2007; Caprio, Pierpont, & Kursawe, 2018).  

Like subcutaneous adipose tissue, the visceral fat tissue volume also differs significantly between 

individuals (Nadeem, Bacha, & Gilani., 2018) and expansion is strongly linked to the development of 

atherosclerosis and indirectly affects other risk factors for e.g. type 2 diabetes mellitus, hypertension, 

cardiac dysfunction and metabolic syndrome (Lapidus et al., 1984; Larsson et al., 1984; Björntorp, 1988; 

Neeland et al., 2012; Chandra et al., 2014; Neeland et al., 2018). 

Studies show lower risk for cardiovascular incidents (Neeland et al., 2015) and cancer (Gupta et al., 

2017) in people with marked gynoid fat depots, as well as better cardiac function (Manolopoulos, Karpe, 
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& Frayn., 2010). This is in line with findings of Wiklund et al. (2008), showing total android fat mass to be 

the strongest predictor for cardiovascular risk factors in men. For women, the ratio between total android 

and gynoid adipose tissue is a better predictor, since higher levels of gynoid subcutaneous adipose tissue 

compared to total body fat mass lead to a lower risk of cardiovascular incident (McCarty, 2003).  

Reliable assessment of local adipose tissue accumulation is important and clinically relevant. 

Knowledge of the exact location of accumulated adipose tissue provides better predictions of health risks, 

which may be implemented in individualized treatment of individuals with obesity. The most commonly 

used methods for assessing body composition in clinical practice are anthropometric measurements, 

including BMI, waist circumference (WC) and skinfold measurements (American College of Sports 

Medicine, 2014). Imaging techniques like magnetic resonance imaging (MRI), computed tomography (CT) 

and dual energy x-ray absorptiometry (DXA) provide detailed tissue evaluations, but involve disadvantages 

(Philipsen et al., 2013). Ultrasound (US) might be a suitable alternative in this regard, a technique being 

used since 1990 for the estimation of local fat accumulation (Armellini et al., 1990). While the validity and 

reliability for the use of US in assessing abdominal fat distribution in overweight and obese adults proved 

to be comparable to CT and MRI (Armellini et al., 1990; Bazzocchi et al., 2011; Bazzocchi et al., 2014; 

Chandak et al., 2018; Kuchenbecker et al., 2014; Philipsen et al., 2013; Rolfe et al., 2010), the assessment 

of gynoid subcutaneous adipose tissue with US still needs to be evaluated. Knowledge on the validity of 

US based gynoid subcutaneous adipose tissue measurements in overweight and obese adults is lacking in 

current literature. Therefore, the overall aim of this explorative study is to gain more insight into US-based 

gynoid subcutaneous adipose tissue measurements in overweight and obese individuals. In this study the 

following question will be the focus: can gynoid subcutaneous adipose tissue be measured validly with the 

use of US in overweight and obese adults?  
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3. Materials and methods 

3.1 Subjects  

A total of 40 subjects, male (n=20) and female (n=20), were recruited for this explorative study. The 

inclusion criteria were (a) age older than 18 and younger than 65 years, (b) BMI ⩾ 25.0 kg/m² and (c) no 

ingestion of food in the previous two hours before measurements. Exclusion criteria existed of (a) 

presence of a pacemaker or defibrillator, (b) pregnancy, (c) recent bone injury or the presence of a metal 

prosthesis. The characteristics of the subjects are listed in Table 1. All participants gave their written 

consent and the study was approved by the Committee for Medical Ethics of Hasselt University.  

3.2 Study design 

For this explorative study, subjects underwent one single visit with anthropometry and US 

measurements.  

3.3 Outcome measures 

The primary outcome measure of this study was the thickness of subcutaneous adipose tissue measured 

at the FT region, expressed in centimetres (cm). Secondary outcome measures included abdominal 

subcutaneous adipose tissue, anthropometrics (thigh circumference (TC), waist circumference (WC), body 

height and body mass), whole-body fat mass and fat free mass, whole-body fat percentage, android fat 

mass and android fat free mass and the fat mass and fat free mass of the right leg.  

3.4 Procedures  

Anthropometry 

All participants were asked to bring shorts to make measurements more accurate and feasible. Height 

and body mass were measured using a stadiometer and a weighing scale (Polar), respectively. Waist 

circumference was measured with measuring tape following the guidelines of The American College of 

Sports Medicine, which recommend measuring at the minimal waist indicating the narrowest point of 

the torso (Serviente et al., 2013). Thigh circumference was also measured following the guidelines of 

The American College of Sports Medicine; subjects standing with their feet 10 cm apart while a 

horizontal measure is taken at the maximal circumference of the proximal thigh, just below the gluteal 
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fold (American College of Sports Medicine, 2014). BMI was defined as the weight of the person (in 

kilograms) divided by the square of the height (in meters).  

 

Dexa-scan 

Body composition was assessed using a DXA scan (Hologic Series Delphi-A Fan Beam X-ray Bone 

Densitometer). Data regarding the DXA scan of participants was provided by dr. Verboven, promotor 

of this study, and consisted of whole-body fat mass, whole-body fat free mass, whole-body fat 

percentage, android fat mass, android fat free mass and the fat mass and fat free mass of the 

participants’ right leg.  

 

Ultrasound 

For the marking process, the methods of Müller et al. (2016) were applied. A stadiometer, a calliper 

and a dermatograph pencil were used in the process. All markings were performed in standing position. 

The marking process for the LA started by marking a vertical line at a distance of 2% of the body height 

in cm lateral to the umbilicus. A horizontal line was then drawn at 2% of the body height, inferior of 

the umbilicus and the junction of the two lines was marked (Figure 1). For the FT marking, the foot of 

the participant was placed on a box in such way that the thigh was horizontal and the knee and big toe 

touched the wall. From this position the site was marked at a distance of 14% of the body height from 

the wall (Figure 1). 

 Measurement of subcutaneous adipose tissue were performed conform the protocol described 

by Müller et al. (2016), except for the breathing status of the participant. The patient was lying in supine 

position with straight legs for measurements at the abdominal site, during which the image was 

captured at the end of a normal exhalation. Measurements at the FT were in no need of breathing 

status standardisation but were performed with the muscles in relaxed state.   

One observer performed the measurements using an Echo Blaster 128 CEXT-1Z Kit with the 

LV7.5/60/128Z-2 linear probe with a 10 MHz range (Telemed). Echo Wave II 3.6.2 software was 

integrated in the US machine. To prevent direct contact between the probe and the skin of the 

participant, 4mm of Medi-Gel was used on the probe. The probe orientation was perpendicular to the 

skin and no pressure was put on the device during the capturing of images. The parameters settings of 

the B-mode US are listed in table 1.  

Data not collected by the authors of this study 
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Figure 1. US marking sites. Frontal thigh (FT); Lower abdomen (LA) 

 

Table 1  
B-mode Ultrasound Parameters 

Parameter Value 

Focus (mm) 
Depth (mm) 
Dynamic range (dB) 
Power (%) 
Gain (%) 
Frequency (MHz) 

20 
60 
68 

100 
94 
10 

 
 
 
 
 
 
 
 
 
 
 
 

dB, Decibel; MHz, Megahertz; mm, millimeter 

 
Image analysis 

For the quantification of LA subcutaneous adipose tissue, two images were obtained and each image 

was divided into three equal parts (Figure 2). Because of the shape of the upper leg it was not possible 

to divide the image into three equal parts since the outer two parts showed bending and were not 

reliable. Therefore, two FT images were obtained, in which only the middle region could be used for 

quantification. An external measurement software (ImageJ) was used to draw two vertical lines per 

subcutaneous adipose tissue region in that part of the image (Figure 2). This led to six lines per image 

for the LA and two lines per image for the FT, which were used to determine the subcutaneous adipose 

tissue thickness in each region respectively. The average of these distances was calculated for each 

region separately. After repeating this process for the second image of that region, the average of 
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Data not collected by the authors of this study 

 

 

 

 

 

 

 

 

 

 

 

 

these two numbers was calculated and used as the subcutaneous adipose tissue thickness of that 

region (i.e. LA and FT).  

 

Figure 2. Example of subcutaneous fat measurements in ImageJ. A: Lower Abdomen. B: Frontal Thigh 
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3.5 Statistical analysis  

All analyses were performed with the use of SPSS software (version 24). Continuous variables were tested 

for a normal distribution by use of the Shapiro-Wilk test and the skewness statistic which should be 

between minus one and plus one. If the value for skewness fell within the range of minus twice the 

standard error of skewness and plus twice this standard error, skewness was considered not significantly 

aberrant (Price. 2000). Mean FT appeared to be skewed and after a log 10 transformation, normal 

distribution was achieved. An unpaired t test was used to compare variables between males and females. 

Results of this test are expressed as mean ± SD.  

The correlation between US (LA and FT subcutaneous adipose tissue) and DXA scan (android fat mass 

and fat mass of the right leg) measurements was investigated as well as the correlation between US and 

anthropometrics methods (BMI, TC and WC). Pearson correlation coefficients and linear regression 

analysis were performed to examine these relations. Male and female data were analysed separately as 

well. Linear regression analysis was performed using US measurements as independent variables and 

anthropometric and DXA measurements as dependent variables. Linear regression slopes and estimated 

intercepts were obtained in order to define the linear relationship between two variables. Describing the 

strength of the Pearson correlations was done using a cut-off ranking system describing coefficients as 

‘very weak’ (between 0.000 - 0.199), ‘weak’ (between 0.200 - 0.399), ‘moderate’ (between 0.400 - 0.599), 

‘strong’ (between 0.600 - 0.799 ) and ‘very strong’ (between 0.800 - 1.000) (Statstutor et al., 2015). 

Statistical significance was set at p < 0.05 for all analyses.  
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4. Results 

Table 2 

Descriptive Statistics 

 Total group 

Age (years) 46.4 ± 10.3 

Height (m) 1.72 ± 0.09 

Weight (kg) 98.0 ± 12.0 

BMI (kg/m²) 32.94 ± 3.13 

Thigh circumference (cm) 62.3 ± 5.2 

Waist circumference (cm) 107.5 ± 7.8 

Android fat mass (kg) 3.34 ± 0.71 

Right leg fat mass (kg) 5.40 ± 1.48 

Fat Free Mass (kg) 56.3 ± 10.0 

Fat mass (kg) 34.2 ± 6.3 

Fat percentage (%) 37.4 ± 6.3 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Data are expressed as mean ± SD. BMI, Body Mass Index; Cm, 
Centimeter; Kg, Kilogram; m, meter; SD, Standard Deviation 

 

Table 3 

Descriptive Ultrasound Data 

 Minimum Maximum Mean total ± SD 

Mean FT (cm) 0.57 4.94 1.90 ± 0.93 

Mean LA (cm) 1.52 4.79 3.15 ± 0.92  

 

 

 

 

 

Cm, Centimeter; FT, Frontal Thigh; LA, Lower Abdomen; SD, Standard Deviation 

Descriptives  

Forty male (n=20) and female (n=20) middle-aged (mean age 46 ± 10 years) participants were included 

in the current study. Participants were overweight/obese (mean BMI 32.9 ± 3.1 kg/m²), being centrally 

(abdominally) obese (mean WC 107.5 ± 7.8 cm). Obesity status was confirmed by a high body fat 

percentage (mean 37.4 ± 6.3 %) and body fat mass (mean mass 34.2 ± 6.3 kg) (Table 2). The mean 

android fat mass was 3.34 kg (± 0.71 kg), where this turned out to be 5.40 kg (± 1.48 kg) for the right 

leg (Table 2). 

 Thickness measurements of subcutaneous adipose tissue in the FT showed an average of 1.90 

cm (± 0.93 cm), while the thickness of the subcutaneous LA adipose tissue layer measured on average 

3.15 cm (± 0.92 cm) (Table 3).  
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Figure 3A-D shows the degree of differentiation between genders. Males had significantly (p < 0.001) 

more fat in the abdominal region (3A, mean WC 111.6 ± 6.4 cm) and showed significantly (p = 0.015) 

bigger circumference of the thigh (3A, mean TC 64.3 ± 4.1 cm). In contrast, females showed a 

significantly (p < 0.001) bigger thickness of subcutaneous FT adipose tissue (3B, mean FT subcutaneous 

adipose tissue 2.38 ± 0.98 cm) as well as a higher amount of fat mass in the leg (3C, mean right leg fat 

mass 6.12 ± 1.42 kg). Females also appeared to have significantly (p < 0.001) more fat in their body in 

general (3D, mean body fat 41.6 ± 5.1%). 

Figure 3. Comparison of variables between genders. Black: females, Grey: males. A: Waist circumference and thigh 

circumference in cm . B: Mean lower abdomen and mean frontal thigh in cm. C: Right leg fat mass and android fat mass in kg. 

D: Fat percentage and Fat mass in kg. All bars show +/- 1 standard deviation. * p < 0.05 versus male. 

 

 

Data not collected by the authors of this study 
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Correlations between ultrasound, dual energy x-ray absorptiometry and anthropometric methods 

Table 4 shows the Pearson correlation coefficients between US and anthropometric and DXA variables 

respectively. All correlations appeared to be positive.  

 Considering the correlations between anthropometric variables and US, there was a significant 

moderate correlation found in females between TC and subcutaneous adipose tissue of the FT (r = 

0.472, p = 0.036) (Figure 6A). Males showed a strong correlation between BMI and subcutaneous 

adipose tissue of the LA (r = 0.613, p = 0.004), while this appeared to be a moderate correlation in the 

total group of participants (r = 0.426, p = 0.006) (Figure 5A, 4D).  In all three participant groups there 

was a moderate to strong correlation visible between WC and subcutaneous adipose tissue of the LA 

(total group r = 0.409, p = 0.009; females r = 0.532, p = 0.016; males r = 0.636, p = 0.003) (Figure 4C, 

6B, 5B). 

 When looking at the degree of correlations between US and DXA measurements, a strong 

correlation was seen between the android fat mass and the thickness of the subcutaneous adipose 

tissue layer in the LA in men (r = 0.602, p = 0.005) and a moderate correlation was visible in females (r 

= 0.595, p =0.006) as well as in the total group of participants (r = 0.518, p < 0.001) (Figure 5C, 6D, 4B). 

Fat mass of the right leg and the subcutaneous FT adipose tissue were slightly lower but still moderately 

correlated within females (r = 0.555, p = 0.011) and within the total research group (r = 0.482, p =0.002) 

(Figure 6C, 4A). 

Data not collected by the authors of this study 
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B; unstandardized beta; BMI, Body Mass Index; DXA, Dual-energy X-ray absorptiometry; FT, Frontal Thigh, LA, Lower Abdomen; p: significance level; r, Pearson correlation coefficient; R², R square; SAT, 

Subcutaneous Adipose Tissue; TC, Thigh Circumference; US, Ultrasound; WC, Waist Circumference *Statistically significant with a significance level of p<0.05, **Statistically significant with a significance level 

of p<0.01, *** Statistically significant with a significance level of p<0.001 

 

Data not collected by the authors of this study 

 

 

 

 

 

Table 4 

Linear regression analysis  

 Male  Female  All subjects 

Dependant 

variable 

Independent 

variable 
r R²      B p value  r R²     B p value  r R²     B p value 

BMI FT SAT -0.037 0.001 -0.644 0.875  0.414 0.172 8.054 0.069  0.061 0.004 0.944 0.708 

TC FT SAT 0.175 0.031 4.152 0.461  0.472 0.223 15.417 0.036*  0.046 0.002 1.168 0.779 

BMI LA SAT 0.613 0.376 2.089 0.004**  0.342 0.117 1.142 0.140  0.426 0.181 1.439 0.006** 

WC LA SAT 0.636 0.404 4.630 0.003**  0.532 0.283 3.866 0.016*  0.409 0.167 3.446 0.009** 

Fat mass  

right leg  

FT SAT -0.024 0.001 -0.165 0.919  0.555 0.308 4.712 0.011*  0.482 0.232 3.518 0.002** 

Android fat 

mass  

LA SAT 0.602 0.362 0.468 0.005**  0.595 0.355 0.429 0.006**  0.518 0.269 0.401 <0.001*** 
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Figure 4. Regression slopes of statistically significant correlations concerning all participants. A: moderate correlation between 

mean FT measured with US in cm and right leg fat mass measured with a DXA scan in kg. B: Moderate correlation between mean 

LA meausred with US in cm and android fat mass measured with a DXA scan in kg. C: Moderate correlation between mean LA 

measured with US in cm and WC in cm. D: moderate correlation between mean LA measured with US and BMI in kg/m². 

*Statistically significant with a significance level of p<0.05. **Statistically significant with a significance level of p<0.01. *** 

Statistically significant with a significance level of p<0.001. 

 

 

Data not collected by the authors of this study 

 

 

 

 

 

 

A B 

C  D
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Figure 5. Regression slopes of statistically significant correlations concerning males. A: strong correlation between the mean LA 

meausred with US in cm and BMI in kg/m². B: Strong correlation between the mean LA measured with US in cm and WC in cm. C: 

strong correlation between mean LA measured with US in cm and android fat mass measured with a DXA scan in kg. *Statistically 

significant with a significance level of p<0.05. **Statistically significant with a significance level of p<0.01. *** Statistically 

significant with a significance level of p<0.001. 

 

Data not collected by the authors of this study 
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Figure 6. Regression slopes of statistically significant correlations concerning females. A: moderate correlation between 

mean FT measured with US in cm and TC in cm. B: moderate correlation between mean LA measured with US in cm and 

WC in cm. C: moderate correlation between mean FT measured with US in cm and right leg fat mass measured with a DXA 

scan in kg. D: Moderate correlation between mean LA measured with US in cm and android fat mass measured with a DXA 

scan in kg. *Statistically significant with a significance level of p<0.05. **Statistically significant with a significance level of 

p<0.01. *** Statistically significant with a significance level of p<0.001. 

Data not collected by the authors of this study 
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5. Discussion 

This study aimed to validate the use of US for subcutaneous adipose tissue measurements of the FT region 

in an overweight and obese population. Ultrasound-based measurements of the FT correlated with TC in 

female, not male, obese individuals. Right leg fat mass DXA measurements correlated moderately with FT 

subcutaneous adipose tissue in the female group. 

5.1 Research questions 

US versus anthropometry 

Commonly used imaging techniques like CT, DXA and MRI, have downsides to them with availability, cost 

and radiation being the biggest issues (Philipsen et al., 2013). Although DXA measurements in the android 

region proved to correlate with some anthropometric measurements like WC and BMI (Bazzocchi et al., 

2014; Vasan et al., 2018), its use is rather limited because of the inability to differentiate between different 

layers of adipose tissue (Stigall et al., 2018, Vasan et al., 2018). Previous research into US investigated the 

correlation between FT subcutaneous adipose tissue and anthropometrics. Störchle et al. (2017), for 

example, found a moderate correlation of 0.580 (p < 0.01) in relation with BMI in obese individuals. 

Nevertheless, the authors themselves described this correlation as rather low and concluded that the 

individual assessment of body fat cannot be derived from the BMI. Adding to these findings, the current 

research reports no correlation between BMI and FT subcutaneous adipose tissue measured with US 

either. Concerning the relationship between TC and FT US in an overweight and obese population, existing 

literature is rather scarce. Ugrinska et al. (2018) studied an overweight population group, as well as an 

obese group concerning the subcutaneous fat layer in the LA and looked at correlations with 

anthropometric parameters. In neither two groups did the US measurements of the LA correlate with any 

of the anthropometric parameters. This contradicts the present findings where a moderate to strong 

correlation was visible in both genders concerning WC, as well as a correlation with males’ BMI. 

DXA’s positive correlation with WC in obese individuals (Bazzocchi et al., 2014) is expandable to US 

by looking at the positive correlation found between WC and the US-derived subcutaneous adipose tissue 

layer of the LA in both males and females. While DXA of the LA region appeared to correlate well with BMI 

in both genders (Bazzocchi et al., 2014), this finding was not extendible to US where LA measurement 

correlated significantly with BMI in men only.  
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To summarize it can be concluded that one cannot replace every anthropometric measurement with 

US and expect comparable results. Differentiation between gender and body region proved to be 

necessary.  Since BMI, WC and TC are only capable of giving a global idea of body composition, US can be 

considered complementary to these anthropometric methods.  

 

DXA versus US 

Existing literature has shown significant correlations between DXA and US measurements of the LA, 

especially in healthy individuals (Bazzocchi et al., 2014). The current research aimed to expand this 

knowledge to the FT region as well as to an obese population.  

 Except for one non-existing correlation in men, all correlations between US and DXA measurements 

were moderate to strong in both the LA and FT. This corresponds with the findings of Bazzocchi et al. 

(2014) who described a moderate correlation (r = 0.533, p < 0.0001) in men and a strong correlation in 

females (r = 0.659, p < 0.0001) concerning the subcutaneous adipose tissue layer of the LA and the same 

tissue layer obtained with US. The present study adds to those findings by conducting the same 

measurements in a solely overweight and obese population. Right leg fat mass DXA measurements 

correlated moderately with US of the FT in the female group. However, this contradicts existing literature 

where the same measurement techniques in healthy individuals showed a very strong positive correlation 

(r = 0.896, p < 0.01) between these variables in men as well (Leahy et al., 2011).  This could be explained 

due to the genetic predisposition of women to store more fat in the thigh area and differences in fat 

distribution between genders (Rask-Andersen et al., 2019). Females tend to have greater subcutaneous 

adipose stores in their thighs and buttocks, while men store their fat predominantly in the (visceral) 

abdominal region (Power et al., 2008; Blaak, 2001). To summarize one could say that although women 

store more fat in their legs, the bigger TC in men could primarily be explained by a larger fat free mass 

storage in their legs. The increasing fat mass that occurs in obesity will increase the differences between 

genders and thus would possibly make detection of certain fat layers more feasible.   

 Therefore, it appears that US is a valid alternative for DXA scans of subcutaneous adipose tissue of the 

LA, while in the FT region additional research is recommended to confirm the validity in obese individuals.  

However, US would be in favour for several reasons. First of all, DXA scans use X-rays which involves 

exposing the body to a small portion of ionizing radiation (Laskey et al., 1996; Bazzocchi et al., 2016). Other 

downsides are the inability of DXA to differentiate between different adiposity layers and the fact that 

they are not standardly available in clinical practice. Research shows that dSAT strongly relates to insulin 
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resistance in a comparable way as visceral adipose tissue does, while sSAT on the other hand relates to 

the fat distribution pattern of the lower body (Smith et al., 2001; Kelley et al., 2000). Marinou et al. (2014) 

shows findings of similar subcutaneous layers in the LA of men and women, but with men showing 

significantly thicker dSAT layers and thinner superficial layers. The differences in thickness of these 

particular layers between genders is related to both diabetes and cardiovascular risk profile (Marinou et 

al., 2014). 

 Although US is feasible, attention is needed for external factors that could influence the result and/or 

reliability. Firstly, Toomey et al. (2011) describes the importance of the amount of pressure put on the 

probe. Therefore, researchers in the current explorative study decided to apply no force while measuring, 

aiming to get as close to reality as possible. A second potential threat is the frequency of the US probe. 

The present study worked with an overweight and obese population and therefore a deeper penetration 

depth was needed, which had the downside of a lower tissue border detection error (Störchle et al., 2017).  

 

5.2 Clinical relevance 

Because of the rising prevalence of obesity all around the world, it is important to have accurate and 

affordable measurement methods available for the determination of one’s body composition. The findings 

of this study lead to the conclusion that US shows a high degree of correlation with DXA measurements of 

the LA in both genders and of the FT region in females, while also correlating to a moderate degree with 

anthropometric measurements in the LA. This is highly relevant since android fat mass is the best predictor 

for cardiovascular risk factors in men, while in women, the ratio between fat storage in the abdominal 

region and subcutaneous fat stored in the thighs and buttocks is a better predictor (Wiklund et al., 2008; 

McCarty et al., 2003).  

Following that, weight loss therapy could also benefit from the use of US by making it possible to track 

one’s progress in a cost effective, but reliable way. Individual weight loss therapy with the help of reliable 

US measurement is therefore of particular interest. Obese people at risk could be separated from those 

with metabolically healthy obesity in a more feasible way, without putting an unnecessarily high load on 

the healthcare system. This is of particular relevance since metabolically healthy obesity does not produce 

the same metabolic complications as obesity does and thus a different approach in therapy will be needed.  
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5.3 Limitations 

The lack of a uniform protocol concerning US measurements, brings up some weaknesses and potential 

threats to the external reliability. In this study, based on the protocol of Müller et al. (2016) the probe was 

placed in a 90° angle with the orientation of the muscle fibres, which meant a transverse position in the 

FT region. Since the outer two parts of the image showed bending, the amount of numbers the mean of 

the FT was calculated on was reduced significantly. Toomey et al. (2011) proves no difference in 

subcutaneous fat thickness between longitudinal or transverse planes. This means that a longitudinal 

probe orientation could have been used for measurements of the FT. It appears to be the amount of 

measurements the mean is calculated on that is the decisive factor for differences between studies, rather 

than the probe orientation. Another limitation could be the fact that the supine testing position for DXA 

scan and US measurements could distort and compress the soft tissue in the buttock and hip region, 

especially in obese individuals (Maitland et al., 1993). Upright measurements could solve this issue. Future 

research should investigate which measurement technique comes closest to measuring the actual 

subcutaneous adipose tissue thickness. 

 

5.4 Recommendations for future research 

Although the current study provides new and valuable insights, several aspects need further validation. 

This present research investigated the validity of US, so it seems necessary to expand the reliability 

research of this topic. Assessments of test-retest reliability (in particular intra-rater reliability) and 

interrater reliability could provide an image of the consistency of US in these regions and population and 

so it would influence the external validity. It would also be of interest to include a leg CT scan in the 

comparison since this method is viewed as a golden standard technique for the differentiation of visceral 

fat and subcutaneous adipose tissue, particularly in the abdominal area (Orphanidou et al., 1994), as well 

as a skinfold calliper which would make the process even more feasible. Selkow et al. (2011) reported a 

positive correlation coefficient of 0.925 (p < 0.001) comparing US and skinfold calliper measurements of 

the distal rectus femoris in healthy individuals. To make sure these results can be extended to obese 

individuals, more research is mandatory.   
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6. Conclusion 

Looking at the results of this study, one could conclude that US is a valid means to identifying both genders’ 

subcutaneous adipose tissue layer in the LA but more detailed research is necessary to expand these 

findings to the FT region of obese males. With the known downsides of DXA, CT and MRI, US could, once 

proved to be reliable as well, become an attractive alternative especially for use in individual rehab 

programs of people suffering from obesity. 
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8. Appendices 

Appendix 1. COVID-19 Addendum 
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Appendix 2. Inschrijvingsformulieren 
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Appendix 3. Inventarisatieformulier 
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Appendix 4. Gunstig advies mail promotor 
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Appendix 5. Verklaring op eer 
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Appendix 6. Afsprakennota 
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