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1. Research context 
The prevalence of obesity in children and adolescents is rising rapidly, according to data of the 

World Health Organanization (WHO) of 2022 are 29% of boys and 27% of girls in the WHO 

European region overweight or obese (WHO European regional obesity report, 2022).  The 

effects of obesity on both physical and mental well-being cannot be neglected. According to 

recent estimates of the WHO, overweight and obesity are the fourth most common risk factor 

for non-communicable diseases (WHO European regional obesity report, 2022). Also, the risk 

of developing cardiovascular and cardiometabolic diseases increases significantly in these 

individuals, which can result in disability and early death later in life (Alissa, Sutaih, Kamfar, 

Alagha and Marzouki, 2020). Body Mass Index (BMI) Z-scores are used to determine 

overweight and obesity in children and adolescents between the ages of 5 and 18 (Cole and 

Lobstein, 2012). Despite the strong correlation between BMI and fat mass accumulation, BMI 

does not provide specific information on overall body composition. This, because it is not able 

to differentiate between fat mass and lean mass (Xiao et al., 2021). Computed tomography 

(CT) and magnetic resonance imaging (MRI) are most often used to measure abdominal 

visceral adiposity. They are considered the most accurate and reproducible methods of 

measuring subcutaneous adipose tissue (SCAT) (Peçanha et al. 2018). However, these 

techniques are not available in daily practice, as they are expensive and give a (minimal) 

exposure to ionising radiation. This leads to an interest in safe and cheaper alternatives.  Some 

recent studies have investigated visceral fat measurements using ultrasound. In these, 

ultrasound has been regarded as convenient and reliable and a correlation with CT has been 

demonstrated for the measurement of subcutaneous and visceral fat (Peçanha et al. 2018). 

Müller, Horn and Fürhapter et al. (2013) have already indicated that ultrasound can provide a 

very reliable field modality for determining thickness of SCAT in adults. Yet, there is currently 

no study that evaluates the inter-reliability of ultrasound on SCAT in children and adolescents 

(Smith-Ryan, Blue, Trexler and Hirsch, 2016).  

 

This observational, cross-sectional study which examines the inter-rater reliability of 

performing gluteofemoral and abdominal ultrasound for the determination of SCAT in 

adolescents between the ages of 12 and 17 can be placed within the domain of internal 

diseases. This master's thesis can be situated within a broader study of Prof. dr. Kenneth 
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Verboven and the collaboration with the paediatrics department of Jessa Hospital (Hasselt, 

Belgium), in which SCAT in obese adolescents is measured by ultrasound. The feasibility and 

relationship with musculoskeletal pain and cardiometabolic parameters will be investigated 

in this subcohort.  

 

The determination of the research question is made by the master's students (R.D. and R.E.) 

in collaboration with promotor Prof. Dr. Kenneth Verboven. The selected research question 

corresponds to a larger current research study of which the study design has already been 

determined. The recruitment of participants and data acquisition were carried out 

independently by the master students, under supervision. Also, the data processing was 

performed independently by the master students with the approval of the promoter. Further, 

the academic writing was conducted by the master's students on an independent basis with 

suggestions and corrections from promotor Prof. Dr. Kenneth Verboven.  
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6310.2012.00064.x 
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doi:10.1136/bjsports-2013-092233 
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N. M., & Cavalini, L. T. (2018). Ultrasound as a method to evaluate the distribution of 
abdominal fat in obese prepubertal children and the relationship between abdominal 
fat and metabolic alterations. Radiol Bras, 51(5), 293-296. doi:10.1590/0100-
3984.2016.0230 

Smith-Ryan, A. E., Blue, M. N. M., Trexler, E. T., & Hirsch, K. R. (2018). Utility of ultrasound for 
body fat assessment: validity and reliability compared to a multicompartment 
criterion. Clin Physiol Funct Imaging, 38(2), 220-226. doi:10.1111/cpf.12402` 
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https://apps.who.int/iris/bitstream/handle/10665/353747/9789289057738-eng.pdf 

Xiao, P., Cheng, H., Yan, Y., Liu, J., Zhao, X., Li, H., & Mi, J. (2021). High BMI with Adequate Lean 
Mass Is Not Associated with Cardiometabolic Risk Factors in Children and Adolescents. 
J Nutr, 151(5), 1213-1221. doi:10.1093/jn/nxaa328
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2. Abstract 
Background: The rising prevalence of obesity in and adolescents also increased the need for 

adequate and safe screening tools. Ultrasonic measurement could be an adequate alternative 

for the determination of subcutaneous adipose tissue (SCAT) in this population. However, 

little research has been done on the reliability of ultrasound measurements in determining 

SCAT and possible relationship with whole-body composition in non-obese and adolescents. 

 

Objectives: The aim of this study was to examine the inter-rater reliability of gluteofemoral 

and abdominal ultrasound measurement for the determination of SCAT in lean adolescents 

between the ages of 12 and 17.  

 

Participants: Thirteen healthy, non-obese adolescents were recruited. The included 

participants were a mix of 8 girls and 5 boys with a mean age of 15 years. Within the included 

participants, the mean BMI Z-score was 0.39. 

 

Measurements: Ultrasound images of the abdomen and upper thigh were taken for analysis 

of subcutaneous fat tissue thickness. Anthropometric body measurements were also taken. 

Blood pressure and heart rate were determined. A bioimpedance measurement was also 

carried out to determine whole-body fat and lean tissue mass.  

 

Results: To determine the inter-rater reliability, the intraclass correlation coefficient (ICC) was 

calculated. Evaluations at the upper thigh level showed an ICC of 0.995, while at the abdominal 

level an ICC of 0.999 was found, indicating excellent inter-rater reliability. A significant 

correlation was observed between the SCAT measured by ultrasound and the percentage of 

fat tissue measured by bioimpedance. 

 

Conclusion: Ultrasound-based assessment of SCAT in the upper thigh and abdomen showed 

excellent inter-rater reliability. Therefore, this could be a reliable alternative to CT and MRI in 

the determination of SCAT in non-obese adolescents.  

 

Keywords: ultrasonography, subcutaneous fat tissue, inter-rater reliability, adolescent.
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3. Introduction 
In the last decades, and based on the WHO report, obesity has become a universal problem 

with a rapidly escalating incidence. Obesity is associated with increased morbidity and 

mortality. According to data of the WHO of 2022 were 29% of boys and 27% of girls in the 

WHO European region overweight or obese (WHO European regional obesity report, 2022), 

defined as an abnormal state of body fat content or excess adipose tissue, which could impair 

or interfere with a person's health status (Winck et al., 2016). Childhood obesity has been a 

rapidly growing problem and was considered the most important health problem of the 21st 

century. Here Alissa, Sutaih, Kamfar, Alagha and Marzouki (2020) found that obese 

adolescents already had cardiovascular risk factors that could carry over into adulthood. 

Furthermore, obesity had a multifactorial origin in which genetics, perinatal factors, social 

background, environment, lifestyle, physical activity, sedentary time and sleep duration 

played the most prominent roles (Browne, Snethen, Greenberg et al., 2020). 

 

Varlamov, Bethea and Roberts (2014) found that body composition posed a significant cardio-

metabolic risk. In this, the accumulation of adipose tissue played a major role. Adipose tissue, 

which was acknowledged as a fat storage organ, was also found to play a role in regulating 

metabolism and homeostasis, through secretion of various adipokines and cytokines such as 

leptin, adiponectin, tumour necrosis factor and interleukin 6 (Arnold, Lusis, 2012). Therefore, 

the main forms of adipose tissue with metabolic relevance were subcutaneous adipose tissue 

(SCAT) and visceral adipose tissue (VAT) (Varlamov, Bethea, Roberts et al., 1993). It was stated 

that women stored more SCAT around the hips and thighs (i.e. gluteofemoral), whereas men 

accumulated more VAT in the deep abdominal region (i.e. visceral) (Varlamov, Bethea, Roberts 

et al., 1993). Recent evidence demonstrated that during adolescence there was a larger 

increase in VAT levels in boys compared to girls. However, this difference was not apparent in 

SCAT levels (Staiano and Katzmarzyk, 2022). Evidence suggested that more VAT is significantly 

associated with a higher cardiovascular risk, whereas higher levels of SCAT could be protective 

against the same cardiovascular risks (Fox, Massaro, Hoffmann et al., 2007).  
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Therefore, it was essential to measure body composition already during childhood and 

adolescence. Research on the assessment of body composition suggested that several 

interventions were possible (Golec, Kmiotek, Czechowska et al., 2014). A BMI Z-score could be 

calculated using body weight corrected for height, age and gender. This approach has been 

used frequently due to availability and feasibility but had poor specificity and did not include 

information about body weight composition (Kelly, Fox, Rudser, Gross, Ryder, 2016; 

Vanderwall, Eickhoff, Clark et al., 2018). Therefore, methods such as measuring fat mass, fat-

free mass and percentage of body fat, were preferred to detect excessive adiposity (Orsso, 

Silva, Gonzalez, Rubin, Heymsfield, Prado and Haqq, 2020). Another widely used method for 

determining body composition was electrical bioimpedance (Gonzalez, Orlandi, Santos, 

Barros, 2019). More advanced approaches were dual-energy X-ray absorptiometry, MRI and 

CT (Beckman, Boullata, Fisher, Compher, Earthman, 2016), however these implied technical 

and cost-related issues. Finally, ultrasound could also be utilised to determine body 

composition (Andreoli, Garaci, Cafarelli, Guglielmi, 2016). Whereby this technique gained 

interest in recent years (Orsso, Silva, Gonzalez et al., 2020). 

 

Reports already suggested ultrasonography as an altenrative method, which was easier to use, 

but also had a good availability, no exposure to ionising radiation and low cost compared to 

CT and DEXA (Kelso, Müller, Fürhapter-Rieger, Sengeis, Ahammer and Steinacker, 2020). The 

use of ultrasound for measuring the SCAT in adults has already been studied (Toomey, 

Cremona, Hughes, Norton, Jakeman, 2015), showing that ultrasound measurement of SCAT 

thickness provided a proportionate reflection of segmental adipose mass and an accurate 

prediction of percentage body fat in young adults. The reliability of ultrasound has previously 

been tested in an adult population (Müller, Fürhapter-Rieger, Ahammer et al., 2020; Störchle, 

Müller, Sengeis et al., 2017). The use of ultrasonography had repeatedly high intra- and inter-

observer reliability in different groups of adults (Müller, Fürhapter-Rieger, Ahammer et al., 

2020; Störchle, Müller, Sengeis et al., 2017), as well as high intra-observer reliability in children 

(Kelso A, Vogel K, Steinacker, 2019).  

 

Since there is still limited evidence on the reliability of ultrasonography in adolescents, the 

aim of this study was to investigate the inter-rater reliability of ultrasound measurements for 

determining SCAT in children and adolescents.    
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4. Research questions 
The primary research question was: What is the inter-rater reliability of gluteofemoral and 

abdominal ultrasound measurement for the determination of SCAT in healthy, lean 

adolescents between the ages of 12 and 17? 

Secondly, the inter-rater reliability of the ultrasound-based assessment of the SCAT was 

determined for the lower abdominal and upper gluteofemoral region in these individuals.  

 

The assumed hypotheses were:  

1. Gluteofemoral and abdominal ultrasound measurements for the determination of 

SCAT in children and adolescents between 12 and 17 years of age showed good inter-

rater reliability.  

2. Gluteofemoral ultrasound measurements showed higher inter-rater reliability 

compared to abdominal ultrasound measurements for subcutaneous fat 

determination in children and adolescents between 12 and 17 years. 
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5. Methods 

5.1 Study design 

The current study included an observational, cross-sectional study design and evaluated 

healthy, lean female and male adolescents. The study was approved by the Medical Ethical 

Committee of the Jessa Hospital and Hasselt University and performed in accordance with the 

Declaration of Helsinki (2008). 

 

5.2 Participants 

In the present study, thirteen lean, healthy adolescents participated. There were eight girls 

and five boys included aged between 12 and 17, being recruited by a targeted sample. Healthy 

individuals who were eligible for the study were informed about the study in advance 

(electronically or by post, according to the preference of the potential participant) by the 

researchers. The following inclusion criteria were applied: (a) aged between 12 and 17 years, 

(b) absence of chronic diagnosed diseases (cardiovascular, renal or respiratory) and (c) the 

absence of under- or overweight as defined by the criteria of The International Obesity Task 

Force (Cole and Lobstein, 2012). Participants and their parent(s)/guardian(s) had sufficient 

command of the Dutch language. In case of interest, the complete information and consent 

form was discussed with the participant and his/her parent(s)/guardian(s) on site. Initial 

questions and concerns regarding the content and course of the study measurements were 

also clarified. Participants were included only if the participant and his/her 

parent(s)/guardian(s) gave their consent to participate. In this case, the information and 

consent forms were signed in duplicate. 

 

5.3 Study procedure 

For the evaluation of the participants, one assessment point was made on an individual basis. 

Anthropometric and ultrasound measurements were performed at the REVAL research centre 

(Faculty of Rehabilitation Sciences, Hasselt University). The measurements were performed 

by three students in Rehabilitation Sciences and Physiotherapy, with the support of promotor, 

Prof. Dr. Kenneth Verboven. It took about 30 minutes to complete the questionnaires and 

conduct the anthropometric measurements. Prior to the start of the actual measurements, 

specific socio-demographic data were collected using a questionnaire. The questionnaires 
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included information on: gender, age, family situation, school education, medical history 

(general) and medication use. Subsequently, clinical measurements were performed.  The 

length was assessed to an accuracy of 0.1 cm (without shoes) using a fixed stadiometer. 

Weight was measured to an accuracy of 0.1 kg (minimal clothing) using a digital scale. From 

these data the BMI and BMI Z-scores were determined as described previously by Cole and 

Lobstein (2012). Abdominal, hip and thigh circumferences were determined to an accuracy of 

0.1 cm using a flexible (non-elastic) measuring tapestry. Measurements (in duplicate) were 

taken on the bare skin in a standing position (for the thigh circumference was measured from 

90° knee flexion) as prescribed in the guidelines (ACSM, 2018). Body composition was 

determined by bioimpedance measurement (Bodystat 1500, Bodystat Ltd.). The participants 

were in supine position with their hands and feet exposed. Two patches on the right hand and 

two patches on the right foot were connected to the impedance scale that determined body 

composition using a very light current. Finally, blood pressure and heart rate at rest were 

measured using an electronic and automatic blood pressure monitor (Omron®, Omro 

Healthcare, IL, USA). A rest period of at least five minutes was applied.   

 

5.4 Ultrasound assessment  

SCAT was measured by ultrasonography described by Muller et al. (2016). The participants 

were in supine position. A radiosonic gel was applied to the probe to avoid direct contact 

between the skin surface and the ultrasound probe. During the test, the probe was placed 

perpendicular to the skin surface. To avoid compression on the subcutaneous tissue, minimal 

pressure was applied to the probe. The images were collected in B-mode (Echo Wave II 

software, Telemed). A gain of 76, power of 52 and dynamic range of 62 were used as fixed 

settings, the depth and focus of the ultrasound device could vary. For each zone, three frames 

were collected. On each ultrasound image, the muscle fascia was indicated by an arrow and a 

reference line was drawn. Images were analysed by three independent, blinded investigators.  

 

The location for the assessment of SCAT in the abdominal region was determined as the point 

where a vertical and horizontal line were crossed. The horizontal line inferior and vertical line 

lateral to the umbilicus, both at a distance of 2% of the body length. The breathing pattern 

was observed and the ultrasound image was registered at the end of normal expiration. The 

location for the assessment of subcutaneous fat tissue in the gluteofemoral region was 
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determined as follows: from a knee flexion of 90° (thigh horizontally oriented), a point was 

measured from the top of the patella at a distance of 14% of the body length between the 

SIAS (Müller et al., 2016).  

 

When evaluating the ultrasound images, "ImageJ" was used as evaluation tool. Images were 

evaluated by three different evaluators. In order to reduce the possibility of a confirmation 

bias, the results were kept in an individual excel file. The analysed images were saved 

individually for comparison in case of major deviations. The evaluation was done according to 

a standardised protocol.  

 

Each ultrasound image was scaled according to the reference line drawn during the 

measurements. Three reference points for the determination of SCAT were defined, using a 

horizontal line at 25%, 50% and 75% of the ultrasound image. Through the reference points, 

perpendicular vertical lines were drawn starting from the lower edge of the subcutaneous 

fascia to the upper edge of the muscle fascia. Figure 1 shows the analysis of SCAT at the level 

of the thigh.  

 

The evaluation of the ultrasound images was performed by three blinded assessors. For each 

participant, three measurements were taken from the thigh and the abdomen. After the 

analysis of six images per person, a mean value was calculated for thigh and abdomen 

separately. 



 

   12 

 
Figure 1. Analysing subcutaneous fat thigh. 

 

5.5 Data-analysis 

The means and standard deviations of all participants were calculated for anthropometric en 

participants’ characteristics. The determination of the BMI Z-scores was done using the LMS-

method (Cole and Lobstein, 2012). After analysing the images, the values obtained were be 

used for statistics. SPSS Statistics was used to analyse the data. To determine inter-rater 

reliability, the ICC was measured, using a two-way mixed effects model with 95% confidence 

intervals of the estimated ICC reported. The following cut-off values were used to interpret 

the ICC. ICC values below 0.5 indicated low reliability, values from 0.5 to 0.75 indicated 

moderate reliability, values between 0.75 and 0.9 indicated good reliability and lastly values 

above 0.90 indicated excellent reliability (Koo and Li, 2016). To determine whether there were 

significant differences between the assessors, a Bland-Altman plot was made. The level of 

agreement was calculated using 95% confidence intervals. In addition, the correlation 

between the percentage of fat measured by bioimpedance and SCAT measured by ultrasound 

was calculated using Pearson correlation. A significance level of p<0.05 was used. The 

interpretation of the correlation coefficient was done using Schober, Boer and Schwarte 

(2018).   

Three places where subcutaneous fat is measured.  

1: scale for 1 cm. Blue arrow: muscle fascia indication. 

Three horizontal lines: 25%, 50% and 75% of the entire length of the  

measurement. Vertical lines: thickness of subcutaneous tissue at the  

determined horizontal distances. 
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6. Results 

6.1 Participants’ characteristics 

Table 1 shows the participants’ characteristics (n=13). The study included eight girls and five 

boys. The participants had an average age of 15 years, with a range between 12 and 17 

years.  The adolescents had a mean BMI Z-score of 0.39, with a range of -1.27 to 0.87. An  

average percentage of adipose tissue of 20% was found, with a minimum of 4.8% and a 

maximum of 32.1%. 

 

Table 1 
Patient characteristics (n=13) 

  Mean SD 

Height (cm) 168 11.5 

Weight (kg) 57.42 9.32 

Hip circumference (cm) 75.2 6.3 

Abdominal circumference (cm) 70.2 4.1 

Thigh circumference (cm) 48.6 4 

Body fat (%) 20.00 7.47 

Body fat (kg) 11.48 4.73 

Lean tissue mass (kg) 45.45 10.13 

Dry lean tissue mass (kg) 14.25 4.47 

Water (%) 55.88 8.09 

Water (l) 31.98 5.49 

BMR 1519.54 233.07 

BMI Z-score  0.39 0.694 

Blood pressure (mmHG) 117/69 S: 14/D: 7 

Heart rate (BPM) 73 11 

Age (years) 15 2 

Girls/Boys 8/5  / 
BMR Basal metabolic rate, BMI Z-score Body Mass Index Z-score, S Systolic blood pressure,  

D Diastolic blood pressure, SD standard deviation.   
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6.2 Results  

Table 2 en 3 show the analysis of the ultrasound measurements per assessor of the thigh and 

abdomen, while Table 4 en 5 present the ICC of the evaluation of ultrasound measurements 

at thigh and abdomen level, respectively. Ultrasound evaluations at thigh level showed an ICC 

of 0.995 (95% confidence interval 0.988 – 0.998) which corresponded to excellent inter-rater 

reliability (Koo and Li, 2016). For the evaluation of the abdominal ultrasound measurements, 

an ICC-value of 0.999 was found (95% confidence interval 0.998 – 1.00) which also represented 

excellent inter-rater reliability.  

 

Figures 2 and 3 demonstrate Bland-Altman plots to assess the degree of agreement between 

different assessors depending on measurement area. The plots displayed the measured 

difference between both analysers with respect to the average measured thickness of SCAT. 

Each observer was placed relative to every other observer for each measurement region. 

Upper and lower limits were determined. For each point between the upper and lower limit, 

there was a non-significant difference in measured thickness of subcutaneous fat tissue 

between the two observers. For none of the plots was a significant difference found between 

the assessors (p<0.05).   

 

Figure 4 shows the correlation between percentage adipose tissue measured by 

bioimpedance and SCAT measured by ultrasound, different for abdominal and gluteofemoral 

measurements. At the level of the abdomen a correlation of 0.652 was found which 

corresponded to moderate correlation, while at the thigh there was strong correlation of 

0.892 (Schober, Boer and Schwarte, 2018). 
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Table 2 
Ultrasound measurements thigh 
 

P Mean thigh (mm) OBS1 (mm) OBS2 (mm) OBS3 (mm) SD OBS1 SD OBS2 SD OBS3 
1 9.6 10.8 9.0 8.9 1.6 0.5 0.5 
2 3.0 3.2 2.9 3.0 0.3 0.4 0.4 
3 6.8 6.8 6.8 6.9 0.5 0.4 0.5 
4 2.4 2.5 2.5 2.4 0.5 0.4 0.4 
5 8.8 8.2 9.2 8.9 0.7 1.8 0.5 
6 5.0 5.1 5.1 4.8 0.2 0.2 0.2 
7 11.4 11.4 11.4 11.4 0.5 0.7 0.6 
8 5.7 6.3 5.1 5.8 0.6 0.2 0.3 
9 12.5 12.7 12.4 12.4 0.6 0.6 0.6 

10 8.5 8.7 8.4 8.2 1.1 1.2 1.1 
11 4.7 5.0 4.7 4.5 0.4 0.5 0.2 
12 6.8 6.8 6.8 6.8 0.5 0.4 0.4 
13 11.8 11.8 11.8 11.8 0.5 0.6 0.6 
P Patient, OBS1 Observer 1, OBS2 Observer 2, OBS3 Observer 3, SD OBS1 Standard deviation observer 1, SD OBS2 Standard deviation 

observer 2, SD OBS3 Standard deviation observer 3. 

 

Table 3 
Ultrasound measurements abdomen 
 

P Mean abdomen 
(mm) 

OBS1 (mm) OBS2 (mm) OBS3 (mm) SD OBS1 SD OBS2 SD OB3 

1 11.3 11.6 11.1 11.1 0.9 1.0 0.9 
2 2.2 2.6 2.2 1.8 0.6 0.9 0.3 
3 6.2 6.0 5.9 6.8 2.7 2.1 2.1 
4 2.4 2.2 3.1 1.9 0.4 0.9 0.3 
5 10.5 10.5 10.5 10.6 1.0 1.2 0.9 
6 6.4 6.5 6.4 6.3 0.2 0.3 0.3 
7 11.4 11.3 11.4 11.5 1.2 1.4 1.1 
8 8.5 9.0 7.7 8.7 0.9 1.3 1.0 
9 19.8 20.1 19.7 19.7 1.3 1.2 1.2 

10 6.6 6.6 6.7 6.5 0.9 0.8 0.8 
11 10.3 10.0 10.3 10.7 1.7 1.4 1.2 
12 4.0 4.1 4.0 3.9 1.2 1.2 1.1 
13 27.3 27.3 27.3 27.3 4.6 4.7 4.6 
P Patient, OBS1 Observer 1, OBS2 Observer 2, OBS3 Observer 3, SD OBS1 Standard deviation observer 1, SD OBS2 Standard deviation 

observer 2, SD OBS3 Standard deviation observer 3. 
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Table 4 
ICC ultrasound analysis thigh 
 

 Intraclass 
CorrelationB 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value Df1 Df2 Sig 

Single 
measures 0.986A 0.966 0.995 235.247 12 24 <0.001 

Average 
measures 0.995C 0.988 0.998 235.247 12 24 <0.001 

Two-way mixed effects model where people effects are random and measures effects are fixed. 

A. The estimator is the same, whether the interaction effect is present or not. 

B. Type A intraclass correlation coefficients using an absolute agreement definition. 

C. This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise. 
 

Table 5 
ICC ultrasound analysis abdomen 
 

 Intraclass 
CorrelationB 

95% Confidence Interval F Test with True Value 0 

Lower Bound Upper Bound Value Df1 Df2 Sig 

Single 
measures 0.998A 0.994 0.999 1233.159 12 24 <0.001 

Average 
measures 0.999C 0.998 1.000 1233.159 12 24 <0.001 

Two-way mixed effects model where people effects are random and measures effects are fixed. 

A. The estimator is the same, whether the interaction effect is present or not. 

B. Type A intraclass correlation coefficients using an absolute agreement definition. 

C. This estimate is computed assuming the interaction effect is absent, because it is not estimable otherwise. 
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Figure 2. Bland-Altman plots thigh. 

 

 
Figure 3. Bland-Altman plots abdomen. 
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Figure 4. Correlation between percentage body fat and SCAT. 
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7. Discussion 
To the best of our knowledge, this was the first study to investigate inter-rater reliability in 

lean, healthy adolescents for determination of SCAT measured by ultrasound. The primary 

finding of this investigation demonstrated that there was excellent inter-rater reliability for 

both abdominal and gluteofemoral SCAT determination. These findings were largely 

consistent with the findings of Kelso et al. (2020) where an excellent ICC was also found for 

the determination of SCAT in healthy, lean children between the ages of 3 and 6 years. 

Interesting to note was that this study also used three assessors to examine the ICC. The 

ultrasound images were taken from the B-mode of the ultrasound device, like the present 

study. However, eight marked measurement sites were evaluated and a different evaluation 

tool was used for the assessment of the ultrasound images. The reliability of the results found 

by  Kelso et al. (2020) indicated that ultrasound was an appropriate alternative to other 

methods in determining body fat in children. Training of the assessor was necessary to achieve 

reproducibility and accuracy. A standard protocol must be followed.  

 

In addition, the results of this observational, cross-sectional study continued to concur with 

the findings of Gulizia et al. (2007), which found good inter-rater reliability in examining body 

fat changes in adults. Ultrasonography could therefore be an excellent alternative to CT, the 

gold standard (Gulizia et al., 2007). Gulizia et al. (2007) highlighted the importance of 

familiarity with the ultrasound device, as did Kelso et al. (2020). In addition, ultrasound 

measurement for the determination of SCAT in athletes showed a higher accuracy than 

skinfold measurements (Gomes et al., 2020).  

 

According to Smith-Ryan, Fultz, Melvin, Wingfield and Woessner (2013) ultrasound could be 

an effective clinical tool for baseline classification of health in adults, in comparison to BMI 

due to the high reliability and portability of the ultrasound. The BMI did not provide specific 

information about the whole-body composition, as it could not differentiate between lean 

mass and fat mass, which meant that the same BMI could result in different body 

compositions (Xiao et al., 2021).  
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In this framework, ultrasound could make an important contribution to the determination of 

body composition. Despite the variability in precision of ultrasound B-mode, which was also 

used in this cross-sectional study, it seemed to be a reliable method for the determination of 

percentage of adipose tissue, which could be useful for measuring body composition (Smith-

Ryan, Blue, Trexler and Hirsch, 2018). This was confirmed by the findings of Gomes et al. 

(2020), where ultrasound and skinfold measurements were compared to DEXA, in the 

determination of body composition in adult athletes. Both skin fold measurements and 

ultrasound measurements gave accurate results, with more consistency found when using 

ultrasonography (Gomes et al., 2020).  Mauad et al. (2017) commented that when 

determination of adipose tissue in lean adults is compared between CT and ultrasound, a 

significant correlation was found between both devices. 

 

Moreover, results of Mauad et al. (2017) indicated that ultrasound showed a high 

reproducibility, with intra-observer and inter-observer reliability rates of 0.94 and 0.94  for 

the measurement of SCAT. Some studies have shown that the reproducibility and objectivity 

of such evaluations were highly questionable, because of the dependence of the experience 

of the observer. These findings were confirmed in this cross-sectional observational study by 

the moderate and good correlation found between SCAT measured by ultrasound and adipose 

percentage measured by bioimpedance in lean children and adolescents.  

 

When looking at the reliability between different regions of the body, in this study ultrasound 

of the abdominal region represented a higher ICC (0.999) than when ultrasound 

measurements were made at the thigh (0.995). This could be explained by Borkan, Goddard, 

Paton et al. (1982) and Kvist, Chowdhury, Grangard et al. (1987), who stated that the highest 

correlations between CT and ultrasound were found in the abdominal region. 

 

VAT would be an important factor in the determination of further risk profiles, but it was not 

measured by ultrasound. Since VAT would only account for 10 percent of the total adipose 

tissue percentage, ultrasonography still gave a good representation of the total adipose tissue 

percentage (Kelso et al., 2020). According to Hirooka et al. (2005), measuring VAT using 

ultrasound is as effective as using CT in adults. 
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Smith-Ryan, Blue, Trexler and Hirsch (2016) also concluded that the ultrasound devices were 

compact and portable, making it easy to use. Ultrasound was compared with skinfold 

measurements for measuring fat percentage. They concluded that ultrasound measurements 

determined significantly more percentage of fat, which could overpredict the amount of fat. 

Still, it could be a useful tool, as less time was needed when using ultrasound. Furthermore, 

Kelso et al. (2020) mentioned the cost of ultrasound, which was more than other field 

methods, but much cheaper and more accessible to children than other imaging methods such 

as MRI and CT.  

 

Furthermore, Pineau, Guihard-Costa and Bocquet (2007) found that physiological differences 

in overweight populations should be taken into account when comparing ultrasound 

validation data. A higher amount of adipose tissue and increased tissue incoherence in an 

overweight population could result in a delayed pulse through the SCAT, causing uneven 

reflection of the pulse back to the probe. Therefore, the results of ultrasound should be 

viewed with caution when used on an overweight population. Further research into the 

clinical application of ultrasound in obese adolescents is required. 

  

Some limitations of this research must be recognised. First of all, the program used to evaluate 

the ultrasound images (ImageJ) had some limited features. The individual scale, which was 

used to measure the SCAT, had to be set up manually. In addition, the placement values (25%, 

50% and 75%) were also determined manually. These could vary due to the perpendicularity 

or non-perpendicularity of the line and the manual determination of the distance from that 

line. Because of the functioning of the program, it was also possible to place points outside 

the range of the effective image. The initial point placement was therefore more of an 

estimation. These factors could have caused a deviation in the evaluation of the ultrasound 

images.  

 

Apart from the restrictions of the program itself, there were other limitations within this 

observational study. Not all ultrasound images were evident to analyse, this implied that the 

determination of the correct fascia layer was not always clear. There was also a difference in 

location of the measurement. Evaluation at the level of the thigh usually resulted in more 

outlined fascial layers. Nevertheless, the ICC-value for the abdominal measurements was 
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higher than for the thigh measurements. In addition, according to Gulizia et al. (2008), the 

inexperience of the evaluators and their familiarity with the evaluation program had an 

important effect on the consistency of the results. In addition to possible limitations in the 

quality of the image material and the limitations of the evaluation program, the low number 

of participants reduced the power of the study. 

 

In contrast to the limitations, this study also contained some strengths. The measurements 

were performed following a standardised protocol. Furthermore, the measurements were 

always carried out by the same researchers and at the same location with the same materials. 

Three ultrasound images were made per region, with an average calculated for each 

researcher during the evaluation. Similarly, at least two measurements were taken to 

determine anthropometric characteristics such as thigh and hip circumference, blood 

pressure and heart rate. When large differences between the two results were observed, a 

third measurement was applied and an average was calculated. Finally, Images were analysed 

by three independent, blinded investigators and the statistics were conducted independently 

by two assessors. 

 

Further research into the inter- and intra-rater reliability and validity of using an ultrasound 

tool for the determination of subcutaneous fatty tissue is needed, especially in the obese 

children and adolescents. There is need for a study with a larger research population, so that 

the possible influences of gender and age can be examined, as well as a comparison between 

obese and non-obese people. Furthermore, it is important to determine whether a distinction 

between the different adipose layers can be made in the evaluation of the ultrasound 

images.  Further clinical examination is required to determine the position of ultrasound 

within the determination of health profiles in children and adolescents.    
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8. Conclusion  
This study showed excellent inter-reliability of the assessment of the gluteofemoral and 

abdominal ultrasound measurement for the determination of SCAT in non-obese adolescents 

between the ages of 12 and 17, measured using ICC. No significant differences were found 

between the different assessors (95% confidence interval). The excellent ICC and significant 

correlation between the ultrasound measurements for the determination of SCAT and lipid 

percentage measured by bioimpedance measurement indicated that ultrasound 

measurements could provide a reliable alternative in the determination of SCAT and could be 

important in the determination of body composition. Similar, widespread research is needed, 

this time in obese children and adolescents to determine whether ultrasound would be a 

reliable alternative to MRI or CT scan for measuring SCAT in obese populations.  



 

   24 

  



 

   25 

9. Reference list 
Alissa, E. M., Sutaih, R. H., Kamfar, H. Z., Alagha, A. E., & Marzouki, Z. M. (2020). Relationship between 

pediatric adiposity and cardiovascular risk factors in Saudi children and  
adolescents. Arch Pediatr, 27(3), 135-139. doi:10.1016/j.arcped.2019.12.007 

Andreoli, A., Garaci, F., Cafarelli, F. P., & Guglielmi, G. (2016). Body composition in clinical practice. 
Eur J Radiol, 85(8), 1461-1468. doi:10.1016/j.ejrad.2016.02.005 

Arnold, A. P., & Lusis, A. J. (2012). Understanding the sexome: measuring and reporting sex 
differences in gene systems. Endocrinology, 153(6), 2551-2555. doi:10.1210/en.2011-2134 

Beckman, L. M., Boullata, J. I., Fisher, P. L., Compher, C. W., & Earthman, C. P. (2017). Evaluation of 
Lean Body Weight Equation by Dual-Energy X-Ray Absorptiometry Measures. JPEN J Parenter 
Enteral Nutr, 41(3), 392-397. doi:10.1177/0148607115595223 

Borkan, G. A., Gerzof, S. G., Robbins, A. H., Hults, D. E., Silbert, C. K., & Silbert, J. E. (1982). Assessment 
of abdominal fat content by computed tomography. Am J Clin Nutr, 36(1), 172-177. 
doi:10.1093/ajcn/36.1.172 

Browne, N. T., Snethen, J. A., Greenberg, C. S., Frenn, M., Kilanowski, J. F., Gance-Cleveland, B., . . . 
Lewandowski, L. (2021). When Pandemics Collide: The Impact of COVID-19 on Childhood 
Obesity. J Pediatr Nurs, 56, 90-98. doi:10.1016/j.pedn.2020.11.004 

Carey, D., Wand, H., Martin, A., Rothwell, S., Emery, S., Cooper, D. A., & Carr, A. (2005). Evaluation of 
ultrasound for assessing facial lipoatrophy in a randomized, placebo-controlled trial. Aids, 
19(12), 1325-1327. doi:10.1097/01.aids.0000180106.11383.cc 

Faienza, M. F., Chiarito, M., Molina-Molina, E., Shanmugam, H., Lammert, F., Krawczyk, M., . . . 
Portincasa, P. (2020). Childhood obesity, cardiovascular and liver health: a growing epidemic 
with age. World J Pediatr, 16(5), 438-445. doi:10.1007/s12519-020-00341-9 

Fox, C. S., Massaro, J. M., Hoffmann, U., Pou, K. M., Maurovich-Horvat, P., Liu, C. Y., . . . O'Donnell, C. 
J. (2007). Abdominal visceral and subcutaneous adipose tissue compartments: association 
with metabolic risk factors in the Framingham Heart Study. Circulation, 116(1), 39-48. 
doi:10.1161/circulationaha.106.675355 

Golec, J., Kmiotek, E. K., Czechowska, D., Szczygieł, E., Masłoń, A., Tomaszewski, K. A., & Golec, E. B. 
(2014). Analysis of body composition among children and adolescents - a cross-sectional study 
of the Polish population and comparison of body fat measurement methods. J Pediatr 
Endocrinol Metab, 27(7-8), 603-609. doi:10.1515/jpem-2013-0427 

Gomes, A. C., Landers, G. J., Binnie, M. J., Goods, P. S. R., Fulton, S. K., & Ackland, T. R. (2020). Body 
composition assessment in athletes: Comparison of a novel ultrasound technique to 
traditional skinfold measures and criterion DXA measure. J Sci Med Sport, 23(11), 1006-1010. 
doi:10.1016/j.jsams.2020.03.014 

Gonzalez, M. C., Orlandi, S. P., Santos, L. P., & Barros, A. J. D. (2019). Body composition using 
bioelectrical impedance: Development and validation of a predictive equation for fat-free 
mass in a middle-income country. Clin Nutr, 38(5), 2175-2179. doi:10.1016/j.clnu.2018.09.012 

Gulizia, R., Uglietti, A., Grisolia, A., Gervasoni, C., Galli, M., & Filice, C. (2008). Proven intra and 
interobserver reliability in the echographic assessments of body fat changes related to HIV 
associated Adipose Redistribution Syndrome (HARS). Curr HIV Res, 6(4), 276-278. 
doi:10.2174/157016208785132509 

Hirooka, M., Kumagi, T., Kurose, K., Nakanishi, S., Michitaka, K., Matsuura, B., . . . Onji, M. (2005). A 
technique for the measurement of visceral fat by ultrasonography: comparison of 
measurements by ultrasonography and computed tomography. Intern Med, 44(8), 794-799. 
doi:10.2169/internalmedicine.44.794 



 

   26 

Kelly, A. S., Fox, C. K., Rudser, K. D., Gross, A. C., & Ryder, J. R. (2016). Pediatric obesity 
pharmacotherapy: current state of the field, review of the literature and clinical trial 
considerations. Int J Obes (Lond), 40(7), 1043-1050. doi:10.1038/ijo.2016.69 

Kelso, A., Müller, W., Fürhapter-Rieger, A., Sengeis, M., Ahammer, H., & Steinacker, J. M. (2020). High 
inter-observer reliability in standardized ultrasound measurements of subcutaneous adipose 
tissue in children aged three to six years. BMC Pediatr, 20(1), 145. doi:10.1186/s12887-020-
02044-6 

Kelso, A., Vogel, K., & Steinacker, J. M. (2019). Ultrasound measurements of subcutaneous adipose 
tissue thickness show sexual dimorphism in children of three to five years of age. Acta 
Paediatr, 108(3), 514-521. doi:10.1111/apa.14496 

Koo, T. K., & Li, M. Y. (2016). A Guideline of Selecting and Reporting Intraclass Correlation Coefficients 
for Reliability Research. J Chiropr Med, 15(2), 155-163. doi:10.1016/j.jcm.2016.02.012 

Kvist, H., Chowdhury, B., Grangård, U., Tylén, U., & Sjöström, L. (1988). Total and visceral adipose-
tissue volumes derived from measurements with computed tomography in adult men and 
women: predictive equations. Am J Clin Nutr, 48(6), 1351-1361. doi:10.1093/ajcn/48.6.1351 

Mauad, F. M., Chagas-Neto, F. A., Benedeti, A., Nogueira-Barbosa, M. H., Muglia, V. F., Carneiro, A. A. 
O., . . . Elias Junior, J. (2017). Reproducibility of abdominal fat assessment by ultrasound and 
computed tomography. Radiol Bras, 50(3), 141-147. doi:10.1590/0100-3984.2016.0023 

Müller, W., Fürhapter-Rieger, A., Ahammer, H., Lohman, T. G., Meyer, N. L., Sardinha, L. B., . . . 
Ackland, T. R. (2020). Relative Body Weight and Standardised Brightness-Mode Ultrasound 
Measurement of Subcutaneous Fat in Athletes: An International Multicentre Reliability Study, 
Under the Auspices of the IOC Medical Commission. Sports Med, 50(3), 597-614. 
doi:10.1007/s40279-019-01192-9 

Müller, W., Lohman, T. G., Stewart, A. D., Maughan, R. J., Meyer, N. L., Sardinha, L. B., . . . Ackland, T. 
R. (2016). Subcutaneous fat patterning in athletes: selection of appropriate sites and 
standardisation of a novel ultrasound measurement technique: ad hoc working group on body 
composition, health and performance, under the auspices of the IOC Medical Commission. Br 
J Sports Med, 50(1), 45-54. doi:10.1136/bjsports-2015-095641 

Obesity: preventing and managing the global epidemic. Report of a WHO consultation. (2000). World 
Health Organ Tech Rep Ser, 894, i-xii, 1-253.  

Orsso, C. E., Silva, M. I. B., Gonzalez, M. C., Rubin, D. A., Heymsfield, S. B., Prado, C. M., & Haqq, A. M. 
(2020). Assessment of body composition in pediatric overweight and obesity: A systematic 
review of the reliability and validity of common techniques. Obes Rev, 21(8), e13041. 
doi:10.1111/obr.13041 

Pineau, J. C., Guihard-Costa, A. M., & Bocquet, M. (2007). Validation of ultrasound techniques applied 
to body fat measurement. A comparison between ultrasound techniques, air displacement 
plethysmography and bioelectrical impedance vs. dual-energy X-ray absorptiometry. Ann Nutr 
Metab, 51(5), 421-427. doi:10.1159/000111161 

Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation Coefficients: Appropriate Use and 
Interpretation. Anesth Analg, 126(5), 1763-1768. doi:10.1213/ane.0000000000002864 

Smith-Ryan, A. E., Blue, M. N. M., Trexler, E. T., & Hirsch, K. R. (2018). Utility of ultrasound for body 
fat assessment: validity and reliability compared to a multicompartment criterion. Clin Physiol 
Funct Imaging, 38(2), 220-226. doi:10.1111/cpf.12402 

Smith-Ryan, A. E., Fultz, S. N., Melvin, M. N., Wingfield, H. L., & Woessner, M. N. (2014). 
Reproducibility and validity of A-mode ultrasound for body composition measurement and 
classification in overweight and obese men and women. PLoS One, 9(3), e91750. 
doi:10.1371/journal.pone.0091750 



 

   27 

Staiano, A. E., & Katzmarzyk, P. T. (2022). Visceral, subcutaneous, and total fat mass accumulation in 
a prospective cohort of adolescents. Am J Clin Nutr. doi:10.1093/ajcn/nqac129 

Toomey, C. M., Cremona, A., Hughes, K., Norton, C., & Jakeman, P. (2015). A Review of Body  
Composition Measurement in the Assessment of Health. Topics in Clinical Nutrition, 30(1), 16–
32. doi:10.1097/tin.0000000000000017 

Störchle, P., Müller, W., Sengeis, M., Ahammer, H., Fürhapter-Rieger, A., Bachl, N., . . . Holasek, S. 
(2017). Standardized Ultrasound Measurement of Subcutaneous Fat Patterning: High 
Reliability and Accuracy in Groups Ranging from Lean to Obese. Ultrasound Med Biol, 43(2), 
427-438. doi:10.1016/j.ultrasmedbio.2016.09.014 

Vanderwall, C., Randall Clark, R., Eickhoff, J., & Carrel, A. L. (2017). BMI is a poor predictor of adiposity 
in young overweight and obese children. BMC Pediatr, 17(1), 135. doi:10.1186/s12887-017-
0891-z 

Varlamov, O., Bethea, C. L., & Roberts, C. T., Jr. (2014). Sex-specific differences in lipid and glucose 
metabolism. Front Endocrinol (Lausanne), 5, 241. doi:10.3389/fendo.2014.00241 

WHO. (2022, mei). WHO EUROPEAN REGIONAL OBESITY REPORT 2022.  
https://apps.who.int/iris/bitstream/handle/10665/353747/9789289057738-eng.pdf  

Winck, A. D., Heinzmann-Filho, J. P., Soares, R. B., da Silva, J. S., Woszezenki, C. T., & Zanatta, L. B. 
(2016). Effects of obesity on lung volume and capacity in children and adolescents: a 
systematic review. Rev Paul Pediatr, 34(4), 510-517. doi:10.1016/j.rpped.2016.02.008 

Worldwide trends in body-mass index, underweight, overweight, and obesity from 1975 to 2016: a 
pooled analysis of 2416 population-based measurement studies in 128·9 million children, 
adolescents, and adults. (2017). Lancet, 390(10113), 2627-2642. doi:10.1016/s0140-
6736(17)32129-3 

Xiao, P., Cheng, H., Yan, Y., Liu, J., Zhao, X., Li, H., & Mi, J. (2021). High BMI with Adequate Lean Mass 
Is Not Associated with Cardiometabolic Risk Factors in Children and Adolescents. J Nutr, 
151(5), 1213-1221. doi:10.1093/jn/nxaa328



 

   28 



 

   29 

10. Appendix 
10.1 Patient characteristics per person 

Table 6 
Patient characteristics per person 

 P 

 1 2 3 4 5 6 7 8 9 10 11 12 13 

Height (cm) 155 189.9 166.1 172 164.2 184.5 168.1 160.5 160 180.8 171.6 151 160.5 

Weight (kg) 50 73.8 48.5 52.3 58.1 61.8 59.7 51.3 67.2 67 63.6 39.9 53.2 
Hip circumference (cm) 75.2 76.5 65 68.4 75.5 76.1 77.9 74.2 80.6 84.4 78.0 63.3 82.1 

Abdominal circumference (cm) 71.8 73.3 63.8 65.4 70.7 72.1 68.8 69.3 78.9 71.2 69.3 64.6 73.3 

Thigh circumference (cm) 47.8 53.4 43.3 45.3 47.5 46.5 50.3 45.8 54.7 53.2 52.7 42.6 48.4 
Body fat (%) 24 9.1 21.2 4.8 26.2 14.4 24.8 14.4 32.1 21.5 20 23.1 24.4 
Body fat (kg) 12 6.7 10.3 2.5 15.2 8.9 14.8 8 21.6 14.4 12.7 9.2 13 

Lean tissue mass (kg) 38 67.1 28.2 49.8 42.9 52.9 44.9 47.1 45.6 52.6 50.9 30.7 40.2 

Dry lean tissue mass (kg) 11.3 22.2 11.7 11.2 14.1 17.2 15.4 13.6 15.8 19.1 16.8 3.9 12.9 
Water (%) 53.4 60.8 54.5 73.8 49.6 57.8 49.4 60.8 44.3 50 53.6 67.2 51.3 
Water (l) 26.7 44.9 26.5 38.6 28.8 35.7 29.5 33.5 29.8 33.5 34.1 26.8 27.3 

BMR 1348 2048 1353 1569 1466 1654 1514 1494 1531 1699 1638 1039 1401 
BMI 20.8 20.5 17.6 17.6 21.7 18.2 21.1 21.5 24.3 20.5 21.7 17.5 20.8 

BMI Z-score 0.77 -0.08 -1.27 -0.7 0.31 -1.11 0.5 0.23 0.87 -0.01 0.32 -0.19 0.75 

BMI percentile 78% 47% 10% 24% 62% 13% 69% 59% 81% 50% 63% 42% 77% 
BD (mmHG) (1) 88/59 137/76 112/76 108/66 119/64 116/79 108/66 107/67 122/71 148/73 123/76 114/73 113/76 
BD (mmHG) (2) 93/61 131/75 107/74 115/64 122/73 114/78 108/64 110/76 119/68 137/80 129/84 106/75 112/69 
BD (mmHG) (3) 94/57 138/79 / / / / / 115/70 / 135/71 119/74 / 109/65 

Heart rate (BPM) (1) 76 58 54 73 66 96 70 65 73 87 71 75 81 
Heart rate (BPM) (2) 86 56 53 71 70 96 66 79 77 71 92 85 76 
Heart rate (BPM) (3) 80 59 / / / / / 66 / 66 70 / 80 

Age (years) 12 16 16 14 16 16 14 14 17 16 16 12 12 
Sex G B G B G B G B G G G B G 

P Participant (n=13), BMR Basal metabolic rate, BMI Body Mass Index, BMI Z-score Body Mass Index Z-score. G Girl, B Boy.Bloodpressure and heart rate were taken twice. When difference was too big, a 
thirth measurement was carried out. Blood pressure = Systolic BP/diastolic BP. 
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10.2 Registration form 
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10.3 Declaration of honour 
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10.4 Inventory 

 
 



 

   41 

 
  



 

   42 

10.5 Advice promoter 
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10.6 Decision tree statistics 
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10.7 Informed consent adolescents  
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10.8 Informed consent parents/guardians 
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