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ABSTRACT 
 
Introduction: Aim of this study was to compare the repeatability of the evaluation of body composition with 
the skinfold measuring technique and the portable ultrasound measuring technique BodyMetrix TM BX2000, 
in order to estimate body fat percentage in adolescents athletes. Materials e Methods: Twenty adolescent 
male athletes have been recruited in a basketball centre. Skinfold and ultrasound measurements were 
detected on the right side of the body in 2 anatomical points: triceps and subscapular. Results: The results 
obtained by both techniques showed a high correlation with final body fat mass (%), although differences 
have been observed with both methods in each anatomical site. Conclusions: The assessment of body 
composition is an important parameter that allows us to have an estimate of the percentage of body fat. 
Therefore, it is a fundamental criterion for both the professionals of wellness and the athlete, since allows to 
verify the results produced by dietary plans and training. 
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INTRODUCTION 
 
Body composition analysis is the evaluation and quantification of various compartments that constitute the 
human body. The study of body composition has played over time a significant role in both clinical and sport 
context, representing a major area of research thanks to the information that it can provide for the estimation 
of energy requirements and nutritional status (Hendler RG et al., 1995; Mazzeo et al, 2016). The assessment 
of body composition is also of extreme importance in both sedentary subject for a close relationship with the 
health, and in the athlete in order to assess changes resulting from the practice of sport (Nindl BC et al., 
1996; Monda et al, 2009; Beechy L et al., 2012; Raiola & Tafuri, 2015; Raiola, Tafuri & Altavilla, 2015). 
 
Body composition evaluation techniques can be divided into direct and indirect methods. The only direct 
method is the evaluation of the body by fat esterification. Some of the indirect methods for evaluating body 
composition are: plicometry (Duren DL et al., 2008), waist and abdominal circumference measurement, 
sagittal and transverse diameter measurement, densitometry (DXA) (Duren DL et al., 2008; Webber J et al., 
1994), computed tomography (CT) (Sandomenico F et al., 2019; Corvino A et al., 2020), magnetic resonance 
(MR) (Ross R et al., 2000; Corvino A et al., 2020), impedance measurement (BIA) (Böhm A et al., 2013), air 
plethysmography "BOD POD" (Wagner DR et al., 2000; Fields DA et al., 2002), hydrostatic weighing, and 
ultrasound (US) (Catalano O et al. 2019; Sandomenico et al., 2020; Corvino A et. al., 2020). 
 
Recently, US technology has been revalued for body composition assessment, especially in the B-mode 
technique. US thickness measurement in adipose, muscle and other tissues result in higher accuracies when 
compared with skinfolds. However, appropriate protocols for estimates based on US have not yet been 
standardized (Wagner DR, 2013). 
 
Also, contrast-enhanced ultrasound (CEUS) is a “new” simple, immediate, and effective US tool: 
microbubbles circulate freely inside the body and constitute an intravascular contrast agent (Corvino A et al., 
2017). Recently, it has been recognized that CEUS permit analysis of both macro- and microvascularity in 
order to assess changes resulting from sport activity (Mitchell WK et al., 2013; Garzillo et al, 2017; Suo S et 
al., 2018). Similarly, skeletal muscle perfusion in response to exercise have also been studied with MR and 
CT angiography compared with conventional digital subtraction angiography by some authors (Cangiano G 
at al., 2019). However, future studies are needed. 
 
MATERIALS AND METHODS 
 
Twenty young men basketball player who practiced training with overloads at least for a year three times a 
week were recruited at a basketball centre; them and their parents provided informed consent to participate 
in the study. The materials used to collect the data were: SECA 711 scale with altimeter Seca 220, plicometer 
Accu Measure Fitness 3000, portable ultrasound BodyMetrix (BX-2000 IntelaMetrix, Inc.), a laptop. For each 
athlete the examination of skinfold and of portable ultrasound were performed separately and cyclically twice 
by the same operator. This means that for a same anatomical point the measurement was performed twice 
with both techniques of the study. The acquisition of skinfold data was realized as a standardized procedure 
according to Slaughter MH (Slaughter MH et al., 1988). 
 
RESULTS 
 
Twenty young men basketball player, average age of 14.95 ± 0.69, height of 161 ± 0.08 cm, weight of 59.75 
± 7.78 kg, BMI of 23.05 ± 1.75 kg/m2. 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Beechy%20L%5BAuthor%5D&cauthor=true&cauthor_uid=22548766
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The variables examined were: the individual skinfold measurement relating to specific anatomic points, the 
adipose tissue thickness detected by US and the relative percentages of fat mass obtained with both 
techniques. All statistical data were analysed using SPSS software (IBM, Inc., Armonk, NY): statistical 
significance was accepted for p < .05. For all variables has been calculated the average and the standard 
deviation, and the distribution of normality was verified by Shapiro-Wilk test. The differences have been 
evaluated with the t-test: p < .001, while the correlation of the values obtained through the skinfold 
measurement and those obtained through fat body measurement by portable US, for the average of each 
measurement and each anatomical site, was assessed by the correlation of Pearson highlighting a value 
close to 1 so as to show that the two examined techniques are strictly comparable and reproducible (Table 
1a-d). 
 

(a)               (b)  
 
Figure 1. (a) BodyMetrix US image of subscapular. The top line indicates the subcutaneous fat-muscle 
interface. The bottom line indicates the muscle-bone boundary. (b) BodyMetrix US image of triceps. 
 
Our data confirm the reliability of the US method in the study of the subcutaneous adipose tissue, 
demonstrating the importance of contextualization of body composition in the athletes. 
 
Table 1a. Mean ± SD (mm) of skin thickness by SF. 

 Skinfold triceps Skinfold subscapular 

I measurement 9.31 ± 3.90 9.68 ± 4.59 
II measurement 9.31 ± 4.06 9.59 ± 4.53 

 
Table 1b. Mean ± SD (mm) of skin thickness by US. 

 US triceps US subscapular 

I measurement 3.72 ± 1.05 3.95 ± 1.02 
II measurement 3.65 ± 0.99 3.93 ± 1.05 

 
Table 1c. The body fat mass percentage (mean ± SD) by SF and US. 

 Skinfold (%) US (%) 

I measurement 16.57 ± 5.95 13.39 ± 3.33 
II measurement 16.50 ± 5.96 13.32 ± 3.19 

 
Table 1d. Correlation between SF and US of three anatomic points. 

 Triceps Subscapular 

Correlation coefficient .793 .800 
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DISCUSSION AND CONCLUSIONS 
 
Despite the five decades passed since the first publication on the use of US for the measurement of adipose 
tissue (Bullen BA et al., 1965), this evaluation technique is not yet frequently used by various professionals 
interested in the study of body composition. The portable ultrasound BodyMetrix™ BX2000, which we used 
in our study, has several advantages over other imaging devices and laboratory analysis techniques of body 
composition such as: the absence of ionizing radiation, the size and the portability of the device and the 
relatively affordable cost compared to other laboratory methods. For this reason, it can also be compared to 
methods such as skinfold thickness measurement. 
 
However, even if Toomey (Toomey C et al., 2011) provided some recommendations on the use of US in 
order to measure subcutaneous adipose tissue, there is not still a standardization concerning the different 
aspects of measurement (for example, the optimal scanning frequency and the scanning distance or length, 
etc.). Thus, the reliability of the interpretation of the results depends on operator skills. In our case, however, 
the supplied software designed specifically for the analysis of body composition helped us to reduce to a 
minimum these limitations. Probably this is the reason why the final percentage of body fat calculated with 
two different techniques does not show significant differences, although differences have been observed with 
both methods in the measurement of each anatomical site. Thus, a possible starting point for a future 
research could be an implementation of the study with an additional method for the analysis of body 
composition considered as a gold standard method as DXA. 
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