

  sustainability-12-08786




sustainability-12-08786







Sustainability 2020, 12(21), 8786; doi:10.3390/su12218786




Article



Validity of the Portable Ultrasound BodyMetrix™ BX-2000 for Measuring Body Fat Percentage



Seoungki Kang 1[image: Orcid], Jeong-Hui Park 2[image: Orcid], Myong-Won Seo 3[image: Orcid], Hyun Chul Jung 4[image: Orcid], Yong Ik Kim 5 and Jung-Min Lee 2,*





1



Graduate School of Education, Yongin University, 134 Yongindaehak-ro, Cheoin-gu, Yongin-si 17092, Gyeonggi-do, Korea






2



Department of Physical Education, Kyung Hee University (Global Campus), 1732 Deokyoungdaero, Giheung-gu, Yongin-si 17014, Gyeonggi-do, Korea






3



Department of Taekwondo, Kyung Hee University (Global Campus), 1732 Deokyoungdaero, Giheung-gu, Yongin-si 17014, Gyeonggi-do, Korea






4



Department of Coaching, Kyung Hee University (Global Campus), 1732 Deokyoungdaero, Giheung-gu, Yongin-si 17014, Gyeonggi-do, Korea






5



Department of Sports Health and Rehabilitation, Kookmin University, 77 Jeongneung-Ri, Seongbuk-gu, Seoul 02707, Korea









*



Correspondence: jungminlee@khu.ac.kr; Tel.: +82-31-201-2736







Received: 8 September 2020 / Accepted: 20 October 2020 / Published: 22 October 2020



Abstract

:

BodyMetrix™ BX-2000 (IntelaMetrix, Livermore, CA, USA) has been introduced as one of the alternatives and portable methods to estimate body fat percentage. However, inconsistent results between protocols built-in the BodymetrixTM may be compelling the question of its validity. Thus, this study first investigated the possible errors between protocols and evaluated the validity of body fat percentage (BF%) compared to the gold standard method (dual-energy X-ray absorptiometry, DEXA). One hundred and five collegiate males, aged 20.01 ± 2.11 years, body height, 174.81 ± 6.01 cm, body mass, 73.26 ± 13.60 kg, and body mass index, 23.91 ± 3.77 kg·m−2 participated in the present study. Participants’ body fat percentage was estimated by built-in nine different protocols in the BodyMetrix™ BX-2000 using A-MODE ultrasound. Pearson correlation (r), Mean absolute percentage errors (MAPEs), Bland & Altman plots, and Equivalence testing were used to examine the validity of each protocol by comparing it to the criterion measure (i.e., DEXA). The results indicated good potential for almost all of the protocols in correlation (Min: r = 0.79, Max: r = 0.92)., MAPEs (Min: 20.0%, Max: 33.8%), and Bland-Altman (Min diff: 16.7, Max diff: 41.4). Particularly, the estimated BF% from protocol 7 (4-sites by Durnin & Wormersley) and protocol 9 (9-sites Parllo) were completed within the equivalence zone (±10% of the mean). The estimates measured by protocol 7 and protocol 9 identified as the most valid methods for estimating BF% using a BodyMetrix™ BX-2000, compared to the DEXA. Our findings provide valuable information when applying in young male individuals, but future studies with other populations such as female or adolescents may be required to suggest a valid protocol within the instrument.
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1. Introduction


The World Health Organization referred to obesity as a “New Infectious Disease of the 21st century” [1], however, complex social structures and dietary changes affect people’ lifestyle, resulting in a steady increase in obesity due to lack of exercise, malnutrition, and stress [2]. Also, obesity is associated with insulin resistance that increases cardiovascular diseases [3], and it makes us suffer from diseases such as metabolic syndrome, coronary artery disease, type 2 diabetes, hyperlipidemia, and cancer [4].



With increasing age, individuals are more easily exposed to the changes that adversely affect individuals’ health and are at an increased risk of gaining weight [5]. In particular, obesity in early adulthood is likely to lead to obesity in adulthood, forming both healthy body weight and healthy body composition is very important [5]. One of the strategies that are promising in preventing obesity is to pinpoint critical periods of weight gain. One such recognized critical period of weight gain is the student transition from high school to college life [6]. Also, Gropper and colleagues said that it is important for young adults to maintain their health with proper weight status because adults aged 18 and 25 show a significant weight gain due to changes in the amount of stored body fat to their weight [7]. Unfortunately, once individuals start gaining weight, it becomes hard to reverse and increases vulnerability to obesity.



Most college student access to obtain information on their body composition using Body Mass Index (BMI) classification charts, however, BMI has demonstrated that it is not a reliable method because it does not clearly classify personal characteristics and it could not accurately measure adipose tissue percentage [8,9,10]. Therefore, it has been recently reported that Dual-Energy X-ray Absorptiometry (DEXA) and BodyMetrix™ BX-2000 (IntelaMetrix, Livermore, CA, USA) are the best way to measure body fat as an alternative method [10,11]. DEXA is a standard method which has high accuracy and reliability with lower error than 2% in measuring body fat percentage (BF%), and the measurements using ultrasound like BodyMetrix™ BX-2000 also is highly evaluated for its utilization because it is portable, easy to use, inexpensive, and accurate in measuring BF%. According to the Smith and his colleagues’ study, they demonstrated that BodyMetrix™ BX-2000 ultrasound device was a valid and reliable standard testing tool for measuring BF% [12]. In addition, there are some recent studies for comparing DEXA and each of the 9 protocols in BodyMetrix™ BX-2000. Lyon and colleagues verified the validity of the 7-sites protocol by Jackson & Pollock using BodyMetrix™ BX-2000 compared to the DEXA [13]. Also, Ulbricht et al. indicated that the 9-sites Parllo protocol and DEXA had high validity [14], and Kang and his colleagues’ study also verified that there was high validity between 3-sites protocol by Pollock of BodyMetrix™ BX2000 and DEXA [15].



However, there were inconsistencies among the available studies on comparing the different protocols using BodyMetrix™ BX-2000. Johnson and his colleagues evaluated between 7-sites by Jackson & Pollock protocol in BodyMetrix™ BX-2000 compared to the DEXA, and they indicated that Jackson & Pollock protocol in BodyMetrix™ BX-2000 were underestimated for the BF% [16]. Loenneke et al. found that 1-point Bicep protocol and 3-sites protocol by Jackson & Pollock in BodyMetrix™ BX-2000 significantly underestimated BF% when compared with DEXA [17]. Therefore, the purpose of the present study systemically investigates possible errors in different protocols and to demonstrate the validity of BF% between each different protocol in BodyMetrix™ BX2000 compared to the criterion method (i.e., DEXA) through the novel statistical analysis (i.e, Equivalence test).




2. Materials and Methods


2.1. Participants


One hundred-five college male students participated in the present study. All participants provided their written informed consent after obtaining a full explanation of the study’s purpose, benefit, risk, and procedure. The present study was approved by the Institutional Review Board of Yongin University (2-1040966-AB-N-01-20-1810-HSR-113-8).




2.2. Anthropometric and Body Composition


The height and body weight were assessed using a stadiomet and a digital scale, respectively. The body mass index (BMI) was calculated as weight (kilogram) divided by the height in square meters. Body fat percentage was measured with a dual-energy X-ray absorptiometry (DEXA; GE Healthcare, Madison, WI, USA). DEXA was performed in barefoot and to remove the metal substance from wearing light clothing and their body for whole-body scan area.




2.3. BodyMetrix™ BX2000


The present study utilized BodyMetrix™ BX2000 as a tool using ultrasound waves (IntelaMetrix, Brentwood, CA, USA). This ultrasound device used the principle of reflection that some waves penetrated, and others reflected the probe when sonic waves move into the border of the two mediums with different acoustic resistances. A-MODE was used by ultrasound imaging method and it is called by amplitude mode compared to the B-MODE which only displays the brightness mode. A-MODE is the most basic form among ultrasound imaging methods that indicate the intensity of the reflected sound in time (distance) and is also an effective method for measuring distances. It transmits high-frequency sound waves to penetrate. Through body tissues with A-Mode 2.5 Mhz portable ultrasound. The differentiation of the body tissue interface is determined based on the return times of ultrasound to reflect though the sound head transducer. In addition, the primary advantage of this device is that it can minimize human measurement errors, unlike the skin fold measure. There are 11 protocols for ultrasound measurements in males, however, the present study used only 9 protocols except for two protocols developed for adolescents (2-site by slaughter 8–17 (yrs), 2-sites by slaughter for children). Table 1 shows 9 protocols and anatomical sites.




2.4. Data Analysis


Demographic information (i.e., Age) and participants’ body composition (i.e., Height, Weight, and BMI) were examined by descriptive statistics using SPSS 25.0 version. Pearson correlations were used to investigate the association between each protocol and the criterion method (i.e., DEXA). Mean absolute percent errors (MAPE) were calculated to provide the overall measurement error of 9 protocols. The mean absolute percentage errors are widely used performance evaluation indices in prediction. This is a more conservative estimate of error that takes into account both over-and under-estimation because of using the absolute value in the calculation. Repeated measure ANOVA to determine if there were any statistical differences between these 9 protocols and inter-individual differences were controlled for. Furthermore, the novel statistical approach, ‘equivalence testing’, was utilized in this study to examine measurement agreements between the protocols and the DEXA. Unlike traditional testing, the estimate was considered equivalent if the 90% confidence interval (CI) for the mean was included in the proposed equivalence zone (e.g., ±10% of the mean) in the 95% equivalence test (i.e., 5% alpha). The estimated BF% and measured BF% across all protocols and the 90% CI for means of the estimated and measured BF% were obtained from a mixed ANOVA to control for participants’ level clustering. It has also evaluated a novel approach to examine for ‘significantly equivalence’ rather than zero differences between different measurements [18].





3. Results


Table 2 summarizes particpants’ basic characteristics including age, height, body weight and body mass index. The mean ± SD was calculated for age, height, weight, and BMI (20.01 ± 2.11 years, 174.81 ± 6.01 cm, 73.26 ± 13.60, and 23.91 ± 3.77 kg·m−2).



Table 3 presents the correlation coefficients (r) between nine protocols and DEXA as a criterion method. Overall, the BF% measured by the nine protocols were highly correlated with the criterion measure (Max: r = 0.92, Min: r = 0.79). The strongest association was seen by protocol 8 (7-sites by Jackson & Pollock) and protocol 4 (3-sites by Pollock) (protocol 8: r = 0.92, protocol 4: r = 0.90), followed by protocols 7 (4-sites by Durnin & Wormersley, r = 0.87) and protocol 5 (4-sites NHCA Formula, r = 0.87).



Figure 1 presents the MAPE for the nine protocols. Each protocol was calculated as the average absolute value of the errors based on DEXA, and the overall range of the error was from 20.0% to 38.8%. Protocols with the least errors were protocol 1 (1-point Bicep, 20.0%) and protocol 7 (4-sites by Durnin & Wormersley, 22.8%), followed by protocol 4 (3-sites by Pollock, 25.5%) and protocol 6 (4-sites by Forsyth-Sinning, 26.5%).



A 1 × 9 repeated measures ANOVA with a post-hoc Bonferroni analysis showed that there was a significant difference (F [9, 1040] = 28.23; p < 0.001) between protocols, but no significant differences were observed between measured BF% and estimated BF% from Protocol 1 (p = 0.133), Protocol 6 (p = 1.000), Protocol 7 (p = 1.000), and Protocol 9 (p = 1.000). Figure 2 indicated the equivalence testing whether the BF% estimates from the nine protocols were equivalent to the estimate from the criterion measure (i.e., DEXA) and plots indicating the distribution of errors for all protocols. The calculated 90% CI for the estimates from the nine protocols were computed with the calculated equivalence zone for the DEXA. In particular, the estimated BF% from protocol 7 (4-sites by Durnin & Wormersley) and protocol 9 (9-sites Parllo) were significantly equivalent to the DEXA. This result showed that two different protocols (protocol 7 and protocol 9) were completely within the equivalence zone of the BF% measured by the DEXA (lower bound = 16.39%, upper bound = 20.03%).



Figure 3 illustrates the Bland-Altman plot for the extent of agreement between each protocol and the DEXA and assist with testing for proportional systematic bias in the estimates. The plots show mean bias, 95% limits of agreement, and line of best fit. The x-axis is the mean of two different measurements and the y-axis is the DEXA. The narrowest 95% limits of agreement of plots were protocol 8 (7-sites by Jackson & Pollock, difference = 16.4), followed by protocol 4 (3-sites by Pollock, difference = 16.7). Also, values of protocols were still higher for the protocol 1 (1-point Bicep, difference = 16.8), protocol 3 (3-sites by Jackson & Pollock, difference = 17.9), protocol 5 (4-sites NHCA Formula, difference = 18.4), protocol 2 (2-sites by A. W. Sloan, difference = 19.0), protocol 7 (4-sites by Durnin & Wormersley, difference = 19.0), protocol 9 (9-site Parllo, difference = 21.7), and protocol 6 (4-sites by Forsyth-Sinning, difference = 41.4). The clustering points of data in plots were indicated the mean for each protocol, compared to the DEXA and all protocols’ slopes were observed as significant bias. The protocol 1 (intercept = 1.20, slope = −0.20, p = 0.001) and protocol 6 (intercept = 2.87, slope = −0.08, p = 0.002) tended to increase in a negative direction in comparison with the DEXA, however, another slopes for the fitted line showed a tendency to increase in a positive direction for protocol 2 (intercept = −1.90, slope = 0.62, p = 0.001), protocol 3 (intercept = −1.11, slope = 0.54, p = 0.001), protocol 4 (intercept = −3.35, slope = 0.54, p = 0.000), protocol 5 (intercept = −3.01, slope = 0.62, p = 0.001), protocol 7 (intercept = −11.0, slope = 0.70, p = 0.001), protocol 8 (intercept = −2.28, slope = 0.58, p = 0.000) and protocol 9 (intercept = −13.7, slope = 0.78, p = 0.001).




4. Discussion


Skin fold thickness measurement is a cheap and non-invasive method to estimate body fat percentage and this method has been widely applied for all age goups. Different numbers of body site measurements with various equations has been introduced up to date, but investgators’ technique plays an important role in obtaining accurate data. To minimize this potential error, advanced techniques using ultrasound such as a BodyMetrix™ BX-2000 has been introduced. This validation study compared the body fat percentage between nine different protocols built-in the BodyMetrix™ BX-2000 and DEXA measurements in collegiate male students. Overall, the estimated BF% from nine different protocols built-in the BodyMetrix™ BX-2000 were favorable compared with a gold standard method. Particulary, protocol 7 (4-sites by Durnin & Wormersley) and protocol 9 (9-site Parllo) have shown the most accurate measurements.



All nine protocols showed a relatively high correlation with the DEXA, in particular, protocol 8 (7-sites by Jackson & Pollock, r = 0.92) and protocol 4 (3-sites by Pollock, r = 0.90) showed the highest correlation. The consistent results have been identified in Kelly and colleagues’ study where protocol 8 (7-sites by Jackson & Pollock) showed a high correlation with the DEXA (r = 0.92) in male collegiate students (n = 35, average BMI = 25.6 kg·m−2) [19]. Also, there was a significat correlation between protocol 3 and BF% measured by DEXA in male collegiate student (n = 93, average BMI = 24 kg·m−2) [20]. However, some differences between the results of MAPE and the correlations were found in the present study. Based on the results of MAPE values, the protocols with an error range below 30% were shown in protocol 1 (1-point Bicep, 20.0%), protocol 7 (4-sites by Durnin & Wormersley, 22.8%), protocol 4 (3-sites by Pollock, 25.5%), protocol 6 (4-sites by Forsyth-Sinning, 26.5%), and protocol 9 (9-site Parllo, 26.7%). There are some possible reasons that could explain the different results between correlation and MAPEs. For instance, the Pearson correlation was used to examine the two variables for each individual in a group, so it examines the group level association for each protocol in this study. When evaluating two variables’ agreement using the correlation, two variables can be associated with each other. But the results may provide very different estimates at a group level. In addition, MAPEs delivers information regarding the individual agreement because it accounts for each participant’s error while avoiding the cancellation of errors from under- and over-estimation. It means that the magnitude of error can be examined by calculating MAPE, but it does not quantify the overall direction (i.e., over- and under-estimation).



In contrast to the MAPE and correlation measures, Bland–Altman plots have clear utility to examine the visual inspection of under- and over-estimation between two variables, but a limitation is that they do not indicate a way to statistically evaluate the agreement. The information helps understand the nature and source of the proportional systematic biases, but it presents a significant challenge for drawing definitive conclusions based on the distributions in Bland-Altman plots. Standard inferential statistics such as t-tests and ANOVA are also often used to compare two measures and assess group agreement. However, these statistical tests are designed to test for differences rather than agreement.



Therefore, the present study used a more appropriate analytical method such as equivalence testing to identify validity. Some studies demonstrated that equivalence testing is a more powerful and reliable method for comparing different assessment measures and evaluating agreement among measurements [21,22,23]. The remarkable findings from this study were that the results of equivalence testing were some seemingly discrepant results based on the results of correlation, MAPEs, and inferential statistics (i.e., repeated-measures ANOVA. Protocol 8 and Protocol 4, for example, showed a high correlation between the BF% estimated by the ultrasound device compared to BF% measured by the DEXA, and Protocol 1, 6, 7, and 9 did not show the statistical differences compared to measured BF% by the DEXA. However, the results of protocol 7 (4-sites by Durnin & Wormersley) and protocol 9 (9-site Parllo) located completely within the proposed equivalence zone (e.g., ±10% of the mean) in the 95% equivalence test, and it means that protocol 7 and protocol 9 had confirmed the validity of the portable ultrasound device.



There are some strength and limitations in the present study. First of all, this is the first study that investigate the validity of the total nine protocols built-in the BodyMetrix™ BX-2000 for estimating BF% through advanced statistical testing, “equivalence testing”. Moreover, this study also exmined that equivalence testing is a reliable statistical method rather than other methods (i.e., correlation, MAPE) when comparing the validity of different measuring devices. Therefore, the study demonstrated that protocol 7 (4-sites by Durnin & Wormersley) and protocol 9 (9-site Parllo) were more adaptable for measuring BF% of male college students with a normal BMI. Also, considering the measurement efficiency, using the values measured Protocol 7 (4-sites by Durnin & Wormersley) would be more compatible to evaluate BF% because it requires fewer measurements. The study provided new insights about the BodyMetrix™ BX-2000, but it does have some limitations. The age range of sample participants is limited to college students, and gender is also limited to only males. Therefore, it is difficult to generalize findings in this study to other age groups or females. Also, our study did not assess the reliability of each protocol even if poor reliability can negatively impact the validity, and except the protocol 1 and protocol 6, proportional systemic biases were observed in Bland-Altman. In terms of equivalent testing in this study, ±10% of the mean of the DEXA was used as a lower and upper boundary of the equivalence zone. However, more supportive research is clearly needed to compare results with diverse populations and criterion measures.




5. Conclusions


The present study evaluated the validity of a commercially available ultrasound device to measure BF%. The study shows that a small, portable, and easy-to-use ultrasound system allows reasonably good estimates of BF%. Furthermore, measuring BF% with the ultrasound BodyMetrix™ BX-2000 rather than measuring it by the expensive and laboratory-based DEXA is shown comparable estimation of BF%. Reasonable estimates of BF% enable health and fitness practitioners to provide better care to their clients or patients regarding healthy body composition.
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Figure 1. Mean absolute percentage error (MAPE) of body fat %. 
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Figure 2. Dark lines mean equivalence zone (±10% of the mean), Grey lines are the 90% confidence interval for a mean of the estimated each protocol. Only protocol 7 and 9 are included within the equivalence zone. 
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Figure 3. Bland-Altman plots for body fat percentage measured by each protocol. 
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Table 1. Measuring sites of each protocol.






Table 1. Measuring sites of each protocol.





	
BodyMetrix™ BX-2000




	
No.

	
Protocols

	
Measuring Sites






	
1

	
1-point Bicep

	
Bicep




	
2

	
2-sites by A. W. Sloan

	
Thigh, Scapula




	
3

	
3-sites by Jackson & Pollock

	
Thigh, Chest, Waist




	
4

	
3-sites by Pollock

	
Chest, Scapula, Tricep




	
5

	
4-sites NHCA Formula

	
Chest, Scapula, Axilla, Waist




	
6

	
4-sites by Forsyth-Sinning

	
Waist, Tricep, Scapula, Axilla




	
7

	
4-sites by Durnin & Wormersley

	
Bicep, Scapula, Tricep, Hip




	
8

	
7-sites by Jackson & Pollock

	
Chest, Scapula, Axilla, Tricep, Waist, Hip, Thigh




	
9

	
9-site Parllo

	
Chest, Tricep, Bicep, Scapula, Lower Back, Hip, Waist, Thigh, Calf
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Table 2. Characteristics and body composition of participants.
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Variables

	
Males (n = 105)




	
Mean ± SD

	
Minimum

	
Maximum






	
Age (year)

	
20.01 ± 2.11

	
18.0

	
25.0




	
Height (cm)

	
174.81 ± 6.01

	
163.0

	
193.0




	
Weight (kg)

	
73.26 ± 13.60

	
58.0

	
150.0




	
BMI (kg·m−2)

	
23.91 ± 3.77

	
18.4

	
47.3








Note; BMI: Body Mass Index, SD: Standard Deviation.













[image: Table] 





Table 3. Correlations between DEXA and each protocol.
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	Variables
	Mean ± SD
	DEXA
	P 1
	P 2
	P 3
	P 4
	P 5
	P 6
	P 7
	P 8
	P 9





	DEXA
	18.22 ± 8.04
	1
	
	
	
	
	
	
	
	
	



	P 1
	15.90 ± 6.64
	0.843 **
	1
	
	
	
	
	
	
	
	



	P 2
	10.98 ± 4.41
	0.851 **
	0.755 **
	1
	
	
	
	
	
	
	



	P 3
	11.23 ± 4.74
	0.866 **
	0.772 **
	0.863 **
	1
	
	
	
	
	
	



	P 4
	13.07 ± 4.73
	0.901 **
	0.843 **
	0.865 **
	0.870 **
	1
	
	
	
	
	



	P 5
	11.86 ± 4.39
	0.873 **
	0.788 **
	0.826 **
	0.953 **
	0.898 **
	1
	
	
	
	



	P 6
	16.80 ± 8.65
	0.770 **
	0.693 **
	0.837 **
	0.946 **
	0.814 **
	0.903 **
	1
	
	
	



	P 7
	16.92 ± 4.04
	0.877 **
	0.826 **
	0.834 **
	0.814 **
	0.916 **
	0.822 **
	0.781 **
	1
	
	



	P 8
	11.79 ± 4.52
	0.926 **
	0.825 **
	0.885 **
	0.954 **
	0.937 **
	0.965 **
	0.900 **
	0.927 **
	1
	



	P 9
	17.77 ± 3.80
	0.790 **
	0.737 **
	0.725 **
	0.803 **
	0.844 **
	0.772 **
	0.749 **
	0.842 **
	0.837 **
	1







Note; P: Protocol, ** Correlation is significant at the 0.01 level (two-tailed).
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