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Abstract- Obesity is one of the risk factor that could lead to the development of non communicable disease such as diabetes 
mellitus, cardiovascular disease and cancer. Body mass index (BMI) is a universal indicator that has been widely used by 
researcher and healthcare practitioner to categorize obesity. However, BMI cannot differentiate between fat and muscle that 
could penalized muscular individuals into obese category. In contrast, 3D scanning technology which is able to generate 
precise measurement of body shape and size is valuable in term of identification of abnormal fat distribution which become 
the factor that affect health condition. The aim for this study is to identify the correlation of obesity index and body fat 
percentage. The obesity index include in this study are body mass index, waist circumference, waist to hip ratio and 

abdominal volume index that were taken manually and automatically. A total of 300 Malaysian women aged 18-54 years old 
in University of Malaya, Kuala Lumpur participated in this study. Data on body fat percentage and weight were measured 
using Full Body Sensor Body Composition Monitor and Scale (Omron HBF 514). Waist and hip circumference were taken 
using manual measurement. Participants also have undergone 3D body scanning procedures to obtain body circumferences, 
body volume and 3D image. The mean age of the study population was 27.4 years, with a mean BMI of 24.89 kg m-2. All the 
obesity indices correlated significantly with body fat while waist to hip ratio consistently has the lowest correlation 
coefficients. In summary, BMI have some limitations to differentiate between fat and muscle. We suggest that by 
incorporating 3D body scanning technology, it will provide better assessment tool for early detection of individual health 

particularly having risk of heart disease, strokes, and diabetes. 
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I. INTRODUCTION 

 

Obesity has become a major worldwide health 

challenge since it is the major causes of health risks 

and rapid increase in prevalence (Ng et al. 2014). In 

2010, overweight and obesity were estimated to cause 

3.4 million deaths, 3.9% of years of life lost, and 

3.8% of disability-adjusted life-years (DALYs) 

worldwide. The rise in obesity has led to widespread 

calls for regular monitoring of changes in overweight 
and obesity prevalence in all populations (Ng et al. 

2014). The most widely established and widely used 

measurement as obesity assessment is the BMI that 

was invented by Adolph Quetelet in 1832. It was 

Quetelet who described the possible relation between 

the weight of individuals of different heights "equal 

to about the squared sizes'' (Jonathan et al. 2015). 

However, according to Norafidah et al. (2013), 

normal body mass index alone is not sufficient to 

make a person free from developing NCDs risk factor 

since the main risk factor is abdominal obesity. BMI 

value when applied at the individual category, 
penalizes shorter people and those with muscular 

frameworks and it doesn’t differentiate between the 

morbidly obese and the super obese or the “healthy” 

thin and dangerously anorexia. There is a growing 

awareness with medical community regarding the 

usefulness of BMI as a measurement for a health 

indicator (Stefan et al. 2014). Apart from BMI, there 

were several anthropometric parameters that been 

used to assess obesity such as waist circumference 

(WC) and waist to hip ratio (WHR) which focus on 

the abdominal adiposity (Shanker, 2011). It was 

claimed that, people with higher WC are in higher 

prevalence of self reported NCDs (hypertension, 

diabetes mellitus, and coronary heart disease). 

Accurate body composition assessment is important 

for determining health consequences due to excess 

body fat (BF). There are several techniques exist, but 

only a few that are accurate, non-invasive, fast, and 

comfortable for participants. The Three Dimensional 
(3D) body scanner is a new body composition 

assessment method that might provide as another 

option for investigators and practitioners (Ryder, 

2010). In last 15 years, 3D Body Scanning was 

applied in the fashion and apparel industry. It is a non 

invasive and fast technology which are able to scan 

the human body and to generate three-dimensional 

model of the body by providing an accurate, precise 

and reproducible measurements of body including 

sizes ratio, body shapes, surface and volumes 

(Petrescu et al. 2012). Manual measurement in 

anthropometry field is time-consuming, besides, only 
several indexes of shape such as body girths and their 

ratios being used regularly in clinical practice or 

epidemiology. Thus, three-dimensional (3-D) body 

scanning provides high-quality digital information 

about body shape. The method can be acceptable to 

individuals, low-budget and versatile, while also 

providing extremely refined information on surface 

topography. The digital nature of the result makes it 

more compatible for longitudinal monitoring, and it 
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has already been proven as a powerful method for 

anthropometric surveys. Automatic extraction of 
anthropometric measurements by 3D body scanning 

helps to remove the operator error and also improves 

reliability of measurements. Moreover, 3D body 

scanning allows for body shape and volume 

assessment, where the body volume is possible to be 

calculated in segments (Wells et al., 2008). 

Apparently, according to Wells et al. (2008), the 

technology of the whole-body three-dimensional 

surface scanning has become a novel technique for 

imaging external body shape, with high potential to 

benefit both obesity research as well as the clinical 

evaluation and monitoring of patients.  
 

II. DETAILS EXPERIMENTAL 

 

2.1. Anthropometric Measures 

2.1.1 Manual Measurement (MM) 

Height was measured using stadiometre (Seca,, 

Germany) to the nearest 0.1 cm in a standing 

position, without shoes and with shoulders in a 

normal position Participants were asking to remove 

their shoes. Body fat percentage (BF %) and weight 

were measured using Full Body Sensor Body 
Composition Monitor and Scale (Omron Inc., USA). 

WC was measured at the narrowest level and hip 

circumference was measured over light clothing at 

the widest girth of the hip, using measuring tape. 

BMI was calculated as weight/height2 (Kg/m2) while 

WHR was calculated as the ratio of WC to HC 

(WC:HC). The AVI was computed using the 

following formula:  

𝐴𝑉𝐼 = {2 × 𝑊𝐶2(𝑐𝑚2) + 0.7 × [𝑊𝐶(𝑐𝑚) − 

𝐻𝐶(𝑐𝑚)]2}/1000. 

 

2.1.2 Automated Measurement (AM) 

          Participants were asked to change the clothes 

into specially designed scan wear. These scanning 

garments were made from light brown fabric with a 

mixture of lycra and cotton and came in six different 

sizes: extra-small (XS), small (S), medium (M), large 

(L) and extra-large (XL) and double extra large 

(XXL). Before entering scan chamber, participants 

were instructed to remove any jewelry and tied up 

their hair into bun to prevent from giving any error to 

the measurement. They were instructed to enter the 
scanner chamber. Standard protocol of body scanning 

was explained in which they were required to stand 

straight, placed their feet at the available footprint 

label imprinted on the floor of the scanner  and hold 

the handle using both hands. The participants were 

then asked to remain inside the scanner chamber to 

extract the 3D body model and all the related 

measurements. This will take approximately 8  

seconds, after which the 3D body model appeared on 

the monitor. The whole procedure took about 2 

minutes to be completed. The image produces by the 
body scanner is shown in Figure 1, in which the 

virtual tape of the waist circumference and hip 

circumference were labeled. Measurement including 

waist circumference, hip circumference, torso and 
body volume were extracted. 

 

 
 

2.2 Statistical Analyses 

Data obtained were analysed using the Statistical 
Package for the Social Science (SPSS) version 24 

(IBM SPSS Statistics, Armonk, NY). Demographic 

and all anthropometric measurement characteristic 

presented as mean values and standard deviations for 

continuous variables and frequency (percentage) for 

categorical variables. The relationship between 

dependent variable (body fat percentage) and all 

anthropometric indices (BMI, WC, WHR, body 

volume and torso volume) were determined using 

Pearson correlation tests. 

 

III. RESULTS AND DISCUSSION 

 

3.1.     Basic characteristics of participants 

           The demographic and anthropometric 

characteristics of the study population are shown in 

Table 1. The mean age of the study population was 

27.4 year old, with a mean of Body Mass Index of 

24.8 kg m-2. Mean value body mass index showed 

that the participants in the category of overweight 

category. Same pattern can be observed in the 

category of waist circumference and waist to hip ratio 

in which the mean for both index were above the 
normal cut off point. Body fat percentage also 

showed above recommended value which exceeding 

35%. As for the comparison, the mean was higher for 

automated measurement compared to manual 

measurement for all anthropometric characteristics.               

         This finding supported by Koepke et al. (2016), 

in which they found that there were significant 

differences in both waist and hip circumference and 

the measurement were larger using scanning method 

by 1.17-4.37cm. Similar results were found also in 

other studies (Qi et al., 2011, Jaeshke et al., 2015, 
Medina-Inojosa et al., 2016). This results maybe 

influenced by protocol when doing manual 
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measurement. HC was measured with legs closed, 

which could plausibly explain larger HC for AM than 
for MM. While in automated measurement, 

participants were required to stand with leg apart so 

that the software able to the identify the crotch as a 

reference point (Jaeshke et al., 2015). Thus, the 

reading between AM and MM for hip were found to 

be different. 
Table 1: Demographic and anthropometric characteristics of 

participants 

 

3.2   Correlation of BF% with obesity indices 

The Pearson’s correlation coefficients between the 
body fat percentages and various anthropometric 

indices taken automatically and manually were shown 

in Table 2. All the anthropometric indices correlated 

significantly with body fat. Waist to hip ratio had the 

lowest correlation coefficients (in bold text). Body 

mass index shows strongest significant correlation 

compared to other indices (r=0.897, p<0.01). Body 

mass index have strongest positive correlation with 

body fat. However, body mass index unable to 

capture the distribution of lean mass and adipose 

tissue, which is a better predictor of diabetes and 

cardiovascular diseases (Rahman & Adjeroh, 2015). 
Apart from that, measures of central adiposity, 

namely WC and AVI, also shows positive correlation 

with the body fat with slightly lower r value when 

compared to body mass index. Interestingly, body 

volume and torso volume extracted from automated 

measurement also showed strong significant 

correlation with body fat with r = 0.819 and r = 

0.810, respectively. Moreover, all the measurements 

taken automatically using the 3D body scanner 

showed higher coefficient correlation value when 

compared to measurement taken manually.  
It is really important to implement other index along 

with BMI rather than only using BMI alone as an 

indicator for obesity classification. Other indices such 

as WC and AVI that were taken from automated 

measurement also provide significant role in obesity 

classification in which both of the indices show 

positive correlation with body fat. However, in our 

finding, WHR showed weak relationship with body 

fat. WC is an important indicator of abdominal 

obesity compared to waist hip ratio. In some obese 

people, low WHR can be found because of high HC 

(in denominator). While a high WHR in a non obese 
woman would also suggest that the HC was low. 

Moreover, sometimes it is hard to obtain an accurate 

measurement of HC as compared to waist in clinical 

setting (Ahmad et al. 2016).  
Table 2: Pearson correlation of body fat and anthropometric 

indices using automated and manual measurements 

Anthropometric  Indices Body Fat percentage 

Body Mass Index 0.897 

Waist Circumference 

Manual Measurement 

Automated measurement 

 

0.762 

0.850 

Waist to hip ratio 

Manual measurement 

Automated measurement 

 

0.151 

0.245 

Abdominal Volume Index 

Manual Measurement 

Automated Measurement 

 

0.797 

0.831 

Body volume 0.819 

Torso volume 0.810 

 

3.3   Comparison of 3D body images based on BMI 

categories 

It was found that BMI gives highest correlation 

coefficient value with body fat correlation compared 

to the other anthropometric indices. However BMI 
cannot differentiate and locate body fat distribution 

which far more important in assessing individual 

which having high risk to develop non communicable 

diseases. Further analysis was conducted to compare 

the 3D body images according to their body mass 

index categories. Three samples of 3D images from 

participant were selected based on BMI category 

despite in the same rating of BMI. It was found that 

they are slightly different in body and torso volume. 

The 3D images give a clear view especially at the 

location where fat accumulated and distributed. 
Figure 2 shows 3D images which have normal BMI 

rating (20 kg m-2). Participant in Figure 2a (ii) has the 

highest body volume and torso volume compared to 

the other two participants. From Figure 2b which 

show the side view of the images, it is clear that the 

abdomen area of the participant (ii) is more bulging 

compared to the other two who have slimmer 

abdomen. 

Characteristics  Mean (Standard 
deviation) 

Age (years) 27.4 (8.66) 

Height (metre) 1.57 (0.06) 

Weight (kg) 61.6 (16.83) 

Waist circumference 

(Automated measurement, cm) 

85.2 (12.2) 

Waist circumference (Manual 

measurement, cm) 

83.1 (14.6) 

Hi circumference (Automated 

measurement, cm) 

100.1 (13.0) 

Hip circumference (Manual 

measurement, cm) 

95.5 (13.6) 

Body Fat (%) 35.8 (9.32) 

Body Mass Index (kg m-2) 24.8 (6.18) 

Waist to hip ratio (Automated 

measurement) 

0.87 (0.04) 

Waist to hip ratio (Manual 

measurement) 

0.85 (0.09) 

Abdominal volume index 

(Automated measurement) 

14.8 (5.82) 

Abdominal Volume Index 

(Manual measurement) 

14.25 (4.45) 

Body volume 59.6 (17.2) 

Torso volume 38.4 (11.8) 
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The novelty of this study which able to provide 3D 

image as shown in Figure 2 that compare variability 
of body shape according to  body mass index 

category. From the 3D images provided, it is easier to 

identify which individual accumulates more fat in 

their abdomen region and at the same time body 

volume and torso volume can be used as indicator to 

detect excess amount of body fat in certain region 

that is important in health. According to Daniell et al. 

(2014) the distribution of body volume varied 

systematically with BMI in which as BMI increases 

the distribution of body volume becomes more 

centralized, specifically in the abdomen and pelvis 

region. 

 
Fig.2. (a & b) 3D Body image of normal BMI category 

(BMI=20 kg m-2). a) Front view; b) Side view. Notes: BV 

indicates body volume and TV indicates torso volume 

 

CONCLUSIONS 

 

As summary, by incorporate 3D body scanning as 
obesity assessment, it could provide better 

implementation in healthcare setting by adding some 

important information especially in visualization that 

can give clear understanding of body fat distribution 

through the extraction of 3D body image. The 

combination of BMI, WC, body volume and torso 

volume from 3D body scanner may provide an added 

benefit in obesity assessment. The ability to identify 

particular person that have high risk to develop non-  

communicable disease such as Type 2 Diabetes 

Mellitus and cardiovascular disease are far more 
important, rather than solely categorize them using 

BMI calculation. BMI alone is not sufficient to 

distinguish different type of people without the 

information of fat distribution. 
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