
921

Comparisons of Body Volumes and Dimensions Using Three-Dimensional 
Photonic Scanning in Adult Hispanic-Americans and Caucasian-Americans

Joseþna Olivares, M.D.,1 Jack Wang, M.S.,2 Wen Yu,2 Vicente Pereg, M.D.1 Richard Weil,2  
Betty Kovacs,2 Dympna Gallagher, Ed.D.,2 and F. Xavier Pi-Sunyer, M.D.2

Author Afþliations: 1Department of Endocrinology and Nutrition, Hospital Universitario Son Dureta, Palma de Mallorca, Spain, and 2New York 
Obesity Research Center, St. LukeõsðRoosevelt Hospital Center, Columbia University, New York

Abbreviations: (BMI) body mass index, (C-A) Caucasian-Americans, (CVD) coronary vascular disease, (H-A) Hispanic-Americans, (HC) hip 
circumferences, (TBV) total body volume, (TV) trunk volume

Keywords: body circumferences, ethnicity, ratio of trunk volume/total body volume, ratio of waist circumference/hip circumference

Corresponding Author: F. Xavier Pi-Sunyer, M.D., New York Obesity Research Center, St. LukeõsðRoosevelt Hospital Center, Columbia University, 
1111 Amsterdam Avenue, New York, NY 10025; email address fxp1@columbia.edu

 Journal of Diabetes Science and Technology
 Volume 1, Issue 6, November 2007 
 É Diabetes Technology Society

OBESITY TECHNOLOGY

Abstract
Background:
We studied whether signiþcant differences exist between Hispanic-Americans (H-A) and Caucasian-Americans 
(C-A) in body dimensions using a newly validated three-dimensional photonic scanner (3DPS).

Methods:
We compared two cohorts of 34 adult U.S.-based H-A (19 females) and 40 adult C-A (25 females) of similar age 
and body mass index (BMI, kg/m2). We measured total body volume (TBV), trunk volume (TV), and other body 
dimensions, including waist and hip circumferences, estimated percentage body fat (%fat), calculated TV/TBV,  
and waist-to-hip ratio.

Results:
For female cohorts, there were no signiþcant differences in age, weight, height, and 3DPS-measured variables 
between the two ethnic cohorts. For male cohorts, C-A had greater height (p = 0.014), but there were no 
signiþcant differences in absolute or proportional volumes or dimensions between the two cohorts.

Conclusions:
Results demonstrate that, in these H-A and C-A cohorts of similar age and BMI, total and regional body 
volumes and dimensions, as well as their proportions, approximate each other very closely in both sexes; these 
variables also show similar relationships with %fat in each sex. This is in contradistinction to previous study 
reports using other measurement techniques.
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Introduction

Various medical conditions and consequences 
associated with excess body fat make its measurement 
important in clinical settings. Obesity is associated with 
many diseases, including hypertension, diabetes mellitus, 
coronary vascular disease (CVD), dyslipidemia,1ð5  
and disability.6 Many studies have reported that percentage 
body fat (%fat) and body fat distribution vary by ethnicity.7ð11 
Some studies have concluded that ethnicity should be 
taken into account when interpreting anthropometric 
measurements.3,10,12,13 Numerous reports have stated that 
the higher risks of CVD in nonwhites compared with whites 
might be explained by their differing phenotypes.4,9,14,15ð17

Ethnicity dependency becomes important in the United 
States where the population is very heterogeneous. Over 
the past 2 decades, the Hispanic population has increased 
faster than any other ethnic group (http://www.census.
gov/compendia/statab/tables/06s0043.xls). However, there 
is little information on body volumes and dimensions in 
Hispanic-Americans (H-A). What is available is based on 
traditional tape measures or skin fold calipers, which 
require validation by other reliable techniques to conþrm 
that the information is credible for assessing the health 
risk of the population. 

Hamamatsu Photonics of Japan has developed scan 
systems using a digitized optical method and computer 
to generate a three-dimensional photonic image of 
the human body, and the technique has been used 
for measuring total and regional body volumes and 
dimensions. The newly developed three-dimensional 
photonic scanner (3DPS) system (Model C9036-02, 
Hamamatsu Photonics K.K., Hamamatsu, Japan) 
collects a maximum of 2,048,000 data points over a scan 
þeld (200 cm height Į 100 cm width Į 60 cm depth) in  
10 seconds. We have cross validated this new technique 
using a traditional tape measure for the measurement of 
body sizes, including circumferences and dimensions, 
and using traditional underwater weighing for the 
measurement of body volume and body fat content in  
93 subjects aged 6ð83 years old, which has indicated that 
this newly developed technique measures body sizes and 
body fat accurately in humans.18 

The aims of this study were to investigate the 
relationships between total and regional body volumes 
and their associations with body mass index (BMI), waist 
circumference (WC), and %fat in a group of H-A living in 
the New York City region and to compare the results to 
Caucasian-Americans (C-A).

Subjects and Methods

Subjects 
Thirty-four H-A adults (19 females) and 40 Caucasian 
adults (25 females) living in the New York City region 
were recruited for the study. Inclusion criteria were 
that participants must be self-claimed Caucasian or 
Hispanic, >17 years old, free of diseases on medicine, 
have no amputation, able to perform the 3DPS scan, and 
present consent for the study. Study recruitment was 
conducted by direct personal contacts, through research 
coordinators, or postings in local public bulletins.  
The study was approved by the St. LukeõsðRoosevelt 
Hospital Institutional Review Board. A written consent 
form was obtained from each participant.

Ethnicity
Ethnicity as H-A or C-A was determined by self-report, 
requiring a similar ethnic background of all parents and 
grandparents.

Methods of Measurement
Body weight was measured to the nearest 0.1 kilogram 
(Ohaus Champ General Purpose Bench Scale) and height 
to the nearest 2 millimeters using a stadiometer (Holtain) 
while subjects wore minimal underwear without shoes. 
Total body volume (TBV), trunk volume (TV), WC, and 
hip circumferences (HC) were measured by the 3DPS 
using the standard scan mode (10 seconds per scan)18 
using the newly improved protocols for preparation of a 
subject for the scan as described later. 

Fit of Cap and Underwear
The fit of the cap and underwear was examined 
thoroughly before positioning the subject for the scan.  
A white-color, 1-inch wide surgical tape made of inelastic 
þber was applied over the area of the cap to minimize 
airspace between the cap and the skull and applied over 
the underwear to minimize air pockets between the 
skinõs surface and the underwear. 

Standardized Positioning Subjects for Scan
Two new devices were added to the scanner to improve 
and standardize the positioning of the subject for 
scanning. (1) Two height-adjustable handlebars for 
standardizing positioning of the arms were added to 
the two poles at the left and right sides of the scanner. 
A ruler attached to the pole indicates the height of the 
handlebar. (2) A tape measure for standardizing the 
positioning of the feet was permanently glued on the 




