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BODY COMPOSITION MEASUREMENT TECHNIQUES 
IN SINGAPORE 

Jeffrey J. Walkuski 
Gordon J. Schmidt 

Quek, Jin Jong 
Nanyang Technological University. Singapore 

With the increased socio-economic status of South East Asia, the resultant changes in lifestyles and 
technology will require continued efforts to provide solutions to the changing health and fitness 
patterns of the populace. In Singapore, the national health policy set out in the document, "Healthy 
Family, Healthy Nation" (Ministry of Health, 1991) addresses issues of diet, exercise habits, 
cholesterol levels. smoking and obesity; among other health risk and lifestyle behaviours of the 
average Singaporean and provides targets for the next decade. This national health policy includes 
several national campaigns including the National Healthy Lifestyle Campaign focusing on the 
establishment of activities as part of the daily lives of all Singaporeans. Following the introduction of 
the Healthy Lifestyle Campaign. the Ministry of Education embarked on school-aged projects. One 
such programme. the Trim and Fit (T AF) scheme specifically screens children for obesity and targets 
overweight children. providing support through additional physical activity, dietary education, and 
fitness training in the schools. 

Assessment of body composition as a means of determination of overweight is limited in the schools. 
Weight and height are used to classify children's stature. It is also the method utilised to monitor 
children assigned to the T AF scheme. In this method, an individual's stature is compared to a 
population specific standard weight-for-height by age and gender. Alternative techniques for body 
composition determination are found in clinics, hospitals and specialised centres. Concerns about use 
of alternative body composition techniques have been raised by school teachers due to time constraints, 
issues related to assurance of reliability and standardisation, and a lack of Asian-specific formulas and 
contribute to the dominance of the weight-for-height method. 

Body composition assessment in both field and laboratory settings can include a variety of methods. 
Difficulty in assessing body composition is related to two main areas: following standardised 
procedures and the accuracy of instrumentation (McDougall, Wenger & Green, 1991 ). In clinical 
research, body composition assessment often employs a two-component model comprised of fat and 
fat-free body mass. Of the available body composition measurement techniques, the "gold" standard" 
laboratory technique has traditionally been accepted as underwater weighing. and the precision and 
accuracy of this method are considered excellent (Schoeller, 1996 ). 

The School of Physical Education, Nanyang Technological University, Singapore is presently 
conducting clinical and field research examining body composition and its measurement within the 
Singapore context. The methods utilised to assess body composition in this line of research include 
skinfold thickness measurement, bioelectric impedance, air plethmysography and dual energy x-ray 
absorptiometry. In this paper, these body fat appraisal methodologies will be explained and compared 
to existing predictive equations. The paper will conclude with a discussion of these equations from the 
perspective of the school child with particular concern for the field practitioner's application to these 
procedures in a school based situation. 

Skinfold Thickness Measurement 

Skinfold thickness is commonly measured utilising skinfold calipers (Going & Lohman, 1990). Protocols 
for skinfold thickness testing have been documented by MacDougall et al. ( 1991, pp. 223-308). Training 
in the use and application of these protocols has been demonstrated within the Singapore context (Schmidt 
& Walkuski, in press). Typically, these protocols call for measurements being taken on the right side of 
the subject from two sites, the posterior triceps and medial calf (Table I). Using these two limb measures 
(e.g. triceps plus calf) for skinfold readings not only allows for ease of administration, but also allows for 
privacy as there is no need for the student to remove his/her clothing. Additionally, with racial sensitivity 
in Asia, with adequate preparation, members of either gender may be able to take measurements on boys 
or girls, if parents would grant permission for these techniques. 
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Table I - Triceps and Calf Skinfold Measurement Sites and Description of Anatomical Landmark 

Body Site Specific Location for Skinfold Caliper measurement 

Triceps Vertical fold midway between the acromium and olecranon processes. 
Calf Vertical fold on medial maximal girth of the calf. 

From these two measurements, prediction formulas based on Slaughter et a!. ( 1984) are used to predict 
the total percent body fat of the child. The formulas to predict body fatness are: for boys ( 9c BF = 
0.735 (triceps+ calf)+ 1.0 [S£ = 3.8]) and for girls (c/cBF = 0.610 (triceps+ calf)+ 5.1 [S£ = 3.8]). 
The usage of such prediction formulas is widespread for body composition assessment. For example, 
Wang and Deurenberg ( 1996) have reported that prediction formulas for Caucasian subjects are 
generally valid for ethnic Chinese children. 

BMI and skinfold assessment have been reported to be viable techniques to measure body composition 
(Thomas & Whitehead, 1993). However, site specific or sum of skinfold thickness applied to their 
respective formulas correlate higher with body fat percent than BMI and is the preferred method 
(AAHPERD, 1989). The BMI provides information about the stature and often over-estimates fatness 
in muscular children: whereas, skinfold assessment gives site specific information. 

Bioelectric Impedance 

The use of electrical current and impedance of muscle to measure body composition has grown rapidly 
in the last decade (Baumgartner. 1996). Bioelectric impedance analysis (BIA) is a measure of the 
impedance to the tlow of an electrical alternating current (Houtkooper. Lohman, Going & HaiL 1989). 
Bioelectric impedance analysis provides precise information about lean muscle mass, body water and 
percent body fat. The concept behind measuring body composition using electric current is that muscle 
tissue conducts electricity better than fat because of the greater electrolyte content of muscl11 tissue ( 
Jackson, Pollock, Graves & Mahar. 1988 ). Advantages of utilising this technique include: a) speed 
and ease of use. b) portability of the analyser. c) non-invasiveness of measurement. d) applicability to 
various ages and health states ( Howley and Franks, 199 I). One of the greatest difficulties in a clinical 
setting in measurements of this nature is subject compliance with pre-established protocols and subject 
hydration status. The School of Physical Education has utilised an Electrolipograph model ELG82 
bioelectric impedance for a number of years as part of its programmes. The device is presently being 
used in a field investigation of body fat percentages of secondary school children. 

BodPod® 

Air displacement through a chamber known as the BodPod' has been shown to be as predictive of body 
composition as underwater density measurement. In this technique. the subject sits comfortably in the 
BodPod for about 20 seconds where computerised pressure sensors determine the weight of the body in 
the chamber compared to the weight of the body on land. The principle of measurement of body 
composition from two known variables is based on Boyle's Law, where P 1V 1=P.v •. The assumption is 
that the volumes and pressures are known in both the anterior and posterior chambers prior to the client 
entering the BodPod. When the individual enters the BodPod, the air displaced creates a new volume in 
the anterior chamber. Capturing the lung pressure during the mid-tidal volume is assumed to give an 
accurate assessment of the remainder of the body volume not accounted for previously. This technique has 
been found to be quite reliable (R' = 0.93) and valid compared to hydrostatic weighing (McCrory et al., 
1995 ). Additional benefits of this procedure arc that overweight subjects can easily be seated in the 
BodPod and the machine requires no exposure to intimidating water submersions. One major 
disadvantage is that specific Asian and Singaporean fommlas have yet to be determined. 

Dual Energy X-ray Absorptiometry 

The dual energy x-ray absorptiometry (DXA) technique of measuring total body and regional body 
composition has been in existence since 1984. DXA has been used for a variety of clinical 
applications including: the determination of bone mineral content and bone density, anthropometric 
measures relating to limb length and bone deformations (such as scoliosis). and measurement of bone 
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mineral loss due to athletic over-training in women or osteoporosis (Lohman, 1996). Clark, Kuta and 
Sullivan ( 1993) reported that "DXA may represent an alternative or enhancement to the two
component 'gold standard', as it accounts for differences in bone density where hydrostatic weighing 
does not. In addition, the passive procedure of DXA is easily administered to a wide variety of 
subjects and age ranges" (p. 534). 

The School of Physical Education, as part of a large research project, has obtained a Hologic QDR 
Elite fan-beam dual energy x-ray absorptiometry bone densitometer. This particular densitometer only 
requires seven minutes for total body composition assessment. The x-ray exposure with this device is 
extremely low and ranges from 0.05 mrem to 1.0 mrem per hour which is ten times less than a chest X
ray (Lohman, 1996 ). Through collaboration with the Ministry of Health, the School of Physical 
Education will collect data utilising the DXA as part of a nation-wide health survey during the months 
of May and June of 1998. 

Implications for Practitioners 

The implications for practitioners of the earlier-mentioned field and laboratory body composition 
assessment techniques appear to be obvious. These body fat appraisal methodologies have both 
advantages and disadvantages, but are mainly limited by a paucity of predictive Asian equations. From 
the perspective of school-based assessment of children, the measurement of relative weight, weight
for-height and body mass index merely relate to the observer and participant a particular 
preponderance for stature. Possibly, the use of skinfold thickness and application of the two site 
equations may non-invasively provide a greater opportunity to assess the amount of subcutaneous fat 
of the child. More precise, but with greater concern for protocol adherence, bioelectric impedance 
gives a strong indication of the water and lean mass of the subject. However, the expense and amount 
of time to test greater numbers of students are hindrances to mass school testing. Hence. it appears that, 
in addition to the current practice of measurement of weight and height, in the local context, it may be 
advantageous to train teachers and solicit approval from authorising institutes to conduct skinfold 
assessments of school children using the triceps and medial calf. The BodPod and DEXA, for now, 
should be left to research institutes such as the School of Physical Education. 

Accurate formulas can be used to calculate children's body fat percentage utilising only two sites (Janz 
et a!.. 1993) and applied in a school-based setting. However, particularly in the Singapore school 
context, the issue of timing cannot be neglected. Whether a teacher would want to measure his/her 
students during PE or non-PE curriculum time would be based on the individual needs of the particular 
school and programme. Alternatively, measurement could occur during PE class time, over several 
weeks, during recess time or other non-contact time including before or after school. Events such as a 
school sports day, play day or health fair would provide opportunities to integrate these measurements 
as part of their programme. Speciality groups such as Trim and Fit classes, health lessons. extra
curricular activity sport participants can also gain site specific information and in planning exercise 
regimens for weight loss and diet management. 
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