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ABSTRACT
The purpose of this study was to develop an alternative technique for the 
determination of body composition in people or patients who are unable to stand erect 
as a result of disease or injury. It was a prospective pilot study using apparently normal 
subjects involving twenty-two (16males and 6females) volunteer subjects randomly 
recruited for the study. The means and standard deviations for their ages, body 
weights and heights were 31.20±7.47, 68.59±6.19 and 1.72±0.05 respectively. All 
the participants gave informed consent to participate in the study. The horizontal 
body weights of the participants were measured in lying positions using an adaptation 
of the Guthri Smith apparatus frame to which a firm stretcher and two spring balances 
were attached on a horizontal level position. The heights of the subjects were also 
taken on supine lying on a firm plinth. The body weight and height of each of the 
subjects were also measured in standing with the conventional weighing scale and a 
stadiometer. The body mass index (BMI) and waist-to-hip ratio (WHR) were 
calculated for all the subjects with values obtained in both positions. The OMRON 
body fat monitor was also used to assess the percentage fat per height (%F/Ht) and fat 
mass per weight (FMWt) of each of the subjects in standing and lying positions. The 
results of the study showed that there were no significant differences between the 
body weights, heights, BMI, WHR, %F/Ht, and FMWt measured at vertical standing 
and horizontal lying positions. However, there were significant differences in the 
waist and hip circumference measurements taken in the two positions. The results 
also showed positive correlation between body weight and height, and BMI, %F/Ht 
andWHR derived from anthropometric parameters taken from both positions.It was 
concluded that anthropometry in standing and supine lying are of clinical use and 
associated, and developing practical horizontal weighing system may serve great 
gains for use in people with difficulties and or inabilities to stand, especially in young 
and middle-aged patients with spinal cord injuries during their acute and 
rehabilitative stages.                                                                                                                   
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Introduction
Estimation of body composition parameters 
is an important aspect of clinical 
monitoring of progress or deterioration in 
the management of many medical 
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conditions. The most common way of 
measuring body weights and heights in 
clinical settings in Nigeria and many other 
parts of Africa is through the use of readily 
available bathroom scale and stadiometer 
respectively. However, the use of the 
bathroom scale and stadiometer is 
applicable in people or patients who are 
able to stand erect. There is need for an 
alternative technique for the determination 
of body composition in people or patients 
who are unable to stand erect such as 
patients with spinal cord injuries with 
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paraplegia and quadriplegia, patients 
undergoing dialysis, those with acute head 
injuries in comatose states, patients with 
severe pain on weight-bearing joints and 
others in some medical conditions. 
Managing nutrition and progression in 
some of these conditions therefore poses a 
serious challenge in these groups of 
patients.  Most of the other elaborate and 
more sophisticated means of body 
composition determination methods like 
the underwater or total body water (TBW) 
weighing, dual energy X-ray absorptiometry 
(DEXA), body impedance analysis, near 
infra-red interactance method, etc, are 
either very limited or not available in 
clinical settings in Nigeria. Hydrostatic 
weighing is thought to be the most accurate 

1 , 2
for measuring body composition . 
However, many of these methods are useful 
in subjects who are able to stand and or 
ambulate and most of the time carried out 
on healthy people. Although Body 
Impedance Analysis (BIA) measurement 
can be taken in lying positions, it requires 
relatively expensive machine that regularly 
require calibration and standard placement 

3
of electrodes , and its measurements are 
also believed to be influenced by hydration 

2
level of the subjects . Computed tomography 
and magnetic resonance imaging are both 
very accurate for waist circumference but are 

4
impractical for routine clinical use . 
Specialized equipment such as a sitting scale, 
platform wheelchair scale or bed scale, is 
needed to weigh paraplegic persons. Such 
equipment is unfortunately either unavailable 

5or limited in developing countries . The 
infantometer is used to measure the recumbent 
length of neonates and infants from birth 

6through age 47months . Such equipment is 
also unfortunately either unavailable or 

5limited in developing countries .Researchers 
have used different regression equations to 
e s t i m a t e  w e i g h t  f r o m  s u r r o g a t e  

5, 7anthropometric measurements , but the 
usefulness or generalization of most of the 

methods have been limited by reliability in 
terms of repeatability among races, ethnic 
groups and other related factors.

The challenge has therefore created the 
need to develop a technique of horizontal 
body weight and height determination 
using anthropometric technique of height-
weight indexes, that is simple, inexpensive, 
and do not require heavy gadgetry. Such a 
technique should also lend itself to be used 
as surrogate to other body composition 
parameters like body mass index, in order 
that progression or otherwise in recumbent 
patients can be objectively monitored for 
proper clinical management and monitoring. 
The use of common, simple and 
inexpensive method of anthropometry 
which satisfies validation requirements 
becomes inexpedient. This informed the 
present pilot study where apparently 
healthy ambulant individuals were used as 
subjects to validate the instruments and the 
protocol.

Methodology
The present study is a prospective pilot 
study involving twenty-two (16males and 
6females) volunteer subjects drawn from 
among the staff of the University of Benin 
Teaching Hospital, Benin City, Nigeria. 
Inclusion criteria were normal ambulant 
persons able to stand and walk erect and 
devoid of any spinal abnormality or 
deformity like scoliosis or kyphosis. 
Exclusion criteria included having stiffness 
or contracture on any of the appendicular 
joints, limb length discrepancy or presence 
of any other physical deformity in a 
particular subject. The means and standard 
deviations for their age, body weights and 
heights were 31.20±7.47, 68.59±6.19 and 
1.72±0.05 respectively. 

The main instrument for the study 
contained an adaptation of the Guthri Smith 
apparatus frame to which a firm stretcher 
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and two spring balances were attached on a 
horizontal level reachable by the operators 
(Fig 1). The spring balances were suspended 
on the two ends of the stretcher and 
attached to the frame. The subjects laid 
supine on the stretcher and the weight 
stretch on the two springs were calculated 
and added together, and then subtracted 
from the initial weight of the stretcher on 
the spring balances. Two measurements of 
each subject were made and the average of 
these was recorded in kilograms. The 
subjects were also put on supine lying on a 
firm bed and a board each was placed 
against the head and on the feet of each 
subject (Fig 2). The length between the 
boards was measured with a non-
stretchable tape measure (Seca 201 tape 
measure; Seca, Hamburg, Germany) as the 
height of each subject and was recorded in 
meters. The body weight and height of each 
of the subjects were also measured with the 
conventional weighing scale (Hanson 
Limited, Ireland) and a stadiometer (Seca, 
England). All subjects had minimal clothing 
on during all measurements and all the 
measurements were taken in the morning 
before breakfast. All the participants gave 
informed consent to participate in the study.
The body mass index (BMI) was calculated 
for all the subjects with values of body 
weight and height obtained both in vertical 
standing and horizontal lying positions. 
Each participant's waist-to-hip ratio was 
also calculated from the values of the waist 
and hip circumferences of measurements 
taken in standing and lying positions with 
tape measures to the nearest 0.01 meters. 
The OMRON fat percentage monitor (BF 
302; Omron Co Ltd., Japan) device was also 
used to assess the percentage fat per height 
and fat mass per weight of each of the 
subjects in standing and lying positions. 
The values were recorded to the nearest 
percentage and kilogram respectively.

The obtained data were thereafter fed into 
SPSS version 16 for descriptive statistics of 
mean and standard deviation as well as the 
paired sample t-test.The t-test statistical 
method was used to test the significance of 
difference in the parameters measured in 
vertical standing and horizontal lying 
positions. Pearson's product moment 
correlation coefficient was also used to test 
the strength of relationship between 
measurements taken in vertical standing 
and horizontal lying positions. Significance 
level was set at 0.05.

Results
Twenty-two (22) apparently healthy 
subjects (16males and 6females) whose ages 
ranged between 26- 50 years (mean±SD= 
31.20±7.46) were recruited into this study. 
Their vertical standing body weights ranged 
between 58.00 – 79.20 (mean SD= 68.58 
±6.18) while their standing heights ranged 
between 1.60- 1.81 (mean SD= 1.72±0.06). 
The means and standard deviations of 
percentage fat per height, fat mass per 
weight, waist circumference and hip 
circumference measures on standing 
position were 14.50±4.12, 10.88±4.46, 
30.40±1.82 and 35.60±2.38 respectively. 
The means and standard deviations for 
body mass index and waist-to-hip ratio in 
erect standing position were 24.00±3.56 
and 0.85±0.06 respectively (Table 1). The 
mean and standard deviation for body 
weight, height, percentage fat per height 
and fat mass per weight measured in 
horizontal lying positions on the same 
participants were 66.00±13.17, 1.72±0.06, 
13.5±4.62 and 10.13±4.69 respectively. 
T h e  w a i s t  c i r c u m f e r e n c e ,  h i p  
circumference, body mass index and waist-
to-hip ratio were 29.57±1.57, 35.20±2.65, 
24.02±3.22 and 0.84±0.06 (Table 1). 

90....Journal of Medicine and Biomedical Research

©CMS UNIBEN JMBR 2013:12(2)



The results of the paired sample t-test 
showed that there was no significant 
difference between the body weight 
(t=0.910; p< 0.387), height (t= -0.978; p< 
3.54), percentage fat per height (t= 3.556; 
p< 0.16), and fat mass per weight (t=3.610; 
p< 0.15) measured at vertical standing and 
horizontal lying positions. In addition, t-
test statistics also showed that there was no 

significant difference between the body 
mass index (t=0.021; p< 0.984) and waist-
to-hip ratio (t= 1.221; p< 0.253) measured 
from both positions. However, there were 
significant differences in the waist 
circumference (t= 3.521; p< 0.007) and hip 
circumference (t= 2.953; p< 0.018) 
measurements taken in the two positions 
(Table 2).
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Body weight measurements taken in 
vertical standing and horizontal lying 
position were found to be positively 
correlated (r= 0.802; p< 0.005) with each 
other and with the body mass index 
computed from standing anthropometrics 
(r=0.772; p< 0.009).  The height 
measurements in both positions were also 
found to share high positive correlations 
(r= 0.931; p< 0.000). The results also 
revealed that the percentage fat per height 
taken in standing position was positively 
correlated with the one taken in horizontal 
lying position (r= 0.993; p< 0.000), the 
percentage fat per height in standing 
position was also positively correlated with 
waist-to-hip-ratio (r= 0.919; p< 0.10) 

calculated from standing weight and height 
anthropometrics and also with fat mass per 
weight in standing (r= 0.997; p< 0.000) and 
in lying positions (r= 0.990; p< 0.000). 
The waist-to-hip ratio measurements taken 
in standing and horizontal lying positions 
were also found to be highly positively 
correlated (r= 0.937; p< 0.000). The waist 
circumferential measurements in standing 
and lying positions were also found to share 
positive correlation (r= 0.914; p< 0.000). 
The result also revealed that body mass 
i n d ex  c a l c u l a t e d  f r o m  s t a n d i n g  
anthropometric parameters correlated with 
both waist circumference in standing (r= 
0.747; p< 0.013) and in horizontal lying 
positions (r= 0.664; p< 0.036). (Table 3).

Discussion
The aim of this study was to compare and 
relate the anthropometric body weight 
relative to height body composition 
measurement with the use of simple, cheap 
and readily available tools tried as a pilot 
study in apparently healthy individuals for 
validation for use in people with recumbent 
conditions.

This is the first known study comparing 
anthropometric parameters measured in 
standing and lying positions with the aim of 
validating the results from both positions in 
apparently healthy people as a pilot study for 
use in hospitalized and or recumbent patients. 
For this reason, there are no direct studies to 
use to buttress or refute our observations.
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The result of this study has revealed that 
body weight and height measurements 
taken in erect standing and horizontal lying 
positions are not significantly different. 
Weight relative to height provides essential 
information on the growth and nutritional 
status in an individual than either weight-
for-age or height-for-age alone. Weight-for-
height helps to determine and classify the 

8
nutritional status in the individual patient . 
Anthropometric and body composition 
assessments provide important information 
about the nutritional status of dialysis 

9patients . This study has also revealed that 
the body mass index (BMI) and waist-to-hip 
ratio derived from anthropometric 
measurements from vertical standing and 
horizontal lying positions parameters are 
not significantly different. Anthropometry 
is better than TBW, and as good as 
segmental impedance as methods of body 
composition prediction equations or 
methods, in predicting limb muscle mass in 

10
elder men of over 75years of age . BMI is 
considered the best way to use height and 

3weight to assess fatness . BMI is a measure 
of generalized obesity while WHR is a better 

11measure of abdominal (central) obesity . 
The study also revealed that percentage fat 
per height in standing is correlated with 
percentage fat per height in lying position, 
body mass index in lying position, waist-to-
hip ratio in standing and lying positions and 
fat mass per weight in standing. A good 
correlation between body fat percentage 
e s t i m a t e d  b y  a n t h r o p o m e t r i c  
measurements and bio-impedance and 
severity of a chronic disease called 
obstructive sleep apnea-hypopnea 
syndrome (OSAHS) has previously been 

12
reported in a study . The same authors also 
reported that the BMI derived from 
anthropometry correlated with the 
prediction accuracy, though to a lesser 
extent, of OSAHS derived from computed 
tomography. 

A correlation between the percentage fat per 
height and fat mass per weight measured 
with OMRON 320 body fat monitor (which 
uses the bio-electric impedance analysis 
t e c h n i q u e )  w i t h  a n t h r o p o m e t r i c  
measurements of body mass index and 
waist-to-hip ratio was found in this study. A 
similar observation has also been made in a 
study which stated that bioelectrical 
impedance analysis (BIA) has significant 
potential as a complement to standard 
anthropometric techniques for assessing 

13
the nutritional status of dialysis patients . 
Percentage body fat measured by the 
OMRON BF 302 fat monitor has been found 
to have strong positive correlation with 
body mass index in apparently healthy 

14individuals .

The present study has also revealed that 
there is a correlation between the body 
weight and height measured in standing 
and those measured in horizontal lying 
positions. There is no literature to buttress 
or refute this observation. However, the 
report of a study had revealed that 
measurement of height and weight in 
standing and lying are reliable, errors may 
arise more from practical standing rather 

15
than in lying . Weight changes over time 
may be informative. Authorities have 
linked percentage of weight changes which 
can be calculated to possibility of 
nutritional risk and posited that more than 
5% loss in a month or more than 10% loss in 

16six months are significant changes , and 
loss of more than 5% over one year may be 

17linked with increased mortality . The 
outcome of this study has also revealed a 
significant difference between the waist 
and hip circumferential measurements 
taken in standing and in lying positions. To 
our knowledge, there are no published 
reports to support or argue this observation, 
however, the report of a study on the 
v a l i d i t y  o f  w a i s t  c i r c u m f e r e n c e  
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measurement taken in supine position 
among  par t ic ipants  wi th  severe ,  
intellectual, sensory, and motor disabilities 
is biased towards higher value of standing 
waist circumference18. 

The waist circumference in standing was 
found to be correlated with supine lying 
waist circumference. Waist circumference 
has the potential to be a very useful tool for 
determining obesity in individuals with 
spinal cord injury (SCI) because it is 
relatively simple to obtain, can be 
monitored over time, and does not require 
estimation of height19. This study has also 
showed that the standing body weight is 
correlated with horizontal lying body 
weight, and the standing height is also 
correlated with the horizontal body height 
measured.

Conclusion
The findings of this study have shown that 
anthropometry in standing and supine lying 
are useful and related and may potent some 
gains for use in people with standing 
difficulties and or inabilities, especially in 
young and middle-aged patients with spinal 
cord injuries during their acute and 
rehabilitative stages.
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