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Abstract 
Four hundred medical inpatients admitted to Chulalongkorn University Hospital between 

February 1994 and January 1995 were recruited in a study which aimed to compare a number 
of long-bone measurements, in both the erect and supine position, with height and to reveal 
clinical appropriateness of long-bone measurements for predicting height and BMI in the Thai 
adult population. Arrnspan in both supine and erect positions, halfspan in both supine and erect 
position, and knee-to-floor height correlated best with height. The armspan and halfspan were 
shown to be reliable as a direct estimate for height in Thai adult subjects. The BMis calculated 
from the armspan or 2 x halfspan differed slightly from the BMI of height and were appropriate 
for nutritional assessment in clinical practice. For frail patients whose armspan and halfspan was 
not able to be measured, the knee-to-floor height is an alternative long-bone measurement 
for height prediction. 

Height is an essential variable for calcu­
lating body mass index (BMI) which has been 
widely used for nutritional assessment0-5). Unfor­
tunately, the use of BMI is limited by measurement 
of height in many immobile and kyphoscoliosis 
patients. This limitation is not uncommon in the 
elderly which makes nutritional assessment more 
difficult. Armspan and many long-bone lengths 
have been investigated for height estimation(6-13) 
and various height-predicted formulas or nomo-

grams have been reported. However, the previous 
studies paid more attention to statistical signifi­
cance of height prediction than to clinical signifi­
cance of BMI estimation which is a desirable index 
calculated from weight and height. The present 
study aimed to compare a number of long-bone 
measurements in both the erect and supine position 
with height and to reveal clinical appropriateness 
of long-bone measurements for height and BMI 
prediction in the Thai adult population. 
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SUBJECTS AND METHOD 
Four hundred medical inpatients admitted 

to Chulalongkorn University Hospital between 
February 1994 and January 1995 were studied. The 
subjects were able to ambulate without difficulty 
and were willing to participate in the study. Indi­
viduals with clinical evidence of kyphoscoliosis or 
edema from whatever cause were excluded. The 
weight and height of all subjects were measured 
using the same instrument. Length of long-bones 
was measured using a flexible tape on which a 
scale had been calibrated with a scale of the height­
measuring instrument. All measurements were 
collected by a single observer (SM). 

Measurement technique of height and 
other anthropological indices described in the 
reports of Haboubi(ll) and Kwok(12) were used 
in this study. Height was read to the nearest milli­
meter while the subject stood upright against a 
wall with their head positioned in the Frankfurt 
plane. Armspan in the erect position (ASS) was 
measured with the subject standing erect with back 
against the wall and arms outstretched at right 
angles to the body with palms facing forward. The 
measurement was taken from fingertip to fingertip, 
passing in front of the clavicles. Arm span in the 
supine position (ASL) was measured with the 
subject lying on one pillow in bed and arms out­
stretched at right angles to the body with palms 
facing upward. The measurement was taken from 
fingertip to fingertip, passing in front of the cla­
vicles. Left halfspan in the erect (HAL) and supine 
(HAS) positions were taken from the center of the 
sternal notch in the midline to the fingertip of the 
left hand while the subject was in the position of 
arm span measurement. Total arm length was 
taken from the tip of the acromial process to the 
end of the styloid process of the ulna on the left 
arm in both the erect position with arm hanging 
down (TAS) and the supine position while lying 
on one pillow (TAL). Upper-arm length was taken 
from the tip of the acromial process to the olecra­
non on the left arm in both the erect position with 
arm hanging down (UAS) and the supine position 
while lying on one pillow (UAL). Forearm length 
was taken from the olecranon to the styloid pro­
cess of the ulna on the left arm in both the erect 
position with arm hanging down (FAS) and the 
supine position while lying on one pillow (FAL). 
The tibial length (TL) was taken from the proximal 
medial border of the tibia to the medial maleolus 

in the sitting positiOn. The knee-to- floor height 
(KF) was taken from the anterior surface of the 
thigh to the floor with ankle and knee each flexed 
at a 90 degree angle in the sitting position. The 
reading of long-bone measurements was taken to 
the nearest millimeter. Body mass index (BMI) of 
height was defined as weight/height2 (kg/m2). 
Body mass index of predicted heights were defined 
as weight/(predicted height2). 

The correlation coefficients (r) between 
anthropometric indices were analysed. Multiple 
regression analysis was used to measure the rela­
tionship between height, age and each of the mea­
sured long-bone lengths in male and female sub­
jects. Height-predicting formulas of long-bone 
length were obtained from the multiple regression 
models. Predicted heights of each long-bone 
lengths were calculated from these formulas. Con­
ventional estimation of height by the armspan and 
the halfspan x 2 were also considered. BMI of 
these predicted heights were calculated. Mean, 
standard deviation and 95 per cent confident inter­
val of the difference between BMI of height and 
the predicted BMis were computed. Correlation 
coefficients (r) between BMI of height and BMis 
of various predicted heights were obtained. Student 
t tests were used to compare the mean and stan­
dard deviations of different groups. SPSS pro­
gramme was used for statistical analysis. 

RESULTS 
Mean age and its standard deviation (SD) 

of the 400 subjects recruited in the study were 48.3 
and 15.7 years respectively. The minimum and 
maximum age were 15 and 79 respectively. One 
hundred and seven subjects (26.8%) were male of 
which their mean age (SD) was 50.2 (15.2) years. 
Two hundred and ninety three subjects (73.3%) 
were female of which their mean age (SD) was 
47.6 (15.9) years. Thirty per cent of the subjects 
were aged 60 and over. Mean (SD) of height and 
various long-bone lengths by sex and age are 
shown in Table 1. Good correlation between height 
and most of the long-bone lengths was demon­
strated (Table 2). The long-bone lengths which had 
good correlation coefficient (7 or more) in both 
male and female subjects were the ASL, ASS, 
HAL, HAS and KF. These 5 long-bone lengths 
were selected for further analysis. Correlation 
between height and other anthropometric indices 
in men was better than that in women. Better cor-
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'fable 1. Mean (standard deviation) of height and various long-bone lengths by sex and age*. 

All Sex Age group 

subjects Men Women Young subjects Elderly subjects 
(N=400) (N = 107) (N = 293) (N = 280) (N = 120) 

Height (em) 160.5 (6.7) 167.0 (6.6) 158.2 (5.0) 160.5 (6.8) 160.6 (6.6) 
ASL (em) 163.0 (8.1) 171.2 (8.0) 160.0 (5.6) 162.8 (8 I) 163.3 (7 9) 
ASS (em) 161.1 (8.1) 169.3 (7.9) 158.1 (5.8) 160.9 (8.1) 161.4 (8.0) 
HAL(em) 81.5 (4.2) 85.6 (4.1) 80.0 (3.0) 81.5(41) 81.6 (4.3) 
HAS (em) 80.8 (4.1) 84.8 (4.2) 79.4 (3.0) 80.8 (4.2) 81.0 (4.0) 
TAL(cm) 54.7 (3.6) 57.4 (3.2) 53.7 (3.2) 54.6 (3.7) 54.9 (3.3) 
TAS (em) 55.8 (3.4) 58.4 (3.3) 54.8 (2.9) 55.6 (3.4) 56.2 (3.3) 
UAL(cm) 29.6 (2.4) 31.2 (2.2) 29.1 (2.2) 29.5 (2.3) 29.9 (2.5) 
UAS (em) 30.8 (2.5) 32.1 (2.5) 30.4 (2.3) 30.7 (2.5) 31.2 (2 3) 

FAL(cm) 25.7 ( 1.7) 27.0 (1.8) 25.3 (1.3) 25.7 (1.7) 25.8 (1.6) 
FAS (em) 25.9 (1.7) 27.2 (1.7) 25.4 (1.3) 25.8 (1.7) 26.0 (1.6) 
TL(cm) 41.3 (3.3) 43.0 (34) 40.6 (3.1) 41.2 (3.4) 41.5 (3.3) 
KF(em) 48.5 (2.5) 50.5 (2.7) 47.8 (2.0) 48.6 (2.5) 48.5 (2 6) 

*Detail of abbreviated names - see text 

Table 2. Correlation between height and long-bone length in all subjects and by sex and age. 

Correlation with height 

All subjects Men Women Age 15-59 Age 60 years 
years and over 

ASL 0.8841 * 0.8592* 0.7947* 0.8897* 0.8715* 
ASS 0.8848* 0.8673* 0.7921 * 0.8931 * 0.8656* 
HAL 0.8472* 0.8449* 0.7175* 0.8788* 0.7767* 
HAS 0.8653* 0.8385* 0.7706* 0.8639* 0.8701 * 
TAL 0.7280* 0.7739* 0.5854* 0.7105* 0.7809* 
TAS 0.7186* 0.6428* 0.6109* 0.7142 0.7363* 
UAL 0.5953* 0.5607* 0.4536* 0.6464* 0.4873* 
UAS 0.5045* 0.3438* 0.4641 * 0.5104* 0.4983* 
FAL 0.6585* 0.5600* 0.5260* 0.6302* 0.7294* 
FAS 0.7221 * 0.6687* 0.5950* 0.7084* 0.7597* 
TL 0.5116* 0.4166* 0.4351 * 0.4986* 0.5462* 
KF 0.8273* 0.8304* 0.7295* 0.8466* 0.7863* 

*p<O.OOI 

Table 3. Height-predicted formulas by using long-bone length of male and female subjects which were 
obtained from multiple regression analysis. 

Long-bone measurement 

ASL 
ASS 
HAL 
HAS 
KF 

Men 

0.7 [ASL] + 46.38 
0.72 [ASS] + 44.32 
1.34 [HAL] + 52.29 

1.3 [HAS] + 56.69 
2.01 [KF] + 65.16 

Women 

0.71 [ASL] + 44.77 
0.69 [ASL] + 49.01 
1.18 [HAL]+ 63.74 
1.28 [HAS] + 56.49 

1.81 [KF] + 71.61 
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relation between height and other anthropometric 
indices of young subjects, compared to those of the 
elderly subjects, was also demonstrated (Table 2). 
Height-predicted formulas of selected long-bone 
lengths in male and female subgroups were 
obtained from multiple regression analysis (Table 
3). Age was not an independent variable of height 
and not recruited in these formulas. 

Predicted height derived from formulas of 
the ASL, ASS, HAL HAS and KF were used for 
computing BMI. Abbreviated names were used 
including BMI(f-ASL), BMI(f-ASS), BMI(f-HAL), 
BMI(f-HAS) and BMI(f-KF) for the BMI calcu­
lated by the predicted height of the ASL, ASS, 
HAL, HAS and KF respectively. The ASL and ASS 
were directly used as estimated height of the sub­
jects and abbreviated names of the BMI calculated 
from these estimated heights used in this report 
were BMI(ASL) and BMI(ASS) respectively. 
Twice the HAL and HAS were also used as esti­
mated heights and the BMI calculated from these 
height estimations were computed. Abbreviated 
names for them were BMI(2HAL) and BMI(2HAS) 
respectively. Abbreviated name for BMI of height 
was BMI(HT). 

The differences between the BMI calcu­
lated from height and the BMis calculated from 
long-bone lengths were computed. Mean, standard 
deviation and 95 per cent confident interval of the 
BMI-differences are shown in Table 4. Almost 
all 95 per cent confident intervals of the BMI-dif­
ferences were within the range of the -1 to 1 kgfm2 
in both men and women subgroups. There was a 
statistically significant difference between the 
BMI-differences of male and those of female sub­
jects. However, no statistically significant dif­
ference between the BMI-differences of young and 
those of aged subjects. Correlation coefficients of 
correlation between the BMI(HT) and those of 
selected long-bone lengths were excellent (Table 5). 

DISCUSSION 
This study demonstrated that only the 

ASL, ASS, HAL, HAS and KF have good corre­
lation with height in both male and female sub­
jects. Both armspans measured in supine and erect 
positions had the best correlation with height and 
confirmed that armspan approximates to height at 
maturity04,15). Correlation in men and young sub­
jects was better than that in women and elderly 
subjects. The differences between correlation co-

Table S. Correlation between body mass index cal­
culated from height and body mass index 
calculated from various long-bone length* 
in all subjects. 

BMI(ASL) 
BMI(ASS) 
BMI(2HAL) 
BMI(2HAS) 
BMI(f-ASL) 
BMI(f-ASS) 
BMI(f-HAL) 
BMI(f-HAS) 
BMI(f-KF) 

* Detail of abbreviated names - see text 
** p < 0.001 

Correlation coefficient 

0.9552** 
0.9547** 
0.9241** 
0.9443** 
0.9652** 
0.9649** 
0.9501** 
0.9592** 
0.9442** 

efficients in men and women were considerably 
wider than the differences between correlation co­
efficients in young and elderly subjects. Thus, we 
decided to perform a multiple regression analysis 
in men and women separately. We also considered 
only the ASL, ASS, HAL, HAS and KF in further 
analysis. 

Age was not included in the multiple 
regression models suggesting that age was not an 
independent factor of height in this population. A 
probable explanation is that subjects in this study 
were relatively young whose height reduction was 
not significant. Because it takes a 20-year period 
or more for a significant secular reduction of height 
in humans06,17), association between age and 
height might be obscured in a relatively young 
population. Similar results were shown in other 
studies02,18). In the present study, subjects with 
clinical evidence of kyphoscoliosis were not in­
cluded (most of them were aged 70 years or more). 
Because the objective of this study was to deter­
mine the clinically appropriate long-bone measure­
ments for height and BMI prediction in Thai adult 
subjects, it was reasonable that pathological con­
founders of height were excluded. 

Because height is an essential variable for 
calculating body mass index (BMI) which has been 
widely used for nutritional assessment, effect on 
BMI should be of the most concern in evaluating 
clinical appropriateness of any predicted height. 
For this reason, difference between the BMI(HT) 
and the predicted BMis from various long-bone 
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measurements were considered. It was clearly 
shown in this study that the differences between 
the BMI(HT) and the other predicted BMis were 
rather small and was not clinically significant for 
using these predicted BMI instead of the BMI(HT) 
in nutritional assessment. It also suggested that 
there was no clinical advantage in using the for­
mulas from the multiple regression model over the 
simple use of armspan or 2 x halfspan. Therefore, 
estimated height directly from the ASL, ASS, 
HAL and HAS are practical in clinical practice. 
However, it has been shown that the KF is more 
feasible for measuring than the armspan in frail 
elderly patients09). Thus, the KF and its formula 
for predicting height would be an alternative 
method· in frail subjects. Excellent correlation 
between the predicted BMI and the BMI(HT) was 
demonstrated in this study and confirmed the cli­
nical value of using these long-bone lengths for 
predicting height in clinical practice. 

In conclusion, the armspan and halfspan 
are reliable estimates for height in Thai adult sub­
jects. There is no need to use any formula or nomo­
gram. The BMis calculated from the armspan or 
halfspan correlate well with the BMI of height and 
are appropriate for nutritional assessment in eli-

nical practice. For frail patients whose armspan 
and halfspan are not able to be measured, the 
knee-to-floor height is an alternative long-bone 
measurement for height prediction. 

SUMMARY 
Four hundred medical inpatients admitted 

to Chulalongkorn University Hospital between 
February 1994 and January 1995 were recruited in a 
study which aimed to compare a number of long­
bone measurements, in both the erect and supine 
position, with height and to reveal clinical appro­
priateness of long-bone measurements for pre­
dicting height and BMI in the Thai adult popula­
tion. Armspan in both supine and erect positions, 
halfspan in both supine and erect positi.ons, and 
knee-to-floor height correlated best with height. 
The armspan and halfspan were shown to be reli­
able as a direct estimate for height in Thai adult 
subjects. The BMis calculated from the armspan 
or 2 x halfspan differed slightly from the BMI of 
height and were appropriate for nutritional assess­
ment in clinical practice. For frail patients whose 
armspan and halfspan are not able to be measured, 
the knee-to-floor height is an alternative long-bone 
measurement for height prediction. 

(Received for publication on October 17, 1996) 
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