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Height is an important clinical parameter. However, there were no specific measurements available for particular
clinical situations. Although many anthropometric measurements were suggested, no formula was recommended
in Thailand. The objective of this study was to develop a formula for height prediction with acceptable validity.
Two thousand volunteers were included and were divided consecutively according to both age and gender. Model
and validation groups were further separated independently. Linear regression was analyzed to create a predictive
formula. Ten parameters were included and analyzed. Of these, demispan, sitting height and knee height were se-
lected with a correlation coefficient of more than 0.5 and significant F test in all age groups and genders. All sin-
gle parameters and the highest predictive value of double (sitting and knee height) and triple regression models
(demispan, sitting and knee height) were proposed and these were modified into a simple formula. After valida-
tion of both formulas the correlation, quantitative error and relative error were comparable. The simple formula
had more than 90% precision with an error of up to 10 cm in the validation group (89.7 to 99.0% in range). Of
these, knee height had the least predictive error in all subgroups. The double and triple models had decreased er-
ror only in the younger group. In summary, anthropometric parameters with demispan, sitting height, knee height
and combination could be applied to height prediction in the adult Thai with acceptable error. These formulas

should be applied only in people who could not be directly measured.
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INTRODUCTION

Height is an important clinically measured parameter
along with BMI and body surface area calculation. These
measurements play an inevitable part in drug dose ad-
justment, nutrition assessment and requirements, as well
as for risk stratification.'” Nevertheless, there are some
limitations for obtaining this crucial information in spe-
cial clinical situations such as immobilized patients, eld-
erly people, emergency and critically ill patients. Of these
situations, visual estimation is one of the most common
methods to guess the patient height. However, this
method has an unreliable result. A study of pre-operative
supine patients used visual estimation for height by dif-
ferent observers demonstrating marked variation in the
ability to assess these characters accurately.* A more sci-
entific method was recommended by the prediction of

patient stature via the anthropometric measurement model.

Although there were many suggested formulas for height
prediction with some selected anthropometric measure-
ments such as ulnar length, knee height, hand dimension,
demispan and arm span, and an inaccurate prediction may
occur due to the relationship between the anthropometric
measurement and height depending on ethnic specific
differences, gender and age.”"> With our best knowledge,

even though there are some studies of stature prediction
in the Asian population, all of them focused on elderly
people and there is no suggestive formula to predict
height in Thailand."*"” Therefore, the objective of this
study was to get a more appropriate model to predict
height by anthropometric measurement in the adult Thai
population.

MATERIALS AND METHODS

The authors enrolled healthy Thai volunteers by an invita-
tion announcement in the Faculty of Medicine, Chiang
Mai University via public information posters and the
hospital web site. Four research assistants were trained in
the measurement method for each anthropometric pa-
rameter and reliability testing was performed before data
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Table 1. Methods of anthropometric length parameter measurements

Parameters (cm)  Position

Point of measurement method

Height Standing with bare feet

Demispan Supine or sitting with shoulder full ex-

tension laterally

Biaxillary length ~ Supine or sitting with arm adduction

close to body

Neck length Sitting with fully neck extension

Humeral length ~ Supine or sitting with 90 degree elbow

flexion

Forearm length ~ Supine or sitting with elbow extension

Hand length Supine or sitting

Sitting height Sitting in fully erect posture

Thigh length Sitting position or supine with 90 degree
flexion of knee and 30-45 degree of hip

Knee height Supine or sitting with 90 degree flexion
of knee and neutral of ankle

Foot length Supine or sitting

Vertically in midline from heel to vertex (the topmost position of
the head)

At ventral surface, started from mid manubrium passed over shoul-
der, elbow and wrist to tip of third finger.

At ventral surface, measurement side to side at the junction of del-
topectoral groove and anterior axillary fold

At posterior, started at external occipital protuberance to tip of
spinous process of 7™ cervical spine (vertebral prominens at root of
neck).

At lateral aspect, started point at tip of acromioclavicular eminent
to tip of olecranon of elbow of non-dominant arm.

At palmar surface, started at olecranon process of elbow to the
prominent bone of wrist (styloid process) of non-dominant arm.

At (palmar surface, started at last crease of wrist to tip of mid finger
(3™ finger) of non-dominant hand.

Vertically in the midline from upper border of sitting chair to vertex
(the topmost point of the head). (Figure 1)

From mid inguinal point directed to upper border of patella on ven-
tral surface.

At lateral aspect, started point under the heel of foot and passed
over the lateral malleolus to the upper most point of femur
condyles. (about 4 cm. proximal to the patella).

From the tip of heel at posterior to tip of first toe.

Demispan

Biaxillary length

y W— Thigh |

C
C. |e—>|

Foot length

Figure 1. Measurement of anthropometric length parameters

collection. We excluded volunteers whose age was less
than 18 years old, amputated limb(s), inability of ambula-
tion, inability to lie down, chronic disease which might
interfere with measured parameters such as liver cirrhosis,
renal failure, chronic steroid use and edematous limb(s).
This study was approved by the Faculty of Medicine,
Chiang Mai University Ethics Committee.

We measured and collected height, demispan, bi-
axillary length, humeral length, forearm length, hand
length, thigh length, knee height and foot length with a
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standard measuring tape utilizing the same reference
points. Details of the method of measurement were de-
scribed in Table 1. All parameters were recorded in cm.
The estimated sample included was at least 200 healthy
volunteers. However, age and gender were concerned as
interactive parameters. Therefore, we further divided the
age group into elder and younger group with a cut-off
point for age at 60 year-old, based on the official retire-
ment age in our country as well as our previous work
which suggested significantly difference body composi-
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tion in Thai people above this cut-off point.'"® With these
determinations, we intended to collect at least 200 volun-
teers in each age group and gender. We expected incom-
plete data of about 20%. Therefore, we expected a data
collection of 250 volunteers in each subgroup. Due to
external validation after modeling, we also collected the
same sample size for this purpose. Therefore, the overall
sample was two thousand volunteers.

All of the continuous variable data between age group
and gender were tested for normal distribution with a vis-
ual inspection of the histogram and the Shapiro-Wilk W
test and reported as mean+SD. Group differences were
calculated using Student’s ¢ test for normally distributed
continuous variables and Mann-Whitney U test for non-
parametric continuous variables. The same groups with
the different formula measurements of error and relative
error were calculated using paired ¢ test for normal distri-
bution and Wilcoxon sign rank test for nonparametric
continuous variables. The univariable and multivariable
linear regression models were used to identify the rela-
tionship between independent variable(s) and height. A

statistical difference was defined as p-value less than 0.05.

Parameters selection, modeling and validation

Two thousand volunteers were separated consecutively
and independently into four groups by age group and
gender. Each group was further consecutively divided
into two groups, the model group and the validation
group, which were independent with an equal size of vol-
unteers.

For parameter selection, five-hundred volunteers in
each group were used in these processes. These were per-
formed first by testing the interaction of age group and
gender based on a previous hypothesis. Parameters were
decided via modeling selection by correlation value and
significant model fitting R square test (F-test). We deter-
mined parameters which were put into the model predic-
tion that should have a correlation coefficient of more
than 50% and significant fitting model R square test in all
subgroups.

After the parameters selection, modeling creation was
performed by linear regression in each modeling sub-
group sample of 250 volunteers. Individual and combina-
tion model were selected based on R square value, log
likelihood, Akaike’s information criteria (AIC) and

Bayesian’s information criteria (BIC). Parameters which
had multicollinearity property were excluded. Single,
double and triple parameters were proposed for the final
linear regression models. The coefficient and intercept of
the model had been confined to a simple number which
was defined as a simple linear regression formula.

For external validation, predicted height was calculated
and the difference was compared to the actual height in
the other equal sized volunteer in each validation sub-
group of 250 volunteers. The deviated value was reported
in error quantity and relative error to actual height in per-
centages. Original regression formulas and modified sim-
ple formulas were compared together with correlation
coefficient, error quantity and relative error. The level of
error and relative error were divided into four groups, <5,
5-10, 10.1-20 and more than 20 % respectively. Agree-
ments of two methods were tested by kappa statistics
based on error level.

RESULTS

From May 2010 to May 2011, a total of two thousand
volunteers were divided into groups of five hundred each
in accordance with age group and gender. Eleven parame-
ters of height, length and span were demonstrated in Ta-
ble 2. Of these, all parameters were significantly different
between gender and age group except humeral length,
forearm length, hand length and thigh length between age
groups in females. Of these differences, we suspected an
interaction of these parameters to the height prediction
model and beta coefficient which was tested in selected
predicted parameters (knee height, demispan and sitting
height). The authors found significant interaction within
gender and the defined age group. Interaction between
age and predictive parameters in each gender and age
group of younger (<60 years) and older (>60 years) indi-
viduals were tested again before formula creation. The
authors found that there were no significant difference of
interaction between age and predictive variables of knee
height, demispan and sitting height in all subgroup.
Therefore, the authors divided the prediction model in
each age group and gender and did not add an age vari-
able into the predictive parameters model. To select pa-
rameter to model, the authors’ consideration was based on
the correlation coefficient (r), R square value (R?) and F
test which are demonstrated in Table 3 for each subgroup.

Table 2. Anthropometric length parameters by gender and age group

Measurement Male* Female™
<60 yrs > 60 yrs <60 yrs > 60 yrs

parameters (cm) (n=500) (n=500) P (n=500) (n=500) P
Height 166.1+6.0 162.1£7.2 <0.01 155.1+£5.4 151.9+6.4 <0.01
Demispan 86.9+4.9 84.2+5.3 <0.01 79.9+4.1 79.4+4.5 0.05
Biaxillary length 38.8+3.5 36.343.6 <0.01 36.2+4.2 35.743.8 0.04
Neck length 10.3£1.2 9.8£1.2 <0.01 9.8£1.4 9.6£1.1 <0.01
Humeral length 36.3£3.4 34.2+4.6 <0.01 33.543.0 33.243.3 0.15
Forearm length 25.0+£2.3 24.5+2.4 <0.01 23.2+£2.0 23.1£2.1 0.45
Hand length 18.4+1.2 18.1£1.4 <0.01 17.1£1.1 17.2+1.2 0.28
Sitting height 85.9£3.9 82.245.3 <0.01 81.0£3.3 78.3+4.5 <0.01
Thigh length 39.3+4.0 38.7+3.7 <0.01 35.243.1 35.243.4 0.89
Knee height 48.6+3.3 47.3+3.7 <0.01 42.143.0 43.143.6 <0.01
Foot length 24.9+1.5 24.4+2.1 <0.01 22.5+1.3 23.0+1.7 <0.01

* p <0.01 for all comparisons between males and females
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Table 3. Correlation coefficient(r), adjusted R* and p-value for anthropemetric length parameters and actual height

M Male Female
casurement <60 yrs (n=500) > 60 yrs (n=500) <60 yrs (n=500) > 60 yrs (n=500)

parameters " R > " R > " R > " R p
Demispan 055 027 <001 058 028 <001 052 030 <00l 053 034 <0.01
Biaxillary length 020 0.04 096 035  0.08 048 020 004 058 028 012 0.5
Neck length 0.17 001 037 024 008 012 0.08 003 052 028 006 0.2
Humeral length 041 0.08 <0.01 030 0.0 0.5 028 0.6 003 031 009 072
Forearmlength 035  0.08 <0.01 035 0.04 020 028 012 <0.01 021 012 076
Hand length 039 015 037 047 013 093 039 015 012 037 022 072
Sitting height 059 035 <001 054 027 <001 059 035 <001 052 029 <0.01
Thigh length 061 020 021 071 040 <0.01 0.44 037 <001 064 051 <0.01
Knee height 0.87 042 <001 091 072 <0.01 0.65 076 <001 085 084 <00l
Foot length 043 022 010 051 017 0.0l 048 0.9 <001 041 026  0.89

1= correlation coefficient, R*= Adjusted R-square

Only three parameters (demispan, sitting height and knee
height) were chosen for model prediction which was pre-
viously mentioned in the selection criteria. Even though
we did not include some parameters in the model predic-
tion because there was less correlation coefficient and the
F test was not significant in every subgroup, the humeral
length, forearm length and thigh length had potential
trends in some volunteer groups.

After parameter selection, model creations were per-
formed by linear regression in the modeling group of 250
volunteers each. All single parameters were selected to
create a regression model formula in each subgroup and
demonstrated in Table 4. For double and triple parameters,
the authors selected only the most beneficial in the addi-
tional parameter for outcome predictions by comparing R
square, log likelihood, AIC and BIC in each model. The
authors found that together the predictive model of dou-
ble parameter between sitting height and knee height had

20

Over-estimation

10

Under-estimation

Error [Predicted - Actual (cm)]

gl, (A). Male < 60 years
140 150 160 170 180
Actual height (cm)
[l
[o\]

Over-estimation

e
2
Té 7:‘&_3%% é JRV AN ———
o T [x o
< ; T
D o+ % 63 X
(5] A Q X
L r—
T o . LLEE -
&, ' | Under-estimation Sa g 8
bt
é &1 (O). Female < 60 years o
140 150 160 170 180

Actual height (cm)

Error [Predicted - Actual (cm)]

Error [Predicted - Actual (cm)]

the highest predictive capacity with the above criteria in
which R? in males and females were 0.79 to 0.82 and 0.68
to 0.71, respectively. In addition, these parameters also
had the lowest AIC and BIC values when compared to the
other double selected parameters model. For triple pa-
rameters, multicollinearity of parameter in model oc-
curred when knee height and thigh length were combined
in the model in the younger male group. The most pre-
dictable model of triple parameters included demispan,
sitting height and knee height, which demonstrated the
regression model in Table 4 in each subgroup. For these
criteria, the authors proposed five models for height pre-
diction in each subgroup. As the formula difficulty was a
concern, the original regression formulas were adapted
into modified simple formulas. The coefficient and inter-
cepts were adjusted to the nearest integer number and
produced better psychological understanding.
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(C). Female <60 years. (D). Female >60 years.



Height prediction in Thai 351
Table 4. Height prediction and error by regression and modified simple formula
Parameters Regresmgrn rf E® RE # SlmpleT rf EX RE ¥
formula formula
Male<60
D 118.75+0.55(D) 0.67 4.1+£3.0* 2.5+1.9*% 120+0.5(D) 0.67 4.4+3.3%* 2.5+1.9%
(-13.1/18.5) (-7.3/13.1) (-16.0/16.0) (-9.0/11.3)
S 88.60+0.90(S) 0.59 4.1+£2.9%* 2.5+1.7* 85+1.0(S) 0.59 5.9+3.9* 2.5+1.7*
(-12.6/16.0)  (-7.2/11.3) (-8./20.0)  (-4.6/14.2)
K 89.44+1.58(K) 0.87 2.541.8 1.5£1.1 90+1.6(K) 0.87 2.842.0 1.68+1.3
(-12.7/8.7) (-7.1/5.6) (-11.2/10.4)  (-6.5/5.6)
SHK 72.75+0.30(S) 0.89 2.3+1.7* 1.40£1.1% 70+0.3(S) 0.89 3.0+£2.2 1.8£1.3
+1.40(K) (-11.6/8.9) (-6.5/5.6)  +1.4K) (-14.4/6.1)  (-8.1/3.9)
D+S+K 69.27+0.09(D)+ 0.90 2.2+1.7* 1.34+1.0%* 70+0.1(D)+ 0.90 2.6+£2.0%* 1.5£1.2%
0.27(S)+1.35(K) (-12.6/8.3) (-7.1/5.2)  0.3(S)+ 1.3(K) (-10.8/10.0)  (-6.1/6.3)
Male>60
D 83.80+0.92(D) 0.51 5.3+4.1* 3.242.5% 80+1.0(D) 0.51 5.1+4.1* 3.242.7*
(-20.0/17.4)  (-11.7/12.4) (-18.0/20.0)  (-10.6/14.3)
S 79.93+0.99(S) 0.51  5.3+4.4% 3.342.6%  80+1.0(S) 0.51  5.2+42% 3042 6%
(-22.8/18.6)  (-13.0/13.3) (-22.0/19.5)  (-12.6/13.9)
K 80.31+1.73(K) 0.92 2.2+1.3 1.4+0.8 80+1.7(K) 0.94 2.4+1.9 1.5£1.2
' (-5.7/5.3) (-3.3/3.4) (-7.6/3.6) (-4.3/2.3)
SHK 64.90+0.29(S)+ 0.92 2.3£1.5 1.4+0.9 65+0.3(S) 0.93 2.6£2.0 1.6£1.2
1.55(K) (-8.3/5.6) (-4.93.5)  +1.5K) (-9.9/4.2) (-5.8/2.6)
D+S+K 53.56+0.29(D)+ 0.92 2.7+1.8*% 1.5£1.2 55+0.3(D)+ 0.93 4.6+2.6* 2.8+1.6*
0.25(S)+1.33(K) (-10.7/5.3) (-6.4/3.5)  0.2(S)+1.3(K) (-13.52.1)  (-8.1/8.9)
Female<60
D 101.92+0.67(D) 0.65 3.6£3.0 2.3£2.0 100+0.7(D) 0.65 3.6£3.1* 2.44+2.1%
(-21.5/17.5)  (-12.3/12.5) (221.1/18.1)  (-12.1/12.9)
S 88.4+0.82(S) 0.56 3.743.1* 2.442.0* 90+0.8(S) 0.56 3.743.1* 2.442.0*
(-18.5/15.6)  (-5.8/9.8) (-18.6/15.4)  (-10.6/10.6)
K 108.27+1.11(K) 0.70 3.24£2.6 2.1£1.7 110+1.0(K) 0.70 42429 2.7+1.8
(-10.1/14.0)  (-6.0/7.2) (-14.0/11.0)  (-8.0/7.7)
SHK 74.41+0.52(S) 0.77 2.9+2.3%* 1.9+£1.5% 75+0.5(S) 0.76 3.3+2.4* 2.1+£1.5%
+0.92(K) (-10.5/13.0)  (-6.092)  +0.9(K) -12.6/112)  (-7.2/7.8)
DS+K 60.36+0.30(D)+  0.79 3.142.4 20615 60+0.3(D)+ 0.81 3.9429 2.541.9
0.45(S)+0.80(K) (-10.5/10.3)  (-6.0/7.2)  0.5(S)+0.8(K) (-9.6/14.3)  (-5.4/10.1)
Female>60
D 96.82+0.70(D) 0.57  4.4+3.5* 3.042.4*  95+0.7(D) 0.57  4.543.5% 2.9+2 3%
(-20.0/19.8)  (-11.4/9.9) (-21.8/18.0)  (-12.8/14.3)
g 73.5+1.00(S) 0.46 5.0£3.9% 3.3+£2.5% 75+1.0(S) 0.46 5.1+4.0* 3.44+2.7*
(-25.5/17.0)  (-15.9/12.6) (-24.0/18.5)  (-15.0/13.8)
K 87.49+1.50(K) 0.87 2.71£1.94 1.8£1.3 87+1.5(K) 0.87 2.7£1.9 1.78+1.31
(-6.0/9.0) (-3.9/6.3) (-6.5/8.5) (-4.2/6.0)
SHK 64.36+0.43(S) 0.87 2.6£2.0 1.7£1.3 65+0.4(S) 0.87 4.1+£2.8%* 2.7+1.8%
+1.25(K) -11.4/10.0)  (-6.7/6.8)  +1.2(K) (-15.4/5.8)  (9.1/4.0)
D+SHK 52.19+0.24(D)+ 0.87 2.6£2.2 1.7£1.5 50+0.2(D)+ 0.85 4.1+£3.0%* 2.7+1.9%
0.41(S)+1.14(K) (-13.4/5.8) (-8.4/6.6)  0.5(S)+1.0(K) (-19.3/5.4)  (-12.1/3.7)

T Formula derived from ‘modeling groups (250 in each subgroup), ! Correlation coefficient and error calculated from validation groups
(250 in each subgroup). ¥ Mean+S.D. (minimum / maximum), * p<0.05 when comparing to knee height model error or relative error.

r= correlation coefficient, E= Absolute error (cm), RE = Relative error [Relative error=(Predicted height — Actual height) x 100/(Actual
height)], D=Demispan, S=Sitting height, K=Knee height, S+K= Sitting and Knee height, D+S+K= Demispan, sitting and knee height.

In the regression model, the correlation co-efficient
ranged from 0.46 to 0.92. Of these, the leg length or knee
height model had the highest prediction in the single pa-
rameters formula. However, there was a slightly lower

and comparable correlation coefficient with the double
and triple parameters. Error and relative error in the sin-
gle parameters were significantly lower in the knee height
model, except for the demispan model in the younger
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female group. Although the reason for this phenomenon
is unknown, there was also a tendency for difference in
both error and relative error with p-value as 0.10. As a
reference in the knee height formula, the double parame-
ter models had a significantly decreased error only in the
younger ages in both genders, while the triple parameters
model had more precision in the younger male group
when compared with the knee height model. Error and
relative error on increasing age had equal distribution in
each subgroup of age and gender in both regression- and
simple formulas.

For simple formula validation, in which intercepts and
coefficients were adjusted, correlative coefficient, error
quantity and relative error between original and modified
formulas were calculated and compared. The correlation
coefficients in each formula were comparable. In addition,
kappa agreements between original and modified formu-
las were also comparable in all formulas except in the
triple parameter model in the older female which had a
higher error in the simple formula. Figure 2 demonstrated
the error quantity over actual height. The error prediction
in the validation group of demispan, sitting height, knee
height, double and triple modified simple models up to
10% were 5.7, 9.5, 1.0, 1.1 and 2.6% respectively. The
authors further stratified actual height into three groups
(shorter, normal and taller groups which was defined as
less than 140, 140-160 and more than 160 cm, respec-
tively). Of these criteria, there were trends of over estima-
tion in the sample that had an actual height of less than
140 cm, while under-estimations were observed in an
actual height of more than 160 cm. Most of prediction
error of more than 10 cm occurred in the demispan and
sitting model (under-estimation 3.4 and 3.8%, over-
estimation 2.8 and 6.5%, respectively) while the other
modified simple models had up to 1.7% over and under-
estimation.

DISCUSSION

Even though height is an important parameter in clinical
practice there are limitations in some clinical situations.
Anthropometric measurements for height prediction were
suggested to solve this problem and many formulas have
been reported. These measurements included sitting
height, demispan, arm span, ulnar length, hand dimen-
sions and knee height.>**!'""'7 However, ethnic differ-
ences, gender and age are a major concern in this regard
for application and external validation for other popula-
tions. In Asian groups, one Malaysian elderly prediction
model had reported and confirmed significant differences
between it and other ethnic groups. In addition, these de-
viations also occurred within other Asian models.'® For
this reason, as well as a lack of Thai data reported for
these relationships, the authors designed these anthro-
pometric measurements to propose an appropriate and
simple relation model with acceptable validity for height
prediction in the adult Thai population.

The authors endeavored greatly to simplify the formula.
Therefore, a stratified prediction model based on an inter-
action term might achieve these purposes. Of these, both
gender and age groups were tested, and revealed signifi-
cant interactions among the anthropometric parameters
and height prediction. These findings are comparable to

previous studies.'*'"!” Although previous formulas pro-
posed by Chumlea et al. using knee height and age as
predictive variables for height prediction have been pro-
posed in elderly western people.'® The age variable was
not included into prediction formulas in our models be-
cause there was no significant interaction between age
and predictive variables of knee height, demispan and
sitting height after subgroups were divided by gender and
age group. In addition, error and relative error on increas-
ing age had no correlation error in each of our validation
subgroups.

For the selection of anthropometric predictors, at least
six parameters were suggested that could be a single in-
dependent variable to stature prediction but the present
study showed only three parameters (demispan, sitting
height and knee height) in all subgroups.”**'""'” However,
humeral length and forearm length might be predictors in
younger volunteers according to the present data. Al-
though there is no exact theoretical clarification, these
phenomenon might be explained by vertebral degenera-
tive changes in the elderly while the arm length remains
stable."> Thigh length was the other interesting predictor
in the elderly. However, the authors did not select this
variable in their prediction model for two reasons. Firstly,
there was no significant alteration (F test; p value) during
the model selection process in the younger male group. In
addition, there was a multicollinearity effect with other
parameters in the double and triple predictor model, espe-
cially with knee height. Secondly, there were variations
of measurement between measurers due to difficulty in
landmark location in fat volunteers and is precision de-
pended on the hip and knee position.

The authors created regression models with 1000 vol-
unteers (250 in each group). Of these, simple regression
models were modified from the original regression for-
mula. Both formulas were validated with the other 1000
volunteers (250 each). Correlation, quantitative error and
relative error were comparable and produced acceptable
results between the original and simple formulas. In the
single parameters group, knee height had the highest cor-
relation and less error compared to the others within the
groups. Therefore, the knee height models were used as
references for comparing errors between formulas in each
subgroup. Double and triple parameters might decrease
error in only some subgroups. However, contrast results
occurred in the elderly male and female groups. (Table 4)

The simple model had more than 90% precision with
error up to ten cm in the validation group (89.7 to 99.0%
in range). Of these, the precision error occurred differ-
ently and depended on the actual stature. The shorter
group had more over-estimation while vice versa was
observed in higher group, and negative correlation was
significant in all subgroups (Figure 2). These correlations
had the same direction with a recent Italian study on mid-
dle aged volunteers by knee height prediction.'” However,
these were different from a previously reported elderly
Chinese arm span model which demonstrated negative
correlation error only in the male gender."

Although the authors endeavored to control and moni-
tor every step of the investigation process as well as dur-
ing data analyses, there were some inevitable limitations.
Firstly, 95% of the volunteers in the present study had
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census registration in the northern region of Thailand.
However, census registration might not reflect the origi-
nal residence. Secondly, although measurement training
had been performed before data collection the different
body figure might lead to different results because of ill-
defined measurement landmarks and these resulted in a
measurement bias. Thirdly, model creations were per-
formed based on healthy subjects. Although we endeavor
to propose several length variables for height prediction
and we expected these might be applied to subjects with
unknown height. However, external validation into dis-
eased patients should be performed in future studies. Fi-
nally, there was an unequal distribution in terms of age,
nearly 60% of subjects were between 60-70 years of age;
although there was no significant interaction between age
and the measured parameters. In addition, distribution of

error in each gender and age group were equally scattered.

However, future study for external validation and preci-
sion might be over or under estimating in elderly people
age more than 70 years. Therefore, the authors suggested
the utilization of these formulas should be applied only
for unavailable stature data in specific clinical situations.
In conclusion, anthropometric parameters with demis-
pan, sitting height, knee height and combination could be
applied for height prediction in the adult Thai population.
Although knee height had the highest precision as a single
predictive parameter others parameters were also pro-
posed with acceptable error. A combination of double and
triple model might decrease actual deviation only in
younger people. However, over-estimation might be a
concern in shorter people and vice versa in taller people.
Therefore, formula prediction should be used only in
cases when direct measurement of height is not possible.
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