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A B S T R A C T

Estimation of stature is considered as an important parameter in medico-legal and forensic examinations.

When highly decomposed and mutilated dead bodies with fragmentary remains are brought for

postmortem examination, it becomes difficult to identify the deceased. Sometimes, cephalo-facial

remains are brought in for forensic and postmortem examination. In such a situation, estimation of

stature becomes equally important along with other parameters like age, sex, race, etc. (the ‘Big Four’ of

forensic anthropology). The present investigation attempts to estimate stature from various

anthropometric measurements of cephalo-facial region of individuals belonging to an endogamous

group in north India. The material for the present study comprises 996 adult male Gujjars of north India

ranging in age from 18 to 30 years. Five cephalo-facial measurements were taken on each subject

following internationally recommended standard methods and techniques. The results indicate that all

the cephalo-facial measurements are strongly and positively correlated (p < 0.001) with stature. The

measurements of the cephalic region have strong correlation with stature than those of facial region. The

regression analysis also showed that the cephalic measurements give better prediction of stature. The

regression formulae were checked for their accuracy and reliability not only in the sample which was

originally used for making these formulae (genetically disparate population, n = 996) but also in a mixed

population of north India (heterogeneous population, n = 100).

� 2008 Elsevier Ireland Ltd. All rights reserved.
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1. Introduction

Estimation of stature is an important tool in forensic examina-
tion especially in unknown, highly decomposed, fragmentary and
mutilated human remains. In such cases while conducting a
medico-legal autopsy, forensic pathologist is often asked to opine
about the identity of the deceased. Stature being one of the criteria
of personal identification helps in narrowing down the investiga-
tion process, and thus provides useful clues to the investigating
agency.

Stature has a definite and proportional biological relationship
with each and every part of the human body, i.e. head, face, trunk,
extremities. This relationship helps a forensic scientist to calculate
stature from dismembered and mutilated body parts in forensic
examinations. For such a calculation, two methods, i.e. regression
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method and multiplication method have been extensively used by
the scientists all over the world, and it has been universally
concluded that the regression analysis provides best estimates for
stature reconstruction [1–5].

Many studies have been conducted on the estimation of stature
from various body parts like hands, trunk, intact vertebral column,
upper and lower limbs, individual long and short bones, foot and
footprints [4–39]. Since all these parts of the body and bones are
not always available for forensic examination, it becomes
necessary to make use of other parts of the body like head and
face region. But only a few studies have been conducted on
cephalo-facial region with respect to estimation of stature.

There are plenty of studies which focus on other aspects of the
cephalo-facial identification. Determination of sex and race from
cephalic region, various methods of reconstructing the face
appearance in an individual from the bones of the skull, new facial
soft tissue depth data, ultrasound, computerized tomography-scans,
3D reconstruction computer programs are in full development
throughout the world [40–52]. In many cases, brought for medico-
legal and forensic examinations, where only the cephalo-facial
region is available [53–68], it becomes difficult for the forensic
scientist to identify the deceased in the absence of any detailed and
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Fig. 1. Location map of the study area in India.
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in depth study on this region. Sometimes, the forensic scientist
cannot apply the techniques of facial reconstruction may be due to
lack of expertise, standardized data and equipment. In these cases,
stature estimation from the cephalo-facial region can always
supplement the identification data collected by using the techniques
of facial reconstruction, and consequently can help in narrowing
down the process of forensic investigation.

Introna et al. [69] provided the correlation between stature and
cranial diameters and proposed a mathematical formula for
determination of living stature in an Italian population. Chiba
and Terazawa [70] successfully estimated stature from anthro-
pometry of skull in 124 Japanese cadavers and calculated
regression formulae. Patil and Mody [71] predicted stature from
measurements of radiographic lateral cephalogram in central
Indian population and proposed some formulae by regression
analysis. Krishan and Kumar [72] calculated regression formulae
for estimation of stature from 16 cephalo-facial measurements in a
sample of 252 Koli male adolescents in north India. Ryan and
Bidmos [73] took several measurements on skulls taken from 99
complete skeletons of indigenous South Africans from Raymond A.
Dart collection, and successfully derived regression formulae for
estimation of total skeletal height from these skull measurements.
They also explained the utility of these measurements in
estimation of stature with certain precautions.

Looking at the paucity of studies pertaining to estimation of
stature from cephalo-facial dimensions and the usefulness of these
studies in medico-legal and forensic investigations, the present
study provides anthropometric correlation of five important
cephalo-facial dimensions with stature and also devises regression
formulae for reconstruction of stature from these dimensions. The
study is further aimed to test the reliability and accuracy of
regression formulae in the same population which was originally
used to make these formulae and in another sample taken from
mixed population of north India.

2. Material and methods

2.1. Sample

The data for the present study were based upon a sample of 996 adult male

Gujjars ranging in age from 18 to 30 years. The subjects were randomly selected

from 16 villages in Siwaliks and its adjoining plains near Chandigarh city of

north India (Fig. 1). The villages include Nada, Parachh, Kahne Ka Bara, Kraunde

Wala, Jainti Majri, Gurha, Kasauli, Chhoti Naggal, Bari Naggal, Pallanpur, Gochar,

Mirzapur, Tarapur, Majri, Sukho Majri and Prempura. These villages are

predominantly occupied by Hindu Gujjar community. The Hindu Gujjars of

this region are an endogamous caste group (marrying within the same caste).

They are sedentary and agriculturist having animal husbandry as a secondary

occupation.

2.2. Methodology and data collection

Besides stature, five cephalo-facial measurements were taken on each subject.

All the measurements were taken according to the landmarks and procedures

recommended by Krishan and Kumar [72], Weiner and Lourie [74], Lohman et al.

[75] and Hall et al. [76]. The anthropometric measurements are defined as:

Stature: The subject should stand on a horizontal platform with his heels

together, stretching upward to the fullest extent, aided by gentle traction by

the measurer on the mastoid processes. The subject’s back should be as

straight as possible, which may be achieved by rounding or relaxing the

shoulders and manipulating the posture. The marked Frankfurt plane must be

horizontal. Either the horizontal arm of an anthropometer, or a counter

weighted board, is brought down on to the subject’s head. If an anthropometer

is used, one measurer should hold the instrument vertical with the horizontal

arm in contact with the subject’s head, while another applies the gentle

traction. The subject’s heels must be watched to make sure they do not leave

the ground.

Maximum head length: It measures straight distance between glabella (the most

prominent point on the fontal bone above the root of the nose, between the

eyebrows) and the opisthocranion (the most prominent portion of the occiput,

close to the midline on the posterior rim of the foramen magnum).
Maximum head breadth: It is the maximum biparietal diameter and is the

distance between the most lateral points of the parietal bones.

Horizontal circumference of head: It is the maximum circumference of the head

(usually horizontal just above the eyebrow ridges), measured from just above

the glabella area to the area near the top of the occipital bone (opisthocranion).

Bigonial diameter: It is the maximum breadth of the lower jaw between two

gonion (It is the most posterior, inferior and laterally situated point on the

external angles of the mandible) points on the angles of mandibles.

Morphological facial length: It is the straight distance from the nasal root

(nasion) to the lowest point on the lower border of mandible in the mid sagittal

plane (gnathion).

The measurements were taken with the help of an anthropometric rod, sliding

caliper, spreading caliper and measuring steel tape to the nearest 0.1 cm. Only

healthy subjects without any physical body abnormality were included in the study.

A similar data on 100 individuals of the same age range from mixed population of

Chandigarh city (sample representative of north India) were also collected, so that

validity of the regression formulae obtained from Gujjar population (genetically

disparate population) can also be tested on the mixed population.

The data thus collected were subjected to statistics like mean, S.D., Karl Pearson’s

correlation coefficient, regression analysis, etc. and were analyzed using Statistical

Package for Social Sciences (SPSS) on Windows XP-Professional.

3. Results

Table 1 presents means, standard deviations, minimum and
maximum value of stature and cephalo-facial anthropometric
measurements of adult male Gujjars of north India. In the sample
of 996, the adult male Gujjars have an average stature of
172.31 cm.

Table 2 displays Karl Pearson’s correlation coefficients between
stature and various cephalo-facial anthropometric measurements
in adult male Gujjars of north India. All the cephalo-facial
anthropometric measurements show significant correlation with



Table 1
Descriptive statistics for stature and cephalo-facial anthropometric measurements

in adult male Gujjars of north India (n = 996)

Measurement (in cm) Mean S.D. Minimum Maximum

Maximum head length 17.832 0.892 14.5 18.5

Maximum head breadth 13.917 0.622 11.6 15.7

Horizontal circumference of head 53.214 2.573 49.2 58.9

Bigonial diameter 9.783 0.377 6.6 10.8

Morphological facial length 10.81 0.735 8.7 12.4

Stature 172.31 6.83 151.2 186.4

Table 2
Correlation coefficients between stature and various cephalo-facial measurements

in adult male Gujjars of north India (n = 996)

Measurement (in cm) Correlation coefficient (r) Standard error

Maximum head length 0.775* 0.063

Maximum head breadth 0.682* 0.061

Horizontal circumference of head 0.781* 0.059

Bigonial diameter 0.462* 0.081

Morphological facial length 0.455* 0.047

* p < 0.001.

Table 3
Regression equations for estimation of stature (in cm) from cephalo-facial

measurements in adult male Gujjars of north India (n = 996)

Measurement (in cm) Regression equation �SEE

Maximum head length 88.671 + 4.647MHL �4.136

Maximum head breadth 98.056 + 5.320MHB �4.792

Horizontal circumference of head 65.156 + 2.034HCOH �3.726

Bigonial diameter 109.991 + 6.483BD �5.131

Morphological facial length 121.869 + 4.618MFL �5.820
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stature (p < 0.001). The measurements of the head exhibit higher
correlation coefficients (value of ‘r’) than those of the facial
measurements. The highest correlation coefficient is exhibited by
maximum head length (r = 0.775) and the lowest by morphological
facial length (r = 0.455).

Table 3 shows regression equations for estimation of stature (in
cm) from five cephalo-facial measurements in adult male Gujjars
of north India. There are separate equations for each cephalo-facial
dimension which can help in estimation of stature from individual
part of head and face. The regression equations have been
calculated by regression analysis of the data, and the values of
constants ‘a’ and ‘b’ are calculated; where ‘a’ is the regression
coefficient of the dependant variable, i.e. stature, and ‘b’ is the
regression coefficient of the independent variable, i.e. any
measurement out of five cephalo-facial measurements. Hence,
stature = a + bx, where, ‘x’ is any cephalo-facial measurement. The
regression formulae have been calculated separately from various
cephalo-facial measurements with stature by substituting the
appropriate values of constants ‘a’ and ‘b’ in the standard equation
of regression line.

The table also presents the standard error of estimate (SEE)
calculated separately for each regression formula for estimation of
stature. The SEE tends to predict the deviation of estimated stature
from the actual stature. It ranges between �4.136 and �5.820. A
low value is indicative of the greater reliability of prediction from a
particular measurement and the higher value of SEE denotes less
reliability of prediction. Cephalic dimensions exhibit lower values of
SEE than those of facial dimensions, suggesting that the prediction of
stature from the cephalic dimensions is more reliable than that of
facial dimensions. Horizontal circumference of head shows the lowest
value (�3.726) than that of any other cephalo-facial measurement.
Similarly, the highest value of SEE is exhibited by morphological facial
length (�5.820).
4. Discussion

The results indicate that one can successfully estimate stature
from different cephalo-facial dimensions in situations where
cephalo-facial remains are brought for forensic examinations. The
stature estimation in these cases can supplement the other
personal identification data like estimation of age, sex, race, and
identification from facial morphological characteristics as well as
peculiar individualistic features.

Utmost care was taken while measuring the subjects for stature
and cephalo-facial measurements [77]. All the instruments were
regularly checked for accuracy and precision while collecting data.
To avoid inter-observer error, all the subjects were measured by
the author himself. To calculate intra-observer error, all the
measurements were taken twice on 30 subjects taken from the
sample. The intra-observer error was calculated following Dangour
[78] and Dangour [79]. The obtained values of the intra-observer
error of the measurements fall within the prescribed limits [80]
indicating that the measurements are reproducible without
significant intra-individual error.

The findings of the study indicate that the all the five cephalo-
facial measurements are positively and significantly correlated
with stature. Cephalic dimensions show stronger correlation with
stature than those of facial dimensions. The statement is confirmed
by the lower SEE in case of the cephalic dimensions. It means that
the regression formulae calculated for the cephalic measurements
give high degree of reliability and accuracy than those of the facial
measurements. However, it must be kept in mind that precise
prediction of stature from cephalo-facial dimensions may be an
unachievable and unnecessary goal; there would always be an
estimation error of a few centimeters.

The findings of the present study are also supported by Krishan
and Kumar [72] who successfully estimated stature from 16
cephalo-facial measurements in Koli adolescents – an endogamous
population of north India. They took 16 cephalo-facial measure-
ments for the study, however, in the present study, only five
measurements of head and face are taken into consideration. These
five measurements are also important as far as anthropological,
evolutionary, nutritional and human biological studies are
concerned. Moreover, the sample size (996 Gujjars + 100 mixed
subjects) of the present study is much larger than that of Krishan
and Kumar (252 Kolis + 90 mixed subjects). There is no doubt, that
both studies have taken subjects from two different endogamous
populations of north India thus making them anthropologically,
genetically and forensically important. However, in the previous
study, the regression formulae for estimation of stature have been
devised on adolescent sample. On the other hand, the present
study has taken adult individuals raging in age from 18 to 30 years.
In the adolescent, the stature is correlated with age but is
complicated by the differences in rates of growth among
individuals [81]. The ongoing physical growth of the long bones
which contribute substantially to stature and continuing growth of
the head and face have also some effect on the estimation of stature
[76] in the adolescent. In other words, stature is usually a straight
forward parameter to establish in the adult individual.

The results of the present study can be compared with similar
available studies on different populations of the world. Chiba and
Terazawa [70] reported SEE of 6.97 cm using regression equations
for estimating stature from sum of the diameter and circumference
of the skull in Japanese cadavers. Patil and Mody [71] showed
somewhat higher standard errors for most of the variables except
head length which showed high degree of reliability (SE = 3.71) in
estimating stature. Krishan and Kumar [72] reported 4.41–7.21 cm
SEE in estimating stature from sixteen cephalo-facial measure-
ments in their sample on Koli male adolescents of north India. Ryan



Table 4
Comparison of actual stature and stature estimated from cephalo-facial measurements in adult male Gujjars of north India (n = 996)

Estimated stature using regression equations for: Minimum estimated stature Maximum estimated stature Mean estimated stature

Maximum head length 156.052 174.641 171.536

Maximum head breadth 159.768 181.580 172.094

Horizontal circumference of head 165.228 184.958 173.393

Bigonial diameter 152.778 180.007 173.414

Morphological facial length 162.045 179.132 171.789

Actual stature 151.2 (minimum) 186.4 (maximum) 172.31 (mean)

Table 5
Comparison of mean actual stature (170.53) and mean estimated stature in the

subjects (n = 100) from mixed population of north India

Estimated stature using regression

equations for (in cm):

Mean

estimated

stature

Differences between

means = mean actual

stature �mean

estimated stature

Maximum head length 169.105 1.425

Maximum head breadth 168.582 1.948

Horizontal circumference of head 169.793 0.737

Bigonial diameter 168.913 1.617

Morphological facial length 168.953 1.577
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and Bidmos [73] presented SEE from 4.37 to 6.24 cm in their study
on estimation of stature from skulls of indigenous South Africans
from Raymond Dart’s collection. In the present study, the value SEE
is comparatively lower that these studies, i.e. from 3.726 to
5.820 cm. In other words, in the present study, the stature
estimation from cephalo-facial dimensions has greater reliability
of estimate when compared with other similar studies. This greater
reliability of estimate can be attributed to the homogeneous nature
of the sample (an endogamous or genetically disparate population)
in the present case. All the other studies excepting one by Krishan
and Kumar [72] involved study samples from mixed population.

There may be a little effect of the ossification of the bones of the
lower limb on estimation of stature. As per the standard figures
available for western world, condyles of femur, proximal end of
tibia, base first metatarsal and head 2–5th metatarsals completely
fuse from about 18 to 20 years of age. As the process of ossification
depends upon a number of factors, generally speaking, ossification
activities occur earlier in Indian population than in Western
population [82].

The regression formulae obtained were checked for their
accuracy. Table 4 presents a comparison of actual stature and
stature estimated from cephalo-facial measurements using
regression analysis. Minimum, maximum and mean values of
the measurements were substituted in their respective regression
equations, and estimated stature was calculated. It is clear from the
table that in every cephalo-facial measurement, minimum
estimated stature is greater than the actual minimum stature of
151.2 cm. On the other hand, the value of maximum estimated
stature in case of each measurement underestimates the actual
stature of 186.4 cm. However, the mean value estimates (mean
estimated stature) are close to actual stature. This is due to the fact
that the regression equations are calculated from measures of
central tendency.

In order to test the applicability and reliability of the obtained
regression formulae on mixed north Indian population, a sample of
100 individuals within the same age range was taken using the
same set of cephalo-facial measurements as followed in the main
study (Table 5). The stature was estimated using the already
computed regression formulae for the five measurements. The
mean estimated stature was calculated and compared with
the mean actual stature of these subjects. The difference between
the mean actual stature (170.53 cm) and mean estimated stature
ranges from 0.737 to 1.948 cm. In other words, the calculated
regression formulae also hold true for the mixed population from
north India.

5. Conclusion

From the present study, it has been concluded that, like other
parts of the human body, the cephalo-facial dimensions can also be
used for estimation of stature when cephalo-facial remains are
brought for forensic examination. The measurements of the
cephalic region give better reliability of estimate than that of
the facial measurements. When the values of Karl Pearson’s
correlation coefficients and the standard error of estimate of each
cephalo-facial measurement are compared with one another, the
horizontal circumference of head is found to be the best parameter
for estimation of stature. It is further concluded that the calculated
regression formulae show good reliability and applicability of
estimate not only in the sample which was originally used
(genetically homogeneous population) in the calculation of the
regression formulae but also in another sample taken from mixed
population (genetically heterogeneous population) of north India.
While applying these formulae, one should keep in mind that these
are population specific; these cannot be used on other populations
of the world.
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