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ABSTRACT

Background: Head anthropometric measurements are crucial for identifying unknown bodies, 
dismembered parts, and decomposed corpses, especially when DNA profiling is unavailable. These 
measurements help distinguish sex and ethnic differences, which are vital in forensic investigations. 
Understanding biophysical skeletal variations across ethnicities is vital for medico-legal identification. 
This study aimed to correlate and predict stature, sex, and ethnicity using head and face 
measurements in a Karachi-based population.

Methods: This cross-sectional study was conducted at the Department of Forensic Medicine 
&Toxicology, Ziauddin University Karachi, from January to June 2022. A total of 236 healthy 
Participants (126 males, 113 females), aged 20-60 years, representing various ethnic groups, were 
selected using non-probability consecutive sampling. Statistical analyses were done using SPSS 
version 24, and analyses included normality assessment, descriptive statistics, ANOVA, post hoc tests, 
multiple regression, and Pearson correlation to evaluate cephalometric parameters' association 
with stature, sex, and ethnicity in adults aged 20–60. A P-value ≤ 0.05 was considered statistically 
significant. 

Results: Significant differences in mean stature were observed between males (170±6 cm) and 
females (159±6 cm) (P<0.001). Cephalometric parameters correlated with biophysical traits (P<0.05). 
Head circumference predicted stature (ß=0.657, P=0.022), while morphological face height 
predicted sex (ß=-5.704, P<0.001), stature (ß=0.187, P=0.023), and ethnicity (ß=1.336, P<0.001). 
Maximum head length predicted ethnicity (ß=-0.502, P=0.04) and stature (ß=0.295, P<0.001).

Conclusion: Head and face measurements offer a reliable identification method, especially in cases 
of incomplete bodies, aiding forensic applications in determining stature, sex, and ethnicity.
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INTRODUCTION
Human beings are complex animals with many 
intraspecies differences. The variance of human 
characteristics may be attributed to nutritional, 
geographic, environmental, and genetic factors1. 
Hybridization, mutation, and natural selection also 
play an important role in this uniqueness. Human 
identification becomes necessary because of this 
variation since everyone possesses distinct features 
unique to that particular individual2. Personal 
identity is the summation of a set of three 
characteristics, which consist of physical, 
psychological, and social features unique to that 
person. Cephalometry is an important branch of 
forensic anthropometry in the field of forensic 
sciences, which is related to the study of 
morphological features and measurements of the 
human head2. Sex estimation is a key analysis that 
forensic anthropologists perform to establish a 
biological profile of individual remains. The skull is 
usually regarded as the most reliable indicator for 
sex discrimination after the pelvis3. Its purposes of 
developing biophysical profiles for deceased 
unknown persons are crucial in establishing identity 
and helping solve criminal cases.. Not only is it of 
immense importance in identification of the dead 
and archaeological samples, but its scope has also 
been extended to living beings’ identification, 
trauma analysis, orthodontic reconstructive 
treatment planning and age determination4,5. 
Forensic Anthropology and people trained in this 
specialty have become an essential part and 
parcel in investigations of unidentified and missing 
persons, especially in terrorists’ activities leading to 
mass disasters6.

Although DNA analysis techniques are more specific 
for identification purposes, they are not always 
readily available for sample processing, the results 
take time, and adequate samples of DNA are 
required for accurate analysis7. Therefore, 
biophysical parameters are fundamental when 
investigating dismembered body parts to identify 
victims, and the ability to recreate larger identifying 
features from individual body parts has played a big 
role in missing persons cases8.  Studies have been 
conducted to estimate gender, age, race, and 
stature by objectively examining various bones, with 
many researchers correlating head and facial 
measurements with an estimation of sex and 
stature9,10. The majority of these measurements 
have been used in Orthodontics and aesthetic 
surgeries of face11. If we look into South Asia, there is 
a paucity of such data, with only a few studies 
conducted in the last five years9,12,13,14.

The objective of this study was to investigate the 
correlation of measurements of the head and face 
with the stature, sex, and ethnicity of an individual 
and to derive an equation for the prediction of 

these parameters from the measurements. This will 
assist forensic experts in establishing the 
identification of an unknown person, especially in 
mass disasters, from skulls.

METHODS
This Cross-sectional study was conducted from the 
start of January 2022 to June 2022 in the Department 
of Forensic Medicine & Toxicology, Ziauddin 
University, Karachi, Pakistan. Institutional Ethical 
Review Committee approval was obtained vide 
Reference Code 3110121MFFM. A total of 236 
healthy participants comprising 123 males and 113 
females in the age group of 20 to 60 years were 
enrolled in the study by using a non-probability 
consecutive sampling technique. Initially, an equal 
number of participants from both genders were 
taken, but later on, 13 females withdrew from the 
study.   The sample size was calculated by using 
Sample Size Calculators for designing clinical 
research. By using the correlation of Stature with 
maximum head length as 0.21, confidence level as 
95%, and power of study as 90%, the calculated 
sample size was found to be 234, but this study 
included 236 participants9.

The Inclusion criteria consisted of healthy subjects 
without any craniofacial deformity, congenital 
deformity or any acquired deformity of the spine, 
extremities or head were excluded from the study. 
Subjects were included from different ethnic 
backgrounds, i.e., Punjabi, Pashtun, Balochi, Urdu 
speaking, Sindhi, and Chitrali, while all individuals 
with ages below 20 years and more than 60 years or 
having facial, spine, or limb deformities or with bone 
deformity were excluded from this study.

The height of all subjects was measured by an 
anthropometric rod. Stature was taken as 
crown-heel length with the subject standing erect 
and in anatomical position. Stature was measured 
to the accuracy of 0.1 cm. Head Circumference 
(mm), Morphological Face Height (mm), Maximum 
Head Length (mm), and Maximum Head Breadth 
(mm) were taken. Head Circumference (HC) was 
taken using an inflexible measuring tape, taking the 
widest way around the head. Maximum Head 
Length (MHL), which is the distance between the 
glabella and opisthocranion, and Maximum Head 
Breadth (MHB), which is the maximum distance 
between the most lateral points on the parietal 
bones, were measured using an outside spring-joint 
caliper. The Morphological Face Height (MFH), 
taken as the straight vertical distance between 
nasion to gnathion, was measured using a digital 
vernier caliper. A prescribed proforma was 
designed for recording the findings. All the 
measurements were taken at fixed time to eliminate 
diurnal variations and by one observer to avoid inter 
observer bias.
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Statistical analysis was performed by SPSS version 24. 
The assumptions of normal distribution were 
assessed by the Shapiro Wilk test of normality which 
showed the stature and head length were normally 
distributed. Descriptive statistics was applied as 
mean and SD for stature, and the parametric 
cephalo-facial measurements and median with 
interquartile ranges were presented for head 
circumference, morphological face height, and 
breadth of maximum head. The frequency along 
with their percentages, were calculated for gender 
and ethnicity.

The association of cephalometric parameters with 
ethnic groups and gender was checked using 
ANOVA followed by post hoc analysis. Multiple 
linear regression models were employed to estimate 
the stature by the cephalometric parameters. The 
relationship pattern of stature with each parameter 

was assessed using Pearson correlation. The 
significant level was considered at P-value less than 
0.05. The range, mean, Standard Deviation and 
Correlation coefficient, stature, Head 
Circumference, Morphological Face Height, 
Maximum Head Length, and Maximum Head 
Breadth were statistically analyzed. Correlation 
coefficient and Regression equation for predicting 
stature, sex, and ethnicity from head and face 
dimensions were derived using multiple regression 
analysis. The age of 20 is taken for the minimum 
cut-off for cephalo-facial measurements because 
even though growth continues after the pubertal 
growth spurt of facial bones, it slows considerably 
after 20 years and is more related to remodeling1. 
The maximum age cut-off for cephalo-facial 
measurements was taken as 60 due to the effects of 
aging and, therefore, mineral resorption in bones 
occurring most rapidly between the ages of 60-69 15. 

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02) DOI: https://doi.org/10.36283/ziun-pjmd 14-2/029



INTRODUCTION
Human beings are complex animals with many 
intraspecies differences. The variance of human 
characteristics may be attributed to nutritional, 
geographic, environmental, and genetic factors1. 
Hybridization, mutation, and natural selection also 
play an important role in this uniqueness. Human 
identification becomes necessary because of this 
variation since everyone possesses distinct features 
unique to that particular individual2. Personal 
identity is the summation of a set of three 
characteristics, which consist of physical, 
psychological, and social features unique to that 
person. Cephalometry is an important branch of 
forensic anthropometry in the field of forensic 
sciences, which is related to the study of 
morphological features and measurements of the 
human head2. Sex estimation is a key analysis that 
forensic anthropologists perform to establish a 
biological profile of individual remains. The skull is 
usually regarded as the most reliable indicator for 
sex discrimination after the pelvis3. Its purposes of 
developing biophysical profiles for deceased 
unknown persons are crucial in establishing identity 
and helping solve criminal cases.. Not only is it of 
immense importance in identification of the dead 
and archaeological samples, but its scope has also 
been extended to living beings’ identification, 
trauma analysis, orthodontic reconstructive 
treatment planning and age determination4,5. 
Forensic Anthropology and people trained in this 
specialty have become an essential part and 
parcel in investigations of unidentified and missing 
persons, especially in terrorists’ activities leading to 
mass disasters6.

Although DNA analysis techniques are more specific 
for identification purposes, they are not always 
readily available for sample processing, the results 
take time, and adequate samples of DNA are 
required for accurate analysis7. Therefore, 
biophysical parameters are fundamental when 
investigating dismembered body parts to identify 
victims, and the ability to recreate larger identifying 
features from individual body parts has played a big 
role in missing persons cases8.  Studies have been 
conducted to estimate gender, age, race, and 
stature by objectively examining various bones, with 
many researchers correlating head and facial 
measurements with an estimation of sex and 
stature9,10. The majority of these measurements 
have been used in Orthodontics and aesthetic 
surgeries of face11. If we look into South Asia, there is 
a paucity of such data, with only a few studies 
conducted in the last five years9,12,13,14.

The objective of this study was to investigate the 
correlation of measurements of the head and face 
with the stature, sex, and ethnicity of an individual 
and to derive an equation for the prediction of 

these parameters from the measurements. This will 
assist forensic experts in establishing the 
identification of an unknown person, especially in 
mass disasters, from skulls.

METHODS
This Cross-sectional study was conducted from the 
start of January 2022 to June 2022 in the Department 
of Forensic Medicine & Toxicology, Ziauddin 
University, Karachi, Pakistan. Institutional Ethical 
Review Committee approval was obtained vide 
Reference Code 3110121MFFM. A total of 236 
healthy participants comprising 123 males and 113 
females in the age group of 20 to 60 years were 
enrolled in the study by using a non-probability 
consecutive sampling technique. Initially, an equal 
number of participants from both genders were 
taken, but later on, 13 females withdrew from the 
study.   The sample size was calculated by using 
Sample Size Calculators for designing clinical 
research. By using the correlation of Stature with 
maximum head length as 0.21, confidence level as 
95%, and power of study as 90%, the calculated 
sample size was found to be 234, but this study 
included 236 participants9.

The Inclusion criteria consisted of healthy subjects 
without any craniofacial deformity, congenital 
deformity or any acquired deformity of the spine, 
extremities or head were excluded from the study. 
Subjects were included from different ethnic 
backgrounds, i.e., Punjabi, Pashtun, Balochi, Urdu 
speaking, Sindhi, and Chitrali, while all individuals 
with ages below 20 years and more than 60 years or 
having facial, spine, or limb deformities or with bone 
deformity were excluded from this study.

The height of all subjects was measured by an 
anthropometric rod. Stature was taken as 
crown-heel length with the subject standing erect 
and in anatomical position. Stature was measured 
to the accuracy of 0.1 cm. Head Circumference 
(mm), Morphological Face Height (mm), Maximum 
Head Length (mm), and Maximum Head Breadth 
(mm) were taken. Head Circumference (HC) was 
taken using an inflexible measuring tape, taking the 
widest way around the head. Maximum Head 
Length (MHL), which is the distance between the 
glabella and opisthocranion, and Maximum Head 
Breadth (MHB), which is the maximum distance 
between the most lateral points on the parietal 
bones, were measured using an outside spring-joint 
caliper. The Morphological Face Height (MFH), 
taken as the straight vertical distance between 
nasion to gnathion, was measured using a digital 
vernier caliper. A prescribed proforma was 
designed for recording the findings. All the 
measurements were taken at fixed time to eliminate 
diurnal variations and by one observer to avoid inter 
observer bias.

Statistical analysis was performed by SPSS version 24. 
The assumptions of normal distribution were 
assessed by the Shapiro Wilk test of normality which 
showed the stature and head length were normally 
distributed. Descriptive statistics was applied as 
mean and SD for stature, and the parametric 
cephalo-facial measurements and median with 
interquartile ranges were presented for head 
circumference, morphological face height, and 
breadth of maximum head. The frequency along 
with their percentages, were calculated for gender 
and ethnicity.

The association of cephalometric parameters with 
ethnic groups and gender was checked using 
ANOVA followed by post hoc analysis. Multiple 
linear regression models were employed to estimate 
the stature by the cephalometric parameters. The 
relationship pattern of stature with each parameter 

was assessed using Pearson correlation. The 
significant level was considered at P-value less than 
0.05. The range, mean, Standard Deviation and 
Correlation coefficient, stature, Head 
Circumference, Morphological Face Height, 
Maximum Head Length, and Maximum Head 
Breadth were statistically analyzed. Correlation 
coefficient and Regression equation for predicting 
stature, sex, and ethnicity from head and face 
dimensions were derived using multiple regression 
analysis. The age of 20 is taken for the minimum 
cut-off for cephalo-facial measurements because 
even though growth continues after the pubertal 
growth spurt of facial bones, it slows considerably 
after 20 years and is more related to remodeling1. 
The maximum age cut-off for cephalo-facial 
measurements was taken as 60 due to the effects of 
aging and, therefore, mineral resorption in bones 
occurring most rapidly between the ages of 60-69 15. 

Variables Mean± SD/ Median [IQR] or Frequency (%) 

Gender 
Male 123(52.1) 
Female 113(47.9) 
Ethnicity 
Urdu-speaking 82(34.7) 
Punjabi 55(23.3) 
Sindhi 41(17.4) 
Pashtun 27(11.4) 
Balochi 3(1.3) 
Chitrali 21(8.9) 
Others 7(3.0) 
Age 28 [11] 
20-29 140(59.3) 
30-39 56(23.7) 
40-49 33(14.0) 
50-60 7(3.0) 
Height(mm) 165.2±8.5 

Head Circumference (mm) 555.9±28.6 

Morphological Face Height (mm) 106.1±9.2 
Maximum Head Length (mm) 178.7±7.2 
Maximum Head Breadth (mm) 146.5±6.8 

RESULTS 

Table 1: Descriptive Analysis of the Parameters 

Out of 236 participants, 113 (48%) were females and 123(52%) were males with the mean age of 30±8 years 
ranging from 20 to 60 years. The majority of the people were Urdu speaking 82(34.7%) followed by Punjabi 
and Sindhi (23% and 17.4% respectively). The descriptive presentation of the data is given in Table 1. 
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Table 2 (a): Comparison of Mean Stature Measurement with Demographic Characteristics 

Demographic Characteristics Mean Stature Measurement 
(Mean± SD) 

P-value 

Gender 
Male 170±6 < 0.001 
Female 159±6 
Ethnicity 
Punjabi 163.7356±8.7019 

0.001 

Sindhi 165.7146±7.9994 
Pashtun 169.5670±4.8501 
Balochi 166.4333±10.9426 
Chitrali 159.1548±4.6260 
Urdu speaking 165.7134±9.4883 
Others 168.5214±6.2330 

Ethnicity Mean 
Difference 

P-value 95% Confidence Interval 
Lower Bound Upper Bound 

Urdu 
speaking 

Punjabi 1.97778 0.169 -0.8433 4.7988 
Sindhi -0.00122 0.999 -3.0972 3.0947 

Pashtun -3.85362* 0.036 -7.4450 -0.2622 

Balochi -0.71992 0.882 -10.2343 8.7945 

Chitrali 6.55865* 0.001 2.6001 10.5173 

Punjabi Urdu speaking -1.97778 0.169 -4.7988 0.8433 

Sindhi -1.97900 0.244 -5.3187 1.3607 

Pashtun -5.83140* 0.003 -9.6349 -2.0279 

Balochi -2.69770 0.580 -12.2942 6.8988 

Chitrali 4.58087* 0.031 0.4289 8.7329 

Sindhi Urdu speaking 0.00122 0.999 -3.0947 3.0972 
Punjabi 1.97900 0.244 -1.3607 5.3187 

Pashtun -3.85240 0.060 -7.8640 0.1592 

Balochi -0.71870 0.884 -10.3996 8.9622 

Chitrali 6.55987* 0.003 2.2164 10.9033 

Pashtun Urdu speaking 3.85362* 0.036 0.2622 7.4450 

Punjabi 5.83140* 0.003 2.0279 9.6349 

Sindhi 3.85240 0.060 -0.1592 7.8640 

Balochi 3.13370 0.531 -6.7168 12.9842 

Chitrali 10.41228* < 0.001 5.7028 15.1217 

Balochi Urdu speaking 0.71992 0.882 -8.7945 10.2343 
Punjabi 2.69770 0.580 -6.8988 12.2942 

Sindhi 0.71870 0.884 -8.9622 10.3996 

Pashtun -3.13370 0.531 -12.9842 6.7168 

Chitrali 7.27857 0.152 -2.7117 17.2688 

Chitrali Urdu speaking -6.55865* 0.001 -10.5173 -2.6001 

Punjabi -4.58087* 0.031 -8.7329 -0.4289 

Sindhi -6.55987* 0.003 -10.9033 -2.2164 

Pashtun -10.41228* < 0.001 -15.1217 -5.7028 

Balochi -7.27857 0.152 -17.2688 2.7117 

Table 2 (b): Post Hoc Analysis 
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The mean stature measurement was compared gender-wise and showed a significant increase in males on 
average as compared to females 170±6 and 159±6 respectively as P-value<0.001. The ethnic group showed 
significant value (P-value=0.001) for the stature measurement with the highest mean value in the Pashtun 
community. The details of multiple comparison analyses showing significant differences are given in Table 2. 

Parameters R R2 P-value 

Head Circumference 0.229 0.52 0.006 
Morphological Face Height 0.502 0.252 < 0.001 
Maximum Head Length 0.459 0.210 < 0.001 
Maximum Head Breadth 0.187 0.035 0.040 

Table 3a: Regression analysis to estimate Stature, Sex, & Ethnicity from Cephalometric Parameters. 

Parameters Unstandardized B Coefficients 
Std Error 

Standardized 
Coefficients 

Beta 

t P-value 95% CI 
(Lower 
Bound) 

95% CI 
(Upper 
Bound) 

Head 
Circumference 

(constant) 450.563 52.250 - 8.623 < 0.001 347.618 553.508 
Sex -2.687 4.825 -0.047 -0.557 0.578 -12.194 6.820 
Ethnicity 0.304 1.072 0.018 0.284 0.777 -1.807 2.415 
Stature 0.657 0.285 0.195 2.308 0.022 0.096 1.218 

Morphological 
Face Height 

(constant) 80.132 15.003 - 5.341 < 0.001 50.572 109.691 

Sex -5.704 1.386 -0.309 -4.117 < 0.001 -8.434 -2.974 
Ethnicity 1.336 0.308 0.247 4.342 < 0.001 0.730 1.942 
Stature 0.187 0.082 0.172 2.288 0.023 0.026 0.348 

Maximum Head 
Length 

(constant) 133.993 12.075 - 11.097 < 0.001 110.202 157.784 
Sex -1.807 1.115 -0.125 -1.620 0.107 -4.004 0.390 
Ethnicity -0.502 0.248 -0.119 -2.028 0.044 -0.990 -0.014 
Stature 0.295 0.066 0.346 4.483 < 0.001 0.165 0.424 

Maximum Head 
Breadth 

(constant) 114.527 12.624 - 9.072 < 0.001 89.656 139.399 
Sex 1.030 1.166 0.075 0.883 0.378 -1.267 3.326 
Ethnicity 0.054 0.259 0.014 0.209 0.835 -0.456 0.564 
Stature 0.183 0.069 0.228 2.668 0.008 0.048 0.319 

Table 3b: Multiple Linear Regression Analysis 

Stature was estimated from the cephalometric parameters, as shown in Table 3. 

Multiple linear regression was used to test if sex, stature, and ethnicity significantly predicted the cephalometric
 cephalometric parameters of Head Circumference, Morphological Face Height, Maximum Head 

Length, and Maximum Head Breadth.

For Head Circumference (HC), the fitted regression 
model was as follows:
HC = 450.563 – 2.687*sex + 0.304*ethnicity + 
0.657*stature

The overall regression was statistically significant 
(R2=0.52, F (3,232) =4.279, P-value=0.006). The 
regression coefficient represents a 2.687-point 
decrease in the predicted value of head 
circumference between males and females, a 0.304 
increase in ethnicity, and a 0.637 difference 
between stature, with Stature significantly 
predicting head circumference (ß=0.657, P=0.022).

For Morphological Face Height (MFH), the fitted 
regression model was as follows:
MFH = 80.132 -5.704*sex +1.336*ethnicity + 

0.187*stature
The overall regression was statistically significant 
(R2=0.25, F (3,232) =25.997, P-value<0.001).
It was found that sex (ß=-5.704, P<0.001), stature 
(ß=0.187, P=0.023), and ethnicity (ß=1.336, P<0.001) 
significantly predicted morphological face height.

For Maximum Head Length (MHL), the fitted 
regression model was as follows:
MHL = 133.993 -1.807*sex – 0.502*ethnicity + 
0.295*stature
The overall regression was statistically significant 
(R2=0.21, F 3,232) = 20.616, P-value<0.001).
It was found that sex did not significantly predict 
MHL (ß=-1.807, p=0.107), whereas ethnicity 
(ß=-0.502, P=0.04) and stature (ß=0.295, P<0.001) did 
significantly predict MHL.
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For Maximum Head Breadth (MHB), the fitted 
regression model was as follows:
MHB = 114.527 + 1.030*sex + 0.054*ethnicity + 
0.183*stature
The overall regression was statistically significant 

(R=0.35, F (3,232) = 2.810, P-value=0.040).
It was found that neither sex (ß=1.030, P=0.378) nor 
ethnicity (ß=0.054, P=0.835) were significant 
predictors of MHB, however, stature (ß=0.183, 
P=0.048) was a significant predictor. 

DISCUSSION
Forensic anthropology has developed significantly 
over past decades in disaster victim identification.16 
Various experts agree that gender and stature 
predictions from peripheral long bones or digits are 
reliable and accurate.17,18,19,20,21 The skull or head is 
often the only body part to be discovered during 
forensic investigations and thus can be a useful tool 
in determining the identity of the person. Many 
studies have been conducted worldwide on anthro-
pometric measurements and their relationship with 
personal identification 6,16,17, however, in Pakistan, 
very few studies of this kind have been published 
despite the presence of different sub-ethnic groups 
and distinct biophysical characteristics. 

The determination of sex in forensic anthropology 
has often relied on gross anatomical differences 
observed on visual examination. Differences in 
weight, shape, size, and texture can be indicators of 
a particular sex. However, these methods are 
subjective, and results may differ due to observer 
bias depending on how well-versed an expert is on 
the nuances of skeletal sexual dimorphism. In this 
regard, morphometry offers a more objective 
method of differentiating between male and 
female skeletons22,23,24. With regards to our study, 
Morphological Face Height was a significant 
parameter in differentiating sex. This is in agreement 
with the findings reported in literature, which noted 
an 82.5% accuracy in their predictive model25.

For stature prediction, it is worthy to note that all four 
parameters showed significant relationships: head 
circumference, morphological face height, maxi-
mum head length, and maximum head breadth– 
with head circumference having the greatest 
correlation and maximum head breadth having the 
least. These results correspond well with a study that 
observed that horizontal head circumference, maxi-
mum head height, and maximum head width give a 
better prediction of stature26. In addition, a study 
published regression formulae to calculate stature 
from various cephalometric measurements from 
males and females of an Indian population27. They 
also observed that total facial height, bigonial 
width, and physiognomic facial height (morphologi-
cal face height) were good predictors of stature.

Ethnicity and race are becoming difficult character-
istics to correlate28. The Morphological face height 
was the only parameter with a strong predictive 
value, according to our research results. One of the 
reasons may be that in highly cosmopolitan cities 

like Karachi, there is a mixing of ethnicities by 
intermarriages going back at least 1 or 2 genera-
tions and environmental factors affecting nutrition, 
health, and appearance, thus affecting the preci-
sion of ethnicity prediction. Current research has 
been utilizing the cranium and more so the sinuses to 
predict ethnicity, however, few studies have been 
successful in deriving race or ethnic subgroups from 
cephalo-facial measurements29. The interpretation 
of well-balanced faces and harmonious profiles 
may differ between individuals and cultures or be 
influenced by Eurocentric norms; all of these aspects 
could bias the selection of participants30.

CONCLUSION
The results highlight that estimation of a basic 
biophysical profile involving sex, stature, and ethnici-
ty of an individual using cephalo facial measure-
ments, via multivariate analyses, can be successfully 
extracted for the Pakistani population when extremi-
ties are not available. These techniques can be 
invaluable during situations in which mass human 
identification is urgent and complicated and as 
supportive evidence to DNA analysis results.
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DISCUSSION
Forensic anthropology has developed significantly 
over past decades in disaster victim identification.16 
Various experts agree that gender and stature 
predictions from peripheral long bones or digits are 
reliable and accurate.17,18,19,20,21 The skull or head is 
often the only body part to be discovered during 
forensic investigations and thus can be a useful tool 
in determining the identity of the person. Many 
studies have been conducted worldwide on anthro-
pometric measurements and their relationship with 
personal identification 6,16,17, however, in Pakistan, 
very few studies of this kind have been published 
despite the presence of different sub-ethnic groups 
and distinct biophysical characteristics. 

The determination of sex in forensic anthropology 
has often relied on gross anatomical differences 
observed on visual examination. Differences in 
weight, shape, size, and texture can be indicators of 
a particular sex. However, these methods are 
subjective, and results may differ due to observer 
bias depending on how well-versed an expert is on 
the nuances of skeletal sexual dimorphism. In this 
regard, morphometry offers a more objective 
method of differentiating between male and 
female skeletons22,23,24. With regards to our study, 
Morphological Face Height was a significant 
parameter in differentiating sex. This is in agreement 
with the findings reported in literature, which noted 
an 82.5% accuracy in their predictive model25.

For stature prediction, it is worthy to note that all four 
parameters showed significant relationships: head 
circumference, morphological face height, maxi-
mum head length, and maximum head breadth– 
with head circumference having the greatest 
correlation and maximum head breadth having the 
least. These results correspond well with a study that 
observed that horizontal head circumference, maxi-
mum head height, and maximum head width give a 
better prediction of stature26. In addition, a study 
published regression formulae to calculate stature 
from various cephalometric measurements from 
males and females of an Indian population27. They 
also observed that total facial height, bigonial 
width, and physiognomic facial height (morphologi-
cal face height) were good predictors of stature.
 
Ethnicity and race are becoming difficult character-
istics to correlate28. The Morphological face height 
was the only parameter with a strong predictive 
value, according to our research results. One of the 
reasons may be that in highly cosmopolitan cities 

like Karachi, there is a mixing of ethnicities by 
intermarriages going back at least 1 or 2 genera-
tions and environmental factors affecting nutrition, 
health, and appearance, thus affecting the preci-
sion of ethnicity prediction. Current research has 
been utilizing the cranium and more so the sinuses to 
predict ethnicity, however, few studies have been 
successful in deriving race or ethnic subgroups from 
cephalo-facial measurements29. The interpretation 
of well-balanced faces and harmonious profiles 
may differ between individuals and cultures or be 
influenced by Eurocentric norms; all of these aspects 
could bias the selection of participants30.

CONCLUSION
The results highlight that estimation of a basic 
biophysical profile involving sex, stature, and ethnici-
ty of an individual using cephalo facial measure-
ments, via multivariate analyses, can be successfully 
extracted for the Pakistani population when extremi-
ties are not available. These techniques can be 
invaluable during situations in which mass human 
identification is urgent and complicated and as 
supportive evidence to DNA analysis results.

ACKNOWLEDGEMENTS
The authors wish to thank the administration, faculty, 
and staff at Dr Ziauddin Hospital and Ziauddin 
University Clifton Karachi for their support and 
valuable time towards the research, without which 
this study would not have been possible.

CONFLICT OF INTEREST
None

FUNDING
None 

ETHICAL APPROVAL
The study received ethical approval from the Ethical 
Review Committee, under reference number 
(3110121MFFM).

AUTHORS’ CONTRIBUTIONS
MMF conceived the study, carried out data collec-
tion, performed statistical analysis, and drafted the 
manuscript. SA conceived the study and carried out 
data collection. QH participated in the design and 
coordination of the study and helped to draft the 
manuscript. All authors contributed to the final text 
and approved it.

REFERENCES
1. Albert AM, Payne AL, Brady SM, Wrighte C. 
Craniofacial changes in children-birth to late 
adolescence. ARC J Forensic Sci. 2019;4(1):1-9. 
http://dx.doi.org/10.20431/2456-0049.0401001
2. Olanrewaju AJ, Okwuonu UC, Adagboyin O, 
Bienonwu EO. Morphometric study of cephalo-fa-
cial indices among Bini children in southern Nigeria. 
Anatomy Journal of Africa. 2019 Aug 19;8(2):1580-5. 
https://doi.org/10.4314/aja.v8i2.189031
3. Zheng B, Zhong Y, Al-Worafi NA, Liu Y. The dimen-
sional and morphological assessment of the frontal 
sinus in sex estimation among different populations. 
Head & Face Medicine. 2023 Mar 14;19(1):8.https://-
doi.org/10.1186/s13005-023-00355-4
4. Roy P, Roy P, Koley S. Comparative Assessment of 
Various Cephalometric Parameters Used for Deter-
mining Vertical Skeletal Dysplasia. Cureus. 2024 Feb 
27;16(2):e55101. doi: 10.7759/cureus.55101. PMID: 
38558743; PMCID: PMC10978819.
5. Ubelaker DH, Khosrowshahi H. Estimation of age in 
forensic anthropology: historical perspective and 
recent methodological advances. Forensic scienc-
es research. 2019 Mar;4(1):1-9. http://dx.-
doi.org/10.1080/20961790.2018.1549711
6. Calmon M. Forensic anthropology and missing 
persons: a Brazilian perspective. Forensic science 
international. 2019 May 1; 298:425- e1. https://-
doi.org/10.1016/j.forsciint.2019.03.032
7. Budowle B, Bieber FR, Eisenberg AJ. Forensic 
aspects of mass disasters: strategic considerations 
for DNA-based human identification. Legal medi-
cine. 2005 Jul 1;7(4):230-43. Available from: 
http://dx.doi.org/10.1016/j.legalmed.2005.01.001
8.  Walsh-Haney H. Skeleton Keys: How Forensic 
Anthropologists Identify Victims & Solve Crimes: 
Science Mag; 2021 [8/3/2021]. Available from: 
https://www.sciencemag.org/careers/2002/06/skel-
e -
ton-keys-how-forensic-anthropologists-identify-victi
ms-and-solve-crimes
9. Uppada UK, Tauro DP, Senthilnathan KP. Cephalo-
metric analysis of Indian races: A systematic review. 
Natl J Maxillofac Surg. 2024 Sep-Dec;15(3):353-359. 
doi: 10.4103/njms.njms_136_23. Epub 2024 Nov 16. 
PMID: 39830453; PMCID: PMC11737572.
10. Benwoke, W. I, Bienonwu, E. O, Nwokanma, C. T, 
Barine Tambari Morphometric Study of Cephalofa-
cial Indices among Ogoni Children in Rivers State. 
Saudi J Med Pharm Sci. 2023 July 04;9(7): 389-396. 
Available from: http://dx.doi.org/10.36348/s-
jmps.2023.v09i07.002
11. Yadav V, Prasad RS, Sahu A, Mishra MK, Pradhan 
RS. Morphometric analysis of posterior cranial fossa 
and foramen magnum and it’s clinical implications 
in craniovertebral junction malformations: a com-
puted tomography based institutional study in a 
tertiary care hospital of northern part of India. Egyp-
tian Journal of Neurosurgery. 2024 Feb 
26;39(1):12.Available from: http://dx.-

doi.org/10.1186/s41984-024-00277-6
12. Mateen RM, Tariq A, Rasool N. Forensic science 
in Pakistan; present and future. Egyptian Journal of 
Forensic Sciences. 2018 Dec;8:1-2. Available from: 
http://dx.doi.org/10.1186/s41935-018-0077-3
13. Ahmed U, Mahmood A, Nazir R. Skeletal cepha-
lometric norms of Pakistani population. Pakistan 
Orthodontic Journal. 2022 Dec 15;14(2):77-82.
14.  Girhe V, Borle R, Datey P, Shirivastav S, Bhola N. 
Cephalometric norms for the north Indian popula-
tion: A systematic review. Natl J Maxillofac Surg. 
2022 May-Aug;13(2):172-179. doi: 10.4103/n-
jms.NJMS_34_20. Epub 2022 Jul 15. PMID: 36051801; 
PMCID: PMC9426702.
15. Cotofana S, Gotkin RH, Morozov SP, Kim SY, Gom-
bolevskiy VA, Laipan AS, Pyatnitskiy IA, Movsisyan TV, 
Frank K. The Relationship between Bone Remodeling 
and the Clockwise Rotation of the Facial Skeleton: A 
Computed Tomographic Imaging–Based Evalua-
tion. Plastic and Reconstructive Surgery. 2018 Dec 
1;142(6):1447-54.Available from: http://dx.-
doi.org/10.1097/prs.0000000000004976
16. de Boer HH, Obertová Z, Cunha E, Adalian P, 
Baccino E, Fracasso T, Kranioti E, Lefévre P, Lynnerup 
N, Petaros A, Ross A. Strengthening the role of foren-
sic anthropology in personal identification: position 
statement by the Board of the Forensic Anthropolo-
gy Society of Europe (FASE). Forensic Science 
International. 2020 Oct 1;315:110456. Available from: 
http://dx.doi.org/10.1016/j.forsciint.2020.110456.
17. Lundy JK. Forensic anthropology: What bones 
can tell us. Laboratory Medicine. 1998 Jul 
1;29(7):423-7.
18. Burns KR. Forensic anthropology training manual. 
Routledge; 2015 Sep 7.  http://www.prentice-
hall.com/
19. Rissech C. The importance of human anatomy in 
forensic anthropology. Eur J Anat. 
2021;25(S2):1-8.20.  http://www.ccthom-
as.com/
20. Scendoni R, Cingolani M, Giovagnoni A, Fogante 
M, Fedeli P, Pigolkin YI, Ferrante L, Cameriere R. Anal-
ysis of carpal bones on MR images for age estima-
tion: First results of a new forensic approach. Foren-
sic Science International. 2020 Aug 1;313:110341. 
Available from: http://dx.doi.org/10.1016/j.forsci-
int.2020.110341
21. Kanchan T, Krishan K. Anthropometry of hand in 
sex determination of dismembered remains-A 
review of literature. Journal of Forensic and Legal 
Medicine. 2011 Jan 1;18(1):14-7. Available from: 
http://dx.doi.org/10.1016/j.jflm.2010.11.013
22. Spradley MK, Jantz RL. Sex estimation in forensic 
anthropology: skull versus postcranial elements. 
Journal of forensic sciences. 2011 Mar;56(2):289-96. 
Available from: http://dx.-
doi.org/10.1111/j.1556-4029.2010.01635.x
23. Bigoni L, Velemínská J, Brůžek J. Three-dimension-
al geometric morphometric analysis of cranio-facial 
sexual dimorphism in a Central European sample of 

known sex. Homo. 2010 Feb 1;61(1):16-32. Available 
from: http://dx.doi.org/10.1016/j.jchb.2009.09.004
24. Gillet C, Costa-Mendes L, Rérolle C, Telmon N, 
Maret D, Savall F. Sex estimation in the cranium and 
mandible: a multislice computed tomography 
(MSCT) study using anthropometric and geometric 
morphometry methods. International Journal of 
Legal Medicine. 2020 Mar;134:823-32. Available 
from: http://dx.doi.org/10.1007/s00414-019-02203-0
25. Zaghloul NM, Khater SA, Badawy WA. Sex And 
Stature Determination From Maxillo-Facial Anthro-
pometry In Adult Egyptian Population Sample. The 
Egyptian Journal of Forensic Sciences and Applied 
Toxicology. 2019 Jun 1;19(2):13-28. https://-
doi.org/10.21608/ejfsat.2019.10178.1053
26. Krishan K, Kumar R. Determination of stature from 
cephalo-facial dimensions in a North Indian popula-
tion. Leg Med (Tokyo). 2007 May;9(3):128-33. doi: 
10.1016/j.legalmed.2006.12.001. Epub 2007 Feb 15. 
PMID: 17306595.
27. Yadav AB, Kale AD, Mane DR, Yadav SK, Hallikeri-

math S. Stature estimation from regression analysis of 
facial anthropometry in Indian population. J Oral 
Maxillofac Pathol. 2019 May-Aug;23(2):311. doi: 
10.4103/jomfp.JOMFP_140_19. PMID: 31516257; 
PMCID: PMC6714259.
28. Ross AH, Williams SE. Ancestry studies in 
forensic anthropology: Back on the frontier of 
racism. Biology. 2021 Jul;10(7):602.Available from: 
http://dx.doi.org/10.3390/biology10070602
29. Javaid Q, Usmani A. Distinctive morphomet-
ric measurement of frontal sinuses among the 
female ethnic populations living in Karachi. JPMA. 
The Journal of the Pakistan Medical Association. 
2021 Jul 1;71(7):1725-9. Available from: http://dx.-
doi.org/10.47391/JPMA.866
30.         Nguyen TK, Cambala A, Hrit M, Zimmermann 
EA. A scoping review of cephalometric normative 
data in children. Korean Journal of Orthodontics. 
2024 Jul 25;54(4):210-28.https://-
doi.org/10.4041/kjod23.224

PAKISTAN JOURNAL OF MEDICINE AND DENTISTRY 2025, VOL.14 (02) DOI: https://doi.org/10.36283/ziun-pjmd 14-2/029

From Skull to Identity: Cephalometric Parameters as Predictors of Stature, Sex, and Ethnicity in Pakistan  

188



DISCUSSION
Forensic anthropology has developed significantly 
over past decades in disaster victim identification.16 
Various experts agree that gender and stature 
predictions from peripheral long bones or digits are 
reliable and accurate.17,18,19,20,21 The skull or head is 
often the only body part to be discovered during 
forensic investigations and thus can be a useful tool 
in determining the identity of the person. Many 
studies have been conducted worldwide on anthro-
pometric measurements and their relationship with 
personal identification 6,16,17, however, in Pakistan, 
very few studies of this kind have been published 
despite the presence of different sub-ethnic groups 
and distinct biophysical characteristics. 

The determination of sex in forensic anthropology 
has often relied on gross anatomical differences 
observed on visual examination. Differences in 
weight, shape, size, and texture can be indicators of 
a particular sex. However, these methods are 
subjective, and results may differ due to observer 
bias depending on how well-versed an expert is on 
the nuances of skeletal sexual dimorphism. In this 
regard, morphometry offers a more objective 
method of differentiating between male and 
female skeletons22,23,24. With regards to our study, 
Morphological Face Height was a significant 
parameter in differentiating sex. This is in agreement 
with the findings reported in literature, which noted 
an 82.5% accuracy in their predictive model25.

For stature prediction, it is worthy to note that all four 
parameters showed significant relationships: head 
circumference, morphological face height, maxi-
mum head length, and maximum head breadth– 
with head circumference having the greatest 
correlation and maximum head breadth having the 
least. These results correspond well with a study that 
observed that horizontal head circumference, maxi-
mum head height, and maximum head width give a 
better prediction of stature26. In addition, a study 
published regression formulae to calculate stature 
from various cephalometric measurements from 
males and females of an Indian population27. They 
also observed that total facial height, bigonial 
width, and physiognomic facial height (morphologi-
cal face height) were good predictors of stature.
 
Ethnicity and race are becoming difficult character-
istics to correlate28. The Morphological face height 
was the only parameter with a strong predictive 
value, according to our research results. One of the 
reasons may be that in highly cosmopolitan cities 

like Karachi, there is a mixing of ethnicities by 
intermarriages going back at least 1 or 2 genera-
tions and environmental factors affecting nutrition, 
health, and appearance, thus affecting the preci-
sion of ethnicity prediction. Current research has 
been utilizing the cranium and more so the sinuses to 
predict ethnicity, however, few studies have been 
successful in deriving race or ethnic subgroups from 
cephalo-facial measurements29. The interpretation 
of well-balanced faces and harmonious profiles 
may differ between individuals and cultures or be 
influenced by Eurocentric norms; all of these aspects 
could bias the selection of participants30.

CONCLUSION
The results highlight that estimation of a basic 
biophysical profile involving sex, stature, and ethnici-
ty of an individual using cephalo facial measure-
ments, via multivariate analyses, can be successfully 
extracted for the Pakistani population when extremi-
ties are not available. These techniques can be 
invaluable during situations in which mass human 
identification is urgent and complicated and as 
supportive evidence to DNA analysis results.
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