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Abstract 

Background: Stature is a key biological characteristic for identifying individuals, particularly in forensic investigations. While 
long bones are traditionally used for stature estimation due to their strong correlation with height, craniofacial structures offer an 
alternative in cases where only partial remains are available, given their durability and relative preservation.

Objectives: This study aimed to evaluate the relationship between craniofacial anthropometric parameters and stature, and to 
assess their usefulness for stature estimation in the Indian population.

Methods: Twelve craniofacial parameters were measured and analyzed using regression analysis, the preferred statistical 
method for estimating stature from skeletal dimensions. The study focused on assessing the strength of correlation between these 
craniofacial measurements and actual stature.

Results: All twelve craniofacial parameters demonstrated a positive correlation with stature, indicating their potential utility 
in forensic contexts where only craniofacial remains are present. Although long bones remain the gold standard, these fi ndings 
provide support for the supplementary use of craniofacial data.

Conclusion: Craniofacial anthropometry can serve as a reliable method for estimating stature, especially in scenarios where 
long bones are unavailable. This study contributes valuable data to the limited literature on this topic in the Indian population and 
aligns with existing global research supporting the role of craniofacial structures in forensic identifi cation.
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decomposed dead bodies or cases where just skeletal remains 
are available [1-3]. Availability of complete long bones like 
the humerus, femur or tibia facilitates estimation of stature 
to a great precision, but, if only partial bone fragments are 
available, such as skull or one of the limbs, stature estimation 
can be done using regression equations. While several studies 
highlight the relationship between stature and long bone 
lengths—including the femur, humerus, tibia, and ϐibula—
only a limited number have examined its correlation with 
craniofacial morphological features. Among the various 

Introduction 

Personal Identiϐication is the backbone of scientiϐic 
methodology needed to determine the individuality of 
victims, suspects, and the accused in cases of mass disasters, 
airplane crashes, ϐire accidents, wars, and bomb explosions, 
and all other forensic investigations. Stature which is the 
total vertical length of an individual, is one signiϐicant pillar 
out of the four that are the basis of such procedure, others 
being race, age and sex, and it assumes great signiϐicance in 
cases where the whole body is not available or in cases of 
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anthropometric parameters that can be utilized to estimate 
Stature, craniofacial anthropometry is one. Craniofacial 
anthropometry involves the measurements of the face 
and head with respect to various bony landmarks. This 
objective technique utilizes systematic measurements and 
proportional analyses to characterize phenotypic variation 
and quantify dysmorphic features [4-7]. It is a non-invasive, 
quantitative method of assessment of the anatomy of human 
faces. There are Direct and Indirect methods of craniofacial 
anthropometry. While Direct Anthropometry involves the 
manual measurements of various parameters deϐined with 
respect to various landmarks on the head and face using 
instruments like Vernier calipers, spreading calipers, and 
measuring tape, in Indirect Anthropometry, 2D photographs 
or 3D images of the face are taken, and measurements are 
done using predeϐined landmark points. Both methods require 
well-trained personnel to record measurements in order to 
obtain accurate results [8-13].

Although there are studies available describing 
the relationship between the stature and the various 
anthropometric measurements, Pearson, Hamman-Todd, 
Dupertuis and Hadden, Musgrave and Harneja, to name a few, 
most of them are based on the long bones [7]. Most of such 
standards are based on the studies conducted on American 
Whites and Blacks; those for the Indian population are limited.

Though India is a racially diverse country, and it is not 
possible to develop regression equations precise enough, this 
study is an attempt to develop regression equations for the 
estimation of stature by using craniofacial anthropometric 
measurements in a heterogeneous Indian population. It is an 
established fact that estimation of stature, assessment of age, 
or determination of sex based on various methods available, 
including skeletal maturity, dental development, sexual 
maturity, and anthropometric parameters, are likely to be 
reliable when applied to individuals from the population for 
which those standards are derived [3].

Material and methods
This Cross-sectional descriptive study was carried out 

after obtaining Institutional Ethics Committee approval 
(IEC No. AIIMS/BBN/IEC/JULY/2022/192 dt. 02nd August, 
2022), with the aim of estimating stature from the various 
craniofacial variables measured using Sliding digital Vernier 
Callipers (MITUTOYO Corp. Digimatic Caliper precision value 
- 0.01 mm), Harpenden Anthropometer (HOLTAIN Limited), 
Spreading Vernier Calipers (HOLTAIN Limited), Medical 
scale for height, weight, and BMI. Any participants found 
to be suffering from injuries, fractures, or developmental 
abnormalities were excluded from the study. The stature 
estimation was made using 12 craniofacial parameters 
including maximum head length (MHL), maximum head 
breadth (MHB), bizygomatic breadth (BZB), bigonial breadth 
(BGB), biocular breadth(BOB), total head height (THH), 
physiognomic facial height (PFH), morphological facial height 
(MFH), nasal height (NH), nasal width (NW), physiognomic 
ear height(PEH) and physiognomic ear width (PEW). The 

study was conducted over a period of 18 months from 2022 
to 2024. The study group consisted of 498 subjects, including 
the patients coming to the OPD, Nursing Staff, Faculty, and 
students of AIIMS, Bibinagar, who were found suitable as per 
the Inclusion and Exclusion criteria. Both males and females 
aged 21 years and above but less than 60 years, with a BMI 
value of more than 18.5 but less than 24.9, Indian in origin, 
who were willing to participate after giving informed consent, 
were included in the study. Individuals with a history of any 
facial surgery or those having any gross Craniofacial deformity 
or any gross skeletal deformity, such as kyphosis, scoliosis, 
facial asymmetry, or any skeletal dysplasia, were excluded 
from the study. The sample size was calculated to be 498.

After taking due informed consent from each participant, 
Height (in centimeters) and all the Craniofacial parameters 
(in centimeters) were measured with reference to anatomical 
landmarks, keeping the head in Frankfurt's horizontal plane 
in accordance with the methods suggested by Vinita, et al. [14] 
and Singh and Bhasin [15]. The diurnal variations in stature 
have been documented, and substantial diurnal variation in 
stature is known to affect height data in forensic examination 
[16]. So, to avoid any variations, all the measurements were 
taken at the same time of the day, i.e., between 10 am and 12 
pm. To avoid any inter-observer error, all the measurements 
were taken by the same person, i.e., the Principal Investigator. 
The data collected was analysed using IBM Statistical Package 
for the Social Sciences (SPSS) Statistics 29.0.2.0(20) version 
software program.

Results
For the purpose of the present descriptive study aimed 

at studying the relationship between the craniofacial 
morphological parameters and the stature and whether 
they can be used to estimate stature, data pertaining to 12 
craniofacial variables of 498 subjects were obtained and 
statistically analyzed for this purpose; out of which the 
number of males and females were 230 (46.2%) and 268 
(53.8%) respectively. The mean age of the study participants 
was 30.53 years. Participants in the age group of 21-30 
years constituted 61.6% of the total study population. The 
participants ranged in age from 21 years to 60 years. The age-
wise frequency distribution of the study sample shows that 
the highest number of individuals among both females and 
males was present in the age group of 21-30 years (Figure 1). 
For the total study population, the majority of the individuals 
were in the age group of 21-30 years (n = 307, % = 61.6). The 
study participants belonged to 23 different states, with many 
of them belonging to Telangana (47.2%), followed by Kerala 
(11.4%) and Maharashtra (6.4%). The mean value of the 
stature for the study population was found to be 163.984 cm, 
with the highest and lowest values being 196.0 cm and 148.0 
cm, respectively (Table 1). For the overall study population, 
the correlation coefϐicient value was found to be highest for 
Nasal height (NH), followed by Total Head height (THH), 
with a p-value of less than 0.05 for all variables except for 
Physiognomic facial height (PFH) (Table 2 and Figure 2).
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Among males, the maximum and minimum values of the 
stature were found to be 196 cm and 150 cm, with a mean 
value of 164.8 cm. Among males, the correlation coefϐicient 
value was found to be highest for Nasal height (NH), followed 
by Physiognomic ear width (PEW), with a p-value of less 
than 0.05 for all variables except for Physiognomic ear height 
(PEH), Maximum head length (MHL), and Bizygomatic breadth 
(BZB). Among females, the correlation coefϐicient value was 
found to be highest for Bigonial breadth (BGB), followed by 
Total head height (THH) and Nasal height (NH), with a p-value 
of less than 0.05 for all variables except for Physiognomic 
facial height (PFH) and  Morphologic facial height (MFH). 
Table 3 shows the logistic regression models that can be used 
for the calculation of stature from the various craniofacial 
parameters. 

Discussion
Stature estimation from skeletal remains is based 

on the availability of tissues, and owing to the relative 
indestructibility of craniofacial structures, they are highly 
useful for the purpose of identiϐication. Regression analysis 
is the statistical method of choice for estimating stature 
from the percutaneous bone lengths or skeletal remains [6]. 
Estimation of these parameters accelerates the analysis of 
human remains by narrowing the pool of victims to match 
and provides more deϐinitive markers for ϐinal conϐirmation 
in the course of a forensic investigation [17]. In general, long 
bone measurements are considered more reliable than any 
other anthropometric parameters for stature estimation 
due to various reasons including - their stronger correlation 
with stature, lesser variability in shape and size compared 
to craniofacial structures, and most importantly due to more 
established formulas and methods for stature estimation from 
long bones, which have been developed and tested over time 
[18-22], but, in instances where the complete skeletal remains 
are not available, or only the craniofacial skeletal remains 
are available, results derived from studies such as this one 
can be useful for stature estimation. So, in the present study 
which was an attempt to estimate the strength of relationship 
between stature and craniofacial anthropometry, all the twelve 
parameters studied were found to be positively correlated 
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Figure 1: Percentage of participants in different age groups.
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Figure 2: Bars colored by signifi cance (p-value) depicting the Correlation 
coeffi cients between the Stature and the various craniofacial parameters.

Table 1: Descriptive statistics of the Stature of the study participants.

Measurement Max. Value 
(cm)

Min. Value 
(cm) Mean (cm) Median S.D. Range

Stature (cm) 196.0 148.0 163.984 163.000 8.4145 48.0

Table 2: Pearson Correlation coefϐicients for craniofacial measurements with Stature.
Measurement 

(cm)
Pearson Correlation 

coef icients (r)
Signi icance (p - value)  

(2-tailed) 
MHL 0.1061 0.018
MHB 0.1284 0.004
BZB 0.1546 0.001
BGB 0.2791 <0.0001
BOB 0.2102 <0.0001
THH 0.3128 <0.0001
PFH 0.0663 0.139
MFH 0.1324 0.003
NH 0.3533 <0.0001
NW 0.2410 <0.0001
PEH 0.1179 0.009
PEW 0.2974 <0.0001

Table 3: Logistic regression equations for craniofacial measurements with Stature.
Measurement 

(cm)
Regression 

equation
Standard error of estimate 

(SEE) (cm)
MHL 157.11+0.429xMHL 8.37548
MHB 157.69+0.526xMHB 8.35326
BZB 154.60+0.809xBZB 8.32179
BGB 145.29+1.621xBGB 8.08841
BOB 148.23+1.263xBOB 8.23478
THH 142.72+1.149xTHH 8.00037
PFH 160.19+0.267xPFH 8.40446
MFH 156.02+0.773xMFH 8.34890
NH 140.89+5.359xNH 7.87979
NW 150.66+3.498xNW 8.17481
PEH 155.53+1.636xPEH 8.36432
PEW 142.73+6.408xPEW 8.04201
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Overall, the ϐindings suggest that nasal height (NH), 
bizygomatic breadth (BZB), and bigonial breadth (BGB) 
are consistently among the strongest predictors of stature. 
However, the studies also emphasize the need for population-
speciϐic formulas and consideration of racial, genetic, climatic, 
and nutritional factors when applying stature estimation 
models. Stature constitutes an essential characteristic in the 
description of an individual. Stature estimation from skeletal 
remains is based on the availability of tissues, and owing to 
the relative indestructibility of craniofacial structures, they 
are highly useful for the purpose of identiϐication. Regression 
analysis is the statistical method of choice for estimating 
stature from the percutaneous bone lengths or skeletal 
remains [6].

Conclusion
From the present study, it can be concluded that stature can 

be estimated from various facial dimensions, similar to stature 
estimation from other parts of the human body. However, the 
correlation is not strong enough to use it as a primary method, 
but can be utilized in the absence of other better parameters, 
such as long bones, or when only craniofacial remains are 
presented for forensic examination. 

Regression equations derived for the estimation of stature 
from craniofacial parameters can be used as a supplementary 
approach in cases where only craniofacial remains are 
available. 

But these formulae, being population-speciϐic, can only be 
applied to the speciϐic population for which they have been 
derived.

Future research should expand sample sizes across 
diverse Indian subpopulations to enhance the generalizability 
of regression models. Also, the use of AI and advanced imaging 
may help improve accuracy.

Informed consent

Informed Consent was obtained from all the participants 
for the purpose of the above study. 
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