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Determining Stature from Auricular
Parameters in Adult Population of

Garhwal Region of Uttarakhand,
India: A Cross-sectional Study
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ABSTRACT

Introduction: Estimation of stature from different body parts
is an essential component of forensic anthropology for the
identification of unknown individuals. This becomes particularly
important during mass disasters, when stature assessment
becomes challenging due to the non availability of intact body
parts. In such instances, the auricle can be used as an alternative
for stature estimation, as reported in the literature.

Aim: To explore the relationship between stature and different
auricular parameters in the adult population of the Garhwal
Himalayas.

Materials and Methods: A cross-sectional study was conducted
involving 208 healthy adult subjects aged 18-40 years of both
genders from Garhwal, Uttarakhand, India. The study was
carried out over a period of one year after obtaining approval
from the Institutional Ethics Committee. Stature was measured
using a metallic measuring tape, and auricular parameters
(auricle, conchal, and lobular length and width) were measured
using Vernier callipers. Statistical analysis was performed using
Statistical Package for the Social Sciences (SPSS) 19.0 software.

Pearson’s correlation coefficient was applied to determine the
association between stature and ear parameters. Simple and
multiple linear regression models were established to assess the
predictive value of auricular dimensions in stature estimation.

Results: Statistical analysis revealed a significant correlation
between stature and the length of the auricle (males: r-value
=0.204, p-value=0.026; females: r-value=0.328, p-value=0.002)
and concha (males: r-value=0.267, p-value=0.003; females:
r-value=0.331, p-value=0.002). Gender-specific regression
equations were formulated for calculating stature from these
parameters, with greater predictive accuracy. The regression
equations were: Males: Stature=146.6+0.35xauricle length;
Females: Stature=124.9+0.53xauricle length.

Conclusion: This study developed region- and gender-specific
regression models that can reliably be used for assessing stature
and thus aid in the identification of unknown individuals with
mutilated or burnt body parts during mass disasters or medico-
legal cases. Therefore, this approach to stature estimation
has practical utility and relevance in forensic science and
anthropology.
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INTRODUCTION

The Uttarakhand state of India is located in the Himalayan
mountain range and is known for its high peaks and fast-flowing
rivers [1]. Its rough terrain makes it vulnerable to frequent natural
calamities, leading to mass disasters and loss of human life [2].
Often, fragmented, mutilated, or charred body parts are recovered,
which poses serious challenges in the identification of victims
[3]. In such situations, anthropometry provides a useful tool for
individual identification [4-6]. Stature is one of the most important
parameters that assists in racial, gender, and personal identification.
Traditionally, limb measurements are considered the best predictors
of an individual’s stature [5]. However, during large-scale devastation,
it becomes challenging for forensic experts to accurately measure
limb dimensions when only charred or dismembered body parts are
available [6,7]. In these circumstances, craniofacial measurements —
especially auricular dimensions—become important because they
are easily accessible for examination in both living and deceased
individuals [4,7-9]. Thus, auricular measurements are valuable for
stature estimation and for identification of victims during large-scale
disasters [10-13]. The shape and size of the auricle are influenced
by genetic, environmental, and developmental factors, and therefore
show ethnic and gender variations [11,12,14-16]. Hence, the auricle
serves as a viable tool for forensic experts and anthropologists in
establishing individual identity during disasters and medico-legal
investigations [5,12,14,15].
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Several studies have been conducted among different population
groups by various authors, which support this view [17-20].
Durgawale JM and Jadhav SS, in their study on a Western
Maharashtrian population, found a significant correlation between
stature and ear dimensions [17]. Similarly, Srijith et al., reported a
significant association between auricular parameters and stature
among South Indian males and females [7,18]. Abdeelaleem SA and
Fouad Abdelbaky FA, in a study conducted on a cohort from Upper
Egypt, emphasised the need for population-specific regression
equations for precise estimation of stature [19]. The Garhwal region
of Uttarakhand is home to a distinctive population characterised
by unique genetic traits, environmental conditions, and cultural
practices [21]. These factors contribute to body dimensions that
differ from those of other regions of India and the world [6,15]. The
mountainous terrain further plays an important role in influencing
these physical attributes. A literature search revealed limited
anthropometric data on auricular metrics and their correlation with
stature in this region [6,21]. Therefore, this study was undertaken
in the Garhwal region of the Himalayas, an area prone to natural
calamities, to explore the relationship between stature and auricular
dimensions, if any, and to formulate predictive models. Using
a community-based approach, the author attempted to collect
population-, region-, and gender-specific data that will be useful in
identifying victims of mass disasters and medico-legal cases, as
well as in advancing anthropological research.
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MATERIALS AND METHODS

A community-based cross-sectional study was conducted in the
Garhwal region of Uttarakhand, India, from July 2024 to June
2025. Ethical clearance was obtained from the Institutional Ethics
Committee (vide letter number MC/IEC/2024/38 dated 01 July
2024).

Inclusion criteria: Individuals aged 18-40 years and inhabitants of
this region for at least two generations were included in the study.

Exclusion criteria: Participants with a history of trauma or surgery
[16], congenital anomalies of the ear [20], or systemic illnesses
associated with growth disorders [22] were excluded from the
study.

Sample size: A total of 208 healthy volunteers (119 males and 89
females) were selected using a multistage sampling method [23].
Sample size was estimated using the formula:

n= z°xp (1-p)/e?[24],
where ‘p’ denotes standard deviation (0.84) [4], ‘e’ is margin of error
(0.05) and ‘Z’ is z-score: 1.96 with confidence interval set at 95%.

The Garhwal region of Uttarakhand comprises 15 blocks, and based
on the calculated sample size of 206, 14 subjects were selected
from each block. These 14 individuals were further distributed into
six age groups (each covering a four-year interval), resulting in two to
three participants from every age group (1-2 females and 1-2 males).
A computer-generated random number table was used to select
individuals. Written informed consent was obtained from all study
participants prior to data collection.

Study Procedure

Auricular parameters were measured using standard anthropometric
instruments as illustrated in [Table/Fig-1]. Auricle length [Table/Fig-1a]
was measured as the distance between super-aurale and sub-aurale
[15], and auricle width [Table/Fig-1b] as the distance between post-
aurale and pre-aurale [15]. Conchal length [Table/Fig-1c] was taken
as the distance between concha superior and incisura intertragica
inferior [15], and conchal width [Table/Fig-1d] as the distance
between anti-helical curvature and incisura anterior auris posterior
[15]. Lobular length [Table/Fig-1e] was considered the distance
between intertragica inferior and sub-aurale, while lobular width
[Table/Fig-11] was measured between lobule posterior and lobule
anterior [12]. These auricular parameters were recorded in millimetres
using Vernier callipers [16], with the subject’s head positioned in the
Frankfurt horizontal plane [22,25,26]. Stature [Table/Fig-1g] was
measured in centimetres using a metallic measuring tape [14]. It was
recorded as the distance between the vertex and the floor [7], with
the individual standing barefoot on level ground in an erect posture,
and heels, back, and head touching the wall behind [8].

Bl |
[Table/Fig-1]: Measurement of study parameters; a) Auricle length; b) Auricle

width; c) Conchal length; d) Conchal width; e) Lobular length; f) Lobular width; g)
Stature
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All measurements were taken three times by the same investigator,
and the average of the three readings was recorded to minimise
intracbserver bias. Quality control was ensured by validating the
measuring instruments using objects of known dimensions.

STATISTICAL ANALYSIS

Data were statistically analysed using SPSS version 19.0. Pearson’s
correlation coefficient was used to assess the relationship between
stature and various auricular parameters. Simple and multiple linear
regression equations were formulated separately for males and
females using different auricular parameters. A p-value <0.05 was
considered statistically significant.

RESULTS

Demographic details of the sample population are illustrated in
[Table/Fig-2]. Descriptive data of stature; length and width of the
auricle; length and width of the concha; and length and width of the
lobule for both genders are described in [Table/Fig-3].

Gender n (%) Mean age (years)
Male 119 (67.2) 29.33+6.90
Female 89 (42.8) 29.44+7.25

[Table/Fig-2]: Demographic details of the sample population.

Parameters Male Mean+SD Female Mean+SD
Stature (cm) 168.1+£6.5 1565.56+5.9
Auricle length (mm) 62.1+£3.8 58.0+£3.7
Auricle width (mm) 33.1£2.8 30.1+£2.2
Conchal length (mm) 27.5+1.8 25.2+2.3
Conchal width (mm) 19.3+2.0 17.9+1.9
Lobular length (mm) 17.7+2.4 17.7+2.4
Lobular width (mm) 19.5+2.4 18.5+2.0

[Table/Fig-3]: Descriptive data of measured parameters for both genders.

Correlation  coefficients between stature and various auricular
dimensions are shown in [Table/Fig-4] and illustrated in [Table/Fig-5].
Stature showed a significant positive correlation with auricle length and
conchal length in both males and females (p-value <0.05). No significant
correlation was found between stature and other auricular parameters
(auricle width, conchal width, lobular length and lobular width).

Gender-specific simple linear regression models were developed
to estimate stature from various auricular parameters. These are
shown in [Table/Fig-6]. The regression equations were as follows:

e Males: Stature = 146.6 + 0.35xauricle length

e  Females: Stature = 124.9 + 0.53xauricle length

Multiple linear regression models incorporating more than one
auricular parameter improved predictive accuracy. These are
presented in [Table/Fig-7].

DISCUSSION

The present study revealed that ear parameters (auricle and conchal
length) can be used to estimate stature in both genders in the

Male Female
Parameters r-value p-value r-value p-value
Auricle length 0.204 0.026 0.328 0.002
Auricle width 0.102 0.270 0.201 0.059
Conchal length 0.267 0.003 0.331 0.002
Conchal width 0.038 0.681 0.165 0.121
Lobular length -0.023 0.801 -0.016 0.882
Lobular width -0.134 0.146 0.03 0.783

[Table/Fig-4]: Correlation coefficient between stature and various auricular

dimensions.
r: Correlation coefficient; p-value <0.05: Significant
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[Table/Fig-5]: Correlation between stature and auricular parameters of males and females. a) Correlation between stature and auricle length of male population; b) Correlation

between stature and auricle length of female population; c) Correlation between stature and conchal length of male population; d) Correlation between stature and conchal
length of female population.
ALM: Auricular length in male; ALF: Auricular length in female; CLM: Conchal length in male; CLF: Conchal length in female; X-axis: Auricular Parameters; Y-axis: Stature

Regression study population. Stature estimation is required for establishing

Parameters Gender equations SEE | R® | p-value individual identity [27], especially during mass disasters when only

Male S=146.6+0.35xALM 6.4 | 0034 | 0.026 fragmentary body parts are found [9]. Similar studies conducted by

AU gt 1 10053 ALF | 57 | 0097 | o000z | Various authors in different regions of the world are summarised in
Conchal lonch Male S=141.7+0.96xCLM 6.3 | 0.063 | 0.003 [Table/Fig-8] [7,10,11,14,17-19,24].

onchal lengtl iati i ANifi iti i

Female | S=133.740.87xCLF 56 | 0099 | 0002 A statistically significant positive correlation was found between

[Table/Fig-6]: Simple linear regression equations between stature and auricular stature and a_urlole Ie_ngth in both sexes. These results are in

parameters. accordance with studies conducted by Anyanwu GE et al., and

S: Stature; SEE: Standard error of estimate; R? Coefficient of determination

Taura MG et al.,, on Nigerian populations [28,29]. Laxman K,
Purohit K et al., Durgawale JM and Jadhav SS, and Srijith et al.,
also demonstrated similar findings in their studies on different ethnic
groups [10,11,17,18]. Kumari A et al., found a correlation between
stature and auricle length only in females, while Abdelaleem SA
and Fouad Abdelbaky FA, reported the same only in males [14,19].
In contrast, Dauda IM et al., and Dixit V et al., in Uttar Pradesh

Regression
Parameters equations SEE R? p-value

ALF+CLF | S=118.6+(0.37xALF)+(0.62xCLF) | 9.74 0.134 | 0.001
ALM+CLM | S=137.3+(0.14xALM)+(0.8xCLM) | 10.41 | 0.060 | 0.010

[Table/Fig-7]: Multiple linear regression equations between stature and more than
one auricular parameter.

ALM: Auricular length in male; ALF: Auricular length in female; reported a significant correlation of stature with auricle length only
CLM: Conchal length in male; CLF: Conchal length in female. on the right side [24 301

Males Females

Regression Regression

Author/year Place n r-value equation n r-value equation
Dauda IM et al., [24] o 0.259 (Right) 7 0.207 (Right) i
2024 Nigeria 198 0.236 (Left) 192 0.228 (Left)
Purohit K et al., [11] . 0.81 77.91+1.36xRAL 0.64 82.47+1.28xRAL
2024 North India 150 0.86 71.1241.61xLAL 150 0.72 83.79+1.33xLAL
Kumari A et al., [14] ’ 0.55 93.719+1.110xRAL
2022 North India 100 ; : 100 0.51 109.943+0.838xLAL
Srijith and Murugan ‘ i ) ) 0.97 87.35+1.17xRAL
M [7] 2019 Tamil Nadu 50 0.98 87.5141.17xLAL
Laxman K [10] 2019 | Hyderabad 180 0.963 - 120 0.898 -
Srijith et al., [18] . 0.98 93.93+1.14xRAL
2019 South India %0 0.98 93.90+1.14xLAL ; . .
Durgawale M and | \yoqiem Manarashtra 102 0.949 69.2+17.8xAL 102 0.920 49.11+20.38xAL
Jadhav SS [17] 2018 ’ : ’ : : :
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Abdelaleem SA and

0.925 57.6+(2.96xRAW)
FouadAbdelbaky FA | Egypt 120 0.963 78.21+1.37xRAL 80 0878 131.94+(1.41xLCW)
[19] 2016
Airan N et al., 2026 Garhwal, Uttarakhand 119 0.204 146.6+0.35xAL 89 0.328 124.9+0.53xAL

[Table/Fig-8]: Correlation coefficient and regression equations as found by other authors [7,11,14,17-19,24].

n: Sample size; RAL: Right auricle length; LAL: Left auricle length; RAW: Right auricle width; LCW: Left conchal width

Laxman K, conducted a study on 300 subjects (180 males and 120
females) and found that all ear parameters correlated with stature.
Among these, the most reliable parameter was auricle length
(R?=0.728 on the right side and 0.815 on the left), and auricle width
(R*=0.655) only on the right side in males. They also reported a
significant correlation between stature and conchal width (R2=0.791)
only on the left side in females [10].

The present study also found a statistically significant correlation
between stature and conchal length in both genders. Similar
findings were reported by Srijith and Murugan M, who concluded
that conchal length is the most reliable parameter [7].

Auricle width, conchal width, lobular length and lobular width did
not show any statistically significant relationship with stature in this
study. Similar findings were reported by other researchers. Murthy
SPKS and Babu YK, in a study on 100 individuals in Chennai
(25 males and 75 females), found an R2 value of zero and were
therefore unable to derive linear regression formulae [31]. They
concluded that auricular dimensions cannot be reliably used to
estimate stature. Anyanwu GE et al., also found no correlation
between stature and lobular length [28].

However, contrary findings have been reported by other investigators.
Kumari A et al., found a moderate correlation between stature and
auricle width and lobular length; Dauda IM et al., found a correlation
with auricle width and lobular length in males and right lobular length
in females [14,24]. Similarly, Abdelaleem SA and Fouad Abdelbaky
FA, reported a correlation with right auricle and left conchal width
in females, and Taura MG et al., with auricle width. Dixit V et al.,
also concluded that stature was significantly correlated with right
auricle width, lobular length, and left lobular dimensions [19,29,30].
Srijith and Murugan M, also reported a correlation with auricle width,
conchal, lobular, and tragal dimensions [7].

Obaje SG et al., used digital anthropometric methods in their study
on 240 South East Nigerian individuals. They observed stronger
correlations between stature and ear index (r-value=0.92) and
lobular index (r-value=0.90) in males compared to females {ear
index (r-value=0.82) and lobular index (r-value=0.86)} [5].

In this study, gender-specific simple linear regression equations
were derived using auricular and conchal length separately.
Further, predictive accuracy was enhanced, with higher R? values,
by developing multiple linear regression equations using both
parameters simultaneously. Similar findings were also observed by
other authors [Table/Fig-8] [7,10,11,14,17-19,24].

Rastogi P et al., conducted a study on 297 individuals (147
males and 150 females) and provided regression equations
for stature estimation. In males, the regression equation was:
S=68.972+(14.151xRight auricle length)+(2.017xRight auricle
width) on right-side and S=69.396+(13.963xLeft auricle
length)+(2.292xLeft auricle width) on left-side in males. In females,
the regression equations were: S=111.182+(5.359xRight auricle
length)+(5.643xRight auricle width) +(5.792x Right lobular length)
+(-6.334xRight lobular width) on right-side and S = 101.41 +
(7.227xleft auricle length) + (8.032xleft auricle width) + (1.063xleft
lobular length) — (4.983xleft lobular width) on the left side [32].

The moderate R? values calculated in this study suggest that while
ear parameters can consistently be used to assess stature, they
can predict stature more accurately when used in combination with
other cranial dimensions.

Limitation(s)

While this study demonstrates encouraging results, certain limitations
should be mentioned. The study employed only auricular parameters
for estimating stature and did not consider other craniofacial
dimensions. Moreover, as this was a region-specific study, the
results cannot be generalised to wider population groups.

CONCLUSION(S)

The present study has shown that auricle and concha length are
reliable tools for estimating stature in both genders of Garhwal,
Uttarakhand, India. Ithas also established region- and gender-specific
simple and multiple regression models for assessing stature from
various auricular measurements. These research findings provide
valuable inputs to the field of forensic anthropology. They will aid in
identifying unknown individuals when limb dimensions are difficult to
measure. The ease of access to auricle measurements and their non
invasive nature make this approach more practical and convenient.
Integrating these findings with other craniofacial parameters will
certainly enhance accuracy in forensic identification.

Thus, ear parameters such as auricle and conchal length can be
confidently used as alternatives to limb measurements for stature
estimation in adults of the Garhwal region of Uttarakhand. Although
the sample size was adequate for preliminary investigation, future
studies involving larger numbers of participants may refine the
findings of the present research. Moreover, inclusion of additional
craniofacial parameters will increase the reliability of estimation.
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