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Introduction: The human ear is an important organ that serves as a sensory input for sound and balance.
Ear morphology can vary greatly between individuals and can be influenced by various factors such as age,
sex, genetics, and environmental factors. This study aimed to investigate ear dimensions and anthropometry
of a sample of Indian college students.

Materials and Methods: A total of 100 Indian college students were included in this cross-sectional study.
Ear measurements including total ear height (TEH), ear width (EW), lobule height (LH), and lobule width
(LW) were obtained using digital calipers. Lobule index (LI) and ear index (EI) were calculated using the
following formula: LI = LH/TEH x 100 and EI = EW/TEH x 100. Data were analyzed using descriptive
statistics and independent sample t-tests.

Results: The mean values for TEH, EW, LH, and LW increased with increasing age for both the right and
left ears. Male participants had significantly greater TEH and EW compared to females for both the right
and left ears. There were significant differences in lobule height (right ear) and lobule index (right and left
ear) between males and females, with males having slightly larger measurements than females.
Conclusion: Our study provides valuable information on ear dimensions and anthropometry in a sample
of Indian college students. The findings of our study are consistent with previous studies conducted
worldwide, as well as in India. Our study highlights the importance of considering gender and age when
investigating ear dimensions and anthropometry.

This is an Open Access (OA) journal, and articles are distributed under the terms of the Creative Commons
Attribution-NonCommercial-ShareAlike 4.0 License, which allows others to remix, tweak, and build upon
the work non-commercially, as long as appropriate credit is given and the new creations are licensed under
the identical terms.
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1. Introduction

which involves determining a set of characteristics that
differentiate them from all others.? Alphonse Bertillon was

Identification of human remains in forensics requires legal
and fundamental considerations, which involve unique
distinguishing features of each individual.! The use of
specific attributes for identification purposes requires the
quality of uniqueness.? Forensic anthropology, a subfield of
forensic biology, plays a crucial role in identifying human
remains through body measurement and anthropometric
study for classification and comparison. The establishment
of individuality is a critical aspect of identifying a person,
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the first scientist to identify the unique characteristics of the
human ear for identification purposes. Since then, several
studies have been conducted to utilize anthropometric
measurements of the ear for various purposes, such as
determining age, sex, and individual identification.*

The human ear consists of external, middle, and internal
parts, with the external ear comprising the pinna and
external acoustic meatus. The anatomy of the human ear
includes distinct features such as the helix, which forms
the outer rim, the antihelix that runs parallel to the helix,
the intertragic notch that creates a hairpin bend, and the
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concha located in the center area.> Similar to fingerprints,
the external characteristics of the human ear are unique to
each individual.® Using the ear as a source of information
for human identification has numerous advantages. The
ear contains a complex structure of characteristic parts
that are unique to each individual. The location of these
parts, including their size, direction, angles, and relative
positions within the ear, provides distinctive features
that can be utilized for human identification purposes.’
Forensic scientists, anatomists, and anthropologists have
widely acknowledged the undeniable fact that the distinctive
structure of the human ear enables reliable identification.®

Morphological characteristics of the ear are frequently
utilized as biometric traits for identifying individuals. It
is a well-established and recognized fact that the external
ear is a promising candidate for identification even among
monozygotic twins.® Anthropometric measurements of
body dimensions provide valuable statistical data that can
be utilized in various fields, including forensics, apparel
sizing, prosthesis development, and product optimization.
According to Abeysekera and Shahnavaz, equipment
designed based on anthropometric measurements may
fit different populations differently.'® For example, such
equipment may fit 90% of the male population in the United
States and Germany, 80% of the French population, 65% of
the Italian population, 45% of the Japanese population, 20%
of the Thai population, and only 10% of the Vietnamese
population. '!

India is known for its ethnic and genetic diversity, which
may result in unique ear characteristics. The state of Jammu
and Kashmir in northern India has a distinct ethnic and
cultural diversity, and the ethnic Kashmiri population of
this region has been largely unexplored in terms of ear
biometrics. Given the uniqueness of the ear, the authors
of this study aimed to create a database of anthropometric
measurements of the ear among 200 individuals who were
students in the medical college & hospital. The study aimed
to evaluate age-related changes and gender differences
based on ear measurements and to establish a database for
the population under study.

Thus, the present study aims to document the
morphological variations and biometric properties of ears
in the ethnic Kashmiri population of Northern India.

2. Materials and Methods

2.1. Sample selection

The study was conducted on 100 medical students (50
males and 50 females) from Government Medical College
Srinagar, India. The participants was selected through
random sampling to ensure representativeness.

2.2. Informed consent and ethical clearance

The participants was informed about the purpose and nature
of the study, and informed consent was obtained before any
measurements were taken. Ethical clearance was obtained
from the Institutional Ethics Committee.

2.3. Anthropometric measurements

Anthropometric measurements of ear morphology was
taken using traditional methods such as a sliding caliper and
a ruler, as per the guidelines provided by Farkas et al. !> The
following measurements was taken on both ears: ear length,
ear width, ear height, and lobule length.

2.4. Statistical analysis

The data obtained from the measurements was analyzed
using statistical software programs such as SPSS.
Descriptive statistics, such as means and standard
deviations, was calculated for each ear dimension separately
for males and females. A comparison of ear dimensions
between males and females was conducted using t-tests.

2.5. Ethics

The study was adhere to ethical principles, including the
protection of participants’ privacy and confidentiality of the
collected data.

3. Results

Table 1 presents the mean values and standard deviations of
various ear measurements in centimeters for different age
groups among the study participants. The ear measurements
include total ear height (TEH), ear width (EW), lobule
height (LH), and lobule width (LW). The measurements
were taken for both the right and left ears separately. The
study participants were divided into three age groups: 19-
20 years (n=65), 21-22 years (n=73), and 23-24 years
(n=62). The mean values and standard deviations for each
ear measurement were calculated separately for each age
group. Overall, the mean values for TEH, EW, LH, and
LW increased with increasing age for both the right and
left ears. The differences in mean values between age
groups were generally small, with the largest differences
observed in TEH for the right ear and LH for the left ear.
The standard deviations for each ear measurement were
generally consistent across age groups. This table can be
used to provide a visual representation of the data collected
in the study and to identify any trends or patterns in ear
morphology based on age. It can also be used to compare
the ear dimensions between the right and left ears.

Table 2 presents the mean values and standard deviations
of various ear anthropometric measurements for males and
females, as well as the combined results. The P-values for
each measurement are also presented, indicating whether
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Table 1: Morphometric measurements of external ear among different age groups
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Measurements

Right Ear

Left Ear

TEH (cm)
EW (cm)
LH (cm)
LW (cm)
TEH (cm)
EW (cm)
LH (cm)
LW (cm)

(19-20 Years)Mean =+
SD (n=65)
5.63 £0.32
2.92 +0.19
1.60 + 0.21
1.89 £ 0.15
5.65 £ 0.35
290 +0.24
1.65 = 0.20
1.95 +0.21

Age Groups
(21-22 Years)Mean =+
SD (n=73)
5.74 £0.32
294 +0.23
1.64 +0.23
1.92 +0.19
578 +£0.33
2.99 £0.30
1.70 £ 0.17
1.97 £0.23

(23-24 Years)Mean =+
SD (n=62)
5.98 +0.33
3.12 £0.21
1.73 £ 0.26
1.99 + 0.26
6.20 + 0.24
3.12+£0.22
1.76 £ 0.28
1.98 +0.28

[TEH: Total Ear Height; EW: Ear Width; LH: Lobule Height; LW: Lobule Width]

Table 2: Association of Morphometric measurements of external ear in male & females

Measurements Male (n=98) Female (n=102) Combined (N=200)
Mean = SD P value Mean + SD P value Mean + SD P value

. Right 6.02 +£0.34 5.78 +0.34 5.89 +0.38

Earheight | 5 6.03 +0.33 0.674 5.67 £0.35 0-306 5.78 +0.38 0.643
. Right 3.01 £0.20 2.88 +0.21 2.95+0.23

Earwidth ) 5 3.05 +0.24 0.095 2.85 025 0-586 297 +0.27 0489

Lobule Right 1.65 = 0.18 x 1.65 + 0.23 1.65 +0.25 x

height Left 1.67 £0.20 0.040 1.65 + 0.21 0.342 1.69 £ 0.20 0.042

Lobule Right 1.98 £ 0.19 1.93 +£0.20 1.94 +£0.20

width Left 1.98 £0.22 0.654 1.93 £ 0.20 0.325 1.96 £ 0.23 0.293

. Right 51.11 £3.78 50.26 = 4.09 50.23 +3.98

Ear index Left 51.32 +3.82 0-136 49.79 + 4.74 0355 50.30 + 4.32 0-820

Lobule Right 120.02+14.36 117.33+£15.34 118.25+£16.95

index Left 118.31+£16.78 0.269 116.85+15.03 0.874 117.11+15.85 0.383

*indicates significant p-value (<0.05 at 95% CI)

Table 3: Association of Morphometric measurements of external ear in-between two genders

Measurements Male Mean = SD Female Mean + SD p value

Right ear height 6.02 + 0.34 5.78 +0.34 <0.001*

Right ear width 3.01 £0.20 2.85 £0.25 <0.001*

Right lobule height 1.65 £0.18 1.65 £ 0.23 0.856

Right lobule width 1.98 £0.19 1.93 +£0.20 0.238

Right ear index 51.11 +3.78 50.26 + 4.09 0.945

Right lobule index 120.02 + 14.36 117.33 £ 15.34 0.476

Left ear height 6.03 +0.33 5.67 £ 0.35 <0.001*

Left ear width 3.05+0.24 2.85+0.25 <0.001*

Left lobule height 1.98 £0.22 1.65 = 0.21 0.756

Left lobule width 1.98 +£0.22 1.93 £ 0.20 0.543

Left ear index 51.32 +3.82 49.79 + 4.74 0.145

Left lobule index 118.31 + 16.78 116.85 + 15.03 0.943

*indicates significant p-value (<0.05 at 95% CI)
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there is a significant difference between males and females.
The measurements include ear height, ear width, lobule
height, lobule width, ear index, and lobule index. The
data show that there is a significant difference between
males and females in lobule height (right ear) and lobule
index (right ear and left ear), with males having slightly
larger measurements than females. However, there is no
significant difference between males and females for the
other measurements.

Table 3 presents measurements of various ear dimensions
(height, width, lobule height, lobule width, ear index, and
lobule index) for male and female participants. The mean +
standard deviation (SD) is reported for each measurement,
and the p value is given to indicate the significance of
the difference between males and females. For the right
ear, male participants had significantly greater height and
width compared to females (p<0.001), while no significant
difference was observed for lobule height, lobule width, ear
index, and lobule index. For the left ear, male participants
had significantly greater height and width compared to
females (p<0.001), while no significant difference was
observed for lobule height, lobule width, ear index, and
lobule index.

4. Discussion

Knowledge of typical ear measurements and physical
features in different groups can aid in the identification
process based on ear variances. This study was conducted
because of the ear’s unique features, such as variation in
shape, size, and lack of impact of expression changes,
which make it a more useful biometric tool in forensic
sciences compared to the face. Ear measurements are
also important in identifying congenital abnormalities,
acquired deformities, and syndromes, as well as in treatment
planning. The findings of this research may also assist
plastic surgeons in reconstructing an anatomically accurate
ear during repairs.

The Total Ear Height (TEH) is used for assessing
congenital anomalies, facial reconstruction, and forensic
purposes. The ear attains its full height at 12 years in
females and 13 years in males. In a study population, men
had a higher mean TEH (right: 6.02 + 0.34, left: 6.03 + 0.33)
compared to women (right: 5.78 + 0.34, left: 5.67 + 0.35).
Similar findings were reported in previous studies by Purkait
et al, 13 Bozkir et al., !4 and Asai et al.!> where males had a
larger TEH in their left ear than females. These results can
be attributed to the higher levels of growth hormone in males
during this period. Additionally, the study found that other
anthropometric ear measurements, such as LH, LW, LI, and
El, were significantly larger in males than in females for
both groups. These results were similar to those reported in
studies by Ekanem et al. !¢ and also consistent with studies

by Eboh DEO'7 and Deopa et al. '°
According to a study by Wang et a conducted in

Northern China, men have longer and wider earlobes than

1.18

women. The growth of earlobes after the age of 20 is
primarily due to secondary elongation caused by gravity.
Auricular measures were found to increase significantly
with age in both genders, and this is attributed to changes in
elastic fibers, which occur faster in men than in women. This
finding is consistent with previous studies that investigated
the growth of ear measurements over time. '°

The study group’s comparison of biometric ear
measurements for both ears found that all values were
higher for males than females in the ethnic Kashmiri
community. The results are consistent with previous
research and may be attributed to differences in ethnic and
genetic backgrounds. 2"

Ferrario et al.?! found that males had larger ear indices
than females, while Barut and Aktunc?? reported that males
had higher left ear indices and insignificantly higher right
ear indices. In this study, there were significant differences
in ear height, width, LH, and width between genders.
Moreover, left ear indices were more significant in males,
while right ear indices were more significant in females.

5. Conclusion

In conclusion, our study provides valuable information on
ear dimensions and anthropometry in a sample of Indian
college students. The findings of our study are consistent
with previous studies conducted worldwide, as well as in
India. Our study highlights the importance of considering
gender and age when investigating ear dimensions and
anthropometry. Further, studies with larger sample sizes and
more diverse populations are needed to provide a more
comprehensive understanding of ear morphology and its
relationship with various factors such as ethnicity, genetics,
and environmental factors.

6. Source of Funding

None

7. Conflict of Interest

None.

References

1. Jain AK, Ross A, Nandakumar K. Introduction to Biometrics. US:
Springer; 2011.

2. Bansal A, Bansal R, Prajapati S, Prajapati P. Ear print recognization
in forensic science. Int J Res Med. 2013;2(2):142-5.

3. DeArcaute A, Navarro JG. Ear print as an identification method. Acta
Otorrinolaringol Esp. 2006;57(7):329-32.

4. Brucker MJ, Patel J, Sullivan PK. A morphometric study of the
external ear: age- and sex-related differences. Plast Reconstr Surg.
2003;112(2):647-52.

5. Barley NR, Collins P, Crossman AR, Gatzoulis MA, Healy JC.
External ear. In: Standring S, editor. Gray’s Anatomy. London:
Churchill Livingstone; 2008. p. 618.

6. Chattopadhyay PK, Bhatia S. Morphological examination of ear: A
study of an Indian population. Leg Med (Tokyo). 2009;11(1):190-3.



10.

11.

12.

13.

15.

16.

17.

. Kasprzak J.

Jan and Saleem / Indian Journal of Clinical Anatomy and Physiology 2023;10(1):27-31 31

. Kasprzak J. Forensic Otoscopy (In Polish). Olsztyn: University of

Warmia and Mazury Press; 2003.
Identification of ear impressions in polish forensic
practice. Probl Forensic Sci. 2001;57:168-74.

. Zulkifli N, Yusof F, Rashid R. Anthropometric comparison of cross-

sectional external ear between monozygotic twin. Ann Forensic Res
Anal. 2014;1:2-7.

Deopa D, Thakkar HK, Prakash C, Niranjan R, Barua MP.
Anthropometric measurements of external ear of medical students in
Uttarakhand region. J Anat Soc India. 2013;62(1):79-83.

Abeysekera JD, Shahnavaz H. Body size variability between people
in developed and developing countries and its impact on the use of
imported goods. Int J Ind Ergon. 1989;4(2):139-49.

Farkas LG, Katic MJ, Forrest CR, Alt KW, Bagic I, Baltadjiev G, et al.
International Anthropometric Study of Facial Morphology in Various
Ethnic Groups/Races. J Craniofac Surg. 2005;16(4):615-46.

Purkait R. Ear biometrics: An aid to personal identification. Anthropol
Spl. 2007;3:215-8.

. Bozkir MG, Karakas P, Yavuz M, Dere F. Morphometry of the external

ear in our adult population. Aesthetic Plast Surg. 2006;30:81-5.

Asai Y, Yoshimura M, Nago N, Yamada T. Why do old men
have big ears? Correlation of ear length with age in Japan. BMJ.
1996;312(7030):582.

Ekanem AU, Garba SH, Musa TS, Dare ND. Anthropometric study
of the pinna (auricle) among adult Nigerians resident in Maiduguri
metropolis. J Med Sci. 2010;10(6):176-80.

Eboh D. Morphological changes of the human pinna in relation to age
and gender of Urhobo people in Southern Nigeria. J Exp Clin Anat.

18.

19.

20.

21.

22.

2013;12(2):68-74.

Wang B, Dong Y, Zhao Y, Bai S, Wu G. Computed tomography
measurement of the auricle in Han population of North China. J Plast
Reconstr Aesthet Surg. 2011;64(1):34-40.

Azaria R, Adler N, Silfen R, Regev D, Hauben DJ. Morphometry
of the adult human earlobe: A study of 547 subjects and clinical
application. Plast Reconstr Surg. 2003;111(7):2398-402.

Bhasin MK. Ear lobe attachment among the Newars of Nepal. Hum
Hered. 1969;19(5):506-8.

Ferrario VF, Sforza C, Ciusa V, Serrao G, Tartaglia GM. Morphometry
of the normal human ear: A cross sectional study from adolescence to
mid adulthood. J Craniofac Genet Dev Biol. 1999;19(4):226-33.
Barut C, Aktunc E. Anthropometric measurements of the external ear
in a group of Turkisk primary school students. Aesthetic Plast Surg.
2006;30(2):255-9.

Author biography

Shah Sumaya Jan, Senior Resident

Sheikh Mohd Saleem, Public Health Consultant

Cite this article: Jan SS, Saleem SM. Ear morphology and
anthropometry: gender and age differences in Indian college students.
Indian J Clin Anat Physiol 2023;10(1):27-31.




	Introduction
	Materials and Methods
	Sample selection
	Informed consent and ethical clearance
	Anthropometric measurements
	Statistical analysis
	Ethics

	Results
	Discussion
	Conclusion
	Source of Funding
	Conflict of Interest

