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Abstract

of such comparisons have been done on the deceased.

and height of an individual.

identification in the forensic field.

Background The ears have increasingly been recognized as one of the supportive tools in forensics, based
on the identification of landmark variations of ear biometrics in living persons. However, no studies on the reliability

Methods The study aimed to investigate the correlation between ear biometrics and the age, sex, and stature

of the deceased. The study was conducted on 181 deceased persons, aged between 18 and 70 years old on cases
received by the Forensic Unit of Universiti Kebangsaan Malaysia Medical Centre. Documentation of age, sex, race,

and height was recorded, and photographs of bilateral ears were taken. Measurements of twelve ear biometrics based
on the lannarelli method and ear length and ear width were taken from the photographs.

Results Results showed that there was a significant difference between males and females in six ear biometrics.
There was also a significant correlation between ear biometrics, that is, ear length and ear width with the age

Conclusions In brief, there exists a significant difference between males and females in ear biometrics with good
correlations between ear biometrics and the height and age of an individual. Hence, the ear can be used for personal
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Background

One of the goals of medicolegal investigation is to
establish personal identification of human remains.
The identity of an unknown deceased is important
in legal proceedings, as well as in social matters. The
means of primary identification listed by INTERPOL
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are fingerprints, DNA analysis, and forensic dentistry
(Caplova et al. 2018). Physiognomic features of a human
body are also used for identification purposes such as
(i) visual recognition, (ii) specific facial/body areas, (iii)
biometrics, and (iv) dental superimposition (Caplova
et al. 2018).

The use of ear morphology and biometric properties
of its distinguished anatomical landmarks has emerged
since 1890 when French criminologist Alphonse Bertil-
lon wrote (Hurley et al. 2007):

“The ear, thanks to these multiple small valleys and
hills which furrow across it, is the most significant
factor for identification. Immutable in its form since
birth, resistant to the influences of environment and
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education, this organ remains, during the entire life,
like the intangible legacy of heredity and the intra-
uterine life”

He pioneered the use of physical measurements of
various parts of the body, both quantitatively and qualita-
tively, which was called anthropometry (Ross and Abaza
2011). The biometrics of the ear caught the interest of
Alfred Iannarelli, who gathered a sample of 10000 ears
(Hurley et al. 2007), examined them, and later came out
with a conclusion that they were all different. He devel-
oped the Iannarelli System of Ear Identification, which
comprises taking several measurements around the ear
by placing a transparent compass with eight strokes at
equal intervals of 45° over an ear photograph (Hurley
et al. 2007; Ross and Abaza 2011).

Over time, work has concentrated on developing auto-
mated computer programs using various complicated
mathematical equations (Abaza et al. 2013). Taking
measurements from different parts of the ear and indi-
vidualizing them to a person is an attractive alternative
for identification purposes. The ear protrudes from the
head in varying degrees, with some set close and flat to
the head, while others recede deep and recess into the
head. The shapes of the outer ear rim are also different,
with some individuals having oval, round, triangular,
or rectangular shapes, which are the most defining fea-
tures of the external ear. The concha area can be deep,
wide, shallow, or narrow. Ears may be positioned at dif-
ferent levels on the head, with some having low-set ears,
whereby the upper rim of the helix is situated below the
level of the eyebrow (Kapil et al. 2014).

The ear is relatively a stable organ and is a defining fea-
ture of the face. It is situated on both sides of the head
and is not affected by facial expressions and speech
(Hurley et al. 2007). Studies have demonstrated that the
imprints made by the human ear are unique to each per-
son (Krishan and Kanchan 2016; Meijerman 2006). The
ear growth between four months to 8 years old is linear,
after which it becomes constant throughout adult life
until about 70 years old when it spikes again (Masaoud
et al. 2013).

The ear starts to appear between the fifth and sev-
enth weeks of pregnancy (Abaza et al. 2013). At this
stage, the embryo’s face takes on more definition as
mouth perforation, nostrils, and ear indentations
become visible. The embryo develops initial clus-
ters of embryonic cells that serve as the foundation,
from which a body part or organ develops. Two of
these clusters termed the first and second pharyngeal
arches will form six tissue elevations called auricular
hillocks during the fifth week of development. In the
seventh week, the auricular hillocks begin to enlarge,
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differentiate, and fuse, producing the final shape of the
ear, which is gradually translocated from the side of
the neck to a more cranial and lateral site. By the ninth
week, the morphology of the hillocks is recognizable
as a human ear. Hillocks 1-3 form the first arch of the
ear (tragus, helix, and cymba concha), while hillocks
4-6 form the second arch of the ear (antitragus, anti-
helix, and concha).

Methods

The study was conducted on 181 subjects comprised of
148 males and 33 females of the age range between 18
and 70 years old. All subjects were selected based on the
inclusion and exclusion criteria. Age, sex, race, height,
and anatomical landmarks from bilateral ears were
recorded. This study was approved by the Institutional
Ethics Committee (Research Ethics No: FF-2021-068).

The subject was placed on the autopsy table with the
head of the deceased placed in such a way that its lon-
gitudinal axis is parallel to the long axis of the autopsy
table. A living staff would place the deceased’s ear lightly
against a glass panel with a fixed scale of 150 mm. Two
photographs of the right ear and left ear were captured
by a Pentax K-r 12.4MP digital single-lens camera, which
was placed perpendicular to the subject under sufficient
lighting conditions, i.e., within a 15-cm distance. All pho-
tos were printed out after normalizing accordingly with
the Iannarelli method.

Measurements of twelve ear biometrics were taken
based on the Iannarelli method, which was labeled as R1
until R12 for the right ear and L1 until L12 for the left
ear (Fig. 1). In addition, the ear length and ear width
were also measured (Fig. 2). The ear length was the maxi-
mum distance of a vertical line between the top end of
the superior helix rim and the bottom end of the infe-
rior lobule of the ear. The ear width was the maximum
distance between the most anterior end of the helix rim
and the most posterior end of the helix rim, where a hori-
zontal line was formed, that crosses perpendicularly with
the ear length. Measurements were taken twice with the
Insize Digital Caliper 150 mm, and the average of the
measurements was taken. Quality assurance was prac-
ticed to ensure compliance with the procedure adopted
by using the same instruments and protocols throughout
the measuring process.

The data were analyzed statistically by IBM SPSS Statis-
tics 28.0. The Shapiro-Wilk test was used to examine the
fit of the quantitative values to a normal distribution. An
independent ¢-test was used to determine whether there
was any difference in the biometrics. The p-value is the
level of marginal significance within a statistical hypoth-
esis test in representing the probability of the occurrence
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Fig. 1 The diagrammatic representation of the ear biometrics
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of a given event. The significance level taken in all of the
tests was p<0.05. Pearson correlation was used to deter-
mine the correlation between ear biometrics with height
and age of an individual.

Results

A total of 181 cadavers were sampled in this study, com-
prising 148 males (81.8%) and 33 females (18.2%) in the age
range between 18 and 70 years old. About 21% of the sub-
jects were Malays, 43.1% Chinese, 12.2% Indians, and the
remaining 23.8% were non-Malaysians.

Comparative statistics for the ear biometrics between dif-
ferent sexes with mean values, standard deviations, and “p”
values were tabulated (Table 1). By using an independent
t-test, there was a significant difference between different
sexes in six biometrics, i.e., biometrics 3, 6, 7, 9, ear length,
and ear width (p < 0.05) as shown in the Table 1. However,
the other biometrics showed no difference between the
different sexes. Stepwise and multivariate discriminant
analyses of the ear biometrics (3, 6, 7, 9, ear length, and ear
width) were tabulated (Table 2).

Function 2 was used to develop the discriminant function
as the classification rate is the highest (85.5%) (Table 2).
The analysis was significant, based on six discriminant
functions (p < 0.001; Wilk’s A = 0.772; y* = 45.125; df = 6)
(Table 3), allowing a canonical discriminant function (D) to
be employed (Table 4):

Fig. 2 The diagrammatic representation of the ear length (a) and ear width (b)
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Table 1 The ear biometrics in males and females

Ear biometrics Sex N Mean (mm) Standard Independent T test (“t” Independent T

deviation value) test (“p” value)

R1 Female 33 6.19 1.81 -1.79 0.07
Male 148 6.85 1.92

R2 Female 33 4.36 1.12 -1.77 0.07
Male 148 4.78 1.25

R3 Female 33 4.27 0.68 —2.49 0.01**
Male 148 4.69 0.92

R4 Female 33 6.84 1.56 —-1.82 0.07
Male 148 7.39 157

R5 Female 33 14.37 249 0.87 0.38
Male 148 1391 3.69

R6 Female 33 14.81 249 -5.17 <0.01**
Male 148 17.61 2.87

R7 Female 33 7.28 1.95 —4.60 <0.01**
Male 148 9.28 231

R8 Female 33 8.10 1.81 -1.32 0.18
Male 148 8.66 226

R9 Female 33 2145 240 —348 0.01**
Male 148 23.10 2.77

R10 Female 33 17.56 2.56 -0.68 049
Male 148 17.90 242

R11 Female 33 15.99 2.37 145 0.15
Male 148 15.35 191

R12 Female 33 2044 3.82 -0.36 0.71
Male 148 20.73 4.16

Right ear length Female 33 63.90 573 -2.22 0.02*
Male 148 66.73 6.77

Right ear width Female 33 31.64 3.06 —4.15 <0.01**
Male 148 34.54 3.74

L1 Female 33 557 1.77 -1.64 0.10
Male 148 6.13 1.77

L2 Female 33 457 1.02 -0.51 061
Male 148 732 30.95

L3 Female 33 4.54 0.90 —2.24 0.02*
Male 148 497 1.01

L4 Female 33 7.68 1.74 -0.22 0.82
Male 148 775 141

L5 Female 33 16.01 2.71 -0.10 0.91
Male 148 16.08 343

L6 Female 33 14.00 227 —4.26 <0.01**
Male 148 16.48 3.15

L7 Female 33 6.84 1.52 -3.69 <0.01%*
Male 148 8.38 2.28

L8 Female 33 8.77 2.05 -1.19 023
Male 148 9.27 2.20

L9 Female 33 20.80 226 -3.30 0.01**
Male 148 2243 263

L10 Female 33 17.83 252 —1.22 0.22
Male 148 1841 227
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Table 1 (continued)
Ear biometrics Sex N Mean (mm) Standard Independent T test (“t” Independent T
deviation value) test (“p” value)
L1 Female 33 16.07 1.73 044 0.65
Male 148 15.90 2.04
L12 Female 33 20.96 337 0.52 0.59
Male 148 20.57 393
Left ear length Female 33 64.28 455 -294 0.01**
Male 148 66.92 5.12
Left ear width Female 33 31.92 263 —6.34 <0.01**
Male 148 3544 293
" p<0.01, *p<0.05
Table 2 Stepwise and multivariate discriminant analysis of the ear biometrics in males and females
Functions Ear biometrics Wilks’ Lambda “p"value Classification (%) Cross-
validated
(%)
Function 1 (stepwise) 3,6, ear width 0.796 <0.01** 84.4% 83.8%
Function 2 (multivariate) 3,6,7,9, earlength, ear width 0.772 <0.01** 85.5% 83.2%
Function 3 Ear length, ear width 0.854 <0.01** 83.8% 83.2%
" p<0.01

Table 3 Summary of canonical discriminant functions

Te

st of function(s) Wilk’s Lambda

Chi-square

df  Sig.

1

0.772

45125

6 <0.001

Table 4 Unstandardised  canonical  discriminant  function
coefficients

Function 1
R3 0.468
R6 0.159
R7 0.083
R9 0.130
Ear length —-0.032
Ear width 0.152
Constant -11.663

Discriminantscore(DS) = 0.468(R3) + 0.159(R6)
+ 0.083(R7) + 0.130(R9)
+ (—0.032) (earlength)
+ 0.152(earwidth) + (—11.663)

The sectioning point is —0.44. If the score >—0.44, it is
classified as male, and if the score <—0.44, it is classified

Table 5 Unstandardised
evaluated at group means

canonical  discriminant  functions

Function 1
Female -1.138
Male 0.257
Table 6 Classification results for female and male ears
Sex Predicted group
membership
Female Male Total
Original Count Female 12 21 33
Male 5 141 146
% Female 364 63.6 100.0
Male 34 96.6 100.0
Cross-validated Count Female 8 25 33
Male 5 141 146
% Female 24.2 758 100.0
Male 34 96.6 100.0

as female. The unstandardized canonical discriminant
functions were evaluated at group means (Table 5). The
classification functions gave correct classification rates
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for 85.5% of cases. The accuracy of identification was
96.6% for males and 36.4% for females (Table 6). The
classification functions also gave cross-validated correct
classification rates for 83.2% of cases. The accuracy of
identification was 96.6% for males and 24.2% for females
(Table 6).

Pearson correlation analysis showed significant correla-
tions between R4, R6, R7, R9, R10, right ear length, right
ear width, L6, L7, L9, L10, L11, left ear length, and left ear
width and height (p < 0.05) (Table 7).

The right ear showed positive correlations between
R3, R5, R7, R8, R12, ear length, ear width, and age,
while R10 and R11 exhibited inverse correlations with
age (Table 8). For the left ear, only L9, ear length, and
ear width showed positive correlations with age. As
age advances, the size of the ear also tends to increase.
However, L10 and L11 showed inverse correlations with
age (Table 8).

Table 7 Pearson correlation between ear biometrics and height

Ear biometrics Pearson correlation “p"value
R1 0.11 0.14

R2 0.04 0.59

R3 0.05 052

R4 0.16 0.03*
R5 —0.06 039

R6 0.29 <0.01%*
R7 017 0.02*
R8 0.01 092

R9 032 <0.01**
R10 0.21 0.01**
R11 0.07 033
R12 0.12 0.10
Right ear length 0.21 0.01*
Right ear width 0.17 0.02*

L1 -0.02 0.76

L2 0.01 0.94

L3 0.13 0.09

L4 0.06 0.46

L5 0.11 013

L6 0.24 <0.01**
L7 0.18 0.01*
L8 —0.001 0.99

L9 038 <0.01**
L10 0.20 0.01**
L1 0.15 0.03*
L12 0.07 0.32
Left ear length 033 <0.01**
Left ear width 038 <0.01%*

™ p<0.01, *p<0.05
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Table 8 The Pearson correlation between ear biometrics and

age

Ear biometrics Pearson correlation “p" value
R1 0.03 0.70

R2 0.13 0.09

R3 0.17 0.02%
R4 -0.03 0.69

R5 0.18 0.02*
R6 0.13 0.08

R7 0.24 0.01*
R8 0.24 0.01*
R9 013 0.07
R10 -0.29 <0.01**
R11 -0.15 0.04*
R12 0.16 0.03*
Right ear length 0.28 <0.01**
Right ear width 0.21 0.01**
L1 0.07 037

L2 0.10 0.16

L3 0.13 0.07

L4 0.06 046

L5 0.13 0.08

L6 0.07 032

L7 0.11 0.16

L8 0.12 (AN

L9 0.15 0.05*
L10 —0.20 0.01%*
L11 -0.19 0.012*
L12 0.08 0.29
Left ear length 0.24 0.01**
Left ear width 0.14 0.05*

#

" p<0.01, *p<0.05

Discussion

Numerous global studies have been carried out to illus-
trate the morphological and morphometric differences
in human ears. Some recent studies (Hurley et al. 2007;
Cameriere et al. 2011; Purkait 2016; Verma et al. 2016)
have shown that possesses its own distinct morphology,
exhibiting reasonable variations among individuals and
different population groups. These research endeavors
have delineated diverse type categories and configura-
tions of the ear, various forms of the helix and tragus,
types of Darwin’s tubercles, shape size, and forms of the
earlobes. The presence and prevalence of these traits
have been computed, and characteristics based on popu-
lation data have been gathered to establish connections
between these attributes and a specific community. In
previous years, several studies were conducted on ear
biometrics for identification, but a majority of them were
done only on living persons. Some argued that it may also
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be used to identify the deceased, but no such study has
been done (Caplova et al. 2018). Hence, this study aimed
to collect such data on the deceased for identification
purposes.

Significant differences between sexes were obtained in
six biometrics, which were found to be larger in males
than females (p<0.05) (Cheng et al. 2019; Murgod et al.
2013). One of the reasons may be attributed to differ-
ences in the puberty period in different sexes. The age in
puberty for a boy is 1 year later than that of a girl indicat-
ing a different time frame for a boy to grow in compari-
son to a girl. The difference in ear biometrics may also
be due to different genetic predisposition, which begins
early postnatally and leads to different ear growth in
males and females (Hurley et al. 2007).

Females achieved full ear length and width at differ-
ent rates than males. Males have at least an extra 1-year
or 2-year time interval for vertical ear growth to occur.
Besides, a 4-year time interval is needed for horizontal
ear growth to occur in males compared to that in females
(Niamtu 2018). Males and females react differently
towards environmental factors. For instance, females
with two chromosomes XX will react more slowly with
lower intensity towards environmental stress during
growth. Also, ear expansion will have a slower starting
point in females compared to males. For example, ear
expansion in the age range of 12 to 15 years old and 19 to
30 years old could cause an increase in ear length and ear
width, respectively. The ear length and ear width showed
an increase of about 4.1 mm and 1.8 mm in males com-
pared to about 0.9 mm and 0.8 mm in females, respec-
tively. These findings showed that an increase in ear
length may occur much higher than that in-ear width,
which may occur at different rates in both males and
females (Meijerman et al. 2007).

This study yielded positive correlations of the ear biom-
etrics (R4, R6, R7, R9, R10, L6, L7, L9, L10, L11, right and
left ear lengths, right and left ear widths) with height
(p<0.05). It was supported by several studies, which
exhibited good correlations between craniofacial param-
eters and height, with some parameters found to increase
with body height (Cheng et al. 2019; Wang et al. 2011).

This study involved a wide range of ages from 18
until 70 years old. Analysis showed strong correlations
between ear biometrics and age. This can be demon-
strated during post-maturity growth, whereby the ear
may expand in size within the age of 50 years old until
70 to 80 years old when there will be a loss of elastin and
the ear becomes less resilience with diminutive tensile
strength of connective tissues and other changes in the
intracellular tissues (Meijerman et al. 2007). The gravi-
tational force and reduction in the amount of cartilage
cells per unit area will lead to a lengthening of ear lobule

Page 7 of 8

resulting in increased ear length of about 11 mm in males
and 13 mm in females by the age of 80 years old (Kapil
etal. 2014).

However, there were several limitations in this study.
It has to be cautioned that these results were optimized
only for this sample, as the samples in this study were col-
lected mostly from the Universiti Kebangsaan Malaysia
Medical Centre. Hence, they may not be representative of
the Malaysian population. Additionally, there is a lack of
established protocol standards in ear biometrics for iden-
tification. Ear measurements may be subject to error due
to the inherent flexibility of the ear, glass panel pressure
variation, and subjective experience of the practitioner.

Conclusions

The study concludes that in brief, there were significant
differences between males and females in ear biom-
etrics, whereby males showed increased measurements
compared to females. There were positive correlations
between the height and age of individuals with ear biom-
etrics leading to the generation of equations for the iden-
tification of individuals. Regarding the distinctiveness of
the ear, the research affirms that each human ear is one-
of-a-kind. This uniqueness is attributed to the consider-
able variability observed in the external structure of the
ear. The study contributes fresh insights into the diversity
and attributes of the ear in a North Indian population,
enhancing anthropological understanding and morpho-
logical variability of ear structure. This knowledge can
be further applied in forensic examinations, particularly
in processes involving the identification of individuals
through ear images. Hopefully, more research will be
done in this field on an extended sample to improve the
identification process for deceased persons.

Abbreviations
INTERPOL  International Criminal Police Organization
DNA Deoxyribonucleic acid

Acknowledgements
The authors would like to extend special gratitude to the Forensic Unit, Uni-
versiti Kebangsaan Malaysia, for accessing the cases for this research study.

Authors’ contributions

All authors contributed significantly to the work, whether in the concep-
tion, design, utilization, collection, analysis, and interpretation of data or all
these areas. NAA was a major contributor in writing the manuscript. NKA,
NUMN, and NO performed the statistical analysis. NAA, FMN, MSS, and NAR
interpreted the data and participated in the article’s drafting, revision, or
critical review, giving their final approval for the version. NAR decided on the
journal to which the article would be submitted and made the responsible
decision to be held accountable for all aspects of the work. All authors read
and approved the final manuscript.

Funding
There is no funding to report.



Ahmad et al. Egyptian Journal of Forensic Sciences (2024) 14:5

Availability of data and materials
All data and materials are available.

Declarations

Ethics approval and consent to participate
This study was approved by the Institutional Ethics Committee (Research Eth-
ics No: FF-2021-068).

Consent for publication
The anonymity of the subject and confidentiality were well preserved.

Competing interests
No benefits have been received from a commercial party related directly or
indirectly to the study.

Received: 26 July 2023 Accepted: 27 November 2023
Published online: 10 January 2024

References

Abaza, A, Ross, A, Hebert, C, Harrison, M. A. F. & Nixon, M. S. 2013. A survey on
ear biometrics. ACM Comput Surv. 45(2). https://doi.org/10.1145/24312
11.2431221

Ahmed AA, Omer N (2015) Estimation of sex from the anthropometric ear
measurements of a Sudanese population. Legal Med 17(5):313-319.
https://doi.org/10.1016/j.legalmed.2015.03.002

Burge, M. & Burger, W. 1998. Using ear biometrics for passive identification
14th International Conference on Information Security 98: 139-148.

Cameriere R, DeAngelis D, Ferrante L (2011) Ear identification: a pilot study. J
Forensic Sci 56(4):1010-1014. https://doi.org/10.1111/j.1556-4029.2011.
01778

Caplova Z, Obertova Z, Gibelli DM, De Angelis D, Mazzarelli D, Sforza C, Cat-
taneo C (2018) Personal identification of deceased persons: an overview
of the current methods based on physical appearance. J Forensic Sci
63(3):662-671. https://doi.org/10.1111/1556-4029.13643

Cheng SJ, Hao TC, Ming KS, Skantha K, George BM (2019) Does ear morphol-
ogy establish automatic extraction of soft biometric traits? J Clin Diagn
Res 13(2):10-13. https://doi.org/10.7860/jcdr/2019/39770.12608

Choras, M. (2014). Ear Biometrics. In: Li, S., Jain, A. (eds) Encyclopedia of Biom-
etrics. Springer, Boston, MA. https://doi.org/10.1007/978-3-642-27733-7_
173-2

Hurley DJ, Arbab-Zavar B, Nixon MS (2007) The ear as a biometric. Euro-
pean Signal Processing Conference, p 25-29. https://doi.org/10.1007/
978-0-387-71041-9_7

Kapil V, Bhawana J, Vikas K (2014) Morphological variation of ear for individual
identification in forensic cases: a study of an Indian population. Res J
Forensic Sci 2(1):1-8

Krishan K, Kanchan T (2016) In: Payne-James J, Byard R, Academic Press (eds)
Identification: prints - earprints in encyclopedia of forensic and legal
medicine, 2nd edn. Elsevier B.V., Oxford, pp 74-80. https://doi.org/10.
1016/B978-0-12-800034-2.00210-X

Krishan, K, Kanchan, T. & Thakur, S. 2019. A study of morphological variations
of the human ear for its applications in personal identification. Egypt J
Forensic Sci. 9(1): 0-10. https://doi.org/10.1186/541935-019-0111-0

Masaoud K, Algabary S, Omar K, Nordin J, Norul S, Sheikh H (2013) A review
paper on ear recognition techniques: models, algorithms and methods.
Aust J Basic Appl Sci 7(1):411-421

Meijerman L (2006). Inter- and intra- individual variation in earprints. PhD
Thesis, 2006. Barge's Anthropologica, Department of Anatomy and
Embryology, Leiden University Medical Center, Leiden, The Netherlands,
Leiden University Repository. Available at: http://hdLhandle.net/1887/
4292. Accessed 10 Sept 2018.

Meijerman L, Van Der Lugt C, Maat GJR (2007) Cross-sectional anthropometric
study of the external ear. J Forensic Sci 52(2):286-293. https://doi.org/10.
1111/j.1556-4029.2006.00376.x

Page 8 of 8

Mohamed NA, Rajion ZA. (2015). A morphometric study of the normal human
ear in HUSM using computer based measurement technique. J Industrial
Technol. 23(1): 45-58. https://doi.org/10.21908/jit/2015.6

Murgod V, Angadi P, Hallikerimath S, Kale A (2013) Anthropometric study of
the external ear and its applicability in sex identification: assessed in an
Indian sample. Aust J Forensic Sci 45(4):431-444. https://doi.org/10.1080/
00450618.2013.767374

Niamtu Ill, J. (2018). Cosmetic otoplasty and related ear surgery. In Cosmetic
Facial Surgery (pp. 473-532). Elsevier. https://doi.org/10.1016/B978-0-323-
39393-5.00008-X.

Purkait R (2016) External ear: an analysis of its uniqueness. Egypt J Forensic Sci
6(2):99-107

Ross A, Abaza A (2011) Human ear recognition. Computer 44(11):79-81.
https://doi.org/10.1109/MC.2011.344

Rubio O, Galera V, Alonso MC (2015) Anthropological study of ear tubercles in
a Spanish sample. Homo 66(4):343-356

Van Der Lugt C, Nagelkerke NJD, Maat GJR (2005) Study of the relationship
between a person’s stature and the height of an ear imprint from the
floor. Med Sci Law 45(2):135-141. https://doi.org/10.1258/rsmms|.45.2.
135

Verma P, Sandhu HK, Verma KG, Goyal S, Sudan M, Ladgotra A. Morphological
variations and biometrics of ear: an aid to personal identification. J Clin
Diagn Res. 2016;10(5): ZC138-42. https://doi.org/10.7860/JCDR/2016/
18265.7876

Wang, B, Dong, Y., Zhao, Y., Bai, S., & Wu, G. (2011). Computed tomography
measurement of the auricle in Han population of north China. J Plastic
Reconstruct Aesthetic Surg. 64(1), 34-40. https://doi.org/10.1016/j.bjps.
2010.03.053

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Submit your manuscript to a SpringerOpen®
journal and benefit from:

» Convenient online submission

» Rigorous peer review

» Open access: articles freely available online
» High visibility within the field

» Retaining the copyright to your article

Submit your next manuscript at » springeropen.com



https://doi.org/10.1145/2431211.2431221
https://doi.org/10.1145/2431211.2431221
https://doi.org/10.1016/j.legalmed.2015.03.002
https://doi.org/10.1111/j.1556-4029.2011.01778.x
https://doi.org/10.1111/j.1556-4029.2011.01778.x
https://doi.org/10.1111/1556-4029.13643
https://doi.org/10.7860/jcdr/2019/39770.12608
https://doi.org/10.1007/978-3-642-27733-7_173-2
https://doi.org/10.1007/978-3-642-27733-7_173-2
https://doi.org/10.1007/978-0-387-71041-9_7
https://doi.org/10.1007/978-0-387-71041-9_7
https://doi.org/10.1016/B978-0-12-800034-2.00210-X
https://doi.org/10.1016/B978-0-12-800034-2.00210-X
https://doi.org/10.1186/s41935-019-0111-0
http://hdl.handle.net/1887/4292
http://hdl.handle.net/1887/4292
https://doi.org/10.1111/j.1556-4029.2006.00376.x
https://doi.org/10.1111/j.1556-4029.2006.00376.x
https://doi.org/10.21908/jit/2015.6
https://doi.org/10.1080/00450618.2013.767374
https://doi.org/10.1080/00450618.2013.767374
https://doi.org/10.1016/B978-0-323-39393-5.00008-X
https://doi.org/10.1016/B978-0-323-39393-5.00008-X
https://doi.org/10.1109/MC.2011.344
https://doi.org/10.1258/rsmmsl.45.2.135
https://doi.org/10.1258/rsmmsl.45.2.135
https://doi.org/10.7860/JCDR/2016/18265.7876
https://doi.org/10.7860/JCDR/2016/18265.7876
https://doi.org/10.1016/j.bjps.2010.03.053
https://doi.org/10.1016/j.bjps.2010.03.053

	A study of ear biometrics in autopsied cases at the Universiti Kebangsaan Malaysia Medical Centre
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Results
	Discussion
	Conclusions
	Acknowledgements
	References


