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Abstract

Introduction: Ear is not only an organ of hearing but it also maintains equilibrium. The knowledge about
anatomy of ear is important for the plastic surgeons. Like fingerprints, the shape, size and orientation of
each pinna play important role for identification of a person. Present study was planned to know the
physical variations in ear dimensions and to know the role of ear lobule parameters in individual
identification.

Materials and Methods: A cross sectional observational study was carried out at Department of
Anatomy, SMS Medical College, Jaipur (Rajasthan) from March 2017 to February 2018. After taking
permission from institutional ethics committee 258 medical students of 17-24 years and native of
Rajasthan were included in the study. Individuals with altered external ear morphology by trauma,
accidents or surgery were excluded. Various parameters of external ear like presence of free lobule, length
and width of ear and lobule were measured and auricular and lobular indices were calculated. The data
were statistically analysed using student 't’ test. P-value < 0.05 was considered as statistically significant.
Results: The free lobule was found in 84.2% subjects while ear lobule was attached in 15.8% subjects.
The mean ear length of right and left ear in males were 6.12+0.40 cm, 6.03+0.54 cm respectively while in
females it was 5.55+0.44 cm, 5.48+0.38 cm respectively. The mean ear width of right and left ear in males
were 3.24+0.34 cm, 3.09£0.39 cm respectively while in females it was 2.80+0.37 c¢cm, 2.65+0.36 cm
respectively. The mean lobular length of right and left ear in males were 2.21+0.34 c¢cm, 2.12+0.27 cm
respectively while in females it was 2.17+£0.30 cm, 2.07£0.23 cm respectively. The mean lobular width of
right and left ear in males were 2.62+0.39 cm, 2.35+£0.33 cm respectively while in females it was 2.44+0.42
cm, 2.31+0.38 cm respectively.

Conclusion: Morphometric database of auricle is a potential suggestion for the diagnosis of congenital
malformation, acquired deformities and syndromes as well as make a useful conclusion for purpose of
forensic investigation of the crime.

Keywords: Medical students, External Ear, Morphometry, Sexual dimorphism.

Introduction ear is different from person to person like
Study of the ear is known as Earology or fingerprints and used for identification. Johann
Otomorphology. The physiognomy of the external Casper Lavater first described ‘Earology’ while
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Haken Jorgensen, established a system of
recording the morphology of the ear using ear
dimensions and ear moulds.

The length of adult vertical ear is approximately
equal to the distance between the root of the helix
and the lateral orbital rim at the level of the eye
brow. The width of the ear is approximately 55%
of its length. The rim of the helix protrudes 1-2cm
from the skull and there is an average protrusion
angle of 21-25 degrees.”

The external human ear is divided into three parts:
outer ear, middle ear and internal ear. The outer
ear is further comprising of pinna (auricle) and
external acoustic meatus. The pinna consists of the
curving outer rim called the helix, the inner
curved rim called the anti helix and opens into an
ear canal. The hollow region in front of the ear
canal is called the concha. In the floor of the
concha lies the opening of external acoustic
meatus which is anteriorly guarded by conical
projection known as tragus. Tragus is separated
from another bulge known as antitragus which lies
in a notch. In lower part of ear pinna, a structure
made up of a fibro fatty tissue known as ‘lobule’.?
The human earlobe is composed of adipose
connective tissues and tough areolar tissue lacking
the firmness and elasticityun like the rest of the
auricle. There are two types of ear lobes: free type
and attached type. Ear lobe attachment, position of
ears and shape of the helix can used for the
individual identification.*®

lannarelli was a pioneer in using ear features to
identify peoples and he developed a forensic
model in 1949. As the model-based approach is
widely used in face recognition, it was surprising
to discover that this approach had not yet been
applied to ear-based identification, even though
the ear contains more distinctive and robust
features than facial characteristics, being
unaffected by emotional expressions.®

Present study was carried out to identify the
physical variations in ear dimensions, types of
lobules with their proportions and to know the
role of ear lobule parameters in individual
identification.

Material and Methods

It was a cross sectional descriptive study which
wascarried out in Department of Anatomy, SMS
Medical College, Jaipur (Rajasthan) from March
2017 to February2018. Prior approval from
institutional ethics committee and head of
department was obtained and 258 medical
students (equal no of both sexes) aged 17-24 years
and native of Rajasthan were recruited in the study
after taking informed written consent. Individuals
with altered external ear morphology by trauma,
accidents or surgery were excluded. Various
parameters of external ear like type of ear lobule,
length and width of external ear, length and width
of lobule were measured, auricular and lobular
indices were calculated. All the measurements of
the subject were obtained by photography without
touching him or her by any means. After taking
the photograph, suitable size and editing of the
image was executed with the Adobe Photoshop
software (version 7.0). The data collected were
entered in Microsoft Excel 2010 Spreadsheets and
statistically analysed using student ’t’ test. P-value
< 0.05 was considered as statistically significant.

Results

In the present study, 258 medical students (129
males and 129 females) were recruited. The free
lobule was found in 117 (84.2%) subjects while
attached lobule was found in 41 (15.8%) subjects.
The mean length of right ear in males and females
were 6.12+0.40 cm, 5.55+0.44 cm respectively
while mean length of left ear were 6.03+0.54 cm,
5.48+0.38 cm respectively. The gender difference
between mean length was statistically significant
for both ears (P-value < 0.001). The mean width
of right ear in males and females were 3.24+0.34
cm, 2.80+0.37 cm respectively while mean width
of left ear were 3.09+0.39 cm, 2.65+0.36 cm
respectively. The gender difference between mean
width was also statistically significant for both
ears (P-value < 0.001) (Table-1).

The mean lobular length of right side in males and
females were 2.21+0.34 cm, 2.17£0.30cm
respectively while mean lobular length of left side
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were 2.12+0.27 cm, 2.07+0.23cm respectively.
For both ear lobules, the gender difference
between mean lobular length was statistically not
significant (P-value > 0.05). The mean lobular
width of right side in males and females were
2.62+0.39cm, 2.44+0.42 cm respectively while on
left side these were 2.35+0.33 cm, 2.31+0.38 cm
respectively. The gender difference between mean
lobular width was statistically significant for right
side (P-value < 0.001) while statistically not
significant for left side (P-value > 0.05) (Table-1).
The auricular index [(auricular width/auricular
length) x100] and lobular index [(lobular
width/lobular length)x100] were calculated for

both sides. The mean auricular index of right ear
in males and females were 50.39+4.8, 59.95+6.35
respectively while on left side it was 55.03+4.82,
45.17+5.35 respectively. The gender difference
between mean auricular index was statistically
significant for both ears (P-value < 0.001). The
mean lobular index of right side in males and
females were 122.35%£16.92, 107.51+19.34
respectively while on left side these were
106.15+15.59, 109.3+18.6 respectively. The
gender difference between mean lobular index of
right side was statistically significant (P-value <
0.001) but of left side was statistically not
significant (P-value > 0.05) (Table-1).

Table-1: Comparative analysis of ear parameters

Parameter Side (M::r?leSD) (MFeear:iISeD) P-value”
Ear length (in cm) Right 6.12+0.40 5554044 | <0.001
Left 6.030.54 548+0.38 | <0.001
ar width (in cm) Right 3.24+0.34 2.80+0.37 | <0.001
Left 3.09+0.39 2.65+0.36 | <0.001
. Right 2.21+0.34 2.17+0.30 0.319
Lobular length (in cm) "5 212027 2.07£023 | 0112
- Right 2.62+0.39 2441042 | <0.001
Lobular width (in cm) Left 2.35+0.33 2.31%0.38 0.369
Auricular Index Right 50.39+4 8 59.95+6.35 | <0.001
Left 55.03+4.82 45174535 | <0.001
Lopular Index Right | 122.35£16.92 | 107.51+19.34 | <0.001
Left | 106.15+1550 | 109.3+18.6 | 0.143

“Unpaired ‘t’ test

Discussion

Anthropometry is an important tool for examining
any morphological structure. Ear is identifying
part of face. Structure of ear is important to
determine age and gender.” Measurements for ear
could be made on living people or on picture.?
Accurate  knowledge of  ear  position,
measurements and symmetry are important for
reconstructive ear surgeries where opposite ear
can’t be used as template. Knowing relative values
for face structures belonging to different race, age,
ethnical group and gender are also important for
surgery usage.’

In the present study attached lobule was found in
15.8% subjects. It was consistent with previous
study by Chattopadhyay et al’® (18.7%) while
contrary to other studies by Lai and Walsh™

(67.1% among Japanese and 64.1% in Chinese
subjects). Frequency of free ear lobules observed
by Pal*? in tribes of the Andaman Islands was
48.89% and by Dutta & Gangulyin Brahmins was
63.92% while in this study it was 84.2%.

Different morphometric measurements were
determined from right and left ears with mean
values. The mean length of right and left ear in
male and females of present study (Table-1) were
very close to previous studies by Bozkir et al*®
(right ear male- 62.9£3.5 mm, right ear female-
59.7£3mm, left ear male- 63.1+3.6mm, left ear
female- 59.1+2.9 mm) while on higher side as
compared to results observed by Eknem et
al**(mean ear height- 5. 60+0.56 cm). Azaria et
al™ studied on length of earlobe by age and sex
conducted in Israel population. The sample size
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was 547 adults above the age of twenty years. The
average length of right earlobe was 2.01+0.42
cmand of left earlobe was 1.97cm=0.42cm.
Eknem et al** observed the mean lobular length
1.11+£0.27cm. The results of the present study
were slightly higher for both ears.

Brucker et al*®found in their study that males had
4.6% longer ears than the females. Sforza et al®
found that all the measurements of ear were
significantly larger in males. Similar results were
found in the present study where all the
measurements of ear were larger in males. Shireen
et al'’showed that all the parameters were
significantly higher in the right ear in both females
and males, it was statistically evidenced. All
dimensions were found developed in males
according to females on both sides. Present study
concurs with above conclusion.

Conclusion

Ear parameters may be useful for deciding the sex
and age of an individual whose identity is
unknown, required to compare the pinna or auricle
for growth assessment and development of an
individual. In present study photographic method
was used to measure the parameters of ear so the
conclusions may be useful for purpose of forensic
investigation of the crime.
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