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Abstract: The morphometric characteristics of the external ear is different for every individual. This unique characteristic of the 

external ear morphometry can be used for identification of an individual in various circumstances where ear is considered as an 

evidence. Aim and Objectives: To compare the morphometric variations of external ear between Asian and African population. Material 

and Methods: The study was conducted on a total of 36 people with 20 male and 16 female which includes 16 subjects from African 

population and 20 from the Asian population. A total of nine ear parameters including two indices were recorded using a digital 

Vernier’s calliper and two indices were calculated for both the ears. Independent t-test was performed to evaluate significant 

relationship between different variables. Results: After the analysis of the independent t–test results, few parameter showed significant 

difference (p<0.05) between the Asian and African groups. The details of the results are discussed below. 
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1. Introduction 
 

Since late 19
th

 century ear has been used as a tool for human 

identification when it has been utilized as one of the 

anthropometric measurements by Alphonse Bertillon for 

individual identification. The fetal development of the ear 

starts by the 38
th 

day with some of the features recognizable, 

the ear moves to its definitive position on the 56
th

 day and 

the shape is recognized by 70
th

 day. Ear has a fixed shape 

and never changes throughout life [1]. The most defining 

feature of the face is the pinna of the ear the shape and size 

varies according to the ethnic origin, sex and age.The 

morphometry of the ear is as unique as fingerprints but can 

be considered generally based on the ethnicity, age,  and sex 

of the individuals [2].  The appearance of the external ear 

differs from every individual and also between ethnic races. 

The morphometry of the ear and its biometrics can be used 

for the identification and the database can be created which 

can be used for both inclusion and exclusion of the 

perpetrators in criminal cases. The morphology of the 

external ear is important to detect the racial variability and 

any genetic abnormalities during the early stages of life [3]. 

The superior border of the ear is at the level lower end of the 

eyebrow and the inferior border is at the level equal to the 

upper lip in both males and females [4]. The feature that 

makes ear an important tool for biometrics is that the ear 

shape does not change with the change in the facial 

expressions. As ear is large when compared to the other 

biometric parameters (like iris, retina and fingerprints) it can 

be recorded or captured at a distance. According to the study 

done by Yan et al. recognition of 97.8% has been achieved 

by using a range scanner and Iterative Closest Point (ICP) 

[5]. 

 

2. Aim and Objectives 
 

To compare the morphometric variations of external ear 

between Asian and African population. 

 

 

Objectives 

1) To observe if there is any significant difference between 

the morphometric analysis between Asian and African 

population. 

2) To observe if there is any significant difference between 

male and female of the same population group. 

3) To compare and observe the significant difference 

between males of both the population groups. 

4) To compare and observe the significant difference 

between females of both the population groups. 

 

3. Material and Methods 
 

The present pilot study was conducted on a total of 36 

subjects including male and female. The study sample 

included subjects aged from 20 to 35 years, of which 20 

subjects were males and 16 were females which includes 16 

from African population and 20 from Asian population . The 

purpose of the study was explained to all the subjects and a 

written informed consent was obtained. Subjects were 

evaluated thoroughly and the subjects with craniofacial 

abnormalities or any other deformities (trauma, any history 

of surgery) were excluded. The parameters and the 

anatomical landmarks used for measurements are taken from 

the study done by Dr. Pradhuman Verma in 2016.The lobule 

attachment whether free or attached is also considered. 

1) Total Ear Length (TEL): the distance between superior 

most pinna point to inferior most point of lobule. 

2) Ear length above tragus (ELAT): distance between 

superior point of ear to tragion. 

3) Ear length below tragus (ELBT): distance between 

intertragic incisure to lower most lobule point. 

4) Tragus length (TL): distance between tragion to 

intertragic incisures. 

5) Ear breadth (EB): distance between maximum convexity 

of the helix and the root of ear. 6) Concha length (CL): 

distance between intertragic incisures and cymba concha.  

6) Concha breadth (CB): distance between maximum 

concavity of the antihelix and posterior margin of tragus.  
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7) Lobule height (LH): distance between inferior most point 

of external ear attachment head up to the free margins of 

ear lobe. 

8) Lobule width (LW): distance between outermost 

maximum transverse width of ear lobule and caudal most 

attachment of ear lobule. 

 

All the measurements were recorded on both ears using 

standard digital Vernier’s calliper with measuring capability 

to the nearest 0.1mm. The ear index and lobule index are 

calculated from the recorded measurements. 

Ear index = (ear width/ ear length x 100) 

Lobule index = (lobule width / lobule height x 100).  

 

4. Results 
 

The percentage of attached (22%) and free (78%) was noted 

in both the population groups with equal gender and racial 

distribution.The parameters TEL, ELBT, EB, LH and LW of 

both the sides and CB of the left side are greater in Asian 

population. The other parameters RELAT, RTL, RCL, RLI, 

LCL, LEI and LLIare greater in African population. The 

parameter RCB, REI, LELAT, LTL show no significant 

difference in the mean difference between Asian and African 

population.These parameters ELBT, LH, LW of both the 

sides show significant difference (p< 0.05) between both the 

population groups. These parameters TL, EB CL of both the 

ears, CB of the right side and TEL, ELATof the left side of 

the ears show significant difference between male and 

female of both the populations together. 

 

No parameter shows a significant difference between 

females of two population groups.The parameters ELBT, 

LH, LW of both the sides and TEL, ELAT of the left side of 

the ear show significant difference between males of both 

the population groups. 

 
Parameters P-Value Mean Difference 

RELBT .018 
AFRICAN 15.86 

ASIAN 17.83 

RLH .018 
AFRICAN 15.86 

ASIAN 17.83 

RLW .033 
AFRICAN 16.94 

ASIAN 18.91 

LELBT .005 
AFRICAN 15.80 

ASIAN 18.27 

LLH .005 
AFRICAN 15.80 

ASIAN 18.27 

LLW .009 
AFRICAN 15.95 

ASIAN 18.28 

 

These are the parameters that show significant difference 

between the African and Asian population groups. 

 
Parameters p- value Mean difference 

RTL .008 F 16.20 

M 17.66 

REB .022 F 28.99 

M 31.34 

RCL .000 F 23.15 

M 26.04 

RCB .017 F 15.44 

M 16.84 

LTEL .004 F 57.04 

M 61.82 

LEAT .004 F 25.6 

M 28.68 

LTL .000 F 15.12 

M 17.63 

LEB .011 F 29.4 

M 32.4 

LCL .001 F 23.4 

M 26.02 

 

These are the parameters that show significant difference in 

both African and Asian population groups between males 

and females 

 
parameters P value Mean difference 

RELBT .003 AFRICAN 15.74 

ASIAN 18.88 

RLH .003 AFRICAN 15.74 

ASIAN 18.88 

RLW .011 AFRICAN 16.41 

ASIAN 19.54 

LTEL .018 AFRCAN 58.88 

ASIAN  64.76 

LELAT .026 AFRICAN 27.15 

ASIAN 30.21 

LELBT .002 AFRICAN 15.55 

ASIAN 19.56 

LLH .002 AFRICAN 15.55 

ASIAN 19.56 

LLW .029 AFRICAN 15.86 

ASIAN 18.62 

 

These parameters in the above table show significant 

difference amongst males in both Asian and African 

population groups. P value < 0.05 is significant and < 0.01 is 

highly significant. 

 

5. Discussion 
 

This study uses all the parameters from the study done by 

Dr. Pradhuman Verma in 2016 with a change in the lobule 

height parameter for more accuracy. In this study the lobule 

height measured was from the same points used for ear 

length below the tragus, this is done to avoid theintra 

observer errors while recording the distance between inferior 

most point of external ear attachment head up to the free 

margins of ear lobe.In the present study, from the overall 

measurements seen the length of the ears in males of Asian 

population is more than that of the African population. All 

the parameters except lobule index are more in males than in 

females in both the population groups. In our study the 

percentage of free lobule is more than the percentage of 

attached lobule.This current study is in accordance withto 

the Verma.K et al., study among the rickshaw drivers of 

central India were 66.46% ears lobe is free and 33.53% is 

attached [1, 6].Gates observed that the attached ear lobule is 

possibly an African character with recessive inheritance 

pattern [1, 7]. Azaria also noticed that the lobule is smaller 

amongst black Africans compared with other ethnic groups 

[2, 8].The ear width of males in Indian > Caucasian > Afro- 

Caribbean is greater than in females which is in accordance 

with this study where the ear width is more in males in both 

the Asian and African population groups. This study is in 

contrast with a study done by Kalciolglu where they found 

no significant difference of the ear width between males and 

females [2, 9].In cases with different ethnicity and individual 
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identification amongst same population the morphometry of 

the external ear is useful. The cases where ear can be used 

are in forensic identification and ear reconstruction cases. 

People from the Indian subcontinent hadthe longest ears, 

followed by Caucasians, with Afro-Caribbeanshaving the 

smallest ears, according to a study done by K. Skaria 

Alexander, David J. Stott, Branavan Siva Kumar, and 

Norbert Kang [2].The total ear length is important in cases 

of congenital anomalies like Down’s syndrome and also in 

forensic cases of facial reconstruction. The age of maturity is 

12 years in females and 13 years in males to reach the 

maximum height. The total ear length is more in males than 

in females in a study done in north eastern (60.03mm left 

side mm; 61.58mm right side) and the north western ( 

61.11mm left side and 63.74mm on the right side) 

population groups. The TEL of left ear in men was found to 

be 62.4mm, 63.1mm and 61.4mm respectively according to 

the studies done by Purkait R., Bozkir et al., and Asai Y et 

al. [1, 10, 11, 12]. This is justified as there is more release of 

growth hormone in males than in females at this age which 

is in accordance to this study where the ear length is more in 

males than in females. In this study all the measurements 

recorded were more in males than in females (excluding the 

indices) which is accordance to the study conducted by 

Ekanem et al., Eboh DEO and Deopa D et al., [1, 13, 14, 

15]. 

 

6. Limitations 
 

 The sample size is very small. 

 The age related changes in the morphometry of the ear are 

not recorded. 

 The possibilities for inter and intra observer error should 

be considered. 

 

7. Conclusion 
 

Through this study the morphometry of the ear can be 

differentiated between the Asian and the African population 

groups which can be used to identify individuals based on 

the ethnicity. If the study could be extended to a larger 

population groups then two different database can be created 

for two different population groups like a fingerprint 

database which makes the identification process much easier 

and convenient in criminal and disaster cases. 
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