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Abstract: Auricle is one of the features that determine the face appearance. Furthermore, its shape and size are influenced by age,
gender, and ethnicity. Knowledge of the normal dimensional shape, ear growth patterns, and deformity is important in diagnosing
various congeital disorders. The auricle dimensions data in the Deutro-Malay population are still unavailable, specifically for the
Sundanese ethnic group.

Purpose: To determine the anthropometry of adult auricles in the Sundanese population.

Patients and Methods: This was a quantitative descriptive study with a cross-sectional approach. The subjects used were Sundanese
aged 18-65 years old who visited the Otorhinolaryngology-Head and Neck Surgery outward at Dr. Hasan Sadikin Hospital, Bandung.
Their data were obtained by photogrammetric techniques from the results of the ear photographs captured, which were then measured
with ImagelJ 1.48 software, and analyzed using descriptive statistics.

Results: The mean value of seven anthropometric parameters of Sundanese auricle were as follows: For men, auricle length = 6.29 cm
+ 0.47, auricle width = 2.95 cm + 0.26, auricle floor = 4.71 cm + 0.49, lobule length = 1.90 cm + 0.24, lobule width = 1.83 cm + 0.22,
concha length = 2.74 ¢cm + 0.17, and concha width = 1.43 cm =+ 0.15. Meanwhile in women, auricle length = 6.09 cm + 0.42, auricle
width = 2.88 cm + 0.25, auricle floor = 4.58 cm + 0.47, lobule length = 1.95 cm + 0.27, lobule width = 1.82 cm + 0.21, concha length =
2.57 cm £+ 0.21, and concha width = 0.42 ¢cm + 0.19.

Conclusion: In Sundanese ethnic, auricle length, width, and floor, as well as concha length of men tended to be greater than women.
However, the women’s lobule length was longer compared to men’s, while the lobule and concha width tended to be the same.
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Introduction
Knowledge of the ear’s normal dimensions, growth patterns, and deformities is important in diagnosing various
congenital disorders or syndromes. This is also useful for the development of the hearing aid industry. The anatomical
structure of each individual’s ear is as unique as human fingerprints.'

Any auricular defect in the form of disproportionate size, abnormal auricular lobe elongation, or missing portion can
be corrected surgically. Plastic and aesthetic surgery is popular not only in western countries but also in many developing
countries. To correct such abnormalities, a plastic surgeon needs information about normal auricle dimensions and

bilateral position of the auricles on the face, which vary in size and shape in different ethnic groups.”
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Anthropometry refers to the study of the dimensions of different human body parts showing variations according to
age, gender, and ethnicity. Therefore, the study of physical variation helps in establishing individual identity and plays an
important role in plastic surgery, forensic identification, and prosthesis development.’

Anthropometry can be performed in several ways, namely directly and indirectly. Examples of indirect anthropometry
are the use of documentation results (photogrammetry) and the application of facial and head radiographs (cephalome-
try). In comparison to direct anthropometry, the indirect type makes measurement easier. This is because the subject does
not move, hence errors are reduced, measurements can be repeated, and the results are saved permanently to be compared
at a later date.*

Quantitative data on auricle dimensions have been collected from the African, Chinese, Korean, and Japanese
populations, the Caucasian race in Turkey, England, Italy, and Berlin, the Han population in China, and the Indian
race.””’ Several studies on facial anthropometry were carried out through objective measurements to identify variations
in the face and ear appearance. Also, Han et al compared anthropometric measurements with photogrammetry on the
faces of 100 Korean subjects and concluded that photogrammetry usage was not significantly different from direct
anthropometry.® The investigation conducted by Liu et al on external ear anthropometric measurements using direct,
scanning, and photogrammetric methods showed no significant difference between the three methods. Therefore, the
photogrammetric method can be used in evaluating auricular dimensions.® Based on these results, Sharma et al measured
auricular anthropometry in North India using photogrammetry.’

Anthropometric parameters used for measuring the auricle are mainly length and width, which are important in
diagnosing a syndrome of congenital abnormalities. For example, people with Down’s syndrome have auricles that are
smaller than normal. A wide auricle is discovered in people with Apert and Crouzon syndrome and a narrow type can be
found in those with cleft lip and palate. It is important to remember the statement of Rubin et al, 1962, as cited in
Purkait’s study, that there is no standard ear size. Even within the same ethnic group, there are variations in auricle shape
and size. However, the seven parameters can represent auricular anthropometric data for different clinical purposes.’

The Indonesian population consists of various races passed down from one generation to another. The races are
divided into three groups, including the Proto-Malay and Deutro-Malay sub-race, which belong to the Malayan
Mongoloid sub-race, and the Chinese ethnic group, which belongs to the Asiatic Mongoloid sub-race. The Deutro-
Malay sub-race studied comprised the Acehnese, Minangkabau, Buginese, Makassarese, Sasak, Malay, and Javanese.
Each of these ethnic groups has personal facial characteristics and anatomy.'®

The Sundanese is an ethnic group native to the western part of Java Island, totaling about 45 million people.
Moreover, their origin was never explained, perhaps in early AD, a small number of the Sundanese explored the
mountainous forests of West Java for farming and culture. This ethnic group is the second most populous on Indonesia’s
Island with the highest number of inhabitants. The data on ethnic group distribution in 2010 showed that the Sundanese
percentage who occupied the West Java province was 71.87%. The Sundanese inhabit a greater of the province, from big
cities such as Bandung, Bogor, Sukabumi, and Tasikmalaya to villages, and they are also the major residents of Bandung
city, 1112

Although the Deutro-Malay sub-race is scattered in various parts of Indonesia and consists of various tribes which
come from a common ancestor who inherits certain characteristics. Various environmental origins have a negligible effect
on their characteristics, and the difference between each tribe is not too significant.'*> An anthropometric study by
Widyanti et al regarding the body dimensions of the Javanese, Sundanese, and Minangkabau indicated that the
Minangkabau is the largest of the three major ethnic groups in general. Additionally, no significant differences were
found between the Javanese and Sundanese in almost all of the body anthropometric dimensions.'*

Until now, the data on the auricle dimensions in the Deutro-Malay population is unavailable, specifically for the
Sundanese. Therefore, this study was conducted on several anthropometric parameters of Sundanese adult auricles by
using the photogrammetric method.

Materials and Methods
This quantitative descriptive study with a cross-sectional approach March to October 2020. Moreover, the sample size in
this study used descriptive numerical methods by Dahlan, 2016 based on the standard deviation and obtained a minimum
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sample of 100 subjects. Auricular anthropometry was measured using photogrammetry of several anthropometric
parameters.'>'® A close interview was conducted and the study purposes, as well as examination procedures, were
explained to the subjects, while approval was obtained by signing informed consent. Photo shoots were done at the ORL-
HNS (Otorhinolaryngology-Head and Neck Surgery) outward of Dr. Hasan Sadikin Central General Hospital, Bandung.
The subjects used were Sundanese ethnic group adults domiciled in West Java, who visited the Ear, Nose, Throat, Head,
and Neck Surgery outpatient ward of Dr. Hasan Sadikin Central General Hospital, Bandung. They were selected
purposively according to the inclusion and exclusion criteria. The inclusion criteria were Sundanese ethnic group
confirmed through identity cards and interviews when explaining the subject’s informed consent and Aged 18-65
years, while exclusion consisted of having ear deformity from birth, ear infections, a history of ear surgery, and past
suffering from craniofacial trauma, as well as using accessories that change the ear shape.

Object Preparation

The Equipment used was a Canon EOS 4000D 18 MP digital SLR camera, tripod, and image J 1.48 software (v 1.48 Java
1.6.0_20 64 bits). Also, a 2.5%3.5 meters room was prepared, then a blue background was placed behind a chair, the chair
was provided for subjects at about one meter away from the background, the room lighting was ensured to be bright
enough, and the camera was positioned at 1.5 meters from the object, with the camera lens eye level being parallel to the
object eye level.

Shoot of Object

The subjects were asked to remove ear accessories first in case there were any, then told to sit on a chair with a blue
background that has been provided, and they were informed to be untensed. Next to the subjects, a ruler was placed as
a scale, Canon EOS 5000D 18 MP digital camera was used, and lighting was evaluated to ensure its sufficiency. The
shooting was done in three positions, namely facing the front, 90° to the right, and 90° to the left. The subjects’ heads
were positioned to ensure their Frankfort horizontal planes were parallel to the floor (Figure 1). During every shooting,
calibration was performed using a spirit level.

Data Entry and Processing

The results of shooting with a digital camera were copied to a computer, and the data were processed using ImageJ 1.48
software. Anthropometric landmark points were measured and included in the results of object documentation, by first
calibrating with a ruler placed next to the object as a scale. The measurement results of all auricular anthropometric
parameters were recorded for the right and left ears. All collected data were processed on a computer using Microsoft
Excel 2016 program, in the form of descriptive statistics, including mean, minimum, maximum, and deviation values.
Approval was obtained from Universitas Padjadjaran’s Ethical Board for Health Research (LB.02.01/X.6.5/354/2019),
and the Helsinki Declaration principles were implemented to ensure the security, rights, and confidentiality of
respondents.

Statistical Analysis

The auricle length, auricle width, auricle floor, concha length, lobule length, and lobule width of men and women were
compared. The measurement of anthropometric parameters was performed for the right and left auricles. Moreover,
descriptive statistics were employed to determine the mean, minimum, maximum, and deviation values using Microsoft
Excel 2016.

Results
Based on the age group, most of the subjects examined were 46—55 years old (27%) with an average age of 43 years,
while categorization based on gender indicated 53% were women as presented in Table 1.

The results of the seven auricular anthropometric parameters can be found in Table 2.
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Figure | Auricular Anthropometric Parameters. Auricle length (AL): Distance from superaural to subaural. Auricle width (AW): Distance from preaural to postaural in helix
area. Auricle floor (AF): Distance from anterior lobule to preaural. Lobule length (LL): Distance from subaural to inferior intertragic notch. Lobule width (LW): Distance
from posterior lobule to anterior lobule. Conchal length (CL): Distance from superior turbinate to inferior intertragic notch. Conchal width (CW): Distance from the
posterior notch of the auricle anterior part to the helical curvature in antihelix area.

Based on the age group, the average of AL, AW, AF, LL and Lw right-left is greatest at the age of 56—65 years. While
the largest right-left CW is at the age of 3645 years as presented in Table 3.

There have been various studies on ear size, one of which compared populations with different social and ethnic
backgrounds and showed the differences in earlobe sizes (Table 4).

Table | Characteristics of Subjects

Characteristics N=100
Total (%) Mean (sd)
Sex
Male 47 (47.0)
Female 53 (53.0)
(Continued)
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Table | (Continued).

Characteristics N=100
Total (%) Mean (sd)

Age (years) 43 (14)

Age

18-25 years 22 (22.0)

26-35 years 7 (7.0)

36-45 years 24 (24.0)

46-55 years 27 (27.0)

56-65 years 20 (20.0)

Table 2 Auricular Anthropometric Parameter Results
Para-meter Sex
(cm)
Male (n=47) Female (n=53) Total (n=100)
Mean SD Min Max Mean SD Min Max Mean SD Min Max

1. AL 6.29 0.47 5.4l 7.66 6.09 0.42 5.23 7.10 6.18 0.45 5.23 7.66
2. AW 2.95 0.26 2.46 3.53 2.88 0.25 2.46 3.40 2.92 0.25 2.46 3.53
3. AF 471 0.49 3.98 5.94 4.58 0.47 3.42 5.68 4.64 0.48 3.42 5.94
4. LL 1.90 0.24 1.52 2.69 1.95 0.27 1.42 2.88 1.92 0.26 1.42 2.88
5. LW 1.83 0.22 1.39 2.34 1.82 0.21 1.36 227 1.82 0.21 1.36 2.34
6. CL 2.74 0.17 2.35 3.14 2.57 0.21 2.06 3.02 2.65 0.21 2.06 3.14
7.CW 1.43 0.15 .12 1.84 1.42 0.19 1.07 1.83 1.42 0.17 1.07 1.84

Abbreviations: |.AL, Auricle Length; 2.AW, Auricle Width; 3. AF, Auricle Floor; 4. LL, Lobule Length; 5. LW, Lobule Width; 6. CL, Concha Length; 7. CW, Concha Width;
SD, Standard Deviation.

Table 3 Comparison of Auricle Anthropometry by Age Group

Age (Years) Anthropometric Parameters (cm)

1. AL 2. AW 3. AF 4. LL 5. LW 6. CL 7.CW
18-25 586 +043 | 289+025 | 417031 | 1.75+0.17 | 1.79+£0.20 | 257 £0.20 | 143 +£0.15
Mean+SD
Min-Max 5.23-6.69 2.46-3.44 3.42-4.70 1.48-2.11 1.39-2.07 2.13-2.88 1.07-1.70
26-35 6.13+0.23 | 288+0.18 | 449+035 | 1.77+0.15 | 1.84+0.23 | 276 £ 0.12 | 1.34 + 0.07
Mean+SD
Min-Max 5.84-6.54 2.64-3.14 4.12-5.15 1.52-1.93 1.63-2.27 2.61-2.96 1.24-1.44
3645 630+ 046 | 298+ 030 | 481 +048 | 1.91 £0.19 | 1.82+0.27 | 263 +0.25 | 1.48+0.21
Mean+SD
Min-Max 5.34-7.10 2.46-3.53 3.56-5.68 1.42-2.38 1.36-2.27 2.06-3.03 1.07-1.84
46-55 6.15+0.35 | 284+024 | 465+033 | 201 £0.28 | 1.80+£0.17 | 262 £0.17 | 1.40 £0.19
Mean+SD
Min-Max 5.56-7.10 2.51-3.40 4.09-5.37 1.68-2.88 |.46-2.17 2.21-2.88 1.10-1.83
5665 646 £0.46 | 299 £0.21 | 499 £047 | 207 £0.27 | 1.89£0.21 | 276 £0.19 | 1.41 £0.14
Mean+SD
Min-Max 5.81-7.66 2.59-3.39 4.43-5.94 1.53-2.69 1.58-2.34 2.33-3.14 1.18-1.73

Abbreviations: |. AL, Auricle Length; 2. AW, Auricle Width; 3. AF, Auricle Floor; 4. LL, Lobule Length; 5. LW, Lobule Width; 6. CL,
Concha Length; 7. CW, Concha Width; SD, Standard Deviation.
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Table 4 Anthropometry of Auricle Length and Width from Various Populations

Studies Population Men’s AL (cm) | Women’s AL (cm) | Men’s AW (cm) | Women’s AW (cm)
Deopa®* Indian (Uttarkhand area) 6.04 5.74 3.02 2.88
Murgod'® Indian 6.37 6.11 3.31 3.23
Bozkir?® Turks (Caucasian) 6.31 5.97 3.33 3.13
Kang® Korea 6.46 6.03 2.79 2.78
Ngeow? Malaysian (Indian race) 6.46 6.03 3.47 3.18
Sforza®* Italian 6.19 56.1 3.75 3.45
Alexander®® UK (African race) 6.45 6.03 3.38 3.23
UK (Indian race) 6.89 6.09 3.60 3.12
UK (Caucasian race) 6.52 6.04 3.38 3.23
Farkas®® American 6.24 5.85 3.54 3.35
Ferrario>* Italian (Caucasian) 6.31 5.73 38| 3.13
Niemitz®’ German (Berlinese, Caucasian) 6.50 6.10 - -
Asai’® Japanese 6.41 - - -
Lu'® Chinese 5.83 5.5 2.94 2.78
Current study Indonesian (Sundanese) 6.29 6.09 2.95 2.88

Abbreviations: AL, Auricle Length; AW, Auricle Width; UK, United Kingdom.

Discussion

The auricle is an important face-forming component, both functionally and aesthetically. Every individual wants to have
ears that look normal aesthetically, and the same expectation is felt particularly in those with congenital or acquired ear
deformities. Achievement of functional rehabilitation and good auricular aesthetics increases not only self-confidence but
also social acceptance. The external ear dimensions and its various components vary in different ethnic groups, and these
are required by surgeons who base their reconstruction on data specifically collected from each ethnic group.'” Therefore,
this study aims to provide data on the external ear for normal individuals in the Sundanese ethnic group.

Determine these dimension using auricular anthropometric analysis parameters, this technique is indirect measure-
ment. Some of the advantages of indirect measurement: the subject does not move or move so it is easier to measure,
error due to skin pressing and others when measurement does not occur, measurements can be repeated, using relatively
shorter check times, images can be manipulated as rotated and enlarged for more detailed evaluation, data can be stored
permanently so that it is possible to make comparisons at another day. Furthermore, some of the disadvantages of this
method: the equipment (software and hardware) required is more expensive, installation use and maintenance of
equipment requires higher technological capabilities, the inspection process that require stricter supervision and limited
mobility, for pictures or scanning some areas of the body may be covered, making some points in these areas difficult to
assess.® Currently this method has been used scientifically to evaluate subjects qualitatively (anthropology) and
quantitatively (anthropometry).®

In this study, the auricle length (AL) was 6.29 cm for men and 6.09 cm for women, and in all populations, men had
a larger AL size than women. The AL size of Sundanese men was smaller when compared to almost all studies except
those conducted by Sforza et al on the Caucasian race in Italy and Lu et al on the Chinese population. Conversely, the AL
size of Sundanese women was not much different from the value reported in other studies. It was also larger compared to
the population stated by Deopa et al in India, Bozkir et al and Sforza et al in Italy, Farkas et al in America, and Lu et al in
China. The average AW was 2.95 cm in men and 2.88 cm in women compared to other studies in Table 4. Furthermore,
the average size of AW tended to be smaller than other AW sizes discovered except in studies from Asian races, namely
Korean and Chinese populations.'®

Based on their AL and AW, the size of Sundanese auricles was closest to the value found in Koreans by Kang et al.>®
According to Purkait, there is no standard shape known for the auricle. Even in groups with the same ethnic background,
differences can occur in auricle shape and size.? Differences in auricle dimensions of men and women have been reported
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in several studies, including Farkas et al, 1992, Bozkir et al, 2006, Murgod et al, 2013, and Lee et al, 2018, stating the
women’s auricle size is usually smaller compared to men.'®'?2"

In the examined Sundanese ethnic group, almost all auricle anthropometric parameters (AL, AW, AF, CL, and LW)
were greater in males than females except for LL and LW sizes. Additionally, the average AL was found to be longer in
men (6.29 cm) than in women (6.09 cm). This is in line with the study conducted by Eboh et al, 2013 on the Nigerian
population.”” Ezon-Ebidor et al, 2018 discovered that in 217 samples with an age range of 18—65 years, the average AL
and LL of men’s ears were longer than women’s, while women had a wider LW. This study concluded that at the same
age, men’s auricle size was larger than women’s.*

In 2013, Deopa found the average LL for men to be 1.69 cm and 1.68 cm for women. A correlation was also reported
between increasing age and LL. The LL elongation in women could be due to aging and the use of accessories such as
earrings, while the aging process was the cause in men. Then, it was concluded that lobule length and gender had no
statistically significant relationship. Meanwhile, in this current study, women’s LL was longer than men’s, but their LW
tended to be the same.**

Recently, auricular anthropometric studies of various ethnic groups have been carried out, either directly or through
photography. Despite ethnic variations concerning ear dimensions and position, the human auricle was found to continue
growing even after reaching the cartilaginous skeleton maturation. With age, there was a gradual change in the
microscopic structure of the ear cartilage, namely a decrease in the elastic fibers and density of cartilage cells. Purkait
and Singh, as quoted by Japatti et al, mentioned the decline in skin elasticity and resilience with age. This may explain
the increase in the macroscopic size of ear dimensions with age.'”

Riedle et al found the elastic cartilage in the ear, larynx, and epiglottis to be similar to hyaline cartilage, except that
the matrix contained elastic fibers for providing resilience and flexibility. A morphological study of age-related changes
in human auricles showed that the elastic fibers in young individuals had a homogeneous diameter, but heterogeneous
and fragmented diameter sizes were discovered in the elderly. Quantitative analysis of this study found that the auricular
cartilage elastin content lost all its mechanical integrity of stress. Although further investigation is needed to elucidate the
elastin constituent-function relationship, the age-related loss of elastic fibers is believed to produce less flexible and
pliable auricular cartilage.*

In this current study on anthropometric comparisons of Sundanese auricles based on age groups, AL, AF, LL, and CL
tended to increase with age. The elevation in auricle dimensions has not yet been proven to be correlated with age.
Therefore, further investigation is needed with a more uniform sample size in all age groups.

The external ear consists of three main components, namely the antihelix and helix cluster, the concha cluster, and the
lobules.?” According to Farkas, the auricle length and width could be useful in diagnosing syndromes associated with
congenital external ear disorders, for example, microtia and disproportionately wide or narrow ears as in craniofacial
syndromes.”® Lennon, 2018 found differences in the ear shape of patients with craniofacial syndromes, such as Crouzon
syndrome. Ear width reached its maximum size at the age of seven years for boys and six years for girls.”’

Deformities that could appear with age were the lengthening or descending of ear lobules. Earrings and other accessories
used on the ear were known to affect the lobule length due to their additional pulling force. Additionally, in 2013, Eboh et al
reported the average LL as equal to 1.58 cm. This value increased in both sexes once ear accessories such as earrings were
used, and elevation in LL was found with increasing age. The auricle lobule enlargement with age in the vertical dimension
was also caused by gravity, which initiated non-linear stretch changes deeply expressed in the lobules.”

Moreover, Livia et al stated that the ear shape is mainly determined by the proportions of its different dimensions,
where CL and CW have a positive correlation with AL and AW. On the other hand, in Iraq, Farhan et al, 2019 reported
a positive correlation of AW and CW with all auricle dimension parameters. This is suitable for planning reconstruction
operations, specifically in estimating the parameters used.*%'

In a study conducted by Widiarni on microtia patients at Dr. Cipto Mangunkusumo Hospital Jakarta, ear reconstruc-
tion required a good anthropometric assessment before and after each surgery. The length and width, as well as details of
the ear, were important parameters for postoperative evaluation.*
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Study Limitation

This study was descriptive-oriented by displaying the range, mean, and standard deviation for samples’ age and gender.
Therefore, further study is needed to determine the correlation of the mentioned characters. The samples used were not
representative of the Sundanese population, leading to the need for another study with a larger number of samples to validate
the stated results. The anthropometric data obtained can be useful for reconstructive ear surgery, anthropology, and forensics.

Conclusion

The length and width of the Sundanese normal auricle were closest to the size reported in the Korean population. In the
Sundanese, the length, width, and base of the auricle, as well as the concha length in men tended to be larger than in
women. On the other hand, women’s lobules seem to be longer compared to men’s, while their lobules and concha widths
tended to be the same. From the anthropometric comparison of the by age group, it was discovered that auricle length,
auricle floor, lobule length, and turbinate length had a propensity to increase with age. Besides, photogrammetry can be
used to obtain auricular anthropometric data. This method can be used as a baseline for the normal auricle anthropometric
characteristics of the Sundanese that is applicable in further anthropometric studies and planning for reconstructive

surgery.

Abbreviation
AD, Anno Domini; CM, Centimeter; DR, Doctor; EOS, Electro-Optical System; MP, Mega Pixel; ORL-HNS,
Otorhinolaryngology-Head and Neck Surgery; SD, Standard Deviation; SLR, Single Lens Reflex; UK, United Kingdom.
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