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Abstract

The human ear is an important distinguishing organ of the human face. Defects on the auricle surface of the ear may allow
a person to be identified. Since the auricle's structure is complex, a plastic surgeon needs to know its different auricular
dimensions, which will be useful for designing an ear prosthesis that will aid in forensic recognition of the person.
Objectives: The objective of the current study to compare the anthropometric measures of Pinna bilateral external ear in
normal and diabetic patients in Iraq with sexual differences

Subject and Methods: Research performed at the Al-Faiha General Hospital outpatient clinic and the Basra Teaching Hospital.
Two groups were obtained from 95 patients with an average age of 40-60 years in normal as well as Type II diabetes mellitus.
Vernier caliper measured anthropometric measurements of the outer ear, including total ear length (TEL), total ear width
(TEW), total lobules length (TLL) and total lobules width (TLW), to the nearest 0.1mm.

Results: Each group in our study consisted of 55 female patients (58%) and 40 male patients (42%) aged 40-60 (50£9.8). In
the study, high measurements were found when comparing anthropometric measurements in male and female persons. It was
observed, in each group, that the measurements of the right ear for males and females are larger than the left ear and there
were significant differences in anthropometric measurements (P<0.05). As for the results of patients with type II diabetes,
there were a decrease in all parameters, but there were no significant differences except for the overall width of the ear.
Conclusion: In this study, anthropometric measurements between normal persons and diabetics were measured with
proposals for the planned surgical correction of congenital ear defects and hearing aids in normal persons and diabetics at
increased risk of future hearing loss, so that these anthropometric data enhance the level of hearing.
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Abbreviations: TEL: Total Ear Length; TEW: Total Ear
Width; TLL: Total Lobular Length; TLW: Total Lobular Width;
ECM: Extracellular Matrix.

Introduction

The ear would affect the appearance of people and
provide to the human face an esthetic, so that the external ear
was made up of auricle/pinna and external auditory meatus
[1]. The pinna absorbed the air vibrations and consisted of
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the thin elastic cartilage plate coated with skin and intrinsic
and extrinsic muscles innervated by facial nerve [2]. The
auricle is usually associated with congenital anomalies as a
malposition related to Down’s and Turner’s syndrome [3],
and with injuries and pathological conditions as in cancer,
the auricle has often acquired defects [4].

Correcting these conditions needed information

on the usual auricular measurements, because recent
anthropometric measurement studies from different
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populations show a lot of variability depending on age , sex
and ethnic group, but there is a difference between right
and left ears even in the same person [5]. The perception of
human differences has an important role in plastic surgery,
prosthetics [6] the form, size and orientation of each auricle
are special fingerprints and allow the inference that the male
has larger ears than the female [7] in addition to the fact that
both the length and the width of the ear increase with age
[8]. From birth to 99 years of age, the increase of both ear
length and width in females was continuous while in males it
stopped at around 50 and 70 years of age [9].

In detecting sounds that come from the front rather than
those from the back, the pinna angle also helps to identify
the sounds; the relation with the size of the head and the
frequency of the audible sound this effect applies at higher
frequencies, while in the middle frequencies the head casts
the sound shadow itself and in lower frequencies the point
of sound arrival between the ears helps to identify the
sound [10]. So a huge challenge in face-plastic operations,
particularly in the field of aurical reconstruction, lies in the
discovery of the best treatment for patients with advanced
biotechnologies as well as surgical techniques, such as costal
cartilage grafts, prosthesis, alloplastic tools and advances
in tissue engineering of tissue of cultural tissue of clinical
interest [11].

The connective tissue and blood vessels changes
in diabetes mellitus affects ear pinna [12] because the
common risk factor for diabetes mellitus is a vascular
condition which includes the pathological effect of advanced
glycation accumulations, impaired nitrous oxide inhibition
of vasodilatory reaction, and a smooth dysfunction in the
muscles [13].

Diabetes mellitus characterized by insulin deficiency
causing high blood glucose and also linked resistance to
insulin. Over time such chronic hyperglycemia, particularly
in genetically susceptible individuals, can cause tissue
damage. The formation of fibrosis, involving the predominant
extracellular matrix (ECM) accumulation, is a pathological
response to tissue injury [14].

Invasive studies (tissue biopsy) are typically needed
to accurately evaluate morphological changes in the target
organs and the degree to which fibrotic changes influence
their function. The ECM contains an insoluble network of
collagen, structural glycoprotein, elastine, proteoglycan-
hyaluron and integrin, which not only assist cells in their
mechanical role but also mediate complex interactions
between cells or between the cells and the extracelular matrix
of vascular tissue [15]. The aim of the study to compare the
anthropometric measurement of the external ear of right and
left ears in normal persons and diabetic patients in Iraq with
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sexual differences in addition to determine anthropometric
measurements as a method for external ear identification in
normal persons and type Il diabetes mellitus patients.

Subject and Methods

The research was conducted at the Al-Fayha General
Hospital and the Basra Teaching Hospital outpatient clinic.
The data was collected for the period from19th November
of 2019 to the 20th of February of 2021. Both group with
average age 40-60 a normal persons and Type Il diabetes
mellitus patients ; their HbA1c (8-12) for diabetes medication
treatments. I choose the level of HbA1c (8-12) for the diabetic
patients because they represent the majority of the diabetic
patients in outpatients clinic, I expect that diabetes mellitus
affected all parts of the body.

All subjects with congenital auricular malformation
of the external ear (pinna) and all persons with previous
history of trauma to the external ear (pinna) or surgery are
not involved in study. The anthropometric tests for “Pinna”
external ear include total ear length (TEL), total ear width
(TEW), total lobular length (TLL) and total lobular width
(TLW), calculated by a specific investigator by Vernier caliber
(Mitutoyo Corp., Japan) to 0.1 mm (Figure 1).

Figure 1: Verni caliper that used in anthropometric
measurements.

The questionnaire formula was developed and discussed
with the experts for the purpose of our analysis following
receiving guidance from the medical ethics committee. The
data collection was performed after verbal consent from the
patients. The anthropometric measurements of the “pinna”
external ear included total ear length (TEL) measure the
distance between the higher projection of the helix and the
lower projected ear lobule. Correspondingly total width of
ear (TEW) measures the distance between the posterior
point and most anterior point of the auricle. The total length
of the lobule (TLL) calculates the distance from the bottom
end of the lobule to the base of the tragus notch. Total lobule
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width measured at midpoint of the lobular height is the
horizontal width of the lobule as in (Figure 2).

-

Figure 2: Anthropometric measurements of the auricle (a;
total ear length, b; total ear width, c; total lobular length, d;
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Results

The sample size was 190 cases separately classified
into two categories, each with 95 normal persons and
type Il mellitus patients. The females 55(58%) and males
40(42%) in each group; the patient’s age ranged from 40
to 60 years (50+9.8).The anthropometric comparision was
high in males relative to women and, in both females and
male patient groups, the right auricles were larger than
left, with significant differences (P<0.05) in anthropometric
measurements. Our diabetic type II group results decrease
in all parameters compared with normal group, but no
major differences except in total ear width exist; as shown
in (Tables 1-10).

total lobular width).
Gender Male Female
- P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.51 0.31 6.12 0.37 0.275
Total width of ear 3.28 0.34 2.56 0.33 0.046*
Total lobule length 191 0.31 1.75 0.15 0.003*
Total lobule width 1.98 0.14 1.59 0.15 0.017*
Table 1: Comparism of left ear between male and female persons in normal group.
Gender Male Female
. P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.76 0.36 6.16 0.38 0.991
Total width of ear 3.56 0.31 3.42 0.31 0.002*
Total lobule length 2.02 0.15 1.77 0.15 0.00819*
Total lobule width 2.03 0.15 1.78 0.15 0.00411*
Table 2: Comparism of right ear between male and female persons in normal group.
Gender Male Female
; P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.76 0.36 6.51 0.31 0.0081*
Total width of ear 3.56 0.31 3.28 0.34 0.842
Total lobule length 2.02 0.15 191 0.31 0.0621
Total lobule width 2.03 0.15 1.98 0.14 0.0019*
Table 3: Comparism the right and left ear of male persons in normal group.
Gender Male Female
- P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.16 0.38 6.12 0.37 0.0041*
Total width of ear 3.42 0.31 2.56 0.33 0.833
Total lobule length 1.77 0.15 1.75 0.15 0.0193*
Total lobule width 1.78 0.15 1.59 0.15 0.0025*

Table 4: Comparism the right and left ear of female persons in normal group.
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Gender Male Female
- P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.42 0.44 6.12 0.45 0.942
Total width of ear 2.89 0.49 2.37 0.26 0.00719*
Total lobule length 1.9 0.31 1.7 0.23 0.0262*
Total lobule width 1.94 0.18 1.57 0.17 0.0413*
Table 5: Comparism of left ear between male and female patients in diabetic type II group.
Gender Male Female
- P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.65 0.61 6.1 0.39 0.8701
Total width of ear 2.93 0.28 2.78 0.25 0.0095*
Total lobule length 2.01 0.3 1.72 0.21 0.0162*
Total lobule width 1.97 0.25 1.75 0.16 0.0022*
Table 6: Comparism of right ear between male and female patients in diabetic type II group.
Gender Male Female
- P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.65 0.61 6.42 0.44 0.0001*
Total width of ear 2.93 0.28 2.89 0.49 0.518
Total lobule length 2.01 0.3 1.9 0.31 0.185
Total lobule width 1.97 0.25 1.94 0.18 0.00251*
Table 7: Comparism the right and left ear of male patients in diabetic type II group.
Gender Male Female
: P value
Variables Mean (cm) SD Mean (cm) SD
Total length of ear 6.1 0.39 6.12 0.45 0.0016*
Total width of ear 2.78 0.25 2.37 0.26 0.762*
Total lobule length 1.72 0.21 1.7 0.23 0.0038
Total lobule width 1.75 0.16 1.57 0.17 0.0513*
Table 8: Comparism the right and left ear of female patients in diabetic type II group.
. . Normal Group Diabetic Group
Gender Right Ear Variables P value
Mean (cm) SD Mean (cm) SD
TEL 6.76 0.36 6.65 0.61 0.10619
Mal TEW 3.56 0.31 2.93 0.28 0.02260*
ale
TLL 2.02 0.15 2.01 0.3 0.76258
TLW 2.03 0.15 1.97 0.25 0.11905
TEL 6.16 0.38 6.1 0.39 0.3998
TEW 3.42 0.31 2.78 0.25 0.02398*
Female
TLL 1.77 0.15 1.72 0.21 0.38037
TLW 1.78 0.15 1.75 0.16 0.87532

Table 9: Comparism of right ear between normal persons and diabetic type II groups.
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Normal Group Diabetic Group
Gender Right Ear Variables P value
Mean(cm) SD Mean(cm) SD
TEL 6.51 0.31 6.42 0.44 0.27078
Mal TEW 3.28 0.34 2.89 0.49 0.01635*
ale
TLL 1.91 0.31 1.9 0.31 0.50047
TLW 1.98 0.14 1.94 0.18 0.37649
TEL 6.12 0.37 6.12 0.45 0.9726
TEW 2.56 0.33 2.37 0.26 0.04173*
Female
TLL 1.75 0.15 1.7 0.23 0.59112
TLW 1.59 0.15 1.57 0.17 0.2371

Table 10: Comparism of left ear between normal persons and diabetic type II groups.

Discussion

The outer ear is an essential component of human facial
complex. It has described the face and transmitted details
about an individual’s age and sex [16]. For esthetic surgery
the external ear shape and facial proportions are critical;
this data helps plastic surgeons in correcting ear defects. It
is important to be aware that there are no standardized ear
morphology and differences in ethnic groups [17,18]. Up
to now all available researchers have focused on
anthropometric external ear measurement, but none of these
have been contrasted between normal persons and diabetic
patients.

It was shown that sexual dimorphism occurred between
females and males with higher values in males in auricular
dimensions [19]. Bozkir MG, et al. [20] found sexual
dimorphism in external ear dimensions; results indicate a
considerable difference in ear height between Turkish and
Japanese populations. In the same analysis, the total auricular
height and width in the Turkish population were also seen
to be longer in men. It has therefore been concluded that in
males auricular measurements are substantially greater than
in females [20]. These discrepancies can be related to the
assertion that the expansion of auricle begins earlier with
males than with females and continues to the older period
[21]. Gender differences can also be affected by sexually
differing genetic factors [9].

Our study results related to the anthropometrical
measurements of right ear in male persons (TEL, TEW,
TLL and TLW) respectively are 6.76+0.36, 3.56+0.31, 2.02
+0.15, 2.03+0.15 but in the left ear are 6.51+0.31, 3.28
+0.34, 1.91+0.31, 1.98+0.14 while in the female persons;
the right ear anthropometrical measurements (TEL, TEW,
TLL and TLW) respectively are 6.16 *0.38, 3.42+0.31,
1.774£0.15, 1.78+0.15 but in the left ear are 6.12+0.37,
2.56%0.33, 1.75+0.15, 1.5940.15. Our study shows all the
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anthropometric measurements in males are larger than
females and the right auricle measurements is larger than
left in both female and male persons of normal group and
there is a significant differences between both sexes the
differences in male and female may be related to a statement
that an auricular growth started early in male than in female
which is continuous up to old age [21]. When Compared with
Gupta AK, et al. [22] who conducted his research with 134
Nepalese students and 66 Indian students, our male person’s
measurements are larger than the results and our female
persons are larger than the results of their study except for
total ear width and lobular width. In Asai Y, et al. [23] who
performed his analysis on 400 consecutive Japanese, the
average total ear length is 64.1mm which is smaller than our
results; however, our findings have been in agreements with
Alexander K, et al. [24] in 2010, which conducted its study of
420 volunteers. ; The findings from the Caucasian are similar
to our findings but are better than those from the African/
African Caribbean countries. Ear dimensions differ according
to genetic and environmental factors; however, our ear size is
similar to the Caucasian ethics community.

The anthropometric measurements of right ear in
male diabetes mellitus patients; (TEL, TEW, TLL and TLW)
respectively are 6.65+0.61, 2.93+0.28, 2.01+0.30, 1.97 +0.25
but in the left ear are 6.42 +0.44, 2.89+0.49, 1.90+0.31,
1.94+0.18 while in the female diabetes mellitus patients;
the right ear (TEL, TEW, TLL and TLW) respectively are
6.10+0.39,2.78+0.25,1.72+0.21, 1.75+0.16 but in the left ear
are 6.12+0.45,2.37+0.26,1.70+0.23, 1.57+0.17. Here still the
measurements are larger in males than females and the right
auricle measurements is larger than left in both female and
male patients. No previous studies are performed in diabetic
patients linked to anthropometric measurements, but if our
findings of diabetics type II are compared to the normal
population, all parameters are decreased, but with no major
differences except for total ear width(TEW). All these changes
could be important because of connective tissue in the long-
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term Products of changes in the content and quantity of the
extracellular matrix structural macromolecule the vessels
and tissues [25]. Diabetes mellitus associated with several
macro- and micro-molecules complications, as well as
neuropathic changes, which may cause hearing loss when the
risk increases with diabetes greater than without it because
of inadequate glycemic controls [26]. The limitation of the
study.1-limit age group 40-60 years .2-comparison of the
ear dimensions with various population corresponding to
the age group. 3- The measurements of the normal persons
among known people to me.

Conclusion

For normal persons and diabetics, knowledge of ear
parameters is vital for plastic and reconstructive surgeon in
the hearing aid technology sector to produce acceptable ears.
It is also beneficial for diabetics to focus on anthropometric
measures due to the increased risk of hearing loss over time.
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