ORIGINAL ARTICLE

Ethnicity Based Anatomical Variationsin Malleus on
Computerized Tomographic Scan

MariyaAzam K hattak®, Ambreen Usmani?, Ayesha Mehwish®, Rida Rubab Ahmad?,
Maryam Faiz Qureshi® and Noman Ullah Wazir*

ABSTRACT

Objective: To determine the anatomical variations in malleus among different ethnic groups

M ethodology: An observational investigation was conducted within the Otorhinolaryngology and Radiology
department of a public hospital in Karachi, (PNS) Shifa. In this study, 100 participants were included from
January-July 2021 with ages ranging from 10-51 years. After obtaining consent and complete history from
each participant, a detailed examination of ear was done. Subjects were arranged for petrous temporal bone
(PTB) computed tomographic scans based on the inclusion criteria of no deformity concerning ear ossicles.
The parameters considered for potential anatomical differences were width of malleus head, manubrium
length, and complete malleus length.

Results: In 100 subjects, the mean £S.D (mm) for width of malleus head was 3.02+0.31, for manubrium
length 4.39+0.46 and complete malleus length was found to be 7.59+0.57. The value for length of manubrium
among ethnic groups was found to be significant (p= 0.05).

Conclusion: Identification of these variations in such small bones is difficult but it is not impossible to
comprehend, considering the availability of advance technologies. As, morphological variants can disrupt the
prosthesis procedures, therefore, CT-PTB are suggested to acknowledge these modifications in size and shape.

This study showed variations among groups.
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INTRODUCTION

Hearing is an essential sense because it influences the
mental, physical, and socia well-being of an individual.
It is one of the dominant senses and similar to vision,
it isalso used for cautioning and communication®. Like
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a headset, the ear is animated by vibration. In the
earpiece, the vibration changesinto an electrical signa
and then into an anxious motion in the ear in the form
of sound which is then handled by the focal audible
conduits of the mind, in which ear ossicles play amajor
role. Thiskind of mechanism is very complex.

The ear comprises outer, middle, and inner sections.
Within the air filled space of the middle ear, located
in petrous temporal bone, the auditory ossicles can be
appreciated, named malleus, incus, and stapes. They
create a chain that delivers vibration of sound from
middle to inner section cochlea, facilitating auditory
reception®. Malleus bone sitsin the middle ear between
incus and tympanic membrane, which hastwo processes
(anterior and lateral), a head, neck, and handle
(manubrium). Incus a so has two processes (short and
long) and a body*. A synovial type of joint is present
between the body of incus and malleus articulating
surface and an ‘incudostapedial joint’is present between
stapes head and incus lenticular process’. The tiniest
bonesin human skeleton are the ossicles found in the
middle section. Malleus being the largest amongst
three, measures 8-9 mm in average length®.
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Ethnic variations in malleus anatomy on CT scan

Some scientists think that these ossicles reach a definite
morphological form during the fetal period in human
beings, and therefore, there are no noticeable variations,
however, other studies contradict thisidea’. These two
different remarkabl e assertions motivated us to attempt
to discover the variations found in the malleus of
absolute adult size in different ethnic groups. One
article reportsthat the ossification of malleus completes
inintrauterinelife (IUL)8. Another study also mentioned
that how neonatal-ear dynamics changes with
chronological age may be important in furthering
hearing research and development of hearing devices
and diagnostic tools suitable for neonates’. A study
found that growth of ear ossicles in humans continues
beyond the prenatal stage. The morphological
parameters in the fetal periods vary noticeably in the
post-natal life and that could be due to the bone
remodeling phenomenon®.

These changes need to be added to anatomical
information for future proceduresfor ear ossicleswhich
must be planned carefully to avoid complicationsin
prosthesis. Apart from cadaveric studies, no evident
data was available which could help
otorhinolaryngologists in appreciating these variations
for making immediate decisions when planning any
surgical procedure like prosthesis relating to this
structure to maintain its functional reliability. Complete
comprehension of the anatomy of a subject is crucial
for gaining a deeper insight into how it functions and
interacts within its context™.

Many studies mention anatomical variations in these
structures but the information is insufficient to record
these changes as these studies are mostly cadaveric.
Due to the minute structure of these ossicles, they are
extracted from cadavers and stored once in awhile'2.
The varieties among people are fascinating organically,
and are significant for procedures like ossicul oplasty
and portable hearing assistants inserts after the birth™>.

Many studies have been carried out worldwide on
morphological variations of ear ossicles on cadavers
but in Pakistan up to this point, no research paper in
literature has explored this specific aspect and its
sgnificancein thefield of surgery. Given the variations
seen in different ethnic groups globally, it was crucial
to undertake such a study in Pakistan. This formed an
underlying rationale to conduct this study.

The objective of this study wasto determine anatomical
variations in malleus among different ethnic groups
and see which morphological feature had significant
variation in malleus bone.

METHODOLOGY

An observational investigation was conducted within
Otorhinolaryngology and Radiology department of a
public hospital in Karachi (PNS) Shifa, between Jan
and July 2021. Before starting this research, ethical
approval was secured from the Ethical Review
Committee of Bahria University of Health Sciences
(ERC 62/2021). A software was used (open epi version
3 calculator) for sample size calculation indicating 100
participants. The study lasted for atotal of six months,
with each participant spending two hours for their
individual study period. The quota sampling technique
was used for 20 participants of each ethnicity.
Participants from different ethnic groups, fulfilling the
inclusion criteria with undamaged ear ossicles, were
recruited. The participants had one ear with damaged
ossicles (excluded from the study) and the other ear
with undamaged ossicles, to fulfil the ethical criteria
for avoiding unnecessary scans.

After obtaining written informed consent, participants
from otorhinolaryngology were referred to the
Radiology department. A Toshiba Prime CT scanner
(Aquilion-160 slice) was used to perform a CT scan
of petroustempora bone. Theindividua was positioned
fully supine and motionless on the 47 cm wide couch,
following a comprehensive ear examination of each
participant'*. A software (Vitreal.5.2265.3045) was
used for measuring the anatomical variationsin three
distinct planes (coronal, sagittal, and axial). The malleus
head width, manubrium length, and complete malleus
length were the parameters taken into consideration.
For accuracy, measurements were taken by making
the landmarks. For malleus width, reference points
were made on its upper part (Mup), a center point on
its head (Mhead), and (Mneck) on its neck. For
manubrium length, the points were marked from its
neck (Mneck) till handle (Mhandle), and for complete
length of malleus, a point on its upper point (Mup) and
on its handle (Mhandle) were made™.

Data analysis was conducted using SPSS (version
23.0). Post Hoc Test was done with Anova for
comparison of ethnic groups. Continuous data was
written in mean £ SD. The results with p-value = 0.05
were considered statistically significant.

RESULTS

The study involved 100 participants who were evenly
divided into subgroups of 20 each, irrespective of
gender. The ethnic groups included Sindhi, Punjabi,
Balochi, Pushto, and Urdu speaking people. The
parameters included were malleus head width, its
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Malleuson HRCT in Three Planes

Table 1: Mean and Standard Deviation Observed in Ethnic Groups

Confidence
Interval 95%
for Mean
Meant SD L ower Upper
N (mm) Limit Limit L owest Highest
Malleus (Width of Head) | Sindhi 20 | 2.97+0.25 2.85 3.08 24 34
Punjabi | 20 | 3.03+0.37 2.86 321 23 34
Balochi | 20 | 3.03+0.31 2.89 3.17 25 35
Pushto | 20 | 3.17+0.28 3.04 3.30 2.7 3.6
Urdu 20 | 2.89+0.27 2.76 3.01 25 33
Total 100 | 3.02+0.31 2.96 3.08 2.3 3.6
Length of Manubrium Sindhi 20 | 4.43+x0.34 4.27 4.59 3.7 50
Punjabi | 20 | 4.12+0.31 3.98 4.27 35 4.6
Balochi | 20 | 4.52+0.59 4.24 4.80 35 55
Pushto | 20 | 4.43+0.35 4.27 4.59 39 51
Urdu 20 | 4.45+0.58 4.18 472 3.8 5.6
Total 100 | 4.39+0.46 4.30 4.48 35 5.6
Total Length of Malleus Sindhi 20 | 7.55+0.40 7.36 7.73 6.7 79
Punjabi | 20 | 7.39+0.54 7.14 7.64 6.3 8.4
Balochi | 20 | 7.67+0.61 7.38 7.96 6.4 8.7
Pushto | 20 | 7.71+0.53 7.46 7.96 6.8 89
Urdu 20 | 7.61+0.74 7.27 7.96 6.7 8.8
Total 100 | 7.59+0.57 7.47 7.70 6.3 8.9

complete length and manubrium length. Themeanand  noted to be 3.02+0.3 mm (Table: 1). These were then
standard deviation of each parameter were noted for ~ compared between sub-groups and a test was applied
each ethnicity that showed the mean total length of  which showed that the length of manubrium had a
malleusto be 7.59+0.57 mm, length of manubriumto  significant value (p= 0.05) shown in (Table: 2).

be 4.39+0.46 mm, and width of malleus head was
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Ethnic variations in malleus anatomy on CT scan

Table 2: Significant Morphological Reading in Malleus

Mean | F |p-value
Square
Mall B .2
alleus stween Groups| 0.20 |, 55| .06
(Width of Head)| Within Groups 0.09
Length of B )
eng 9 etween Groups| 0.48 237 0.05
Manubrium Within Groups 0.20
Total Length Bgtween Groups| 0.31 0905 044
of Malleus Within Groups | 0.33

*significant at 0.05

DISCUSSION

Research from the literature indicates that the
morphometric data acquired can have valuable
applications in reconstructive procedures. It is
recommended to perform preoperative radiological
assessments for these small bones. It is equally
important for both medical research and training to
comprehend the typical and uncontrolled inconsistency
of anatomical structuresin humans (e.g. reconstruction
of the middle ear ossicular chain, ossiculoplasty); and
anthropological research focused on assessing van atl ons
at the population level, like examining diversity’®. The
gold standard for identification of middle ear diseases
that cause ossicles erosion and morphological
modifications are high-resolution CT scans that are
fastest and easiest means of investigation to do so*’.

A comparison of these discrepancies in different
populations is a good prospective to know how these
ossicles vary among different groups of people around
theworld. Any environmental factors are insignificant
to cause any parametric changes in shape and size of
these ossicles postnatally, whereas during skuII
development, they go through a medio-lateral shift®
An analysis was conducted on the morphol oglcal
characteristics of the ear ossicles of both sides. It
summarized that no S|gn|f|cant variations were seen
in the sides of the ear'®

A study also revealed that malleus shape had bilateral
symmetry concluding negligi bIe dimensiond variations
between both sides of the ear®®. In accordance to this,
the current study included ear ossicles irrespective of
side of the ear. Studies done on different populations
showed variability in malleus characteristics. A study
on Central Europe, Poland popul ation recovered human
ear ossicles, analyzed malleus and documented that
the mean total length was found to be significant as
compared to this current study that showed variation
in length of manubrium to be prominent?. In both
sides, height range of malleus bone was measured.
Statistically, the left malleus bone was longer and

heavier thanitsright counterpart showing the dlfference
in malleus morphology between sides of the ear®. For
prosthesisfitting, significant variationin al dimensions
of each ossicle between individuals were noted to
optimize prosthesisfit. From published data, an accurate
3-D model of these ossicles could be created, which
canthen befurther modified for each patient’sindividual
anatomy>.

Ossicles of ancestors were matched with modern
humans, using different techniques, and concluded that
size changesin brain with time, resulted in aterations
in middle ear cavity, subsequently, modifying the shape
and morphology of these bones. However, it had a
negligible effect on hearing outcomes, resulting in
variationsin dlfferent ethnic groups as compared to
the current study?*. Mostly variations were observed
initsdistal portion (manubrl um free end) and in lateral
and anterior processes. Variations in morphology were
observed mainly in free ends of manubrium which
curved anteriorly in 29 (55.8%) while straight free
ends of manubrium were observed in 23 (44.2%)
malleus. Among some mallei, the lateral processes
exhibited notable variation, with certain instances
having elongated and sharp features, while others
appeared blunter. Additiondly, the length of the anterior
process displayed variability, including one case where
the proc&es was extremely tiny and rounded, nearly
absent®

The current study showed variations in the length of
manubrium, due to different shaped ends of manubrium
(straight/curved). It was therefore similar to studiesin
literature that focused on different regions showing
dimensional changes. In addition, the current study
also showed variations among different ethnic groups
in a country as mentioned in Table No. 1.

CONCLUSION

In this study, variations in the morphology of ear
ossicles with respect to their sizes were compared in
different ethnic groups. The malleus manubrium
exhibited the most frequent anatomical variation with
significant value, which could be due to its shape
(curved/straight manubrium) in different individuals
related to bone remodeling phenomenawith time. The
mean width of malleus head and its complete length
was found to be greater in Pushto ethnic group and for
the length of manubrium, it was found to be greater in
Balochi group as compared to other groups. A
radiological technique was first time used to measure
and assess these variations.

Limitation of study: Multicenter studies must be done
in order to increase the scope of investigation. This
research was a part of thesis; therefore, the study was
single centered because of limited time.
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