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Abstract
The sex is estimated in the dead bodies mainly from big intact bones like skull, mandible, pelvis and long bones 

etc. The malleus is housed in the middle ear, so, remain well protected even in the mutilated bodies and although 
small but strongest of all the ossicles. We studied the morphometry of the 120 human mallei from 60 cadavers 
(30 male and 30 female) with the aim to know the sexual dimorphism in north Indian population. Out of various 
parameters the total length and the length of the handle were found to be of significant value in estimation of sex. 
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Introduction 
Determination of sex in the inadequate skeletal remains of the 

bodies is a challenging task even for experienced forensic experts. Sex 
determination is the first essential step in medicolegal autopsies for 
positive identification which is usually done from long bones, skull, 
mandible & pelvis [1]; however it is very difficult in an unidentified 
decomposed/mutilated body [2]. Many a time, even the most skilled 
expert is filled with trepidation while deciding the sex in inadequate 
remains of a body. The ear ossicles remain protected in the petrous 
part of the temporal bone and can be retrieved from the remnants of 
even severely mutilated bodies. Although the dissection of cadaveric 
temporal bone is a must for trainee otolaryngologists, however, 
forensic experts remain oblivious to ear ossicles as the review of 
literature revealed no study to utilize the morphometry of malleus for 
sex determination. The malleus is the largest ossicles and comprises 
of head, neck, handle &anterior and lateral processes (Figure 1). The 
head (capitulum mallei) forms the large ovoid upper end of the bone. 
It articulates posteriorly with the incus, with a saddle shaped articular 
facet. Opposite the constriction, the lower margin of the facet projects 
in the form of a process, the spur of the malleus. The neck (collum 
mallei) forms the narrow portion between the head and the two 
processes. The handle (manubrium mallei) of the malleus is connected 
laterally with the tympanic membrane. The lateral process is conical 
projection from the root of the handle of malleus [3]. This study was 
a humble attempt to unravel the possible differences with regard to 
gender and bilateral morphological variations as the earlier reports 
found hardly any difference in the malleus [4].

Material and Methods
The present study was conducted on sixty unidentified cadavers 

in different stages of decomposition during medicolegal postmortem 
examination. In these bodies the ear ossicles were easily removed 
manually after dissection of the petrous part of temporal bone and 
120, malleus were retrieved and the dimensions of the malleus were 
studied from selected points as depicted in the diagrams (Figure 1). 
These were measured by the digital vernier caliper with the least count 
of 0.01 mm. The weights of the bones were measured by the electronic 
micro-balance of ‘Sartorius CP224S’ model with the least readability 
of 0.1 mg. All the measurements were taken by the same investigator. 
Each reading was taken thrice and the mean of all the three was taken to 
rule out any inadvertent error. The results of the study were computed 

and analyzed with SPSS software 16.

The parameters of the malleus studied:

i. Total length (a-b): Maximal distance between the top of the
head and the end of the handle;

ii. Length of handle (b-c): Distance from the end of the lateral
process to the end of handle;

iii. Length of head and neck (a-c): Maximal distance between the
top of the head and the end of the lateral process;

iv. Weight (mg).

Figure 1: Photograph of Malleus (enlarged view) showing: (A) Head, (B) Fac-
et, (C) Neck, (D) Lateral Process and (E) Handle Total length (a-b), Length of 
handle (b-c), Length of head and neck (a-c).
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Observations and Results
We observed no statistical significance difference on comparison 

of morphometric parameters of malleus of right and left side when 
analyzed collectively from both the sexes (Table 1). But found 
statistical significant difference (p 0.014) in the total length of malleus 
between male and female on right side alone and similarly a significant 
difference was observed in the length of handle of malleus between 
male and female on right side (p-0.02) as well as on left side (p-0.014) 
(Table 2). However other parameters like length of head and neck, 
and weight of malleus were not significantly different in two sexes on 
right as well as left side. The findings of these two parameters were not 
consistent with earlier research but were having meaningful differences 
statistically in both sexes in north Indian population indicating that 
malleus morphometry is different in two sexes. However, parameters 
like length of head and neck and weight were found to be statistically 
insignificant (p>0.05) in determination of sex. Moreover, there 
were no statistical significant differences observed in male as well as 
female when compared bilaterally. From the analysis of the different 
parameters of malleus it was observed that the total length of right 
malleus and length of handle of both sides of malleus are the fairly good 
criteria to significant test in sexual dimorphism.

Discussion
Ossicles play an important role in hearing. Malleus provides 

1.3 time mechanical advantage due to lever ratio, hence potentiates 
sound energy by that ratio. Morphometric analysis of ear ossicles has 
been the subject of interest since mid fifteenth century [5]. Studies 
on embryogenesis of hearing [6] have shown that ear differs from 
individual to individual with a saying that ‘No two ears are same’ [7]. 
The morphometry of ossicles has been studied by various authors 
more so in males [8-10]. Some authors have studied the morphometry 
irrespective of sides e.g. Arensburg et al. from Israel took ossicles of 

either left or right side in an individual and not from both sides. They 
studied malleus in different races of different era. They reported malleus 
length 7.7, 8.1, and 7.8 mm and manubrium length of 4.5, 4.6, and 4.4 
mm in three races [5]. Harneja et al. reported the malleus length of 
7.15 mm and manubrium length of 4.22 mm [11]. Our findings are 
comparable to these studies. Vincentiis & Cimino studied a large series 
which included infants, juvenile, adult male & females. They reported 
the length of 9 mm in infants and 9.41 mm in adults with a median of 
9.20 mm which is comparable to our findings; however they observed 
no significant difference with age and sex [12]. Harneja et al., reported 
the mean weight of 23.65 mg from India, Vincentiis & Cimino reported 
a mean weight of 23.05 mg, Oschman & Meiring from South Africa as 
22 mg [4,11,12]. Our findings (Table 1) are almost similar to earlier 
reports, although previous authors didn’t weigh separately of right & 
left side.

Various authors previously didn’t find any significant difference on 
both sides or either sex in their studies [5,13-15]. However we observed 
that total length of malleus on right side and length of handle of malleus 
on both sides was significantly sexually dimorphic. It is difficult to 
understand that total length of malleus is more on right than left side. 
We studied the morphometry in North Indian population who are 
Indo-Aryan descendents. They are predominantly right handed and 
it is surmised that due to use of phone on right side, the right sided 
ossicles are more in action as compared to left possibly leading on to a 
difference in total length of malleus between right & left side. Further 
the bones are slightly bigger as whole on right side in the upper part e.g. 
humerus as compared to left. We observed that the length of handle of 
malleus on both sides was significantly more in males as compared to 
females which may be due to the simple fact that all bones are larger in 
males. However this has not been reported in literature. This could be 
due to racial difference in various studies as compared to the present 

Morphometric Parameter Right 
Mean ± SD

Left 
Mean ± SD P Value

Total Length (mm) 7.947±0.415 7.9467±0.401 0.674
Length of Handle (mm) 4.762±0.45139 4.726±0.376 0.272
Length of Head and Neck (mm) 5.237±0.3409 5.2172±0.400 0.264
Weight (mg) 22.920±3.324 23.030±3.454 0.612

*P-value of less than 0.05 was regarded as statistically significant
Table 1: Comparison of Morphometric Parameters of Right and Left Mallei.

Morphometric 
Parameter

Right 
Mean ± SD

Right 
Coefficient of 
Variation (%) Right P 

Value

Left 
Mean ± SD

Left 
Coefficient of 
Variation (%) Left P 

Value
Male Female Male Female Male Female Male Female

Total Length (mm) 8.078±0.453 7.817±0.334 5.61 4.27 0.014 8.045±0.471 7.848±0.294 5.85 3.74 0.057

Length of Handle 
(mm) 4.896±0.384 4.628±0.480 7.84 10.36 0.02 4.844±0.341 4.608±0.379 7.04 8.22 0.014

Length of Head 
and Neck (mm) 5.194±0.363 5.280±0.318 6.98 6.02 0.329 5.210±0.462 5.224±0.335 8.88 6.41 0.891

Weight (mg) 23.393±3.831 22.447±2.710 16.38 12.07 0.274 23.543±3.830 22.517±3.011 16.27 13.37 0.253

*P-value of less than 0.05 was regarded as statistically significant and is indicated in bold italics underlined
Table 2: Comparison of Morphometric Parameters of Malleus in Males and Females on Two sides.
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one. Oschman & Meiring [4] found statistical significant difference 
between Negroid and Caucasoid races, however no sexual difference 
was observed by them.

Our analysis of sexual dimorphism in malleus with respect to 
total length of malleus of right side and length of handle on both sides 
revealed subtle sexual dimorphism. Thus, this study may turn out to 
be a potential source of forensic investigation for evaluation of sex 
in severely mutilated and decomposed bodies during postmortem 
examination. However, it is pertinent to say that these finding are to 
be replicated in larger population by other investigators and from 
different parts of the world. Further, the retrieval and preservation of 
the malleus is to be standardized. 
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