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Abstract: 

Introduction: Malleus  is  one  of  the  three  ear  ossicles  present  in  middle  ear. The aim of this study was to determine 

various morphological and morphometrical parameters of malleus which will be of great help for an otologic surgeon who 

should be well conversant with the anatomical details of middle ear prior to undertake reconstruction procedures for the 

improvement of sound conduction. 

Methods: The  study was conducted for this purpose in 66 adult dry malleus after its removal from temporal bones of adult 

human cadavers. Morphological variations were seen and a vernier caliper was used to measure different morphometrical 

parameters. 

Results: The  distal part  of  manubrium  mallei  showed  variations  in  being  curved  anteriorly  or  being straight. Some  

mallei  had  no  neck  between  head  and  manubrium. One  mallei  showed  large  rounded  head  and  one  mallei  had  a  

bony  process  projected  from  its  head. The  average  of morphometric  parameters  showed  that  the  malleus  was  

8.53mm  in  total length, the manubrium  mallei  was  5.20mm,  and  the  total  length  of  head  and  neck  was  4.72mm. No  

significant  difference  was  found  when  we  compared  these  3 parameters  of  right and  left  side. 

Conclusion: These parameters of malleus will help in designing of implants and thereby it will  help to reproduce the 

transmission of sound energy. 
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Introduction: 

A WHO survey carried out in 2001 showed that 

there are at least 250 million people suffering from 

hearing loss globally, which represents about 4% of 

the world population. Two-third of these reside in 

the developing countries. It has been estimated that 

a large segment of the deaf in developing countries 

requires 32 million hearing aids per year.
[1]

 Ear, the 

special sensory organ of the body associated with 

hearing and equilibrium in vertebrates, has three 

distinct subdivisions referred to as the external, the 

middle and the inner ear.
[2]

 The middle ear is an  air  

containing cavity in the petrous part of the temporal 

bone and is lined with mucous membrane. It 

contains the auditory ossicles, malleus, incus and 

stapes whose function is to transmit the vibrations 

of the tympanic membrane (eardrum) to the 

perilymph of the internal ear. The malleus is the 

largest of the ossicles, and is shaped somewhat like 

a mallet. It has a head, neck, handle (manubrium) 

and anterior and lateral processes. The head is the 

large upper end of the bone and is situated in the 

epitympanic recess. The neck is the narrowed part 

below the head, and inferior to this is an 

enlargement from which the anterior and lateral 

processes project. The handle or manubrium of the 
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malleus is connected by its lateral margin to the 

tympanic membrane. It decreases in size towards 

its free end.
[3]

 

There are various middle ear pathologies like acute 

and chronic otitis media, cholestaetoma etc leading 

to conductive ear deafness. Chronic otitis media 

(inflammation of the middle ear) in almost any 

form can result in disruption of integrity of 

ossicular chain. Cholesteatoma (presence of 

keratinising squamous epithelium) is by far the 

most common cause and chronic otomastoiditis 

without cholesteatoma can also cause erosion of 

ossicles. Surgical removal of the  ossicles during 

cholesteatoma removal is another obvious and 

common cause of ossicular discontinuity. In most 

cases,this involves the head of the malleus. Trauma 

can also result in ossicular discontinuity. With 

complete ossicular discontinuity, the most  

common audiometric pattern is that of a near 

maximum (55-60 dB) conductive hearing loss 

across all frequencies.Significant conductive 

hearing loss is usually a result of the fixation of 

ossicles in the middle ear or epitympanum. Malleus 

fixation is very common and it usually occurs at 

some location on the anterior surface of malleus 

head.
[4]

 The materials used in the reconstruction of 

ossicular chain are the autografts, homografts and 

allografts. To achieve good postoperative results in 

patients who require middle ear surgery, it is 

essential to know and consider the construction of 

the ossicular chain and the structure and position of 

its elements as well as the physiologic process of 

hearing.
[5]

 

Materials and Methods: 

This study was conducted in 66 adult dry malleus 

after its removal from temporal bones of adult 

human cadavers in S.M.S Medical College, Jaipur, 

Rajasthan. 

To observe the contents of the middle ear, we 

removed the tegmen tympani (bony roof of the 

middle ear).  

•  a mallet and chisel was used to break the 

tegmen tympani from the petrous portion 

of the temporal bone about-  

1.5cm from  squamous part of the 

temporal bone. 

2.5cm from the posterior ridge of the 

petrous part of the temporal bone. 

• the bony fragments was removed from the 

tegmen tympani to reveal the air filled 

chamber of the middle ear. 

Malleus was taken out. Its morphological variations 

in neck and handle were seen and morphometric 

study, ie total length, total length of head and neck, 

and length of handle of malleus was done by using 

vernier caliper. 

Observations and Results: 

In this study, the data were determined in two 

categories; the morphometric and the morphologic. 

Morphological data was based on observation 

while morphometrical data was determined by 

using vernier caliper. All the morphological and 

morphometrical variations were compared on the 

basis of side of origin- right side ossicles and left 

side ossicles . 

In the morphological variations of  malleus it was 

found out  that the free ends (distal part) of 

manubrium mallei showed variations between a 

curve anteriorly and a straight line. Some mallei 

had no neck between head (caput) and manubrium 

as shown in the figure 1,2 & 3. One  mallei  

showed  large  rounded  head  and  one  mallei  had  

a  bony  process  projected  from  its  head as  

shown  in  figure 4  and  figure 5 respectively. The 

morphometric data included the total length of 

malleus, length of head and neck and length of 

manubrium. Along  with  it, index  is  calculated  

by  dividing  length  of  manubrium  with  total  
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length  of  malleus.The data recorded is shown in 

table 1. The average of morphometric parameters 

showed that the malleus was 8.53mm in total 

length, the manubrium mallei was 5.20mm, and the 

total length of head and neck was 4.72mm. No 

significant difference was found when we 

compared morphological parameters (Neck and 

Handle curve) of right and left side malleus as 

shown in table 2& 3 respectively. Statistical 

significant difference was also not observed when 

we compared morphometrical parameters of right 

and left side as shown in the table4. 

Discussion: 

Ossicles  have  a  very  important  role  in  the  

process  of  hearing. The  presence  of  malleus  

provides  1.3  times  mechanical  advantage  due  to  

lever  mechanism. Embryogenic  studies  have  

shown  that  ear  morphology  and  morphometry  

differ  from  person  to  person.A  lot of work has 

been done previously on earossicles of adult and 

new born cadavers, guinea pig, hamster, various 

species of armadillos, and all these studies 

suggested different morphological and morpho-

metrical variations.Our study suggests that 

morphological variations in malleus could be the 

presence or absence of neck and the different 

handle curves which was also suggested in the 

study of Unur E etal (2002) on fetal ear ossicles & 

in  the  study  of  Sidorkewikz NS & Casanave EB 

(2012) on 3 species of Armadillos.
[6,7]

 Forward 

handle curve was also found in the study of SarratR  

etal (1988).
[8] 

Neck was also absent in 3% cases  

and  no  handle  curve  was  also found in the study 

of Padmini MP and RaoBN (2013) on fetal ear 

ossicles.
[9]

 

In the present study, total length of malleus was 

found to be 8.53mm which was in support to the 

work done by Bast TH and Anson  BJ (1949) who 

reported it as 7.61-9.11mm & Schafer  EA  et al 

(1909)who have observed that the malleus was 8-

9mm in length.
[10,11] 

Unur E  etal (2002) found it 

slightly less (7.69mm). Handle length of malleus in 

our study was found to be 5.20mm which was 

again in support to the work done by Bast  TH & 

Anson  BJ (1949) while Unur E  etal (2002) found 

it to be slightly less (4.70mm). Handle length was 

very big in the study of ear ossicles of a case of 

marfans syndrome (9.8mm) by Evcimik MF  etal 

(2012).
[12]

Arensburg  B  et al (1981) 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.[13]Harneja  NK  et al 

(1973) reported  the  malleus  length  of  7.15 mm  

and  manubrium  length  of  4.22 mm.
[14]

 Our  

findings  are  comparable  to  these  studies. 

DeVincentiis I & Cimino  A (1957) studied a  large  

series  which  included  infants,  juvenile, adult  

males & females. They reported  the  length  of  9 

mm  in  infants  and  9.41 mm  in  adults  with  a  

median of  9.20 mm.
[15]

 Singh K  et al (2012) found 

statistically significant  results  when  compared  

right and  left  side  ossicles  but  we  do  not  found  

any  such  finding.
[16]

 Various other comparisons 

between the morphometrical variations in malleus 

in  adult  cadavers  has been described in table 5. 

Conclusion:
 

The advanced surgical procedures for treating 

conducting hearing loss and surgeries to recover  

the function of middle ear ossicles are through bone 

ossicular replacements or alignment. Autograft 

ossicles are removed from the patient and sculpted 

to serve as an interposition graft. Head of malleus 

can be used. Immediate availability, obvious 

biocompatibility, low cost and a low extrusion rate 

make it the material of choice for ossiculoplasty.  

Malleus can be used as homograft ossicles which 

are available through regional tissue banks. 
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Morphologic and morphometric data of malleus 

will help the prosthesis maker in the formation of 

various implants and grafts required to treat various 

diseases. In the present scenario, with the advent of 

microsurgical operative techniques, it is possible to 

rectify many middle ear problems, such an 

advancement in reconstructive surgeries will help 

to restore speech and hearing at the earliest, thereby 

help to overcome disability and psychic trauma. 

 

Table 1:- Morphometric  data  of  malleus 

MORPHOMETRIC DATA MEAN STANDARD DEVIATION 

Total length of malleus 8.53 0.58 

Length of manubrium 5.20 0.48 

Length of head and neck 4.72 0.82 

Index(%)= length of 

manubrium/total length 

61.01 3.74 

 

Table 2:- Assessment of a morphological parameter (NECK) of right and left malleus. 

Side Neck Present Neck Absent Total 

No. % No. % No. % 

Left 27 81.82 6 18.18 33 100.00 

Right 32 96.97 1 3.03 33 100.00 

Total 59 89.39 7 10.61 66 100.00 

Chi-square =    2.557 with 1 degree of freedom;   P = 0.110 

Table 3:- Assessment of a morphological parameter (HANDLE CURVE) of right and  

left malleus 

Side Handle Curve Present Handle Curve Absent Total 

No. % No. % No. % 

Left 17 51.52 16 48.48 33 100.00 

Right 11 33.33 22 66.67 33 100.00 

Total 28 42.42 38 57.58 66 100.00 

Chi-square =    1.551 with 1 degree of freedom;   P = 0.213 

Table 4:- Assessment  of Morphometrical  parameters  of  right  and  left  malleus 

Parameters  Side Mean Std. Dev p value 

 Total  Length left 8.545 0.5056 0.834 

Right 8.515 0.6553 

 

Length of Manubrium 

 

left 

 

5.303 

 

0.4831 

 

0.096 

right 5.106 0.4636 

 

Length of Head  

and Neck 

 

left 

 

4.833 

 

0.826 

 

0.263 

Right 4.606 0.8078 
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Index 

 

left 

 

61.84 

 

3.788 

 

0.07 

Right 60.18 3.555 

                Unpaired t test 

Table 5:- Comparisons between the morphometrical variations in malleus 

Values Present 

study 

Unur,ulger& 

Ekinci, 2012 

Aycan etal,  

1990 

Arrensburg 

etal, 1981 

Harada,  

1972 

Arrensburg 

&Nathan, 1972 

Masali,  

1968 

Bouchet& 

Giraut, 1968 

Total length 8.53 7.7 8.1 7.8 8.0 7.3 7.6 7.9 

 

Length of 

manubrium 

 

5.20 

 

4.7 

 

4.9 

 

4.4 

 

4.2 

 

3.5 

 

4.6 

 

4.7 

Length of 

head&neck 

4.72 4.9 5.1 ---------- 5.0 -------- -------- -------- 

Angle ------ 137 141 137 -------- 155 --------- 139 

 

Index 

 

61.01 

 

61 

 

----- 

 

56.6 

 

------- 

 

------- 

 

-------- 

 

------- 

 

 

Fig 1-  Neck present and handle curve present in both A & B. 

 

Fig 2-  Neck present and handle curve absent in both A & B. 
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Fig 3-  A: Neck absent and no handle curve  

           B: Neck present and handle curve present. 

 

Fig 4-  Large rounded head of malleus 

 

Fig 5-  A bony projection from head of malleus 
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