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ABSTRACT 

Title: “ANALYSIS OF VOLUME AND DIMENSIONS OF MIDDLE  EAR 

CAVITY USING OTOFORM: A CADAVERIC TEMPORAL BONE STU DY” 

Background and Objectives:   

The middle ear cavity is defined as an air-filled hollow irregular space present in 

the temporal bone with many variations. Very few studies in the recent years, especially 

in India on the variation of the middle ear cavity has been done. Hence, the study is 

designed to measure the volume and dimensions of the middle ear cavity along with 

variations in sinus tympani volume. 

 The objective of this study is to analyse the volume and dimensions of middle 

ear cavity and variations in the following parameters of the middle ear in cadaveric 

temporal bones.  

Materials And Methods:   

This is a one-year Observational Cross-sectional study conducted between 

January 2020 to December 2020 in Temporal Bone Dissection Lab of Department of 

Otorhinolaryngology and Head and Neck Surgery, J. N. Medical College, KAHER, 

Belgaum. 40 Human temporal bone (both left and right ) are dissected. The middle ear 

cavity was filled carefully with moulding material i.e. Otoform. Once it sets, a 3-

dimensional model of the middle ear cavity is made, which is removed carefully 

without any damage. The volume of the middle ear cavity is calculated. The other 

contents and parameters was measured using a measuring probe. 
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Results:  

The volume of the middle ear cavity was measured to be 1.17 cubic cm and The 

volume of the sinus tympani was measured to be 8.77 cubic mm with a range of 6.5 

cubic mm to. 10.9 cubic mm hence showing that sinus tympani show a larger variability 

in terms of size, shape and volume 

Conclusion:   

The volume of the middle ear cavity was measured to be 1.17 cubic cm and The 

volume of the sinus tympani was measured to be 8.77 cubic mm with a range of 6.5 

cubic mm to. 10.9 cubic mm hence showing that sinus tympani show a larger variability 

in terms of size, shape and volume 
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INTRODUCTION 

The temporal bone can show significant anatomic variation in different 

individuals. The combined volume of the MACs and TC is referred to as the MEV. 

Mesotympanum is extended posteriorly to form the ST. It is situated lateral to the 

vestibule and posterior SCC and medial to the FN, stapedius muscle, and PE [6]. ST is 

of clinical interest to otologists due to its susceptibility to be invaded by 

cholesteatoma, the difficulties of visualisation, and the absence of a direct operative 

access channel[1].  

Fragmental remnant matrix left behind during the primary surgery leads to 

residual Cholesteatoma. Under microscopic supervision, it is almost impossible to 

investigate the ST and other recesses and structures in the retrotympanum[2]. The ST 

region (where it occurs 37% of the time), the FR, and the underside of scutum are 

most common locations. Due to its visible complexity and the lack of a 

straightforward surgical treatment to purge it of any lingering sickness, the ST is 

significant clinically.[3] 

One of the difficulties in ear surgery is clearing the sinus tympani, which is 

one of the body's most concealed locations and has distinct anatomical variances in its 

size, shape, and depth. These structural differences demonstrate how challenging it is 

to perform surgery to address the lesion from the deep region of the ST[4]. 

Very few studies in the recent years, especially in India on the variation of the 

MEC and its structures have been done despite high incidence of residual disease of 

the middle ear pathology due to these anatomical variations. Hence, more anatomical 

studies are necessary to gives us an insight into the variations in MEC. 
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OBJECTIVE 

The aim of this research is to analyse the volume and dimensions of MEC and 

variations in the middle ear in the cadaveric temporal bones.  
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REVIEW OF LITERATURE 

Ear Microsurgery in modern times requires detailed study of the MEC as it has 

lots of cavity and variations which can result in recidivism.  To know the variations of 

the middle ear, knowing the normal anatomical knowledge in detail is necessary 

starting from the embryology, for managing the middle ear infections. 

The development of the tympanomastoid system starts at the third week of 

intra uterine life which starts from the first pharyngeal pouch as an outpouching 

known as the TTR. The ET and MEC are derived from the endodermal tissues of the 

TTR dorsal end. Into four sacci, the tubo tympanic recess buds (Fig. 1)[1,4]:        

 

Figure 1: Middle Ear Spaces Embryology; K.S. – Korner Septum, I,M & S 

stands for Ossicles – Incus, Malleus and Stapes Respectively 
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1. Saccus anticus : 

• Smallest saccus which extends beyond the tensor tympani anteriorly 

forming the Ant. ETR and Ant. pouch of VT. 

• The Ant. ETR as well as the supratubal recess are divided by the tensor 

tympani fold, which is formed when the anterior saccule of the Sa. 

Medius unites with the Sa. anticus. 

2. Saccus Medius: 

• Attic arises from it. 

• It ascends and separates into the anterior saccule, medial saccule, and 

posterior saccule. 

3. Saccus superior 

• • The Post. VT pouch forms when Sa. superior elongates laterally and 

posteriorly between the malleus head and the incus long process.. 

• Posterior saccule of Sa. Medius and Sa. superior fuses and forms MAC 

system medial part, if  bony septum cease to breakdown and persists it 

is called Korner’s septum. 

4. Saccus Posticus 

• It forms the RW and oval window niche, ST and the FR. 
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The MEC, also referred to as the TC, is an irregularly shaped hollow area of 

the temporal bone that is bounded on the lateral and medial sides by the EAC and the 

inner ear, respectively. This hollow can be discovered where two significant axes 

converge 

1. The external and internal auditory canals are connected by latero-medial axis, 

2. Posteroanterior axes seen between the ET and mastoid antrum. 

The MEC is further divided into five different compartments as below: 

 In the middle Mesotympanum 

 Superiorly Epitympanum 

 Inferiorly Hypotympanum 

 Anteriorly Protympanum 

 Posteriorly Retrotympanum 

TC has dimensions of two millimetres in middle, six millimetres in attic and 

four millimetres  in  hypotympanum. 

MEC is 2 millimetres  wide in the middle, 6 millimetres  wide in the superior 

region, or the attic, & 4 millimetres  wide in  hypotympanum. Horizontal and vertical 

measurements of the middle ear cleft are 15 millimetres . (Figure 2) [6]. 
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Figure 2: MEC's many dimensions are shown in a schematic diagram. FN- VII 

and Cochlear process – CP. 

 

The TC has 6 walls i.e. Superior wall, also known as the roof or tegmen, the 

inferior wall, also known as the jugular wall, lateral wall, medial wall, also known as 

the cochlear wall, and anterior wall, also known as carotid wall, are six walls that 

make up the TC[1].  

The middle ear, in particular the posterior tympanic chamber and its posterior 

wall, exhibits a wide range of abnormalities. Hence, Most crucial to the investigation 

is understanding the posterior TC. 

POSTERIOR WALL:  



Review Of Literature 

 

Page 7 
 

The aditus and the antrum are irregularly shaped openings of  wide posterior 

wall of TC.  FN– vertical segment is seen in the posterior wall. The posterior wall has 

many variations because of its structures. It’s 3 eminences is directed anteriorly and 

contains 4 sinuses and 5 bony ridges[14]. 

POSTERIOR WALL EMINENCES:  

The eminences of the posterior bony wall are  

• The chordal eminence 

• The pyramidal eminence 

• The styloid eminence 

All of the above together form the styloid complex, which is derived from the 2nd 

branchial arch superior portion. 

• The PE 

- This constitutes the lateral boundary of the ST and is located behind 

the oval window in its posterior wall. Its height measures roughly two 

millimetres . The bottom of the PE also contributes to the formation of 

the FN canal. It is traversed by the stapedial muscular body, and the 

stapedial tendon emerges from top of  PE (Figure 3)[16]. 

• The chordal eminence 

- This eminence, which is lateral to the pyramidal eminence, has a 

foramen known as the Iter Chordae Posterius, through which enters the 

chorda tympani. 
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• The styloid eminence 

- An elevation which is smooth and present on the posterior wall 

which forms the styloid process called the Politzer eminence or 

styloid eminence. 

 

Figure 3 : Sketch of sub pyramidal space (ss). 

Posterior Wall Ridges  

The 5 bony ridges connect the eminences with the promontory and 

each other. 

The ponticulus and the subiculum, two bony structures, separate the posterior 

section of the medial tympanic wall into three depressions.[4]. 
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• The subiculum 

- It (Figure 3) divides the retrotympanum in to superior and inferior 

parts[17]. 

- It lies between ST superiorly and the RW inferiorly. 

• The ponticulus 

- This is a bony ridge that runs from the promontory to the pyramidal 

process of  retrotympanum (Figure 3). [13]. 

- There are different types of ponticulus as mentioned below 

• Complete ponticulus : When the structure is fully developed 

from the promontory to the pyramidal process, it is referred to 

as the complete ponticulus[21]. The complete ponticulus 

separates the ST from the posterior sinus and creates the lateral 

border of the sinus tympani. [22-25]. 

• Incomplete ponticulus: Unfinished structures are known as 

incomplete ponticulus, which combine the posterior sinus and 

ST into a single cavity.[12]. 

 

• The chordal ridge of Proctor  

- It is a transverse ridge that extends laterally arising from chordal Em. 

to the PE9].  

• The pyramidal ridge 

o This ridge connects the styloid and pyramidal eminences. It could be 

present or not[10]. 

• The styloid ridge 

-  It is a ridge that joins the chordal Em. to styloid eminence[11]. 
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Spaces of  Retrotympanum  

Retrotympanum has four spaces. The retro tympanum’s fulcrum is the 

PE(Figure 4). The two spaces in the four spaces are medial to the FN and the 

pyramidal eminence, and the other two are located lateral to them. 

.  

Figure 4: Spaces of Retrotympanum 

• The Lateral Spaces  

o The chorda tympani, incudal buttress, and the bony portion of the fossa 

incudis make up the superior border of the FR, which is formed by the 

lateral spaces that are surrounded by the facial canal and PE on medial 

side and chorda tympani on the lateral side, respectively[1,10]. 

o The FR and incudal buttress separate the aditus and antrum.. 

o The chordo-facial angle, can range from eighteen  degrees to thirty 

degrees, creates a FR that is extremely individualistic and measures 
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around two millimetres at the level of a RW & three millimetres at the 

point of an oval window[27-29]. 

o FR is divided by chordal ridge into facial sinus at the sup. part and 

lateral sinus tympanicus in the inferior part. 

• The Facial Sinus  

o As mentioned above it is a small pouch in the superior region of FR. It 

has no connection with the attic air cells or MACs[31]. 

• The Lateral Tympanic Sinus  

o The lower lateral part of the FR is made by the lateral tympanic sinus, 

which is narrowest sinus in the retrotympanum. It is bounded by 

chordal Em. medially, by the PE inferolaterally, and superiorly by the 

styloid eminence.  

o There is no connection with the antrum or the attic and the size varies 

from 1.5millimetres to 2.5millimetres [32,33]. 

• The Medial Spaces  

The retro tympanic medial spaces also known as the tympanic sinus are 

divided by the ponticulus into two spaces : the ST & posterior tympanic sinus[37]. 

o The Sinus Tympani 

- The ST, biggest sinus of the retrotympanum, is surrounded by medially 

-the FN-mastoid section, laterally - semicircular canal, superiorly - 

ponticulus, &  inferiorly - subiculum. [5].  

- The ST varies in shape, size and volume greatly and posteriorly it 

varies between 0.2 to 10millimetres  with an average of 2millimetres 

[38-40]. 
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o Posterior Tympanic Sinus  

- It is medially bordered by the PE and FR, and it is located below the 

ponticulus. 

- When  ponticulus is incomplete, it is a single sinus with the sinus 

tympani[23,42]   

ST Types and Surgical Approaches 

The ST is classified into 3 types (Figure 5)  according to its depth as: 

• Type A - shallow ST; it can be accessed trans canal approach since it does not 

reach the vertical portion of FN posteriorly[14]. 

• Type B - intermediate depth ST; it stops at the point of the vertical section of 

FN and lies medial to it. To prevent harm to the high-positioned FN or jugular 

bulb, blind dissection should be avoided, and endoscope is a better option. 41].  

• Type C – deep ST; it goes deep and posteriorly to vertical section of the FN 

and is mostly only seen in well-pneumatized mastoids. Optimum method for 

treating such sinus tympani is the trans mastoid retro facial technique[42] 
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Figure 5 : Types of sinus tympani. 

The MEC and its contents must be understood by the otological surgeon as 

being variable. The earlier research primarily used radiological investigations to 

measure one parameter. In order to reduce the prevalence of lingering middle ear 

disorders, this research is intended to analyse the variance of middle ear dimension 

and middle ear structures by a moulding approach and extrapolating the knowledge in 

live surgery. 
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METHODOLOGY 

This study was carried out at the cadaveric TBD laboratory from January 2021 

to February 2022 in Department of ORL and HNS, JNMC, KAHER, Belgaum. Forty 

Wet temporal bones were dissected, and the findings were recorded. Photographs of 

the dissection were taken at various stages. 

Cadaveric Temporal Bone Dissection Laboratory: 

• The lab contains containers of temporal bones preserved in formalin in storage 

racks. 

• It was equipped with the operating microscope to provide the correct 

magnification and illumination, TV screen to view the dissection, temporal 

bone holder, foot-controlled drill, various sizes and types of burrs, irrigation 

and suction apparatus and ear microsurgery instruments  

Cadaveric Temporal Bones: 

• 40 temporal ones were harvested from the cadavers in the anatomy hall and 

were kept preserved in formalin. 

• The bones were washed in the running water to get rid of formalin before 

dissection and fixed over temporal bone holder. 

• The dissection was carried out and photographs taken at various stages. 

• The soft tissues and external ear were cut and removed after recording the 

findings i.e., presence of pinna, post and pre auricular region, EAC using a 15. 

No blade. 



Methodology 

 

Page 15 
 

Steps of Dissection: 

1. Spine of Henle identified. 

2. MacEwen’s triangle exposed and drilled. 

3. Antrum identified, cortical mastoidectomy completed. 

 

4. Canaloplasty was done to view the incudostapedial joint and ET in one view 

and measurements were taken. 

 

5. The incus and the malleus were removed. 
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6. The mold which is OTOFORM was prepared by mixing with hardening agent. 

7. The 1ml of Otoform was injected into the MEC through the EAC for 5-7 

minutes. 

 

8. The Otoform is carefully removed using the circular knife and ball probe. 
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9. The ST are marked in the mold using permanent marker. 

 

10. All measurements taken as per set proforma. 

Ethical Considerations: 

Ethical clearance for this study was obtained from the JNMC Institutional 

Ethics Committee and the reference number was MDC/DOME/67. 
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RESULTS 

 

Graph 1: Side-wise distribution 

 

 

 

45.00%

55.00%

Bridge Ridge

Table 1: Side wise distribution 

Sides affected Number of patients Percentage 

Left handed side 21 52.50 

Right handed side 19 47.50 

Total 40 100.00 
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Table 2: Pinna- Present/ Absent 

Pinna Number of patients Percentage 

Absent 35 87.5 

Present 5 12.5 

Total 40 100 

 

Graph 2: Pinna Present/ Absent 

 

• Out of the 40 bones dissected, there were 21 left side and 19 were right sided. 

• Pinna was present and intact in 35 of the bones, whereas in the remaining 5 

bones they were removed.  

12.5%

87.5%

0 5 10 15 20 25 30 35

Intact

Not inatct

Intact Not inatct
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Table 3: Tympanic membrane 

Tympanic membrane Number of patients Percentage 

Intact 25 62.5 

Not intact 15 37.5 

Total 40 100 

 

Graph 3: Tympanic membrane 

 

• Tympanic membrane was intact in 62.5 % of the temporal bones and it was 

partially torn in rest 37.5% of the bones probably due to postmortem handling 

or preexisting middle ear ante mortem pathology. 

62.5%

37.5 %
Complete

Incomplete
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Table 4: Mastoid tip prominence 

Mastoid tip Number of patients Percentage 

Prominent 36 90.00 

Non prominent 4 10.00 

Total 40 100.00 

 

Graph 4: Mastoid tip prominence 

 

• The Mastoid tip was found prominent in 90% of the bones and non- prominent 

in 10% of the bones (4 bones). 

 

0 5 10 15 20 25
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Table 5: Pneumatisation of mastoid 

Pneumatisation Number of patients Percentage 

Pneumatised 34 85.0 

Diploic 3 7.5 

Sclerotic 3 7.5 

Total 40 100 

 

Graph 5: Pneumatisation of Mastoid 

 

• The mastoid cavity of 85% of the samples was found to be Diploic (34 bones), 

whereas 7.5% were well pneumatized (3) and 7.5% were Sclerotic (3 bones). 
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Table 6: Ossicular Chain Status 

Ossicular chain status Number of patients Percentage 

Not intact 7 17.5 

Intact 33 82.5 

Total 40 100 

 

Graph 6: Ossicular Chain Status 

 

• The majority of the specimens had a intact Ossicular chain Status (82.50%) 

whereas the rest of the specimens did not have an intact ossicular chain Status 

(17.50%). 

82.5%

17.5%

Intact Not inatct
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The mean measurements, its range and standard deviation (SD) of various parameters 

were as follows: 

• The Mean Volume of the cavity of the middle ear was 1.17 + 0.30 CC and 

ranged from 0.6 + 0.3CC to 1.9 + 0.30 CC. 

• The Mean Volume of the cavity of the ST was 8.77 + 1.25 Cu millimetres  and 

ranged from 6.5 + 1.25 Cu millimetres  to 10.91 + 1.25 Cu millimetres . 

• The Mean Volume of the cavity of the sinus sub tympanicus was 148.27 + 

14.01 Cu millimetres  and ranged from 123.6 + 14.01 Cu millimetres  to 187.9 

+ 14.01 Cu millimetres  which had the maximum variation in the MEC. 

• The IS joint Angle was 83.43 degrees as the average with range of 75 degree 

to 90 degree 

• The ET diameter ranged from 0.21 + 0.57 to 3 .6 + 0.57 and was average of 

2.84 + 0.5 

Table 7: Summary or descriptive statistics of parameters related to MEC 

Parameters Min. Max. Average SD 

Volume of the MEC (CC) 0.6 1.9 1.17 O.30 

Volume of ST(cu. millimetres ) 6.5 10.91 8.77 1.25 

Volume of Sinus Sub - Tympanicus (cu. millimetres ) 123.6 187.9 148.27 14.01 

Incudostapedial angle (in degree) 75 90 83.43 3.37 

ET diameter (millimetres ) 0.21 3.6 2.84 0.57 
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Graph 7: Ponticulus – Complete/Incomplete 

 

• The ponticulus was Complete in 65% of the cases (26 bones ) and incomplete 

in 35% of the cases (14 bones). 
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Table 8: Ponticulus – Complete/Incomplete 

Ponticulus  Number of patients Percentage 

Complete 26 65.0 

Incomplete 14 35.0 

Total 40 100 
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Graph 8: Subiculum – Absent /Complete/Incomplete 

 

• The subiculum is absent in 8 bones (20%) , Complete in 24 bones (60%) and 

Incomplete in 8 bones ( 20%). 
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Number of Patients Absent

Complete
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Table 9: Subiculum – Absent /Complete/Incomplete 

Subiculum Number of patients Percentage 

Absent 8 20.0 

Complete 24 60.0 

Incomplete 8 20.0 

Total 40 100 
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Graph 9: Finniculus – Bridge/ Ridge 

 

• The Finniculus can be a bridge or ridge. It is bridge in 45% (18 bones) and 

ridge in 55%(22 bones). 
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Table 10: Finniculus – Bridge/ Ridge 

Finniculus Number of patients Percentage 

Bridge 18 45.0 

Ridge 22 55.0 

Total 40 100 
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DISCUSSION 

Finding out the amount of MEC and its fluctuations was the aim of the study. 

Due to the fact that ST was frequently the location of  remanent cholesteatoma, its 

volume and fluctuation are of highest importance. 

As the middle ear is an irregular surface, in this study it is measured using a 

mould of the MEC. The same moulding technique was used by Shakeel M et al in 

2015 in Dundee, United Kingdom to measure the RW niche wherein he used the 

Aquasil putty which is used by dentist, but in this study we have used the Otoform a 

silicone mould which is generally used by otorhinolaryngolist and audiometrist for  

external ear cavity mould for hearing aid measurements[15]. 

Before the mould is taken, the cadaveric temporal bone dissection is carried 

out. The parameters which are seen and photographed and measured are: 

1. Incudostapedial joint: 

After elevating the tympanomeatal flap, the canaloplasty is done to  

visualise the incudostapedial angle clearly and photographed, the angle is then 

measured with the aid of computer software. It measured the angle to be 83.43 

degrees + 3.37 with a range of 75 degree to 90 degree.  

Margaret skinner at al in their study in 2003 found that mean 

Incudostapedial angle was 93 degrees and had also proved the hypothesis that 

incudostapedial angle is 90 degree was accepted. Here in this study according 

to the 95 % confidence interval which lies between 83 degrees to 87 degrees, 
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the hypothesis was rejected and does not confirm the previously reported data 

probably due to sampling error or measurement error and variability[44]. 

2. Mastoid cavity 

The mastoid tip was prominent in 90% of the samples and not 

prominent in 10 % of the samples. The mastoid was well pneumatized and 

sclerotic in equal no of samples that is 7.5% and diploic in 85% of the 

samples. 

Deniz Baklaci et al in 2019 concluded that a mastoid which is well 

pneumatized was related to deep and posteriorly placed ST. In this study the 

comparison was not possible as the computerised tomography of the cadaveric 

bones were not performed, but this study found that well pneumatized mastoid 

bones had complete ponticulus and subiculum[8]. 

3. Ponticulus 

The ponticulus  which is the bone extending from the promontory to 

the PE was complete in 65 % of the bones in this study which was consistent 

with the study in 2004 by Holt et al, which stated that ponticulus was present 

in 66 % of their specimens[13]. 

4. Subiculum 

The subiculum creates the lower boundary of the ST and is a smooth 

projection that extends from the lower lip of the recess of the RW up to the 

promontory. It as complete in 60 % of the samples and incomplete or absent in 

20%. In this study it is found that subiculum and ponticulus are interrelated 

and are complete in 60 % of the samples. 
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After these above observations, the silicone mould is injected and 

removed carefully and the following parameters are measured. 

5. Volume of the ST 

The ST which is the largest sinus of retrotympanum is separated by the 

posterior sinus tympanicus by the ponticulus. The average volume of the ST 

was found to be 8.77 + 1.25 cubic millimetres, which in keeping with the 

research in 2019 by Hizli et al in which volume of ST was around 8 cubic 

millimetres  in ST with Korner septum and 14 cu millimetres  without Korner 

septum[45]. 

The study done was based on three dimensional analysis by computed 

tomography while this present study was done using a moulding technique and 

the presence of the Korner’s septum could not be confirmed in this study.  

It was also found in this study that higher range of volume of the ST 

was seen in 40% of the samples which helps in concluding that the incomplete 

ponticulus leads to ST to be confluent with the posterior tympanicus sinus 

giving rise to large volume sinus tympani. 

6. Volume of the middle ear 

Volume of middle ear in this present study was 1.17 cubic cm + 0.30 

and ranges between 0.6 cubic cm to 1.9 cubic cm. The previous studies done 

to measure the volume of the MEC was done using tympanometry studies or 

computerised tomography studies. Comparison of the study was not possible 

due to the different parameters used. 
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The moulding process was useful for determining the ST's volume, but 

the middle ear's volume was varied. The limitations of this study included the 

steep learning curving for injecting and removing the mould without damaging 

or altering the structures as the measurements were made on the mould. 

Further studies with the moulding techniques with larger sample size may be 

helpful in learning process. 

The analysis of variation in ST and volume compared to variations to 

other middle ear structures can help in complete removal of cholesteatoma and 

reduce the recurrence. The temporal done dissection helps in better learning 

curve for the post graduates. The study of the volume of MEC with accurate 

measurements and the Otoform mould can also be used in larger scale to get 

more accurate model of the middle ear implants. 
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CONCLUSION 

1. The volume of the MEC was measured to be 1.17 cubic cm 

2. The volume of the ST was measured to be 8.77 cubic millimetres  varying 

between  6.5 cubic millimetres  to. 10.9 cubic millimetres  hence showing that 

ST shows a larger variability in terms of size, shape and volume. 

3. The ponticulus and subiculum was found to be complete in a well 

pneumatized mastoid bone. 

4. The specimens with incomplete ponticulus had a larger sinus volume 

concluded that the posterior tympanicus sinus becomes confluent with ST i.e. 

10 % of the population as also mentioned in previous studies. 
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SUMMARY 

This study was conducted in KLES Dr Prabhakar Kore Hospital, Belagavi 

during a period of one year during which forty wet cadaveric temporal bones were 

dissected and mould taken . The dissections and moulding were done to study and 

analyse the variation of MEC. 

The results obtained were as follows: 

• The Mean Volume of the cavity of the middle ear was 1.17 + 0.30 CC and 

ranged from 0.6 + 0.3CC to 1.9 + 0.30 CC. 

• The Mean Volume of the cavity of the ST was 8.77 + 1.25 Cu millimetres  and 

ranged from 6.5 + 1.25 Cu millimetres  to 10.91 + 1.25 Cu millimetres . 

• The Mean Volume of the cavity of the sinus sub tympanicus was 148.27 + 

14.01 Cu millimetres  and ranged from 123.6 + 14.01 Cu millimetres  to 187.9 

+ 14.01 Cu millimetres  which had the maximum variation in the MEC. 

• The IS joint Angle was 83.43 degrees as the average with range of 75 degree 

to 90 degree 

• The ET diameter ranged from 0.21 + 0.57 to 3 .6 + 0.57 and was average of 

2.84 + 0.5 

• The ponticulus was Complete in 65% of the cases (26 bones ) and incomplete 

in 35% of the cases (14 bones). 

• The subiculum is absent in 8 bones (20%) , Complete in 24 bones (60%) and 

Incomplete in 8 bones ( 20%). 

• The Finniculus can be a bridge or ridge. It is bridge in 45% (18 bones) and 

ridge in 55%(22 bones). 
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At the end of study, it was concluded that MEC have many variations and it is 

different in each and every individual. The surgeons need a complete reconstruction 

of middle ear in every individual to know the complete picture prior to surgery to 

avoid complication and reduce residual pathology.  
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ANNEXURE - I 
 

ETHICAL CLEARANCE CERTIFICATE 
 

 



Annexures 

 

 Page 42 
 

ANNEXURE - II  

PROFORMA 

“ANALYSIS OF VOLUME AND DIMENSIONS OF THE MIDDLE EA R 

CAVITY USING OTOFORM : A CADAVERIC TEMPORAL BONE ST UDY” 

I. DATE:  
II. SPECIMEN 

NUMBER: 
 

III. CHILD/ADULT: 
AGE(IFKNOWN)
: 
 

 

IV. SIDE: RIGHT (R) / LEFT (L) 
V. EXTERNAL 

EAR: 
 
PINNA PRESENT/ABSENT: 
 
PREAURICULAR REGION 
ANOMALIES: 
(PRESENT/ABSENT) 
 
POSTAURICULAR REGION 
ANOMALIES: 
(PRESENT/ABSENT) 
 
EXTERNAL AUDITORY CANAL: 
(PATENT/ATRETIC) 
 
TYMPANIC MEMBRANE: 
(INTACT/NOT INTACT) 
 

 
     P          /           A 
 
     P          /            A 
 
 
     
     P           /           A 
 
 
    
     P           /           A 
 
 
     I            /          N 

5. MASTOID 
REGION: 

MASTOID TIP: 
 
 
PNEUMATIZATION: 
 
 
 

A. PROMINENT 
B. NOT- PROMINENT 

 
A. PNEUMATIC 
B. SCLEROTIC 
C. DIPLOIC 
D. MIXED 

6. MIDDLE EAR 
CAVITY: 

OSSICULAR CHAIN STATUS: 
 

 
INCUDOSTAPEDIAL JOINT ANGLE: 
 

DISTANCE OF INCUDOSTAPEDIAL 
JOINT FROM POSTERIOR BONY 
WALL: 
 
 
 
 
 
 
 
 
 
 

A. INTACT 
B. NOT INTACT 
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DISTANCE OF INCUDOSTAPEDIAL 
JOINT FROM HANDLE OF 
MALLEUS: 
 
 
VOLUME OF MIDDLE EAR CAVITY: 
 
 
VOLUME OF THE SINUS TYMPANI: 
 
VOLUME OF SINUS 
SUBTYMPANICUS: 
 
 
PONTICULUS: 
 
 
SUBICULUM: 
 
 
 
FINNICULUS: 
 
 
 
LENGTH OF THE TENSOR CANAL 
UPTO COCHLEARIFORM PROCESS: 
 
 
EUSTACHIAN TUBE DIMENSIONS: 
 

 
 
 
 
 
 
 
 
 
 

 
 
 

 
 

A. COMPLETE. 
B. INCOMPELET

E. 
 

A. RIDGE. 
B. BRIDGE. 
C. ABSENT. 

 
A. RIDGE. 
B. BRIDGE. 
C. ABSENT. 

7.  REMARKS:   
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ANNEXURE – III     PHOTOGRAPHS 

 

1. Specimen showing Cortical mastoidectomy 

 

2. Specimen showing incudo-stapedial joint after canaloplasty 
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3. Middle ear cavity filled with Otoform mould 

 

        

 

 

 

 

 

4. Otoform from the middle ear 
cavity 

5. Mould showing Sinus Tympani 
marked using permanent marker 
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ANNEXURE – IV      MASTER CHART  
 

  Master Chart 
S. 
No 

Ear External Ear mastoid Middle Ear Cavity 
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1 
 

present absent absent patent intact Prominent diploic intact 76 0.9 9.18 154.6 complete incomplete bridge 0.21 

2 
 

present absent absent patent intact Prominent diploic intact 82 1 8.4 123.6 complete complete ridge 3.1 

3 
 

present absent absent patent intact Prominent diploic intact 84 1 7.08 134.7 complete Absent ridge 2 

4 
 

present absent absent patent intact Prominent diploic intact 80 1 9 143.7 incomplete complete bridge 2.9 

5 
 

present absent absent patent intact Prominent diploic intact 89 1.1 10.71 156.8 complete complete ridge 2.6 

6 
 

present absent absent patent intact Prominent diploic intact 86 1.2 8.9 153.9 incomplete complete ridge 2.3 

7 
 

present absent absent patent intact Prominent diploic intact 83 1.3 7.3 133 incomplete complete bridge 3 

8 
 

present absent absent patent intact Prominent diploic intact 85 1.5 6.8 132 complete complete ridge 3.3 

9 
 

present absent absent patent intact Prominent diploic intact 81 1.6 10.82 165.9 complete complete bridge 3.2 

10 
 

present absent absent patent intact Prominent diploic intact 79 1.1 9.16 156.8 complete complete ridge 3.1 

11 
 

present absent absent patent intact Prominent diploic intact 75 1.3 7.05 187.9 complete complete ridge 2.8 

12 
 

present absent absent patent intact Prominent diploic intact 82 1.1 8.23 165 incomplete incomplete ridge 2.5 

13 
 

present absent absent patent intact Prominent scleortic intact 81 1.7 9.23 143 complete complete bridge 2.6 

14 
 

present absent absent patent intact Prominent diploic intact 83 1 10.02 176 complete complete ridge 3 

15 
 

present absent absent patent intact Prominent diploic intact 84 0.9 10.91 153 complete Absent bridge 2.3 

16 
 

present absent absent patent intact Prominent pneumatised intact 85 0.7 9 132 incomplete complete ridge 2.7 

17 
 

present absent absent patent intact Prominent diploic intact 88 0.6 7.06 145 incomplete Absent ridge 2.8 

18 
 

present absent absent patent intact Prominent diploic intact 89 1 8 134.6 incomplete complete bridge 3 

19 
 

present absent absent patent intact Prominent diploic intact 78 0.8 9.1 134.8 complete Absent bridge 2.8 

20 
 

present absent absent patent intact Prominent diploic intact 83 0.7 8.2 127.8 complete complete ridge 3.1 

21 
 

present absent absent patent intact Prominent diploic intact 85 1.1 9.6 165.8 complete incomplete ridge 3.4 

22 
 

present absent absent patent intact Prominent sclerotic intact 82 1.3 9 145.7 incomplete incomplete bridge 3.2 

23 
 

present absent absent patent intact Prominent diploic intact 83 1.2 8.54 150.8 complete complete ridge 3.1 

24 
 

present absent absent patent intact Prominent diploic intact 81 1.7 7 149.6 complete complete ridge 2.9 

25 
 

present absent absent patent intact Prominent diploic intact 87 1.4 6.5 134.8 complete incomplete bridge 2.8 

26 
 

present absent absent patent intact Prominent diploic intact 90 1.2 9.1 157.8 complete complete ridge 3.5 

27 
 

present absent absent patent intact Prominent pneumatised intact 87 1 10.51 154.9 complete complete bridge 3.6 

28 
 

present absent absent patent intact Prominent diploic intact 87 1.1 10.54 143.9 incomplete Absent ridge 3.2 

29 
 

present absent absent patent intact Prominent diploic intact 85 1.2 10 175 complete complete ridge 3.1 

30 
 

present absent absent patent intact Prominent diploic intact 83 1.4 8.1 154.9 complete complete bridge 2 

31 
 

present absent absent patent intact Prominent diploic intact 82 1.2 7.09 145.8 complete complete bridge 2.3 

32 
 

present absent absent patent intact Prominent diploic intact 81 1 8.09 134.9 incomplete Absent ridge 3.4 

33 
 

present absent absent patent intact Prominent diploic intact 80 0.9 10.15 145.9 incomplete Absent ridge 3.1 

34 
 

present absent absent patent intact Prominent sclerotic intact 86 1 9.01 134.7 incomplete complete bridge 2.9 

35 
 

present absent absent patent intact Prominent diploic intact 84 1.8 8.01 134.8 complete incomplete ridge 3 

36 
 

absent absent absent patent intact Prominent diploic intact 83 1.4 9.1 156.8 incomplete complete bridge 3.2 

37 
 

absent absent absent patent intact Prominent pneumatised intact 87 1.9 9 143.5 complete incomplete bridge 3.1 

38 
 

absent absent absent patent intact Prominent diploic intact 82 1.2 10.21 145.8 incomplete complete ridge 2.8 

39 
 

absent absent absent patent intact Prominent diploic intact 86 1 10 150.8 complete Absent bridge 2.7 

40 
 

absent absent absent patent intact Prominent diploic intact 83 1.1 7 150.3 complete incomplete bridge 3 

 


