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A B S T R A C T 

Background and aim: Ossicular chain disease may occur in chronic otitis media (COM). Certain preoperative 

factors can predict this ossicular disruption, which can be confirmed intraoperatively and can prognosticate the 

surgical outcome in COM. 

Material and methods: One hundred and forty-five patients of COM were recruited in this prospective study, and 

ossicular chain status in different types of COM was studied and compared. All the variables were noted, and 

statistical analysis was performed using IBM (International Business Machines) SPSS (Statistical Package for the 

Social Studies) Statistics 26 software. 

Results: Intra-operatively ossicular chain defects were detected in 48(33.1%) cases. Of these, Incus (32.41%) was 

found to be the most common, followed by malleus (20.7%) and less commonly stapes (9.66%). The most common 

type of ossicular erosions seen in our study was the M+ Ip S+ (Malleus intact, Incus partially eroded, and Stapes 

intact) type seen in 13 cases. The mean hearing loss was higher (54.96dB) in patients with ossicular erosion 

compared with patients without ossicular erosion (41.30dB). 

Conclusions: Moderate to severe hearing loss and air-bone gap of >40dBand active squamosal type of COM 

(cholesteatoma) are the important predictors of ossicular chain disease in COM. Ossicular chain disruption can be 

classified according to the involvement of different ossicles and can help to prognosticate the postoperative outcome. 

 

1. Introduction 

According to WHO, the global burden of illness from COM (chronic 

otitis media) involves 65–330 million individuals, 60% of whom (39–200 

million) suffer from significant hearing impairment.[1] In India, the overall 

prevalence rate is 46 and 16 per thousand in rural and urban populations, 

respectively. The continuity of the ossicular chain and the tympanic 

membrane is vital for impedance-matching in the middle ear. Both types of 

COM may lead to erosion of the ossicular chain, which is much greater in 

cases of squamosal COM.[2] The long process of incus, stapes crura, the body 

of the incus, and manubrium are involved in the order of frequency.[3, 4]It has 

been speculated that chronic inflammation causes the release of many 

cytokines such as TNF, causing hypervascularisation, osteoclast activation, 

and bone absorption, which ultimately leads to ossicular damage in COM.[5, 

6] Disruption of the ossicular chain can result in moderate-severe hearing loss 

(approximately 60 dB).[7, 8] Discontinuity of the ossicular chain is typically 

confirmed only at surgery, but modalities that may be useful in ascertaining 

ossicular integrity are preoperative HRCT (High-resolution computed 

tomography) scan of the temporal bone and scanning Electron Microscopy.[9, 

10] In this study, we intend to assess ossicular chain status in patients with 

COM (both mucosal and squamosal) and also to identify the predictors of 

ossicular erosion and association of hearing loss with the type of ossicular 

defect in these patients. 

 

2. Material and methods 

This Prospective observational study was done in the Department of 

Otorhinolaryngology at our institute for 2 years (June 2016- May 2018). The 

study was approved by the Ethical Committee of Gaja Raja Medical College, 

Gwalior, with approval number (16/EC/GRMC/2016). Detailed history with 

detailed ear examination was done in all the recruited patients of COM. 

Preoperative investigations, including routine blood investigations, Pure Tone 

Audiometry (PTA), X-ray mastoid in Schuller's view, and HRCT temporal 

bone (in cases of squamosal COM only), were performed in all the patients. 

All patients of COM mucosal inactive, squamosal active, and inactive aged 

between 15 and 60 years were included in our study. Patients with any 

comorbidities due to which they are rendered unfit for surgical intervention, 

patients having A-B gap <20 dB and more sensory neural component in 

audiological profile, squamosal cases which underwent radical 

mastoidectomy, cases which showed ossicular fixation as examined 

intraoperatively were excluded from the study. 
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Prediction of ossicular chain disease 

The presence of any of the parameters was taken as a positive predictor 

for ossicular chain discontinuity, and based on the predictions we made, 

intraoperative confirmation of ossicular discontinuity was done (Fig. 1).  

1. PTA (Pure Tone Audiometry) showing moderate to severe hearing loss 

or air-bone gap >40dB. 

2. Squamosal COM disease (both active and inactive). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Fig. 1. (A) Intraoperative picture of ossicular erosion during surgery. 1 (B, 

C, D, E), Retrieved damaged ossicles, which were used for ossicular 

reconstruction. 

 

Adequate surgical intervention (cortical mastoidectomy with or without 

ossicular reconstruction for mucosal disease, modified radical mastoidectomy 

with ossicular reconstruction) was performed depending on the extent of 

disease and ossicular erosion and type of ossicular discontinuity was observed 

and documented intraoperatively. We documented ossicular erosion in a 

simpler format based on the condition of all three ossicles intraoperatively. 

Intact (+), eroded [partial (p) or complete (-) or absent (-)] status were marked 

for each ossicle in every patient. Analysis of quantitative variables was done 

using %, mean, standard deviation, and unpaired t-test, and qualitative data 

was analyzed using the chi-square test or Fisher exact test. Statistical analysis 

was performed with IBM SPSS Statistics 26 software. 

3. Results 

The demographic and clinical characteristics of the study population are 

noted in Table 1. Incidence of COM is higher in females- 93 patients (64.14%) 

than in males- 52 patients (35.86%) with a sex ratio of 1.79. Of these 145 

patients, 63 (43.45%) had left ear disease, 60 (41.38%) had right side disease, 

and bilateral disease was seen in 22 (15.17%) of total patients. Ear discharge 

(97.2%) and hearing loss (97.9%) are common complaints in all patients of 

chronic otitis media. Bilateral hearing loss was presented in 24 (16.55%) of 

patients, with left ear symptoms in 60 (41.38%) and right ear in 58 (40%) 

patients. Of the total 145 patients studied, 97 patients (66.9%) had an intact 

ossicular chain, and 48 patients (33.1%) had ossicular chain disease leading 

to discontinuity. Of these, incus (32.41%) was found to be the most commonly 

involved ossicle, followed by malleus (20.7%), and the less commonly 

involved ossicle was stapes (9.66%), as mentioned in Table 1. 

 

 

 

 

 

 

Table 1. Shows the clinical characteristics of the study population. 

Characteristics Values 

1. Age (Years) 

Mean- 46.8 years 

51-60 yrs age- 41 (28.28%) 

41-50 yrs age- 26 (17.9%) 

2. Gender- 

 

Male- 52 (35.86%) 

Female- 93 (4.14%) 

3. Symptoms 

 

Ear discharge- 141 (97.2%) 

Hearing loss- 142 (97.9%) 

Tinnitus- 41(28.3%) 

Ear pain- 17 (11.7%) 

Giddiness- 19 (13.1%) 

Facial weakness-1 (0.7%) 

4. Ossicular chain status 

 

1. Malleus- 

Intact - 115 (79.31%) 

Eroded - 25 (17.24%) 

Absent - 5 (3.45%) 

 

2. Incus- 

Intact - 98 (67.59%) 

Eroded - 29 (20%) 

Absent - 18 (12.4%) 

 

3. Stapes- 

Intact - 131(90.34%) 

Eroded - 13 (8.97%) 

Absent - 1 (.69%) 

 

On oto-microscopy, radiological assessment, and intraop middle ear 

microscopic examination, the presence of cholesteatoma was seen in 21 

patients in whom all the cases had ossicular chain disease(100%). Thirty-one 

patients had squamosal disease, and all of them had some amount of ossicular 

disease. One hundred fourteen patients presented with mucosal disease, of 

which 17 (12.28%) showed ossicular erosions (Table 2). 
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Table 2. Showing ossicular chain disease in types of com and with 

cholesteatoma. 

Type of COM and 

Cholesteatoma 
Total no. of cases 

Cases with OCD 

(Ossicular chain 
disease) 

 

Mucosal Disease 

 

Squamosal inactive 
Disease 

114 

 

31 

17(12.28%) 

 

31 (100%) 

Squamosal active 
(Cholesteatoma present ) 

 

21 

 

21 (100%) 

 

Ossicular chain status was studied, and the most common type of 

ossicular erosions seen in our study is M+ Ip S+ type, seen in 13 cases, and 

the next most common type is Mp Ip S+ type, seen in 12 cases (Table 3). On 

audiometric evaluation, patients having moderate to profound type of hearing 

loss with an A-B gap of more than 40 dB were consistently showing the 

presence of ossicular chain disease. Of the total cases of ossicular disease, 

which is seen in 48 cases, 39 cases (81.25%) had hearing loss ranging from 

moderate, moderate to severe, severe, and profound hearing loss (Table 4). 

Table 3. New proposed classification of ossicular chain defects. 

Malleus Incus Stapes Cases 

Intact(M+) Intact(I+) Intact(S+) 97 

Intact(M+) Eroded(Ip) Intact(S+) 13 

Intact(M+) Absent(I-) Intact(S+) 1 

Intact(M+) Intact(I+) Eroded(Sp) 1 

Intact(M+) Eroded(Ip) Eroded(Sp) 2 

Intact(M+) Absent(I-) Eroded(Sp) 1 

Absent(M-) Absent(I-) Intact(S+) 2 

Absent(M-) Absent(I-) Eroded(Sp) 3 

Eroded(Mp) Absent(I-) Intact(S+) 6 

Eroded(Mp) Absent(I-) Eroded(Sp) 4 

Eroded(Mp) Absent(I-) Absent(Sp) 1 

Eroded(Mp) Eroded(Ip) Intact(S+) 12 

Eroded(Mp) Eroded(Ip) Eroded(Sp) 2 

  Total 145 

*M+ = Malleus Intact, Mp = Malleus Partially Eroded, M- = Malleus 

Completed Eroded. 
I+ = Incus Intact, Ip = Incus Partially Eroded, I - = Incus Completed Eroded. 

S+ = Stapes Intact, Sp = Stapes Partially Eroded, S- = Stapes Completely 

Eroded.

 

 

Table 4. Showing audiological profile of patients with ossicular chain disease. 

 

 

 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Ossicular erosions are consistently seen in patients with squamosal 

disease, as well as in patients presenting with normal hearing and mild hearing 

loss(Table 5). It may be because of the presence of cholesteatoma, in which 

the mass itself acts as a bridge for sound transmission in places where 

ossicular chain continuity is lost. 

 

 

 

 

 

Hearing loss intensity* Total number of cases Cases with OCD 

 Number % Number % 

Normal(<25) 2 1.38% 2 4.17% 

Mild(26-40) 61 42.07% 7 14.58% 

Moderate(41-55) 49 33.79% 15 31.25% 

Mod to severe(56-70) 22 16.46% 13 27.09% 

Severe(71-90) 7 5.65 7 
14.58% 

Profound (90) 4 2.76 4 
8.33% 

Total 145 100% 48 100% 
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Table 5. Showing audiometric profile in mucosal and squamosal types. 

 Mucosal disease Squamosal disease 

Type of 

Hearingloss 

N % Ossicular 

Erosions + 

% N % Ossicular Erosions + % 

Normal --- --- --- --- 2 1.38% 2 1.38% 

Mild 54 47.37% --- --- 7 22.58% 7 22.58% 

Moderate 34 29.83% --- --- 15 48.39% 15 48.39% 

Mod to severe 18 15.15% 9 52.94% 4 8.06% 4 8.06% 

Severe 5 4.03% 5 29.41% 2 1.61% 2 1.61% 

Profound 3 2.07% 3 17.64% 1 0.69% 1 0.69% 

Total 114 --- 17 --- 31 --- 31 --- 

 

  On further assessment with audiological profiling, mean pure tone 

audiometric (PTA) hearing loss was 45.84 dB. The mean hearing loss was 

higher (54.96 dB) in patients with ossicular erosion when compared with 

patients without ossicular erosion, who had a mean hearing loss of (41.30 dB). 

In our study, we predicted ossicular chain disease in 52 cases, out of which 

42 cases showed ossicular erosions intraoperatively. 6 out of 93 cases which 

were not show any preoperative predictors signs showed ossicular erosions. 

(Table 6). We have predicted the presence of ossicular discontinuity with a 

sensitivity of 87.5%, specificity of 89.69%, and accuracy of 94.85%, while 

PPV and NPV are 80.76% and 93.54%, respectively. (Disease prevalence is 

33.10%). 

 

Table 6. Our prediction Vs. Ossicular chain disease. 

 

Intraop status showing 
ossicular chain status 

 

OCD(+) OCD(-) Total 

Prediction for 

ossicular erosion 

OCD(+) 42 10 52 

OCD(-) 6 87 93 

  48 97 145 

 

4. Discussion 

The age distribution of the patients ranged from more than 15 years to 60 

years. The mean age of the study group patients was 46.8 years, and the 

majority of patients belonged to the 51-60 years age group, in contrast to 

various studies where the bulk of the study was done in younger age groups. 

Orji FT et al.[11] concluded that COM affects the younger population with a 

mean age of 27.6. The prevalence of COM is higher in the older age group in 

our study area, which may be due to less awareness regarding health issues in 

the Chhattisgarh state population. Out of 145 patients, 52(35.86%) are males, 

and 93(64.14%) are female patients, showing a sex ratio of 1.71(F: M). A 

similar female preponderance was present in a study done by Jayakumar CL 

et al.[12] and Pant S et al.[13] whereas Albera R et al.[14] showed male dominance 

in their study. In our study, 63 (43.45%) patients had left ear disease, 60 

(41.38%) had right side disease, and bilateral disease was seen in 22 (15.17%) 

of total patients.  Albera R et al.[14] evaluated 66 right ears (47%) and 74 left 

ears (53%). Varshney S et al.[15] also found similar results, with the right ear 

operated on in 78 (52.00%) cases and the left ear in 72 (48.00%) cases. Ear 

discharge (97.2%) and hearing loss (97.9%) were the most common 

complaints in our study. Other associated complaints, such as tinnitus 

(28.28%), ear pain (11.72%), and giddiness (13.1%), were also seen. In our 

study, one patient presented with complaints of facial weakness (0.69%). 

These results are comparable with findings in a study done by Pant S.,[13] who 

showed the presence of tinnitus in 16% and ear pain in 6% of this study 

population. Previous studies by Binti Abdullah A et al.[16] and Deshmukh S et 

al.[17] also showed that hearing loss and ear discharge are common symptoms 

of COM. Our study showed that 28 (58.34%) out of 48 patients with diseased 

ossicles were presented with hearing loss ranging from moderate to 

moderately severe hearing loss. The more hearing loss in patients with 

ossicular erosion is statistically significant (p=<0.001) as compared to 

patients without ossicular erosion, similar to many recent studies.[18-21] In 

cases of squamosal disease, only 50% of the patients presented with hearing 

loss ranging from moderately severe, severe, and profound loss, while 23.96% 

of patients detected with normal hearing or mild hearing loss showed 

ossicular erosions. This can be explained by the fact that pathological tissue 

can transmit sounds and replace damaged ossicles. Therefore, PTA could not 

be considered a precise predictor for ossicular erosion, especially in 

squamosal disease, due to the presence of cholesteatoma. Also, we found 

profound hearing loss in 4 of our patients due to more sensorineural hearing 

loss components, which may be due to noise-induced trauma, as Chhattisgarh, 

being an industrial area, was more prone to such cases. Diseased ossicles are 

consistently found in patients with higher hearing loss thresholds from 

moderately severe, severe, and profound hearing loss. By using spiral CT 

technology, a finite element model of the human ear was constructed. 

Numerical analysis is conducted and employed to predict the effects of middle 

ear cavity, malleus handle defect, hypoplasia of the long process of incus, and 

stapedial crus defect on sound transmission; and he concluded that ossicular 

erosions due to middle ear cavity disease showed decreased sound 

transmission.[17] Mean pure tone audiometric (PTA) hearing loss was 45.84 

dB. The mean hearing loss was higher, 54.96 dB, in patients with ossicular 

erosion when compared with patients without ossicular erosion, who had a 
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mean hearing loss of 41.30 dB. The difference (13.66 dB) significantly 

demonstrated that high hearing loss is an important predictor of ossicular 

necrosis in COM patients. Similar findings were observed in the study bone 

by Jayakumar CL et al.[12] and Pant S et al.[13] This can be explained by a loss 

of ossicular coupling together with an enhancement of acoustic coupling of 

10-20 dB as compared to the normal ear. The enhancement of acoustic 

coupling results from the loss of the shielding effect of the tympanic 

membrane, which in the normal ear attenuates middle ear sound pressure by 

10-20 dB relative to ear canal sound pressure.[6] As shown in many previous 

studies, Jayakumar CJ et al.,[12] Pant S,[13] and Alberta et al.[14] presence of 

cholesteatoma is a significant risk factor for the presence of ossicular erosion. 

In our study, 21 out of 21(100%) cases with ossicular erosion had 

cholesteatoma in comparison to ossicular erosion without cholesteatoma, 27 

out of 124 (21.77%) cases (p= <0.001). Thus, the presence of Cholesteatoma 

is a significant risk factor for ossicular erosion.  We also found that 17 of the 

total 48 cases of ossicular erosions had mucosal disease. The propensity of 

ossicular erosions in squamosal disease is due to the presence of 

cholesteatoma, block of aditus, and middle ear granulations. In cases of 

mucosal disease, long-standing perforation, with exposure to the 

incudostapedial joint and retracted tympanic membrane, can lead to ossicular 

erosion. According to a study done by Rout MR et al.,[22] 74 cases out of 200 

mucosal disease patients showed some amount of ossicular disease. Similar 

results were also seen in a study done by Varshney S et al.,[15] who showed 

ossicular erosions in 6 cases out of 96 mucosal disease patients. 

In our study, diseased ossicles were seen in 48 patients (33.10%) out of a 

total of 145 cases. Among the diseased ossicles, incus erosion was seen in 

32.41%, followed by malleus erosions in 20.69%, and the least common 

erosions were seen in stapes (9.66%). Of these, incus was found to be the most 

commonly involved ossicle, with partial erosions seen in 29(20%) of cases, 

while completely eroded incus was seen in 18 (12.41%) of cases. Malleus was 

the next commonly involved ossicle, with partial erosions seen in 25 (17.24%) 

cases, and complete erosion was seen in 5 (3.45%) cases; less commonly 

involved ossicle was stapes, which was partially eroded in 13 (8.97%), and 

completely eroded in 1 case. Studies done by Albera R et al.,[14] Varshney S 

et al.,[15] and Arasan T et al.[23] showed that erosions in stapes are more 

common than malleus. While in many studies, it was found that both malleus 

and incus could be equally affected.[6, 18, 24]  Thomsen J et al.[25] observed that 

the Incus and superstructures of stapes were the most commonly involved 

ossicles where, as Feng X et al. noted that the frequency of involvement of 

ossicles was a long process of incus, crura of stapes, the body of incus, and 

manubrium of malleus.[26] 

We have documented ossicular chain erosions in a simpler format, and 

our results were comparable with those of a study by Arasan T et al.[23] The 

Most common combination of multiple ossicular erosion in our study is 

M+IpS+, which was a similar finding in the classification proposed by Arasan 

T. We found in our study that moderate to severe type of hearing loss, air-

bone gap (>40 dB), squamosal active disease were the important positive 

predictors for ossicular chain discontinuity and by considering above 

parameters, we have predicted the presence of ossicular erosions in 52 cases; 

out of them 42 cases were found to have diseased ossicles intraoperatively. 

The negative prediction was made in 93 patients in whom 6 cases showed 

ossicular erosions intraoperatively. Thus, the prediction of the ossicular 

discontinuity in our study has a sensitivity of 87.5%, specificity of 89.69%, 

and accuracy of 94.85%. Many studies have been carried out in the past 

regarding ossicular chain status in cases of chronic otitis media and factors 

predicting ossicular disease preoperatively.[27, 28] We have used the partially 

eroded ossicles for reconstruction, and the results are similar to those of the 

prosthetic implants.[29] However, ossicular reconstruction can be planned 

using the partially eroded ossicles or replacement prosthesis before 

proceeding to surgery after preoperative planning. The results are comparable 

to work done by Pant S et al.,[13] who showed that long duration of the disease, 

moderate to severe hearing loss, subtotal perforation, air-bone gap >40 dB, 

presence of cholesteatoma and granulation tissue are the most important 

preoperative findings for the presence of ossicular erosion. According to 

Ebenezer J et al.,[18] findings of active ear discharge (P = 0.01), anterosuperior 

location of perforation (P = 0.03), exposure of include-stapedial joint (P = 

0.05), edematous middle ear mucous membrane (P = 0.05), middle ear 

granulations (P = 0.004), foreshortening of the handle of the malleus (P = 

0.04), moderate to moderately severe hearing loss (41-70 dB HL) (P = 0.000), 

and air-bone gap > 40 dB (P = 0.001) were found to be associated with incus 

necrosis. Similar predictors were also studied by Jayakumar CJ,[12] which 

showed that the presence of high ABG (>40db) and granulations in the middle 

ear cavity are high-risk factors for ossicular erosions. 

5. Conclusion 

Ossicular chain defects were intraoperatively found in both types of 

chronic otitis media but had more propensity for squamosal disease. Other 

predictors for suspecting ossicular chain erosion include the longer duration 

of disease, high air-bone gap, and a high degree of hearing loss in patients of 

COM. So these factors help to consistently confirm the ossicular chain disease 

preoperatively; the pattern of ossicular erosion, which is most common, helps 

in better preparation for surgery as partially eroded ossicles can be used for 

ossicular reconstruction. The main limitation of this study is the lesser number 

of participants, the inclusion of patients of a higher age group, and the lack of 

follow-up on the outcome of ossicular reconstructed patients. 
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