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Abstract 

Background: Drill and surgical tools can cause noise induced hearing loss 
when used on or adjacent to the ossicular chain and stapes footplate or while 
working on the mastoid bone. Therefore the drill generated noise has been 
incriminated as a cause of sensorineural hearing loss in the operated ear. Ob-
jective: This study has been undertaken to estimate the proportion of sen-
sorineural hearing loss following middle ear surgery and to assess the bone 
conduction thresholds of operated ear following middle ear surgery at differ-
ent follow up periods. Methods: 100 cases of chronic suppurative otitis media 
posted for middle ear exploration surgery were included in the study. Results: 
Sensorineural hearing loss was present in 3 cases out of 100 cases (3%) after 
undergoing mastoid surgery. There was a mean increase in bone conduction 
thresholds of 0.75 dB at 500 Hz, 1.4 dB at 1 kHz, 1.7 dB at 2 kHz and 2.7 dB at 
4 kHz at 6th month of follow up period after surgery with statistical signifi-
cance at 2 kHz (p = 0.011) and 4 kHz (p < 0.001). Conclusion: Post mastoi-
dectomy hearing loss is of high frequency in nature.  
 

Keywords 

Chronic Otitis Media, Mastoidectomy, Drill Induced Acoustic Trauma, SNHL 

 

1. Introduction 

Mastoid drilling is an inevitable part of mastoid exploration surgeries. Surgeons 
have always been concerned about the detrimental infliction on hearing while 
operating on the mastoid. Sensorineural hearing loss (SNHL) following ear sur-
geries has been documented in studies as early as 1960 (Schuknecht et al.) [1]. 
Since then many authors have investigated variables causing sensorineural loss 
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after tympanomastoid surgeries and methods to prevent this undesired outcome. 
Mastoid surgeries undertaken for diseases of the middle ear cleft such as chronic 
suppurative otitis media and its complications, cholesteatoma, atticoantral dis-
eases like retraction pockets, granulation and other pathologies of the middle ear 
like ear polyp and mucosal disease include tympanoplasty, mastoidectomy and 
antrostomy procedures. Modern day mastoid surgery make use of cutting and 
diamond burr for accessing the antrum and removing disease from the middle 
ear all of which subject the inner ear to inadvertent and excessive acoustic 
trauma [2]. Mastoid exploration surgeries involve use of instruments, vacuum 
suction, use of drill work with metallic burr and ossicular manipulations which 
all can lead to exposure of the labyrinth to excessive sound levels as well as vi-
brations which may, in turn, cause damage to the inner ear structures [3]. 

The incidence of permanent sensorineural hearing loss following tympano-
mastoid surgery is 1.2% - 4.5% [2] [4]. Every time when a drill is used the ipsi-
lateral cochlea is exposed to noise levels of about 100 dB and the contralateral 
cochlea to levels of 5 to 10 dB lower than the operative ear [5] [6]. In mastoid 
surgery higher levels of noise induced hearing loss are expected due to longer 
time of exposure to drill work. Possible noise trauma to the inner ear can only be 
avoided by minimizing the duration of drilling and thus the duration of the 
harmful noise exposure to the cochlea [6].  

This study has been undertaken to evaluate the effect of middle ear surgery to 
the hearing mechanism of the ear, if it has an effect, to study in detail about the 
degree of hearing loss it causes, its progression over a period of 1 month, 3 
months and 6 months in the post-operative period and whether it causes a tem-
porary or permanent hearing loss. 

2. Materials and Methods 

This hospital based prospective study was carried out at Sawai Man Singh 
Medical College & Hospital, Jaipur, India. A total of 100 cases of chronic suppu-
rative otitis media undergoing tympanomastoid surgery were followed upto 6 
months to study the proportion of sensorineural hearing loss following tym-
panomastoid surgery and to assess the mean bone conduction threshold of sen-
sorineural hearing loss following surgery. The study was carried out for 21 
months from April 2015 to December 2016. SNHL was defined as worsening of 
bone conduction thresholds to more than 30 dB at three consecutive frequencies. 
Patients of chronic suppurative otitis media requiring mastoid exploration were 
included in the study. Subjects with preoperative sensorineural hearing loss 
(SNHL), history of previous mastoid surgery, occupational noise exposure, his-
tory of ototoxic drug intake and non consenting subjects for the study were ex-
cluded from the study. Patient was evaluated with pure tone audiometry preo-
peratively. After careful evaluation, patients were posted for surgery at the insti-
tute operation theatre. Intraoperative ossicular finding, disease status and drill-
ing duration were noted. Bone conduction thresholds were measured postopera-
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tively at first, third and sixth month post surgery. The subjects were divided into 
two groups, Group I with postoperative sensorineural hearing loss and group II 
with no affection of bone thresholds. The data was entered in excel spreadsheet 
and analysis was done using Statistical Package for Social Sciences (SPSS) ver-
sion 21.0. Categorical data were presented as numbers (percent) and were com-
pared among groups using Chi-square test. Quantitative variables were pre-
sented as mean ± standard deviation and were compared using by students 
t-test, ANOVA Test and post Hoc Tukey Test to find out the most significant 
groups among all the groups. Paired analysis was evaluated by using paired 
t-test. A p-value less than 0.05 was considered statistically significant. 

3. Results 

Patient demographics, type of mastoidectomy performed and mean drilling time 
are summarised in Table 1. Among 100 cases of chronic SOM cases found eligi-
ble for the study, 62 were male and 38 females with mean age 26.28 years (range 
= 12 - 50 years). The incidence of post operative SNHL was 3% (n = 3) in our 
study. Cases were classified as active squamous (AS), active mucosal (AM), inac-
tive squamous (IS) and inactive mucosal disease (IM) according to the disease 
type. There were 56, 12, 26 and 6 patients each of AS, AM, IS and IM disease re-
spectively. The three cases that developed SNHL after surgery had active 
squamous disease with erosion of incus and an intact malleus and stapes. The 
most common ossicular finding was an eroded incus with grossly normal 
malleus and stapes with incudostapedial separation (n = 56) followed by a dis-
eased incus and stapes suprastructure (n = 30). Fifty-nine patients underwent 
canal wall down mastoidectomy and 41 patients underwent a posterior canal 
wall preserving surgery. There were no significant association found between 
development of SNHL and type of surgery. Significant association was observed 
between drilling time duration and development of SNHL post surgery. Propor-
tion of SNHL was higher in patients subjected to prolonged drilling duration of 
more than 50 minutes.. Mean drilling duration in patients who developed SNHL 
was 63.33 ± 5.774 minutes as compared to patients with normal postoperative 
bone conduction thresholds (mean = 34.11 ± 14.94 minutes), p < 0.001 (Table 
2). On Pearson’s Correlation coefficient test, a positive correlation existed be-
tween drilling duration and bone conduction thresholds at all frequencies at the 
different follow up periods. The correlation was more significant in the first 
month for the frequencies 1 kHz, 2 kHz and 4 kHz than the later months (Table 
3).  

On evaluating bone conduction thresholds after surgery in the follow up pe-
riod, there was an increase in the mean bone conduction thresholds across all 
the tested frequencies at 1 month, 3rd month and 6th month compared to the 
preoperative audiometry (Table 4, Figure 1). On paired t-test, no significant 
differences in mean bone conduction thresholds were observed between preop-
erative and postoperative audiometry for frequencies 500 Hz and 1 kHz. Signifi-
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cant difference in mean bone conduction threshold were observed for 2 kHz (p 
= 0.01) and 4 kHz (p < 0.001) at all three follow up periods compared to preop-
erative mean thresholds. There was a mean increase in bone conduction thresh-
olds of 0.75 dB, 1.4 dB, 1.7 dB and 2.7 dB at 500 Hz, 1 kHz, 2 kHz and 4 kHz re-
spectively which was significant at 2 kHz and 4 kHz (Table 5).  

 
Table 1. Demographics, procedure and mean drilling time of the subjects (Abbr., 
ICWM—Intact Canal Wall Mastoidectomy, CWDM—Canal Wall Down Mastoidec-
tomy). 

 Group I (N = 3) Group II (N = 97) p-value 

Gender 
Male 1 61 

0.664 
Female 2 36 

Mean Age (years) 35.67 ± 7.23 25.96 ± 10.58 0.146 

Procedure 
ICWM 1 40 

0.748 
CWDM 2 57 

Mean Drilling time (min) 63.33 ± 5.774 34.11 ± 14.94 <0.001 

 
Table 2. Comparison of mean drilling duration among two groups. 

Category Mean Drilling Duration (min) Chi-Square 

Group I (n = 3) 63.33 ± 5.774 

17.526 (p < 0.001) Group II (n = 97) 34.11 ± 14.94 

Total 34.99 ± 15.56 

 
Table 3. Correlation coefficient (r) of drilling duration with bone conduction thresholds 
at the follow up periods. 

Frequency (Hz) r for BC at 1 month r for BC at 3 months r for BC at 6 months 

500 0.154 0.122 0.158 

1000 0.587 0.118 0.144 

2000 0.264 0.209 0.19 

4000 0.202 0.138 0.184 

 
Table 4. Mean bone conduction (BC) thresholds before surgery and at 1st, 3rd and 6th 
month of follow up. 

 
Mean BC  
at 500 Hz 

Mean BC  
at 1000 Hz 

Mean BC  
at 2000 Hz 

Mean BC  
at 4000 Hz 

Before Surgery 11.75 ± 5.19 dB 11.90 ± 5.06 dB 13.95 ± 4.34 dB 13.60 ± 4.15 dB 

At 1st month 12.85 ± 5.61 dB 13.40 ± 5.68 dB 15.80 ± 5.67 dB 15.85 ± 5.03 dB 

At 3rd month 12.55 ± 5.53 dB 13.25 ± 5.48 dB 15.65 ± 5.16 dB 16.12 ± 4.56 dB 

At 6th month 12.50 ± 5.53 dB 13.30 ± 5.42 dB 15.65 ± 5.06 dB 16.30 ± 4.53 dB 

BC = Bone conduction, dB = deciBels. 
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Figure 1. Comparison of bone conduction threshold between preoperative audiometry 
and postoperative audiometry. 

 
Table 5. Mean increase in BC threshold at 6 months. 

Frequency (Hz) Mean increase in BC threshold (dB) p value 

500 0.75 0.334 

1000 1.4 0.07 

2000 1.7 0.011 

4000 2.7 <0.001 

4. Discussion 

The incidence of postoperative sensorineural hearing loss ranges from 1.2% to 
16.7% [1]-[11]. Acoustic trauma related hearing loss is sensorineural in nature. 
Temporary threshold shifts improve over 72 hours [12]. Variables such as type 
of mastoidectomy, type of burr used, its diameter and rotation speed, vacuum 
suction and irrigation, ossicular manipulation and experience of the operating 
surgeon have all been attributed to development of sensorineural hearing loss 
after mastoid exploration surgeries [13]-[18]. Every time a drill is used, the ipsi-
lateral cochlea is exposed to noise levels of about 100 dB and the contralateral 
cochlea to levels of 5 to 10 dB lower than the operative ear [4] [5] [19]. Hong et 
al. recorded peak noise levels of more than 130 dB on drilling over endosteal 
membrane with diamond burr in cadaveric temporal bone dissection [20]. 
Holmquist, Kylen, Helms and other authors have studied that the sound pres-
sure levels inner ear is exposed while working with drill burrs during cochleo-
stomy and during accidental touch on an intact ossicular chain and concluded 
that inner ear could be exposed to sound pressure levels as high as 130 dB [4] 
[21] [22]. Iranfar et al. in their study points out that sensorineural hearing loss is 
temporary and the concern should be towards eradication of disease [23]. Vibra-
tion of the temporal bone at 250 Hz results in transmission of oscillation energy 
into the cochlea and its components since this is the resonant frequency [24]. 
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Iranfar, Pignataro, Volter, Sakagam, Nadripour and their co-workers found out 
a significant difference in bone conduction threshold around the frequency of 
250 Hz [23]-[28]. Whereas, Desai et al., Pal SK, Nikakhlagh and others found 
more significant affliction to frequencies above 2 kHz [29] [30] [31]. In our 
study, we found drilling time to have a positive correlation in all frequencies 
from 500 Hz to 4 kHz with significant correlation at 1st month of follow up for 1, 
2 and 4 kHz. In later follow ups, significant correlation with drilling time was 
found only with 2 kHz. This could mean that mechanism for sensorineural 
hearing loss in mastoid surgery could be multifactorial in addition to acoustic 
trauma. In our study, highly significant deterioration of mean bone conduction 
thresholds was obtained at 4 kHz followed by 2 kHz and these changes were 
permanent by 1 month with no significant improvements in bone conduction 
thresholds at either 3rd or 6th month. Further studies are necessary to validate 
these findings at shorter duration follow up and with other audiological tests, 
such as otoacoustic emission, brainstem evoked response audiometry or cotical 
evoked response audiometry. We did not have necessary institutional clearance 
for OAE or BERA for this particular study. 
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