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ABSTRACT
Introduction 
Incidence of sensory neural hearing loss following mastoid surgery varies from 1.2 – 4.5%.There are various 
causes for postoperative sensorineural hearing loss during mastoid surgery. This study aims to identify 
whether there is any correlation between drilling and postoperative sensory neural hearing loss.

Methods
A retrospective study was conducted in the Department of ENT from January 2018 to June 2019. A total 
number of 68 patients above five years of age who underwent modified radical mastoidectomy for chronic 
otitis media squamous were included. Revision surgery, preoperative sensorineural hearing loss, injury 
to the ossicular chain during surgery, patients with lack of follow up or doubtful reports in mentally 
challenged were excluded from the study. The average bone conduction threshold was calculated from 
500, 1000, 2000, 4000 Hz and compared using the Wilcoxon signed-rank test.

Results
There were 43 males and 25 females in the study with a median age of 23.5 years (16-55). The mean 
preoperative bone conduction threshold in the four frequencies of 500 Hz, 1kHz, 2kHz, 4kHz were -2.06dB, 
-2.06dB, 3.31dB, 4.63 dB respectively and the mean postoperative bone conduction thresholds were 1.03, 
1.32, 5.29, 4.04 respectively. There was a decline of mean of 3.09 dB and 3.38dB only at the low-frequencies 
(500Hz and 1kHz) BC threshold respectively which were statistically significant, whereas at higher frequency 
there was no decline in average postoperative BC threshold.

Conclusion
There is no definite role of drill in inducing hearing loss and if present other causes of hearing loss should 
be sought in postoperative sensorineural hearing loss.
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INTRODUCTION

Chronic otitis media is a public health problem 
and a common cause of hearing impairment.1   
Different modifications of mastoidectomy are 

used in surgery for chronic otitis media squamous. 
The incidence of sensory neural hearing loss 
following mastoid surgery varies from 1.2-4.5%.2  
There are various proposed surgical and disease-
related factors for sensorineural hearing loss after 
mastoidectomies. These include the experience 
of the surgeon, the excessive manipulation of 
the ossicular chain, the inadvertent opening of 
the vestibule, aggressive removal of disease over 
preexisting hidden fistula, and acoustic trauma 
from drill or from the suction to the cochlea.3,4  The 
noise generated while drilling exposes cochlea 
to hazardous noise levels of about 100 dB in the 
operated ear with up to 10 dB lower levels on the 
contralateral side.5,6 Similarly, suction can induce 
noise up to 90 dB.7 Exposure to these high-intensity 
loud noises for a prolonged time is harmful to the 
hair cells and leading to sensorineural hearing loss 
(SNHL). Some patient-related predisposing factors 
are susceptibility to noise-induced damage, elderly 
patients, and comorbidities. Depending upon the 
duration, it can be a temporary threshold shift or 
a permanent threshold shift.5,8 There is a possible 
chance of threshold shift but in clinical scenarios, 
there are conflicting results.8 Acoustic damage by 
drilling during mastoid surgery causing SNHL is still 
debatable. This study aims to identify the possible 
relationship between drilling and hearing loss after 
modified radical mastoidectomy.

METHODS
This retrospective study was conducted in the 
Department of ENT & Head Neck Surgery, Tribhuvan 
University Teaching Hospital from January 2018 
to June 2019. A total number of 68 patients 
above 5 years of age, including all genders who 
underwent modified radical mastoidectomies for 
chronic otitis media squamous by faculties under 
general anesthesia, were included. Patients who 
underwent previous mastoid surgery, patient with 
preoperative sensorineural hearing loss, grievous 
injury to the ossicular chain during surgery causing 
postoperative sensorineural hearing loss, the 
patient who did not follow-up for postoperative 
hearing assessment after 10th week, and mentally 
challenged patients whose audiometric report were 
doubtful were excluded from the study. 

Otoscopic ear findings, tuning fork test with 
512 Hz, High resolution Computed Tomography 
temporal bone findings, and pure tone audiometry 
(PTA) findings were noted from record files.  PTA 
was performed within one week prior to surgery 
and after 10 to 12 weeks of surgery. Hugan and 
Westlake technique was used for audiometric 

evaluation and performed with 5 dB intensity 
interval. Air conduction included 250, 500, 1000, 
2000, 4000, and 8000 Hz. Bone conduction (BC) 
included 250, 500, 1000, 2000, and 4000 Hz which 
was used for analysis. The average was calculated 
from 500, 1000, 2000, 4000 Hz frequencies. 

All cases of mastoidectomies were performed 
by experienced ENT and Head Neck surgeons. In 
most cases, in to out techniques were used except 
for a few where out to in was used according to 
the comfort of the surgeons during surgery. NSK 
Volvere Vmax micromotor system with a speed 
range of 1000 to 35000/ min was used for drilling. 
Meatoplasty was done and the mastoid cavity was 
packed with ribbon gauze impregnated with BIPP 
or antibiotic- steroid ointment which was removed 
on the 10th POD. Topical antibiotics and steroid ear 
drops were given for 1 month after removal of the ear 
pack. PTA was repeated after the 10th postoperative 
week and recorded. The data were analyzed using 
SPSS version 25.0 software. Wilcoxon signed-rank 
test was used for the statistical analysis. Statistical 
significance was taken at 95% confidence interval 
with p-values of <0.05.

RESULTS 
There were 43 males and 25 females in the study. 
The median age of the patients was 23.5 years with 
a range of 16-55 years.

The mean preoperative bone conduction thresholds 
in the four frequencies of 500 Hz, 1 kHz, 2 kHz, 4 kHz 
were -2.06dB, -2.06dB, 3.31dB, 4.63 dB respectively 
(Table 1). The mean postoperative bone conduction 
thresholds were 1.03, 1.32, 5.29, and 4.04, 
respectively, at different ascending frequencies. The 
maximum change in postoperative bone conduction 
threshold was seen in 1 kHz followed by 500Hz 
(Figure 1). Only in the low frequencies (500Hz and 1 
kHz), BC threshold had a postoperative change that 
was statistically significant with a p-value of 0.001 
(Table 1). However, the results were not statistically 
significant in the higher frequency sound (2 kHz, 4 
kHz). Moreover, at the frequency of  4kHz, instead 
of the decline in BC threshold, there is almost a 
similar or even slight improvement seen.
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Fig 1. Line diagram of preoperative and postoperative 
bone conduction at different frequencies
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At the frequency of 500 Hz, 60.29% (41/68) of 
patients showed either no change or improvement 
when compared with the preoperative level, whereas 
39.71% (27/68) of cases showed decreased bone 
conduction following mastoidectomy. Among the 
cases with impairment, 30.9% (21/ 68) showed 
impairment up to 10 dB, 7.35% (5/68) showed 
hearing impairment up to 20 dB, 1.47% (1/68) 
showed impairment of more than 20 dB (Figure 2).

Similarly, at the frequency of 1 kHz, there were no 
postoperative BC changes seen in 58.82% (40/68) 
of patients when compared with preoperative level. 
Bone conduction threshold was impaired in 41.18% 
(28/68) cases out of which 33.82% (23/ 68) showed 
decline up to 10 dB,  5.88% (4/68) showed hearing 
decline up to 20 dB, 1.47% (1/68) showed decline 
more than 20 dB (Figure 2). 

There was no postoperative change at the frequency 
of 2 kHz in 67.65 % (46/68) cases. Nearly 22.06% 
(15/68) showed a decline up to 10 dB, whereas 8.82 
(6/68) cases showed a decline up to 20 dB and only 
1.47% (1/68) showed impairment up to 20 dB. At 4 
kHz frequency in 79.41 % (54/68) cases, there was 
no decline seen. A decline up to 10 dB was seen 
in 11.76% (8/68) cases and up to 20 dB in 8.82% 
(6/68) cases.

DISCUSSION
Mastoid bone drilling is a crucial step in the 
clearance of disease in otologic surgery. Drilling 
during mastoidectomy exposes the inner ear to the 
high intensity of noise level of about 100 dB (range 
65dB-117dB) as shown by various clinical studies 
and temporal lab dissection studies.5,6 The intensity 
of noise generated depends on various parameters 
including rotation speed, type of burr, burr size, 
and site of drilling (a solid area or aerated area).9 
Mastoid drilling with larger size  (6 mm cutting) burr 
generates an intensity of 88 to 108 dB, whereas 
there is further noise reduction with decreased burr 
size and the maximum reduction is seen with the 
small 2 mm burr (up to 16 dB).9  The sound pressure 
level produced by the cutting burr is more than the 
levels of the diamond burr, so, in vital structures 
diamond burr is advised.10,11 High-speed drill 
produces a low noise level causing less damage to 
hair cells of the cochlea and is safer compared to the 
low-speed drill that generates the highest intensity 
sound.9 The risk of sensorineural hearing loss is 
increased when drilling the ossicular chain directly 
or after an inadvertent touch.12  The intensity is low 
in the aerated mastoid air cells and higher in solid 
bones and ossicles. Drill-induced noisy sound has 
been suspected as a cause of about 5 dB SNHL in 
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Fig 2. Degrees of change in bone conduction threshold level between 
preoperative and postoperative status at different frequencies
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Table 1. Comparison of the mean of preoperative and postoperative 
bone conduction threshold at different frequencies

Frequency Mean SD z-value p-value Mean change
(Postop BC-Preop BC)

Preop 500 Hz
Postop 500 Hz

Preop 1 kHz
Postop1 kHz

Preop 2 kHz
Postop 2 kHz

Preop 4 kHz
Postop 4 kHz

-2.06
1.03

-2.06
1.32

3.31
5.29

4.63
4.04

7.60
9.17

7.79
9.09

10.28
10.14

10.27
8.86

-3.19

-3.38

-1.79

-0.613

0.001

0.001

0.07

0.5

3.09

3.38

1.98

-0.59
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all frequencies in mastoidectomy (range 3.1 and 6.6 
dB).9 This is similar to our study where there is a 
decline in 3 dB compared to preoperative status in 
lower frequencies (Figure 1).

In our study, there was statistically significant 
hearing loss at a lower frequency of 500 Hz and 1kHz 
only but not at the higher frequencies. This finding is 
peculiar and in contrast to the current evidence that 
noise-induced hearing loss occurs most frequently 
in the higher frequency. Even though the finding on 
low frequency was significant but it was only within 
3dB range and was not clinically significant. There 
are multiple possible reasons for the insignificant 
reduction of the bone conduction threshold in this 
study. As the surgery performed by senior faculty 
was included, there was a reduction in operation 
time of surgery (drilling time), which could have 
prevented the prolonged exposure to loud noise. 
The practice of incudostapedial joint disarticulation 
prior to the drill during in to out technique prevents 
transmission through the ossicles. Judicious use 
of diamond burr over vital structures, using smaller 
size burr in crucial areas, and preventing inadvertent 
ossicular damage might be the other reasons.

There have been some conflicting results with 
the drill-induced hearing loss.8,11 Although the 
intensity of noise produced during drilling is high 
and above a safety level, the intermittent nature of 
the drilling during a mastoidectomy may allow the 
ear sufficient time to recover.12 Moreover, constant 
saline irrigation during drilling may dampen the 
intensity of the sound. According to Iranfar et al., 
sensorineural hearing loss is temporary only.13 
There can be a change in temporary hearing 
threshold which recovers spontaneously within 
72–96 h postoperatively.14 In this study, hearing 
assessment was done after 10 weeks of surgery so 
the chances of temporary threshold shift could have 
been missed. The temporary threshold shift has no 
clinical value as this gets normalized before the ear 
pack is removed from patients’ operated ear. 

Schuknecht et al. suggest that drilled noise does 
not give rise to a risk of inner ear injury (SNHL) and 
is within safe limits.15 Similar findings were seen 
in other studies that failed to show any adverse 
effects of the noise generated by the drill on the 
hearing function.8,16

The positive aspect of the study is that the revision 
cases and cases performed by the residents were 
excluded. Inadvertent damage done by the young 
surgeon as well as the longer operative time could 
alter the results and this should be considered in 
cases with SNHL. The small sample is a potential 
limitation of this study. A prospective study with 
larger sample size and a longer follow-up is advised.

CONCLUSION
There is no definite role of drill in inducing 
sensorineural hearing loss. Although the loud noise 
of the drill can possibly lead to a temporal threshold 
shift, but the study fails to show any changes in 
the permanent threshold shift. In the events of 
postsurgery sensorineural hearing loss, some other 
complications related to surgery, including the 
labyrinthine injury (labyrinthitis) and major ossicular 
disruption should be excluded first.
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