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ABSTRACT
Objective: To determine the correlation between the air-bone gap on pure tone audiometry with size of perforation oto-endoscopically. 
Study Design: A descriptive study.
Place and Duration of the Study: Department of ENT - Head and Neck Surgery, Dow University of Health Sciences (DUHS), from
February 2020 to August 2021. 
Methodology: A total of 43 patients with dry central pars tensa tympanic membrane perforation were diagnosed through oto-en-
doscopy during the study. The mean air-bone gap was calculated by assessing each air-bone gap through pure tone audiometry at
different frequencies i.e.,  250 Hz, 500 Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz. Air-bone gap was found to be the average value of
these frequencies. The photograph of the tympanic membrane was taken oto-endoscopically, and the ratio between size of the
perforation to the entire area of the tympanic membrane was measured.
Results: During the course of the study, a total of 43 patients agreed to provide consent for this study. Out of the 43 patients, 16
(37.2%) were males and 27 (62.8%) were females. The age range was from 18 to 50 years with average age of 38.302 ± 5.74
years. The mean perforation size was 28.255 ± 9.16% while the mean air-bone gap was 28.000 ± 3.89 dB. It was concluded that
the  Pearson’s  correlation  coefficient  is  directly  correlated  to  perforation  size  and  air-bone  gap  (r  =  0.898,  p  <0.001).  Further,
hearing loss decreases with decreased middle ear volume and mastoid pneumatisation. Moreover, no change was seen in the mean
air-bone gap according to the location of perforation.
Conclusion: The hearing loss due to perforation of the tympanic membrane was correlated to the size of the perforation. Further,
hearing loss decreases with reduced middle ear volume and mastoid pneumatisation.
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INTRODUCTION

The function of the tympanic membrane is to conduct the sound
waves for the purpose of hearing. In case when there is perfora-
tion, it often causes initial hearing impairment to some extent.1

The air-bone gap is the difference between air conduction and
bone conduction at certain frequencies on a pure tone audio-
gram.  Conductive  hearing  loss  and  mixed  sensorineural
hearing loss can be determined by calculating this gap. The air-
bone gap is negligible or within normal limits in case of normal
hearing  in  the  audiogram while,  the  air-bone  gap  is  always
present in case of conductive or mixed type of hearing loss.2
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The perforation of the tympanic membrane mainly results from
infections of middle ear, trauma, or idiopathic cause. Some-
times after an episode of acute otitis media, spontaneous perfo-
ration occurs which can lead to a tubotympanic or atticoantral
type of diseases. The causes of traumatic perforation include
sudden water entry during swimming or water sports, baro-
trauma, explosion injuries or temporal bone fractures. These
perforations  reduce  the  surface  area  of  the  tympanic
membrane. Consequently, the surface area available for sound
transmission also reduces, thus resulting in hearing loss. Until
the ossicles are not involved, the conductive deafness ranges
from 0 to 40 dB.3 The primary reasons for conductive deafness in
developing countries include high illiteracy rates, poor medical
care, and lack of hygiene.4 Perforations mainly persist due to
inadequate management of infections of the middle ear or trau-
matic perforations. It clearly indicates that prolonged perfora-
tions are one of the causes for hearing loss.5

The extent of damage to the tympanic membrane can be inter-
preted by an air-bone gap which can predict the size of perfora-
tion  and  extent  of  damage  in  the  middle  ear.6-10  The  vision
through microscope is limited at times and hidden areas cannot
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be addressed adequately. The extent of damage to the hearing
mechanism can be anticipated before surgery and this will help
in deciding the exact procedure for surgery. In this way, better
outcomes can be achieved postoperatively and will be benefi-
cial for the patients. No such study has been conducted within
Pakistan to the authors’ knowledge. Therefore, this study was
conducted to determine the correlation between hearing impair-
ment on pure tone audiometry with size of perforation with the
aid of oto-endoscope.

METHODOLOGY

This  is  a  descriptive  cross-sectional  study  conducted  in  the
department of ENT - Head and Neck Surgery at the Dow Univer-
sity Hospital, from February 2020 to August 2021. A total of 43
patients, meeting the inclusion criteria of age 18-50 years, both
genders with dry central pars tensa tympanic membrane perfo-
ration,  were  included  in  this  research  study  after  diagnosis
through oto-endoscope. An informed consent was sought from
patients, and they were explained about the benefits of this
research prior to include them in this study. The patients with
soft tissue density in middle ear, active discharge at the time of
presentation, attic perforation, and patients with the need for
revision surgery were excluded from this study.

The sample size was calculated through an online sample size
calculator web ‘GitHub’ with Pearson’s Correlation formula. The
sample correlation (r) = 0.42,11 was used to determine the appro-
priate size with the power of test = 80%, level of significance =
5%, confidence level = 95%, and resultantly the sample size
was 43.

The mean air-bone gap was calculated by measuring each air-
bone gap on pure tone audiometry at different frequencies i.e.,
250 Hz, 500Hz, 1,000 Hz, 2,000 Hz, and 4,000 Hz. The picture of

the tympanic membrane (ear drum) was captured through oto-
endoscopy as shown in Figure 1 (A-C). The ratio of size of perfora-
tion to the total tympanic membrane area was measured by
processing the image through ‘Image J of Wayne Rasband’ of
the National Institutes of Health U.S.A Geometrical Package.
The data on air-bone gap and size of perforation was collected
by the researcher herself on purposely designed proformas.

Statistical Package for the Social Sciences Software (IBM-SPSS
20.0; SPSS Inc.) was used for analysis of data. For qualitative
variable, gender was presented as percentage and frequency.
Similarly,  for  quantitative  variables,  age,  air-bone  gap,  and
perforation size were presented as mean ± standard deviation.
The Pearson’s correlation analysis was used to determine the
correlation  between  the  air-bone  gap  and  perforation  size.
Factors such as age, gender, size of perforation, and air-bone
gap on PTA were controlled by stratification. Post-stratification
Pearson’s Chi-square test was used and a p-value of ≤0.05 was
considered significant.

RESULTS

A  total  of  43  patients  meeting  the  inclusion  criteria  were
included after taking an informed consent. Out of 43 patients,
16 (37.2 %) were males and 27 (62.8%) were females. The age
range was from 18 to 50 years with mean age of 38.3 ± 5.74
years. The mean air-bone gap was 28.00 ± 3.89 dB on PTA.
Stratification of the air-bone gap with respect to gender and age
is depicted in Table I and II, respectively. The mean size of perfo-
ration was 28.25 ± 9.16% with the highest air-bone gap found in
perforations involving 21-30% of the ear drum. The Pearson’s
correlation coefficient showed a significant correlation between
size  of  perforation and air-bone gap (r  = 0.898;  p  <0.001).
Stratification of the air-bone gap with respect to the perforation
size is shown in Table III.

Table I: Stratification of the air-bone gap with respect to gender.

 
Gender Air-bone gap (dB) Pearson’s Chi-square p-value

≤25 >25
Male 5 (31.2%) 11 (68.8%) 1.64 0.20
Female 4 (14.8%) 23 (85.2%)
Total 9 (20.9%) 34 (79.1%)

Table II: Stratification of the air-bone gap with respect to age.

Age (years) Air-bone gap (dB) Pearson’s Chi-square p-value
≤25 >25

18-30 2 (33.3%) 4 (66.7%) 0.648 0.42
31-50 7 (18.9%) 30 (81.1%)
Total 9 (20.9%) 34 (79.1%)

Table III: Stratification of the air-bone gap with respect to perforation size.

Perforation size (%) Air-bone gap (dB) Pearson’s Chi-square p-value
≤25 >25

Up to 10 2 (100%) 0 (0%) 37.276 <0.001
11-20 6 (100%) 0 (0%)
21-30 1 (5.3%) 18 (94.7%)
>30 0 (0%) 16 (100%)
Total 9 (20.9%) 34 (79.1%)
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Figure 1 (A-C): Variations in tympanic membrane-perforation with PTA readings.

DISCUSSION

Vibratory  movements  are  produced when external  sound
waves strike the tympanic membrane. These vibratory move-
ments  in  tympanic  membrane  create  movements  in  the
ossicular chain. This results in production of sound in the
ear. Numerous researchers reported in their studies that loss
of hearing in cases of perforation in the tympanic membrane
is due to a difference in pressure between the external  ear
and  middle  ear.  Researchers  used  different  models  and
predicted that when there is a large perforation, the hearing
impairment is also more on audiogram. Also, hearing impair-
ment increases with small middle ear and mastoid volume.

A similar trend in a different research was observed during the
assessment of patients that mean air-bone gap was substan-
tially increased with larger perforation size, small mastoid, and
middle  ear  volumes.  However,  no  difference  was  seen  in  the
mean air-bone gap with the site of perforation.11

In a study by a few researchers, tympanometry was performed
for the assessment of middle ear volume and a presence of
any pathology.12  It  was concluded that hearing impairment
also depends on the pathology and volume of the middle ear.
The same is evident from the clinical significances referred in

a  study  and  as  outlined  here.  It  gives  justification  for  why
patients with smaller perforations have hearing loss. It can be
the reason for the difference in loss of hearing with the same
perforation in patients when they are having an infection.
Volume of middle ear may vary due to oedema of mucosa or
fluid in middle ear spaces. It is seen that patients who under-
went canal-wall-down mastoidectomy have a greater hearing
loss even if the size of perforation is the same due to the
reason that operated ears have less middle ear volume after
surgery.13  Some  studies  show  that  among  the  groups  of
patients who have ossicular chain defects,  and those with
either stapes involvement or complete ossicular chain involve-
ment, exhibit more air conduction and bone conduction gaps.
This is evident that damage to the ossicles also contributes to
hearing loss.14 It has been observed that the key factor which
has the most influence on mastoid pneumatisation is chroni-
cally  discharging  ear  and  middle  ear  inflammation  in  child-
hood that can lead to tympanic membrane perforations. Thus,
this can result in childhood hearing loss. In case both factors
are simultaneously present, then this can result in larger air-
bone gaps on an audiogram.15  There are some factors that
affect mastoid pneumatisation, for example, eustachian tube
dysfunction,  recurrent  otitis  media,  or  repeated attacks of
otitis media with effusion. All these causes are responsible for
disturbed  pneumatisation  of  mastoid  and  have  shown  an
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effect on hearing loss.16 A study revealed one more important
outcome  that  the  patients  who  had  larger  air-bone  gaps
preoperatively, their air-bone gaps were decreased on pure
tone audiogram postoperatively.  Further,  hearing  recovery
was also observed in the postoperative group.17 Among the
ossicles, malleus was showing erosion in 40 (28.6%) cases
while the head of the malleus was most eroded in (17.9%)
cases. The incus was seen as the most involved ossicle, it was
partially necrosed in 85 (60.7%) and absent in 44 (31.4%)
cases. Stapes was intact in the majority of the cases i.e. 95
(67.9%).18  Another study showed that  mild hearing loss is
most commonly seen among patients with moderate size of
perforation. Subtotal or total perforations resulted in increase
of hearing loss to a greater extent.19 According to a study, a
minimum of 0.5 ml of air space volume is required in the
middle  ear  to  maintain  the  pressure  necessary  for  sound
transmission. If the tympanic membrane is perforated, then
this  space  is  affected  and  results  in  impairment  of  hearing.
There is a need for continuous awareness among the popula-
tion  for  ear  hygiene  and  immediate  consultation  with  a
specialist ENT clinic for evaluation and clinical diagnosis of
perforation of the tympanic membrane and hearing loss asso-
ciated with it.20 This research is a single-centred study with a
small sample size, which is its main limitation. The results of
this  study  will  pave  the  way for  further  research  on  this
subject in indigenous populations. The authors of this study
are of the view that additional research(es) may be required
on mastoid pneumatisation and middle ear through devel-
oping  3-dimensional  imaging  of  temporal  bone  computed
tomography scan (TBCT) for in-depth study on this topic.

CONCLUSION

The loss of hearing was directly correlated to perforation
size and the degree of middle ear and mastoid pneumatisa-
tion. The hearing loss increased with increased perforation
size and was less in patients with less middle ear volume
and mastoid pneumatisation. Therefore, the surgeon needs
to consider the degree of the middle ear and mastoid pneu-
matisation before operating rather than focusing solely on
the size of the perforation.
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