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Myringoplasty: impact of perforation size on closure
and audiological improvement
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Abstract
Objectives: To investigate the impact of perforation size and other variables on the success of
myringoplasty, and also to determine audiological gain following successful closure of tympanic
membrane perforations of various sizes.

Study design: Retrospective analysis of 130 case notes.
Main outcome measures: (1) Successful closure of tympanic membrane following myringoplasty, in

relation to recorded variables (i.e. perforation size, grade of surgeon, surgical technique, graft material,
previous myringoplasty and smoking history). (2) Mean, four-frequency, air conduction audiometric
gain following successful myringoplasty for various, pre-operatively categorised tympanic membrane
perforation sizes.

Results and Conclusion: The collective myringoplasty success rate was 80.8 per cent (105/130); for
successful patients, the mean air conduction audiometric gain was 26.8 dB (t ¼ 5.29, p , 0.0001). Neither
perforation size nor any other assessed variable was a statistically significant determinant factor for
successful myringoplasty. Air conduction audiometric gains following successful myringoplasty were
directly correlated with pre-operative perforation size (24.0 dB for 0–20 per cent perforations, 25.0 dB
for 21–40 per cent, 29.1 dB for 41–60 per cent, 210.8 dB for 61–80 per cent and 213.3 dB for 81–100
per cent).
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Introduction

There is an abundance of literature in support of
myringoplasty as a successful operation for both
closure of the tympanic membrane and improvement
in hearing thresholds. This has been demonstrated
both in adults1 – 4 and children.5 – 7 However, there is
debate in the literature over whether the size of tym-
panic membrane perforations is predictive of surgical
success. Many studies inversely correlate perforation
size with successful operative closure,1,3,4 whereas
others demonstrate that perforation size is not a
determinant for surgical success.7 – 9 An improve-
ment in audiologically determined air conduction
hearing has been widely demonstrated following suc-
cessful myringoplasty; however, to date only one
paper has attempted to correlate audiological
improvement with perforation size following success-
ful myringoplasty.10

Objectives

The objectives of this retrospective study were three-
fold. Firstly, we aimed to investigate the impact of

perforation size on successful operative closure of
tympanic membrane perforations. Secondly, we
aimed to investigate the impact of other variables
on successful operative closure of tympanic mem-
brane perforations. Thirdly, we aimed to determine
audiological gain following successful closure of tym-
panic membrane perforations of various, categorised
sizes.

Methods

Study design

A retrospective analysis of case notes for patients
undergoing myringoplasty between January 2006
and December 2007 was performed. Patients were
identified from coded operating theatre records at
the Leicester Royal Infirmary.

Exclusion criteria

In order to create a homogeneous list of case notes,
we excluded from the study patients with cholestea-
toma, retraction pockets, scutum or ossicular
erosion, as well as those undergoing combined
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procedures such as additional cortical mastoidect-
omy or ossiculoplasty. We also excluded patients
whose case notes contained no documentation or
illustration of pre-operative perforation size as a per-
centage of the total surface area of the tympanic
membrane. Knowledge of tympanic membrane per-
foration size was obviously essential in meeting the
study objectives, and was obtained either from expli-
cit documentation of percentage size in the clinic
notes or from estimation of percentage size based
on drawn, diagrammatic representation. Two
hundred and forty-seven case notes were initially
requested for the study. With the application of
exclusion criteria, however, data for only 130 myrin-
goplasties were considered.

Main outcome measures

To address the three study objectives, two main
outcome measures were recorded.

Firstly, we documented whether the tympanic mem-
brane was closed following myringoplasty (i.e. success)
or not (i.e. failure). Data on the following variables
were also recorded: age, sex, perforation size (as a per-
centage of tympanic membrane surface area), grade of
surgeon, surgical technique, graft material, previous
myringoplasty and smoking history. Each variable,
except age and sex, was analysed with respect to surgi-
cal success in closing the perforation.

Secondly, we documented the gain in audiometri-
cally determined, air conduction hearing following
successful myringoplasty. The available four-
frequency (i.e. 0.5, 1, 2 and 4 kHz), pre- and post-
operative, air conduction audiometric thresholds
were recorded for each case. All cases were
grouped into one of five categories based on perfor-
ation size as a percentage of the total surface area of
the tympanic membrane (i.e. 0–20, 21–40, 41–60,
61–80 and 81–100 per cent). All unsuccessful myrin-
goplasty cases were excluded from this part of the
study. Mean pre- and post-operative, four-frequency,
air conduction audiometric thresholds for all success-
ful myringoplasties in each category were calculated
and compared.

Statistical analysis

The chi-square test was utilised to statistically
analyse the difference in operative success rates
between the various perforation size categories and
other recorded variables. The paired t-test was used
for statistical analysis of air conduction audiometric
gain following successful closure of the various per-
foration categories. All calculations were performed
by a statistician at Bedfordshire University.

Results

Patients’ ages ranged from seven to 81 years (mean,
30.5 years), and the male to female ratio was 61:69.
The overall myringoplasty success rate was 80.8 per
cent (105/130). All 130 patient case notes contained
information on operative success and the other vari-
ables of interest (i.e. age, sex, perforation size, grade
of surgeon, surgical technique, graft material,

previous myringoplasty and smoking history). Of the
case notes for the 105 successful myringoplasties,
only 85 contained both pre- and post-operative audio-
metry results. Therefore, only data from these 85 case
notes were considered when determining audiological
gain following successful myringoplasty for tympanic
membrane perforation. The mean four-frequency
audiometric gain for all 85 successful myringoplasties,
considered together, was 26.8 dB ( p , 0.0001).

The impact of perforation size and other recorded
variables on operative success is shown in Table I.
Table II shows the mean pre- and post-operative air
conduction thresholds of the successful myringo-
plasty patients, for the various perforation size cat-
egories. Figure 1 illustrates the audiometric gain for
each perforation category. Statistical analyses are
included in both Tables.

Discussion

Findings relevant to the three study objectives are
considered below, with comparison to previous pub-
lished data and discussion of clinical applicability.

Impact of perforation size on successful
operative closure

Although lower success rates were observed for
patients with larger tympanic membrane perfor-
ations, statistical analysis demonstrated no significant
difference in surgical success rates between the
various perforation size categories. Thus, on the
basis of this study, perforation size was not predictive
or determinant of successful myringoplasty. This is in
keeping with other studies,7 – 9 and is likely to be
explained by the importance of perforation site as a
significant determinant of surgical success.1,3

Impact of other variables on successful
operative closure

No significant effect of grade of surgeon on operative
outcomes was observed in this study. This finding is
in agreement with two other studies.3,11 In contrast,
a number of other studies report poorer success
with junior versus senior grade surgeons.4,5,12

No surgical technique observed in this study pro-
duced any statistically significant improvement in
operative success compared with other techniques.
This finding agrees strongly with the existing litera-
ture.4,5,7,12,13 This result suggests that either no par-
ticular surgical approach is optimal in myringoplasty,
or that the technique chosen in each case was appro-
priate for both the site and size of perforation to be
closed. The latter theory is most probable.

Choice of graft material was not found to be a stat-
istically significant factor in the success of tympanic
membrane perforation closure. The effect of graft
material on the success of myringoplasty is poorly
documented in the literature. Only one study was
identified which correlated the two variables, and
the same conclusion was drawn.13

Revision myringoplasties had no significant impact
on surgical success in this study, a finding widely sup-
ported by the literature.4,5,11,12
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Similarly, smoking history also had no statistically
significant effect on the ‘take’ rate following myrin-
goplasty. This is in contrast with one published
study, which found that smoking was associated
with a three-fold increase in the chance of long-term
graft failure (six months post-surgery).14 In this
study, all results were obtained from short term
follow up only (i.e. up to three months post-surgery);
therefore, any delayed smoking-related failure would
probably not have been evident.

Therefore, pre-operative tympanic membrane per-
foration size was found not to be a statistically signifi-
cant determinant factor for successful myringoplasty;
grade of surgeon, operative technique, choice of graft
material, previous myringoplasty and smoking
history were similarly unrelated.

Audiological gain following successful
perforation closure

Achievement of an audiometric gain in hearing
thresholds following successful myringoplasty has

been widely demonstrated, both in paediatric and
adult populations.1 – 7 All these studies combined
tympanic membrane perforations of all sizes when
considering post-operative audiometric gains. In the
current study, when successful closure of all
perforations was considered, we observed mean air
conduction to improve from 41.6 to 34.8 dB, an
audiometric gain of 6.8 dB; this change was highly
significant ( p , 0.0001). However, given the vari-
ation in size of tympanic membrane perforations
(which can range from a ‘pinprick’ to subtotal perfor-
ation), such generalisation of audiometric improve-
ment following successful myringoplasty is arguably
a gross oversimplification. For example, one would
expect a significant audiometric gain following suc-
cessful repair of a subtotal perforation, but little if
any gain following a fat plug myringoplasty for a
pinprick, dry, central perforation. Thus, studies
which calculate mean audiometric gains for a combi-
nation of different tympanic membrane perforation
sizes misleadingly imply that such gains would be

TABLE I

MYRINGOTOMY SUCCESS RATES FOR DIFFERING TYMPANIC MEMBRANE PERFORATION SIZES

AND OTHER VARIABLES�

Variable Cases (n) Perf closure (n) Op success (%) x2

Perforation size (%)
0–20 43 37 86 6.01 (4 df), NS
21–40 38 31 81.6
41–60 20 17 85
61–80 11 6 54.5
81–100 18 14 77.8

Grade
Consultant 77 63 81.8 0.39 (1 df), NS
Registrar 53 41 77.4
Technique
Endaural 73 60 82.2 0.62 (2 df), NS
Permeatal 33 27 81.8
Postaural 24 18 75

Graft material
Fat 2 2 100 0.11 (1 df), NS
Perichondrium 34 28 82.4
Temporalis fascia 94 75 79.8

Revision?
Yes 19 15 78.9 0.05 (1 df), NS
No 111 90 81.1

Smoker?
Yes 25 21 84 0.21 (1 df), NS
No 105 84 80

�n ¼ 130 cases. Perf ¼ perforation; op ¼ operative; df ¼ degrees of freedom; NS ¼ not significant

TABLE II

MEAN, FOUR-FREQUENCY, AIR CONDUCTION AUDIOMETRY RESULTS FOR PATIENTS WITH SUCCESSFUL MYRINGOPLASTY�

Perforation size (%) Cases (n) Audiometry result
(dB)

Audiometric gain† (dB) Paired t-test

Pre-op Post-op

0–20 33 41.0 37.0 24.0 t ¼ 1.69 NS
21–40 24 41.0 36.0 25.0 t ¼ 2.29 p , 0.02
41–60 11 35.1 26.0 29.1 t ¼ 2.88 p , 0.01
61–80 5 45.5 34.7 210.8 t ¼ 1.95 NS
81–100 12 47.5 34.2 213.3 t ¼ 5.31 p , 0.0001
All 85 41.6 34.8 26.8 t ¼ 5.29 p , 0.0001

�Whose case notes contained both pre- and post-operative audiometry results. †A negative audiometry gain indicates improved
hearing. Pre-op ¼ pre-operative; post-op ¼ post-operative; NS ¼ not significant
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applicable for all perforations, regardless of size. We
identified only one paper which attempted to corre-
late perforation size with audiometric gain following
successful closure.10 In this study, mean audiometric
gain for each of 261 successful myringoplasties was
plotted against pre-operative perforation size in a
scatter plot graph. However, for the purposes of stat-
istical testing, perforations were categorised only as
‘small’ (i.e. ,50 per cent) or ‘large’ (i.e. .50 per
cent). Mean audiometric gain following successful
repair of large perforations was found to be signifi-
cantly greater than that for small perforations
(being 210.2 and 27.2 dB, respectively).

As part of our study, we attempted to elaborate
further on the impact of pre-operative perforation
size on audiometric gain after successful myringo-
plasty. The purpose of this was to provide evidence
to justify attempted closure of tympanic membrane
perforations of differing size, for hearing improve-
ment alone. Perforations were categorised into one
of five groups based on percentage size (i.e. 0–20,
21–40, 41–60, 61–80 and 81–100 per cent). Air con-
duction audiometric data for successful myringoplas-
ties in each size category, along with statistical
analysis, are listed in Table II, and audiometric gain
for each category is illustrated in Figure 1. As one
would expect, air conduction improvement following
successful myringoplasty correlated well with pre-
operative perforation size (Figure 1). The poorest
audiometric gains were observed following operative
closure of small perforations (i.e. 24.0 dB for 0–20
per cent perforations). Audiometric gains increased
progressively for each incremental category of pre-
operative perforation size, with maximal audiometric
gains being observed for closure of the largest perfor-
ation category (i.e. 213.3 dB for 81–100 per cent
perforations). Interestingly, audiometric gains for
the smallest perforation category (i.e. 24.0 dB in
0–20 per cent perforations) were not statistically sig-
nificant, despite the fact that this size category
accounted for the most cases (n ¼ 33) (Table II).
The audiometric gains following successful closure
of larger perforations were all statistically significant,
with the exception of the 61–80 per cent perforation
category (Table II). Although no statistically signifi-
cant improvement in air conduction was observed

for the 61–80 per cent category (mean audiometric
gain 210.8 dB), such statistical insignificance was
purely due to insufficient numbers within the group
(n ¼ 5), not to poor audiological improvement.

. Many published studies have identified
myringoplasty as a successful procedure for
closing tympanic membrane perforations and
improving air conduction hearing

. However, the impact of perforation size upon
myringoplasty success and (in successful cases)
audiological hearing gain is poorly
documented in the literature

. This study found that perforation size was not
a statistically significant determinant factor for
myringoplasty success

. Audiometrically determined gains in air
conduction hearing following successful
myringoplasty were found to correlate directly
with pre-operative perforation size; however,
no statistically significant audiometric
improvement was observed following
successful closure of small perforations (i.e.
0–20 per cent)

. Based on this study, surgical repair of small
perforations should not be undertaken solely
to achieve improvement in air conduction
hearing

In this study, we have demonstrated that audiome-
trically determined gains in air conduction hearing
following successful closure of tympanic membrane
perforations directly correlate with pre-operative
perforation size. Furthermore, we observed no stat-
istically significant improvement in air conduction
hearing following successful closure of small (i.e.
0–20 per cent) perforations. Therefore, on the basis
of this study, surgical repair of small perforations
should not be undertaken purely to achieve improve-
ment in air conduction hearing.

Conclusion

The overall success rate of myringoplasty in this ret-
rospective study was 80.8 per cent. Pre-operative per-
foration size, grade of surgeon, operative technique,
choice of graft material, previous myringoplasty
and smoking history were not statistically significant
determinant factors for successful operative closure
of tympanic membrane perforations. Following suc-
cessful myringoplasty, audiometrically determined
gains in air conduction hearing directly correlated
with pre-operative perforation size, with larger
audiometric gains being observed for larger tympa-
nic membrane perforations. However, no statistically
significant improvement in audiometric air conduc-
tion was observed following successful closure of
small (0–20 per cent) perforations.

This study had obvious limitations, in that it was
retrospective and relied completely on the subjective
estimation and documentation of pre-operative

FIG. 1

Mean four-frequency audiometric gain following successful
closure of tympanic membrane perforations of various sizes
(expressed as percentage of total tympanic membrane

surface area). Pre-op ¼ pre-operative
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tympanic membrane perforation size by various
different ENT doctors. Undoubtedly, there would
have been a wide variation in the quality of size esti-
mation and written or illustrative documentation,
which was in no way standardised or objective. This
in turn could potentially introduce a high degree of
error into the documented results. Furthermore, the
methodological exclusions applied to the assessment
of audiological gain following successful myringo-
plasty diminished the number of case notes from
247 to 85. Consequently, there were insufficient
numbers to establish certain results as statistically
significant. Thus, a larger, prospective study is
required with objective, standardised perforation
size assessment methods (such as photography), in
order to confirm the results of this study as genuinely
valid.

This study supports existing evidence that myrin-
goplasty is an effective procedure both for closing
tympanic membrane perforations and for improving
air conduction hearing thresholds. In addition, our
findings provide new evidence to correlate pre-
operative tympanic membrane perforation size with
audiometrically determined air conduction hearing
gains following successful myringoplasty.
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