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Several technical variations of tympanoplasty have been reported, usually involving the type of graft and/
or instruments used. Few studies have focused on the outcome of type-1 tympanoplasty specifically in
teaching scenarios. We aimed to describe the results of type-1 tympanoplasty performed by residents,
and to investigate potential predictive factors of surgical success. To do so, we did a retrospective analysis
of medical records of patients who underwent type-1 tympanoplasty in a tertiary university hospital. We
evaluated the tympanic membrane closure and audiometric outcomes during the first year of follow-up,
and compared the results according to some clinical and surgical factors. 130 operated ears were
included in the study. The closure rate reached 84.12% after one month and 72.72% after twelve months
of surgery. The mean air-bone gap was 22.98 dB preoperatively, and reached 10.55 dB after surgery.
Perforation closure rates were 85% and 57.14% for those operated by endoscopic and microscopic-assisted
approaches, respectively (p ¼ 0.004). The use of cartilage grafts and time without otorrhea of more than
three months prior to surgery were also predictors of surgical success (p ¼ 0.002 and 0.041, respectively).
Gender, age, perforation size, contralateral disease, operated side, reoperation, and degree of hearing loss
did not significantly interfere with outcomes. Tympanoplasty showed good overall results when per-
formed by residents, although inferior to those reported by experienced surgeons. The use of the
endoscope, cartilage grafting, and longer preoperative time without otorrhea were predictors of surgical
success in this scenario.
Level of evidence: IIB.

© 2023 PLA General Hospital Department of Otolaryngology Head and Neck Surgery. Production and
hosting by Elsevier (Singapore) Pte Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Chronic otitis media (COM) is a frequent health problem,
particularly in developing countries (Indorewala et al., 2015;
Murari and Ajay, 2018). It could be broadly defined as the persistent
inflammatory process within the middle ear cleft which leads to
irreversible tissue changes such as perforations of the tympanic
membrane (TM). Hearing loss, recurrent infections and chronic or
relapsing otorrhea might also occur, with significant socio-
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economic burden (Indorewala et al., 2015; Murari and Ajay,
2018). Surgical repair of TM perforation through tympanoplasty is
one of the most performed ear procedures, and it is employed for
the treatment of stable, non-suppurative COM. The goals of tym-
panoplasty include prevention of recurrent otorrhea, reconstruc-
tion of the TM and hearing improvement (Indorewala et al., 2015;
Murari and Ajay, 2018; Doh et al., 2019).

There are many technical variations of tympanoplasty, usually
involving the type of graft and/or instruments used. In type-1
tympanoplasty, the TM repair is carried out after elevation of a
tympanomeatal flap, but without manipulating the ossicular chain.
As for the type of instruments used, microscopic-assisted (MAT)
and endoscopic-assisted (EAT) techniques have shown satisfactory
and comparable surgical results (Murari and Ajay, 2018; Doh et al.,
2019; Choi et al., 2017; Bayraktar, 2017; Huang et al., 2016; Tseng
et al., 2018a, 2018b). Although traditionally used during ear
rgery. Production and hosting by Elsevier (Singapore) Pte Ltd. This is an open access
.0/).
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surgery training (Fukuchi et al., 2006), MAT has gradually being
replaced by EAT in many services e as the use of endoscopes
steadily grows across Otolaryngology (Gokgoz et al., 2019). How-
ever, few studies explored the results from type-1 tympanoplasty
and compared the outcomes of MAT and EAT specifically when the
procedure is performed by residents.

Furthermore, several investigations have already focused on the
factors that could impact success rates of tympanoplasty (Dursun
et al., 2020; Dhanapala et al., 2019; Lee et al., 2011; Pinar et al.,
2008). However, most of them included only MAT in their ana-
lyses. Yet, they did not comprehend the results from performed by
trainees.

This study aims to describe the results of type-1 tympanoplasty
performed by residents in a tertiary university hospital, and to
investigate potential predictive factors of surgical success.

2. Materials and methods

This is a retrospective study conducted at an Otology outpatient
clinic of a university tertiary teaching hospital (Complexo Hospital
de Clínicas, Universidade Federal do Paran�a) in Curitiba, Brazil,
between 2018 and 2021. The study was approved by the Institution
Ethics and Research Committee (Certificate number:
31738620.7.0000.0096).

2.1. Patients

Medical records of patients who underwent type-1 tympano-
plasty performed by training residents between 2018 and 2020
were analyzed. Inclusion criteria were: patients older than 8 years
who underwent type-1 tympanoplasty using the underlay grafting
technique; patients who underwent surgery performed by resi-
dents; patients with available preoperative audiometry and; pa-
tients with at least 30 days of follow-up. Accordingly, surgeries with
any intraoperative need for ossicular chainmanipulation, expanded
approaches (eg, atticotomy), or use of alternative surgical tech-
niques (myringoplasty) (Eavey, 1998), were not included in the
study.

2.2. Surgical procedure

All procedures were performed under general anesthesia by
second- and third-year Otolaryngology residents, and with the
supervision of experienced otologists. Those included in the study
were submitted to type-1 tympanoplasty either with MAT and a
retroauricular approach, or with EAT and a transcanal approach
(Wullstein, 1956). The choice between MAT and EAT did not rely on
any specific criteria, such as the physician's preference or a
particular clinical feature. Instead, the surgeries were carried out
following an institutional waiting list and the patients were sub-
mitted to EAT or MAT according to the day of the week their pro-
cedure was scheduled. Depending on the day, either the
microscope or the endoscope apparatus were available in the
operating room. A 14 cm long 0� 4 mm rigid endoscope or an
operating microscope were used in EAT and MAT, respectively. In
Brazil, particularly in university tertiary hospitals, computed to-
mography (CT) scans are not performed prior to every ear surgery.
For example, typical cases of stable uncomplicated tympanic
membrane perforations, otosclerosis, or otitis media with effusion
are often treated without the need of radiological evaluation. Due
to financial and logistic reasons, CT scans are usually reserved for
more-advanced cases of chronic otitis media, or whenever there
remains any clinical doubt in atypical presentations of ear diseases.
Hence, only a few of the patients included in the study had CT scans,
preventing us from using the radiological data in our study.
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Both techniques used underlay placement of the graft after
elevation of an anterior-based tympanomeatal flap. InMAT, temporal
fasciawas themost usedmaterial, whereas cartilage, with orwithout
perichondrium, was the preferred one in EAT. For both techniques,
the surgeon freshened the edges of the TM remnant before elevating
the flap. Then, the graft was placed medial to the TM remnant, and
the flap was re-positioned back down over the graft.

2.3. Follow-up

Postoperative visits were scheduled after 1, 3, 6 and 12 months
of the surgery. Data regarding perforation closure, presence or
absence of complications, and pre- and postoperative audiometric
results were obtained for each patient during each attended visit.

Postoperative pure-tone audiometry was performed at least 3
months after the procedure. For both pre- and postoperative
audiological investigations, air-conduction thresholds were ob-
tained at 0.5, 1, 2, 3, 4 and 6 KHz. The average pure-tone air-con-
duction threshold (PTA) was recorded as the mean value obtained
at 0.5, 1 and 2 KHz. In addition, the mean air-bone gap (ABG) was
obtained by calculated by averaging the intervals between air- and
bone-conduction thresholds at .5, 1, 2, 3 and 4 KHz.

2.4. Success rate and prognostic factors

Tympanic membrane closure was considered as the primary
outcome of surgical success. The secondary outcomes were the
quantitative improvements in PTA and ABG after 3 months or more
of surgery.

The rate of tympanic membrane closure of the overall sample
was determined at 1, 3, 6, and 12 months postoperatively. For each
time point, data from patients who lost follow-up were not
included. The success rate was defined as the ratio between pa-
tients with intact neotympanum and the number of individuals
followed up until the reference period. In order to account for the
possible effect of loss of follow-up on closure rates, the rate of
surgical failure was also calculated, herein defined as the ratio be-
tween patients with confirmed residual perforations and the
overall sample.

To study predictors of primary surgical outcomes without the
deleterious effects of the mounting rates of loss of follow-up, data
from patients at the 6-months visit were used. Information on the
following possible prognostic factors were obtained: age, perfora-
tion size, timewithout otorrhea prior to surgery, involvement of the
contralateral ear, reoperation, preoperative audiometric mean
variables and type of graft used. Then, the comparison of the out-
comes between patients grouped according to each of these pa-
rameters was made.

2.5. Data collection and analysis

The data were collected and tabulated in an Excel® spreadsheet
and received the appropriate statistical treatments for analysis,
using the R Software (version 4.1.2). The significance level was set at
0.05.

3. Results

Data from 117 patients, including 147 surgical procedures, were
scrutinized. One hundred and thirty ears met the study criteria and
had their data collected and analyzed. Among those excluded, five
were submitted to myringoplasty, eight underwent ossicular chain
reconstruction, seven had the intraoperative diagnosis of choles-
teatoma, and three lost follow-up within the first month after
surgery.
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The sample had amean age of 36.26 years, ranging from 10 to 78
years, and 73 (56.15%) ears were from women.

The overall rate of complications was 3.07%. One patient had a
hematoma in the immediate postoperative period, requiring sur-
gical drainage; two had incisional seroma, which disappeared with
follow-up; one reported a transient metallic taste sensation and;
two reported significant postoperative hearing loss, which was
temporary according to follow-up visits.
Fig. 2. PTA variation after surgery according to primary surgical outcome.
Legend: PTA: pure-tone average; TM: tympanic membrane; dB:decibels Source: the
Author.
3.1. Success rate

After the first month, a closure rate of 84.12% was obtained. This
rate dropped in the third and sixth months to 74.54% and 69.66%,
respectively. Meanwhile, surgical failure increased to 22.22% in the
3-month follow-up visit, remained stable in the 6-month visit, and
finally dropped at the end of the 1-year follow-up to 14.28%. Twelve
months after surgery, 72.72% of the surgeries were successful. The
loss of follow-up increased considerably with time and, at our final
study endpoint, 64 patients (49.23%) could not have their data
retrieved. Data from primary outcomes and loss of follow-up are
shown in Fig. 1.

Sixty-one patients had their pre- and postoperative audiometric
data available for evaluation. One patient was excluded for incon-
sistent responses during audiometry. The preoperative and post-
operative mean PTA was 40 dB and 29.8 dB, respectively. Among
those (n:44) with anatomical surgical success, the mean preoper-
ative PTA was 39.8 dB. It decreased to 25.7 dB postoperatively
(13.59 dB gain). For those with residual perforations (n:17), mean
pre- and postoperative PTA were 40.39 and 38.9 dB, respectively
(1.47 dB gain). The difference between the audiometric gain ob-
tained for these groups was statistically significant (p ¼ 0.00034,
Mann-Whitney Test, Fig. 2).

The mean ABG was 22.98 dB preoperatively, and reached
10.55 dB after surgery. Although the mean decrease in ABG was
greater in the group of patients with complete perforation closure
(13.32 dB versus 9.11 dB), it did not reach statistical significance
(p ¼ 0.099, Mann-Whitney Test). Fig. 3 depicts the frequency-
specific air-conduction threshold means of the pre- and post-
operative audiological evaluation of the patients according to their
primary surgery outcome.
Fig. 1. Primary surgical outcomes and absolute number of dropouts, according to
postoperative time point.
Source: the author
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3.2. Prognostic factors

89 patients attended the 6-month appointment and had their
data on possible predictors of tympanic closure collected (Table 1).
Among the categorical variables, time without otorrhea prior to
surgery longer than three months (p ¼ 0.041), EAT (p ¼ 0.004) and
use of cartilage grafting (p ¼ 0.002) were predictors of better pri-
mary surgical outcomes.

Mean preoperative PTA and ABG were 40.6 and 23.06 dB,
respectively, among individuals with tympanic membrane closure,
and 39.69 and 25.81 dB, respectively, among those with residual
perforation at the 6-month visit. Neither of these variables showed
significant difference according to the surgical primary outcome
(p > 0.05, Mann-Whitney Test).
4. Discussion

Success rates of type-1 tympanoplasty vary from 35 to as high as
95%. This wide range of results might be a consequence of a general
lack of standardization in sample selection and success criteria, and
a high heterogeneity in postoperative follow-up (Dangol and
Shrivastav, 2017). Therefore, the results herein reported should be
considered according to the scenario of the study. Studies carried
out in university teaching hospitals tend to present poorer results
(Fermi et al., 2021). In linewith current evidence, the overall results
in this study mirror the learning environment and complexity of a
tertiary teaching hospital (Sirena et al., 2010; Salvador et al., 2021).
In this perspective, the surgical outcomes described were satis-
factory. However, it should be outlined that these results are clearly
worse than those obtained and reported when the surgeries are
performed by experienced surgeons and in private practice (Dangol
and Shrivastav, 2017). Understanding the learning curve of ear
surgery is crucial in otology. Nonetheless, robust evidence on the
learning progress of tympanoplasty is still lacking, and this study
might contribute to shed light into this important issue.

As it was noticed in this study, high dropout rates have been
reported in similar investigations. After type-1 tympanoplasty, they
might be explained at a large extent by subjective clinical
improvement. Furthermore, the SARS-CoV-2 pandemic might have
contributed at some level for loss of follow up. Finally, socioeco-
nomic inequalities often hinder patients from public health sys-
tems in developing countries to attend medical appointments.
Determining success rates only among those who completed the
follow-upmight overlook results from the individuals with the best
postoperative performance, as these patients are more likely to feel



Fig. 3. Frequency-specific air-conduction threshold means of the pre- and postoperative audiological evaluation of the patients according to their primary surgery outcome. A:
Group with complete tympanic membrane closure. B: Group with residual perforations.
Legend: dB: decibels; KHz: Kilohertz. Source: the Author.

Table 1
Effect of preoperative variables on the primary surgical outcome.

Variable Number of ears with closed tympanic membrane (%) Number of ears with residual perforation (%) p-value

Age
�18 years 14 (70%) 6 (30%) 0.970 (Chi-Square)
>18 years 48 (69.56%) 21 (30.44%)
Gender
Female 31 (62%) 19 (38%) 0.750 (Chi-Square)
Male 31 (79.48%) 8 (20.52%)
Perforation size
Small (<25%) 11 (84.61%) 2 (15.38%)
Moderate (25e75%) 19 (76%) 6 (24%) 0.298 (Fisher's exact test)
Large (>75%) 29 (64.4%) 16 (35.6%)
Time without otorrhea
�3 months 8 (50%) 8 (50%) 0.041* (Chi-Square)
>3 months 53 (75.71%) 17 (24.28%)
Contralateral ear disease
Yes 32 (71.1%) 13 (28.9%) 0.764 (Chi-Square)
No 30 (68.18%) 14 (31.81%)
Operated side
Right 32 (65.3%) 17 (34.7%) 0.322 (Chi-Square)
Left 30 (75%) 10 (25%)
Reoperation
Yes 9 (75%) 3 (25%) 1 (Fisher's exact test)
No 53 (68.8%) 24 (31.2%)
Technique
EAT 34 (85%) 6 (15%) 0.004* (Chi-Square)
MAT 28 (57.14%) 21 (42.86%)
Type of graft
Temporal fascia 28 (57.14%) 21 (42.86%) 0.002* (Fisher's exact test)
Cartilage with or without perichondrium 32 (88.88%) 4 (11.12%)
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well to drop out (Jalali et al., 2017). To avoid underestimate surgical
outcomes, this study also calculated “failure rates”, which
comprised the ratio between those with confirmed residual per-
forations during follow-up and the whole sample. With these
complementary analyses, after one-year follow-up, 72.72% of the
individuals had their TM perforations closed, whereas 14.28% pre-
sented definite surgical failure.

A large meta-analysis showed lower but non-significant
decrease in the surgical success rate with time. At the 12-month
visit, 85.61% of patients presented good outcomes (Tan et al.,
2016). Another work has shown significant poorer graft take rate
among patients whose procedures were performed by trainees,
when compared to those operated by experienced surgeons. Yet,
one year after surgery, 86.2% of patients submitted to type-1 tym-
panoplasty performed by in-training surgeons had their TM per-
forations closed (Emir et al., 2007).

As for the audiometric data, we observed a significant
improvement in air-conduction mean thresholds among patients
with good primary outcomes, as also reported previously in the
literature (Sirena et al., 2010; Salvador et al., 2021). Even among
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those with residual perforation, postoperative investigation could
show some audiological benefit. Importantly, in this study, there
was no report of permanent hearing impairment following type-1
tympanoplasty.

Since the 1950s, MAT has been the standard type of procedure
for TM repair, with reported success rates as high as 93e100% (Doh
et al., 2019; Tseng et al., 2017, 2018b). EAT emerged in the late 90s,
and it has shown to be a safe and effective alternative to the use of
microscopes (Murari and Ajay, 2018; Tseng et al., 2018b; Pinar et al.,
2008). Indeed, recent meta-analysis and systematic reviews have
demonstrated comparable satisfactory outcomes for both tech-
niques (Murari and Ajay, 2018; Doh et al., 2019; Choi et al., 2017;
Bayraktar, 2017; Huang et al., 2016; Tseng et al., 2018b; Santos et al.,
2016). In this work, significantly better primary surgical outcomes
were observed for EAT compared to MAT. One could postulate that
there might have been an uncontrolled selection bias that could
have gone unnoticed during data collection and analysis. However,
we highlight that the patients were allocated to EAT or MAT in a
near-random fashion, following an institutional waiting list. Hence,
one could also claim that better outcomes could effectively result
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from a faster learning curve with EAT, as endoscopes have been
increasingly used during Otolaryngology residency training. Also,
some theoretical advantages of EAT might bring some positive
impact on surgical results particularly in training scenarios. These
include the quality of the images provided by the devices, which
improves orientation and anatomical teaching in otology (Bazilio
and Neto, 2021). Finally, the difference in the type of graft most
commonly used in transcanal EAT and retroauricular MAT should
be considered, as it acts as a confounding factor.

Cartilage grafts, used in this study preferably in EAT, could show
better take rates than fascia grafts. It might occur for example due
to the greater stability of cartilage when facing negative pressure
changes within the tympanic cleft. A systematic review performed
by Jalali et al. demonstrated a cartilage graft take rate significantly
superior of that of fascia grafts (Jalali et al., 2017). Following this
reasoning, some authors argue in favor of the use of cartilage in
cases of high-risk TM perforations (Tan et al., 2016; Salviz et al.,
2015; Tympanoplasty and Progn�ostico, 2021).

A prospective study described smoking, tympanosclerosis and
larger membrane perforation as independent prognostic factors for
failure in tympanoplasty (Salvador et al., 2021). Here, the size of the
perforation was not significantly determinant for TM closure, as
replicated by another study (Tan et al., 2016). The involvement of
the contralateral ear is frequently reported as a factor related to
unfavorable prognosis in tympanoplasty (Salvador et al., 2021;
Salviz et al., 2015; Hardman et al., 2015). This study could not
demonstrate similar findings, which was also the case in recent
studies carried out in a teaching hospital (Tan et al., 2016) and using
EAT (Fukuchi et al., 2006).

Fifty percent of patients who had otorrhea three months or less
before surgery experienced surgical failure in this series. Hence, it
emerged here as a critical factor for surgical prognosis. Indeed,
several authors advise awaiting a minimum interval of three
months without otorrhea to perform tympanoplasty (Lee et al.,
2011; Emir et al., 2007). The literature does not report significant
difference between primary and revision type-1 tympanoplasty in
terms of TM closure, as it was also noticed in our study (Salvador
et al., 2021).

Young age has been traditionally associated with poorer out-
comes in tympanoplasty (Tan et al., 2016; Salviz et al., 2015).
However, most recent data have suggested that age should not be
considered a significant independent factor for closure rate, as we
have also observed (Salvador et al., 2021; Jalali et al., 2017;
Hardman et al., 2015).

This work has some limitations, mostly due to its retrospective
nature. First, it is clearly vulnerable to missing data and biased
evaluation and follow-up. In addition, one should bear in mind the
effect of the loss of follow-up while examining the results.
Furthermore, postoperative audiological tests were performed at
different time points across the sample population, partially
limiting their comparability. As a large share of the overall sample
did not attend the one-year follow-up, the authors chose to use
audiological information collected after three months of surgery, at
any time until one-year after the procedure or until dropout. Thus,
in this study, the absence of a prospective design had a particular
impact on the comparability of audiometric information, as there
was a broad time window in which the test could have been per-
formed. To investigate the prognostic factors for tympanic closure,
the authors also had to choose the 6-month time point to avoid the
impact of the steep rise on the loss of available data seen at the one-
year evaluation. Finally, the lack of routine radiological evaluation
should be mentioned, as the use of CT scan information might have
provided useful complementary data on the grade of each patient's
disease. Besides, CT scans yield objective parameters, such as
mastoid pneumatization, which could play significant roles in the
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prognosis of ear surgeries. Hence, future prospective studies with
larger samples and broader preoperative assessments are highly
recommended to confirm and further elaborate the results herein
presented.

5. Conclusion

In this study, surgery for TM repair performed by residents in a
university teaching scenario showed complete closure of the
tympanic perforation in 72.72% of cases after one year, also with
significant improvement in audiometric parameters. An increasing
dropout rate was observed during follow-up. Of those operated,
14.28% showed definite surgical failure at the study endpoint.
Endoscopic-assisted technique, the use of cartilage graft, and time
without otorrhea of more than three months prior to surgery were
predictors of better outcomes.
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