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1 | INTRODUCTION

Chronic otitis media (COM) surgery is common all over the world,
especially in developing countries. The aim of COM surgery is the
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Abstract

Objective: We aimed to compare the graft success rate and hearing outcomes in
patients with large tympanic membrane (TM) perforation in underlay and over-
underlay approaches.

Methods: This is a prospective double-blind randomized controlled clinical trial with a
parallel design. Patients aged 15-75 years old with large TM perforation (more than
50% of TM) who operated at Khalili hospital affiliated with Shiraz University of Medical
Science, Iran, were enrolled. Exclusion criteria were recent otorrhea, revision surgery,
and pathologic intraoperative findings such as the presence of cholesteatoma, choles-
terol granuloma, ear canal polyp, or damaged ossicle. In the first group, the underlay
method and in the second group over-underlay method were performed. Graft success
rate, atelectasis, and audiology outcomes were evaluated after 6 months.

Results: The investigation was conducted on 84 patients in the underlay and 67 patients
in the over-underlay group. Although there was a higher rate of graft failure (9%) in the
over-underlay group in comparison with the underlay group (4.8%), the difference was not
statistically significant (p-value = .34). No atelectasis was seen in both group. Although,
between-groups comparison of the preoperative and postoperative speech reception
thresholds (SRT) and air-bone gaps (ABG) values showed statistically significantly lower
SRT and ABG in the over-underlay technique, the difference was clinically negligible.
Conclusion: Both techniques provide the same graft success rate, but SRT and ABG
were significantly lower in the over-underlay technique after the operation.

Levels of Evidence: 1b

KEYWORDS

graft success rate, over-underlay, tympanic membrane perforation, tympanoplasty, underlay
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reconstruction of tympanic membrane (TM) perforation and the
establishment of a sound-conducting structure in a well-aerated mid-
dle ear.r ™ Surgical technique is an important factor in the graft suc-

cess rate.*> Different materials and techniques have been developed
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for tympanoplasty.®® The two main methods commonly used are
overlay and underlay.*

The underlay method is commonly used due to its relatively easy
procedure. This procedure is perfect for restoring posterior perfora-
tions. In this procedure, TM reconstructs at the right level relative to
the annulus and ossicles.” The disadvantages of this method are
diminished middle ear cavity space, the possibility of adhesions and
atelectasis, increased failure rate due to low vascularity of the graft,
and limited middle ear visibility.>1°

In the overlay procedure, the graft is inserted lateral to the annu-
lus after the complete removal of the surface epithelium.***2 The
overlay technique is usually used for total perforations, anterior perfo-
rations, or in cases of failure of the underlay method.'? In this tech-
nique, extremely good visualization of the anterior TM remnant,
which is essential for anterior perforations in an attempt to reach the
anterior annulus, is provided. Additionally, the graft success rate is
high (more than 90%). The most major disadvantages are the blunting
of the anterior portion of TM, iatrogenic cholesteatoma, and laterali-
zation of the graft; however, this procedure needs more experience of
the surgeon, and the recovery time is slower.1%12

Few surgeons have used a more recent surgical procedure called
the over-underlay method.*® The graft is inserted medial to the TM
remnant (similar to the underlay method) and lateral to the malleus
(similar to the overlay method). It would reduce the disadvantages of
the overlay method (such as the graft lateralization and closure of the
anterior canal angel) and mitigate underlay technique problems (such
as atelectasis).?>!* This method was described for the first time by
Kartush et al.*®

However, there is still uncertainty about the outcomes of over-
underlay tympanoplasty and significant variations in the reported graft
success rates.

Therefore, we purposed to compare the graft success rate and
hearing outcomes in patients with large TM perforation in underlay

and over-underlay approaches.

2 | MATERIALS AND METHODS

21 | Trial design

This is a double-blind randomized controlled clinical trial with a paral-
lel design. Patients aged 15-75 years old with large TM perforation
(>50%) were operated by the first author at Khalili hospital affiliated
with Shiraz University of Medical Science, Shiraz, Iran, from
September 2021 to March 2022.

The proposal was reviewed and approved by the Ethics Commit-
tee of Shiraz University of Medical Sciences (IR.SUMS.MED.
REC.1398.306). The study was registered at the Iranian Registry of
Clinical Trials (IRCT20200209046432N1; http://www.irct.ir/). All
interventions were in agreement with the Helsinki Declaration of
1964. Participation in this study was completely voluntary. All
patients signed the written informed consent before their

involvement.

2.2 | Participants

Inclusion criteria were age 15-75 years old, large TM perforation (more
than 50% of TM), at least 1 month without otorrhea, and primary surgery.
Exclusion criteria were recent ear infection (otorrhea), revision surgery,
and pathologic intraoperative findings such as the presence of cholestea-

toma, cholesterol granuloma, ear canal polyp, or damaged ossicle.

2.3 | Interventions

Under general anesthesia, after a postauricular incision, the auricle
was retracted to the front. The edge of the perforation was freshened,
and after that, the tympanomeatal flap was elevated along with the
posterior annulus to go in the middle ear. Subsequently, the status of
the ossicular chain and the existence of pathology were assessed.

In the first group, the temporalis facia graft was placed medial to
the TM residue and handle of the malleus (underlay technique). In the
second group, the temporalis facia graft was inserted medial to the TM
remnant and lateral to the malleus handle (over-underlay technique).

Gelfoam (GeIita—Spon®; Gelita Medical, Eberbach, Germany) was
put in to pack the middle ear. Then, the tympanomeatal flap gives
back to its normal place. The medial portion of the external meatus
was also filled with gelfoam. A tetracycline-impregnated gauze oint-
ment was put in the external auditory canal. After that, the posterior
auricular incision was sutured in two layers. A pressure bandage was
used on the first day. A light dressing was applied after the first day.

Post-operatively, a capsule of cephalexin (500 mg) was prescribed
every 6 h for 1 week. Ciprofloxacin (four drops every 6 h) and betametha-
sone (three drops every 8 h) ear drops were used by patients for 1 week.

Tetracycline-impregnated gauze pack was removed 3 days after
the operation. Postauricular sutures were removed 10 days after the
operation. Gentle ear suction was done to remove the remained gel-
foam in the external auditory canal 21 days after the operation. The
participants were visited by the main otolaryngologist as a routine
follow-up. In addition, the other independent surgeon visits the
patients to prevent bias. The rate of graft success and atelectasis were
assessed by microscopic otoscopy after 6 months.

Preoperative and postoperative air conduction (AC), bone con-
duction (BC), air-bone gaps (ABG), speech reception thresholds (SRT),
and speech discrimination score (SDS) were measured. A preoperative
audiogram was done 1 week before the surgery, and an audiogram
6 months after the surgery was designated as a postoperative audio-
gram. To calculate ABG, we computed the mean of AC-BC at fre-
quencies 500, 1000, 2000, and 4000 Hz.

24 | Outcomes

The primary outcome was graft success rate and atelectasis 6 months
after surgery according to a microscopic ear examination. The second-
ary outcome was postoperative audiometric tests 6 months after the

surgery.
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2.5 | Sample size

Based on the results of Khalifa et al.'s'® study (post-operative atelec-
tasis rate in over-underlay (3.8%) and underlay (20%) group), consider-
ing alpha = 0.05 and beta = 0.2, at least 62 patients were required in
each group. By considering a drop-out rate of 20%, at least 77 patients

should be enrolled in each group.

2.6 | Randomization

The study population was randomly divided into two groups (Groups
A and B) (allocation ratio: 1:1) using the random allocation rule and
online randomization website (https://randomization.com).

According to that list, the relevant envelope was delivered to the
patients. Patients were asked not to open the envelopes delivered to them
containing the letter A or B and to only deliver the closed envelope on the
day of the operation to the surgeon. The patients underwent surgery
based on their groups: A, underlay method; B, over-underlay method.

2.7 | Blinding

Participants, outcome assessors (independent surgeon and audiolo-
gist), and the statistician were all blinded to the participants' group

until the statistical analysis was done. The patients did not have an
operation note when referring to the audiologist and independent
otolaryngologist for a postoperative visit. Thus, the second otolaryn-
gologist and audiologist were not informed about the patients'

groups.

2.8 | Statistical methods

Categorical parameters were expressed as frequency and percentage.
Quantitative parameters were described as mean * SD. Chi-square or
Fisher's exact test was applied to determine the probable relations
between the categorical variables, if suitable. Parametric and nonpara-
metric continuous parameters were analyzed via paired sample t-test,
independent t-test, Mann-Whitney U tests, and Wilcoxon, where
appropriate. The p-values <.05 were considered statistically
significant. The data were analyzed by SPSS 25 software (SPSS
Inc., Chicago, lllinois).

3 | RESULTS

Totally 180 patients were selected and divided into two groups. Each
group contained 90 patients. In the underlay and over-underlay
groups, 6 and 23 patients did not continue the follow-up, respectively.

{ Enrollment ]

Assessed for eligibility (n=195)

Excluded (n=15)
* Not meeting inclusion criteria (n=6)
2 » Ossicular damage (n=2)

Y

* Previous surgery of ears (n=3)
« Otorrhea at the time of surgery (n=1)
« Decline to patriciate (n=9)

Randomized (n=180)

‘

4

A 4

Allocated to underlay group (n=90) Allocated to over-underlay group
Allocation ] (n=90)
y v
Loss to follow-up (n=6) y Lost to follow-up (n=23)
( Follow-Up
h 4 \d
Analysed (n=84) Analysis ] Analysed (n=67)

FIGURE 1 Flowchart of the study participants.
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TABLE 1 Baseline characteristics of the study population.
Variables Total (N = 151) Underlay method (N = 84) Over-underlay method (N = 67) p-Value
Age
Mean £ SD 40.8 £ 11.9 404 +11.6 41.3+123 .67°
Gender
Male 38 (25.2%) 21 (25%) 17 (25.4%) 1.00°
Female 113 (74.8%) 63 (75%) 50 (74.6%)
Smoking .06°
Yes 48 (31.8%) 26 (31.0%) 22 (32.8%)
No 103 (68.2%) 58 (69.0%) 45 (67.2%)
Side of perforation
Right 62 (41.1%) 39 (46.4%) 23 (34.3%) 140
Left 89 (58.9%) 45 (53.6%) 44 (65.7%)
Site of perforation
Subtotal 68 (45%) 32 (38.1%) 36 (53.7%)
Central 51 (33.8%) 32 (38.1%) 19 (28.4%) 140
Inferior 1(0.7%) — 1(1.5%)
Posterior 19 (12.6%) 14 (16.7%) 5(7.5%)
Anterior 12 (7.9%) 6(7.1%) 6 (9%)
?Independent t-test.
bChi-square.
TABLE 2 The outcome of tympanoplasty.
Variables Outcome Total Underlay method Over-underlay method p-Value
Graft success rate Successful 141 (93.4%) 80 (95.2%) 61 (91%) .34
Unsuccessful 10 (6.6%) 4 (4.8%) 6 (9%)
Atelectasis No 151 (100%) 84 (100%) 67 (100%) ND
Yes (0%) 0 (0%) 0 (0%)

Abbreviation: ND, nondeterminable.
2Chi-square.

Finally, the investigation was conducted on 84 patients in the under-
lay and 67 patients in the over-underlay group (Figure 1).

The mean (+SD) age of the study population was 40.8
+ 11.9 years (range 20-72). 74.8% of patients were female (N = 113)
and 25.2% were male (N = 38). The results of baseline characteristics
and preoperative examination are shown in Table 1. There was no sig-
nificant difference between the two groups regarding age, gender,
and side and site of perforation.

The middle ear risk index (MERI) score consists of the presence of
otorrhea, perforation, presence of cholesteatoma, ossicular status, ossic-
ular head fixation, previous surgery, and patient smoking.X” Based on
our inclusion and exclusion criteria, we did not include patients with
otorrhea, revision surgery, cholesteatoma, cholesterol granuloma, and
ossicular abnormality. There was only a number of patients with a his-
tory of smoking (Table 1). Therefore, the MERI score is between 1 and
3 in all of our cases which are considered mild diseases.

Table 2 compares the graft success rate and atelectasis between the

two groups. Although there was a higher rate of graft failure (9%) in the

over-underlay group in comparison with the underlay group (4.8%), the
difference was not statistically significant (p-value = 0.34). No atelectasis
was seen in both group. The outcome of tympanoplasty was compared
between groups based on the site of perforation, as shown in Table 3.
The results of preoperative and postoperative audiometry are
reported in Table 4. Between-group comparison of the preoperative
and postoperative SDS was not statistically significant (p-value = .18).
Although, between-groups comparison of the preoperative and post-
operative SRT and ABG values showed statistically significantly lower
SRT and ABG in the over-underlay technique, the difference was clini-

cally negligible.

4 | DISCUSSION
In this study, although there was a higher rate of graft failure in
the over-underlay group in comparison with the underlay group, the

difference was not statistically significant.
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TABLE 3 The outcome of

Site of perforation Successful Unsuccessful p-Value? .
tympanoplasty based on the site of

Underlay method Subtotal 31 (96.88%) 1(3.12%) .85 perforation.

Central 30 (93.75%) 2 (6.25%)

Inferior 0 (0%) 0 (0%)

Posterior 13 (92.86%) 1(7.14%)

Anterior 6 (100%) 0 (0%)
Over-underlay method Subtotal 33 (91.67%) 3(8.33%) .01

Central 19 (100%) 0 (0%)

Inferior 0 (0%) 1 (100%)

Posterior 4 (80.00%) 1 (20.00%)

Anterior 5 (83.33%) 1(16.67%)

2Chi-square.

TABLE 4 The results of preoperative and postoperative audiometry.

Variables Total Underlay method Over-underlay method p-Value® p-Value®
SDS
Preoperative 98.1 +4.33 98.1+4.8 98.0 + 3.65 .89 .18
Postoperative 978+4.1 97949 97729 77
SRT
Preoperative 328 £11.7 30.7 £ 11.0 355+12.1 A1 <.001
Postoperative 20.33+9.2 179 +7.7 23.3+10.1 <.001
ABG
Preoperative 245+7.25 235+£73 25.6+7.0 .07 <.001
Postoperative 114+ 6.5 104 + 6.3 128+ 6.4 .02

Abbreviations: ABG, air-bone gaps; SDS, speech discrimination score; SRT, speech reception thresholds.

2A p-value for within-groups comparison.
bA p-value for between-groups comparison.

The over-underlay tympanoplasty was described for the first time
by Kartush et al.*> They reported a 100% success rate in 120 patients.
This method is a simple technique that combines the advantages of
overlay and underlay techniques and minimizes the disadvantages of
those methods. The ideal reconstructive method must provide a fine,
conically formed, vibrating membrane replacing the original TM to
stop the infection and reestablish the auditory function.*¢

In the case of large TM perforation, the failure rate is high due to
procedural difficulty and bigger areas that should be vascularized and
epithelialized.>**® The absence of a suitable TM remnant in subtotal or
total TM perforations is a challenge.

Several studies on these two methods have been reported. Karela

et al.'®

published the results of 211 participants who underwent
underlay tympanoplasty for perforations of any dimensions and loca-
tion. They attained a 91.5% success rate and 14.67 dB improvement
in ABG in these patients. Panchal et al.'? compared the results of the
over-underlay method with the underlay myringoplasty. Underlay
myringoplasty was done for 20 patients underwent and 20 patients
underwent over-underlay myringoplasty. After a follow-up interval of
3 months, although the graft success rate was 90% in underlay myrin-

goplasty in comparison with 95% in over-underlay myringoplasty, the

difference was not significant (p = .5). There was a statistically signifi-
cant difference in ABG gain in the underlay myringoplasty (14.5 £
7.236 dB) compared with over-underlay myringoplasty (18.75 £
5.349; p = .04). They concluded that the over-underlay technique
provided a more graft success rate and auditory outcome in subtotal
and large perforations. Another similar study compared over-underlay
and underlay myringoplasty. A total of 62 patients were studied. After
6 months of follow-up, the graft success rate was 94.1% in the over-
underlay technique and 92.8% in the underlay technique (p < .05).
Medialization of the graft was reported in 1 patient (2.9%) in the
over-underlay group, while it was seen in 5 (17.8%) patients in the
underlay group (p > .05). Lateralization of the graft was not observed
in any case in both group. The mean ABG closure was 10.8 + 5.56 dB
in the over-underlay group compared with 11.3 £ 584 dB in the
underlay group (p <.05). They concluded that the over-underlay
method was similar to the underlay technique in terms of graft suc-
cess rate and auditory outcomes.?° In a retrospective study by Babu
et al.,?! long-term outcomes and complications of over-under tympa-
noplasty were compared with medial tympanoplasty. A total of
111 patients were included; 84 of them were in the over-underlay

group and 27 in the medial tympanoplasty group. After an 18-month
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follow-up, the graft success rate was 100% in the medial tympano-
plasty group in comparison with 84% in the over-under group. The
mean ABG closure was similar between the two groups (11.6 dB in
medial tympanoplasty versus 11.9 dB for the over-under tympano-
plasty, p <.001). Graft lateralization, anterior blunting, and hearing
loss were not reported in any patients. They found this method to be
an effective tympanoplasty technique. In another research, Jung and
Parks?? used the mediolateral graft technique to reconstruct subtotal
and anterior perforations. They showed 97% TM healing and compli-
cations in 5% of cases.

In some studies, the over-underlay technique was performed
using cartilage. In the investigation by Kazikdas et al.,?® the graft
success rate was 95.7% by over-under method with cartilage tympa-
noplasty, and 75% using temporal fascia in 51 patients with subtotal

perforations. A retrospective study by Erbele et al.?*

investigated
the over-under cartilage tympanoplasty technique. In this study,
68 patients were included. The average improvement in air conduc-
tion was 6 dB (95% Cl: 4-9 dB; p < .0001). The overall healing rate
was 97%. They concluded that over-under cartilage tympanoplasty
was a good method for significant improvement of auditory out-
comes with a low rate of postoperative complications. Cetin and
Erdem?® evaluated the outcome of cartilage tympanoplasty for the
reconstruction of dry subtotal perforations. They performed the
endaural over-underlay method. Cartilage perichondrium tympano-
plasty showed a graft success rate of 96% in a total of
195 participants.

Comparing our results to related studies revealed that the overall
success rate of both operations was acceptable in our center, which is
comparable to similar centers around the world. The statistical analy-
sis could not demonstrate a significant difference between the under-
lay and over-underlay intervention groups regarding the hearing
outcomes and success rate; however, the underlay technique showed
a slightly higher graft success rate.

The most important strength of this instigation was its design
which was a prospective randomized clinical trial. In addition, we
included a relatively large sample size and a control group. The only
limitation was a quite short follow-up time.

5 | CONCLUSION

Therefore, we can conclude that both techniques are efficient and
successful methods of tympanoplasty surgery. Further investigations
are needed to explain the short-term and long-term advantages and

disadvantages of these surgery methods.
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