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Introduction

In this study, the single-layer free tragal perichondrium 
(TP) tympanic membrane graft and the single-layer peri-
chondrium with cartilage island (TP/CI) graft are com-
pared to the double-layer perichondrium plus perichondrium 
with cartilage island (TP + TP/CI) tympanic membrane 
graft. The outcomes assessed are tympanic membrane 
reperforation rates and hearing improvement.

The inspiration for using double-layer tympanic mem-
brane grafts was taken from early works on tympano-
plasty. In 1970, Plester introduced temporal fascia 
underlay under the manubrium and sulcus tympanicus, 
augmented by a second layer of fascia, and covered later-
ally with the tympanomeatal (skin) flap.1 This technique 
was developed to address large perforations of the tym-
panic membrane but was followed by high rates of des-
quamation and reperforation.2 Other reports of 
double-layer fascia grafts reported better reperforation 

rates than those of single-layer fascia or cartilage,3-5 
while others compared reperforation rates between the 2 
techniques and found no difference.6

Conditions in Ethiopia in the early 2000s, when tympa-
noplasty was introduced by an experienced German-
trained otologist, resembled those in 1960s in Europe and 
other developed countries. However, having the advantage 
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Abstract
Background: Some discussion remains among otologists regarding the best grafts for tympanic membrane closure. It is 
unclear whether double-layer grafts are superior to single-layer and whether single-layer cartilage is superior to fascia or 
perichondrium alone. The objective of the current study was to examine the relative efficacy of single-layer versus double-
layer tympanic membrane grafting techniques.
Materials and Methods: A retrospective review of the medical records was used to address the objective of the study. 
Patients operated on in an over/under technique by the same surgeon underwent single-layer perichondrium or single-
layer perichondrium with a cartilage island, or a double-layer of perichondrium combined with periochondrium with a 
cartilage island. The outcomes assessed were tympanic membrane reperforation and hearing improvement.
Results: A total of 135/177 (76%) perichondrium grafts had no reperforation, and 43/55 (78%) perichondrium with 
cartilage island grafts had no reperforation; 352/390 (90%) of the double-layer closures had no reperforation. There was no 
statistically significant difference in reperforation rates between the 2 single-layer techniques (P = .926). The difference in 
reperforation rates after the double-layer closure versus the perichondrium single-layer closure was statistically significant 
(P = .001), as was the difference in reperforation rates after the double-layer closure versus the cartilage island single-
layer closure (P = .02). All 3 groups showed statistically significant hearing improvement postoperatively (P < .0001). 
Preoperative hearing levels (P = .179), postoperative hearing (P = .857), and decibels of hearing improvement (P = .356) 
were the same for all 3 groups.
Conclusion: Double-layer closure gives lower tympanic membrane reperforation rates than does single-layer closure, as 
well as similar hearing outcomes.
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of previous studies of tympanic membrane grafts, perfo-
rations were approached with 2 techniques: TP/CI or TP 
as single-layer grafts or TP + TP/CI as a double-layer 
graft. For all 3 techniques, the over/under technique7,8 
was used—placing the graft over the manubrium and 
under the tympanic membrane remnant or sulcus tym-
panicus. All operations were performed transmeatal. 
Here, we report our findings of the relative successes of 
the single-layer versus the double-layer techniques. Our 
report is able to answer this clinical question because of 
the consistent use of the over/under technique for all 3 
grafting strategies, the length of follow-up, and the num-
ber of patients in each arm.

Materials and Methods

This retrospective review of the medical records was evalu-
ated by the OtoRinoENT Ethics Review Committee, which 
found no indication of possible injury to patients or ethical 
violation and gave approval for this study to proceed. In 
addition, this study was performed consistent with the stan-
dards of the Declaration of Helsinki and involved minimal 
risk to the participants.

Study Design

A retrospective review of the medical records was used to 
address the question of relative efficacy of a single-layer 
versus double-layer tympanic membrane grafting tech-
nique. No other source of information was used for this 
study.

Subjects

Patients with tympanic membrane perforations without 
ossicular chain erosion were selected. Children and adults 
were operated on, and only those patients found to have a 
tympanic membrane with intact ossicular chain were 
included in this report. None of the patients had previous 
tumors, burns, irradiation, cleft palate, or craniofacial 
anomalies. All ears were dry at the time of operation. 
Tympanic membrane integrity was determined with suc-
cessive generations of Zeiss office microscopes and by 
tympanometry. The duration of symptoms was recorded 
for all patients.

Operative Technique

All patients were operated on by a single experienced 
otologist. In subtotal perforations, the tympanic mem-
brane perforation edge was freshened with a sickle knife 
or sharp needle. In larger perforations, the mucosal layer 
of the tympanic membrane remnant was rasped away 

from the medial surface with a sickle knife. The tympano-
meatal flap was elevated, and the epithelial layer of the 
tympanic membrane remnant was elevated off of the 
fibrous layer and the anulus. The tympanic membrane 
was sharply cut off of the manubrium, and if a better view 
of the ossicles was needed, the scutum was curetted with 
chorda preservation. The ossicular chain was inspected 
and freed of any granulation tissue present. Any disrup-
tion of the ossicular chain disqualified the patient/opera-
tion from inclusion in this study. The tragal perichondrium 
grafts were harvested: one a free tragal perichondrial flap 
(TP) and the other a tragal perichondrial flap with a carti-
lage island still attached (TP/CI). The TP graft was placed 
as a single layer, or the TP/CI was placed as a single-
layer, or TP plus TP/CI (TP + TP/CI) was placed as a 
double layer. In all operations, the grafts were placed over 
the manubrium and under the fibrous layer of the remnant 
of the tympanic membrane (Figures 1-2). The cartilage 
graft was laid laterally upon the malleus handle without a 
groove cut for the handle. The tympanomeatal flap was 
returned to position (Figure 3). Figure 4 shows the orien-
tation of the double-layer grafts.

The tympanic membrane perforation size and the middle 
ear pathology were recorded.

All recorrection operations were done with concha 
butterfly composite graft as the inlay tympanic membrane 
graft.

Outcomes

The 3 operative techniques being compared were single-
layer grafts using TP or TP/CI and double-layer grafts using 
TP + TP/CI. Reperforation sizes and reoperation rates were 
the documented outcomes of the tympanic membrane sta-
tus. An open postoperative tympanic membrane was identi-
fied by office Zeiss microscopy and tympanometry together 
and was termed “reperforation” since we could not know if 
this perforation was persistent or recurrent.

Preoperative and postoperative audiometry was done 
on all cases and documented. The extended pure tone 
average (ePTA) of the conductive hearing loss at the fre-
quencies 0.5, 1, 2, and 4 kHz was calculated. (Of note, 
reporting of ePTA of the air bone gaps follows the 1995 
American Academy of Otolaryngology/Head and Neck 
Surgery Committee on Hearing and Equilibrium guide-
lines for reporting conductive hearing losses.9 Because 
word recognition testing was not available in Ethiopia 
before 2018, scattergram representations are not possible 
for this report.10,11)

The patients were asked to follow up at 6 months; how-
ever, this was inconsistently enforced. Those with postop-
erative doubts came sooner, and some patients returned 
repeatedly for as long as 8 years later.



Bedri et al 3

Statistical Analysis
The SPSS software package version 21 was used to ana-
lyze the data. Specific tests used where appropriate were 
Pearson’s 2-tailed χ2 test, the likelihood ratio (χ2) test, the 
Fisher exact t test and paired-sample t test, and analysis of 
variance. All statistical analyses were performed by a 
professor of statistics and public health who is also one of 
the coauthors.

Results

Subjects

Between November 2009 and April 2018, 558 patients were 
operated on, of whom 64 had operations on both ears for a 
total of 622 ears operated. Overall, 334 were female (60%) 
with a mean age of 26 years (8-57 years) and 224 were male 
(40%) with a mean age of 28 (4-60 years). The duration of 

Figure 1. Tympanic membrane remnant with exposed manubrium.

Figure 2. Superior tympanomeatal flap raised and tragal perichondrial (TP) graft in place, under the fibrous layer of the tympanic 
membrane remnant and over the manubrium.
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disease was more than 10 years in 513 patients (83%), 5 to 
9 years in 30 patients (5%), and less than 5 years in the 
remainder of patients. Forty-five percent of the patients had 
a tympanic membrane perforation more than 60%.

Operations

All operations were transmeatal, and the operating micro-
scope was used in all patients. A total of 599 ears (96%) 
were operated on under local anesthesia with sedation in 
patients whose mean age was 27 years (range, 12-60 years). 
Only 23 ears (4%) were operated on under general 

anesthesia, in patients whose mean age was 9.4 years 
(range, 4-16 years). Distribution of closure techniques was 
177 TP grafts, 55 TP/CI grafts, and 390 TP + TP/CI grafts. 
The distribution of closure techniques over time were:

TP = November 2009 to August 2016
TP/CI = November 2009 to June 2017
TP + TP/CI = March 2012 to April 2018

Outcomes/Statistics

The last follow-up visit for these patients was October 
2018. The follow-up was up to, on average, 6 months, 

Figure 3. Superior tympanomeatal flap returned to the native position, lateral to the tragal perichondrial (TP) graft.

Figure 4. Orientation of the double-layer grafts. The tragal perichondrium/cartilage island (TP/CI) is oriented with the cartilage 
medial and the perichondrium lateral. The second-layer tragal perichondrium (TP) graft is then positioned laterally.
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although the range was 2 to 99 months; some patients con-
tinued to return up to 8 years postoperatively. Reperforation 
of the tympanic membranes was tallied. Single-layer TP 
was used in 177 cases, and 135 had no reperforation 
(76.3%). Single-layer TP/CI was used in 55 patients, of 
whom 43 had no reperforation (78.2%). Double-layer 
grafts (TP + TP/CI) were used in 390 patients, of whom 
352 (90.3%) had no reperforation. The Pearson χ2 test 
showed significant difference among the 3 groups (P = 
.008). The Fisher exact t test found the difference between 
the double-layer tympanic membrane graft (TP + TP/CI) 
and single-layer free TP was highly significant (P < 
.0001) and between the double-layer (TP + TP/CI) and 
single-layer TP/CI was also significant (P = .02). 
However, the difference between the single-layer free TP 
and single-layer TP/CI was not significant (P = .926).

To quantify the possible effect of surgeon experience 
with time, the closure rate of the 86 TP + TP/CI opera-
tions performed after the TP operation was discontinued 
was also noted: If the 86 double-layer operations per-
formed after August 2016 (ie, the date of the last TP pro-
cedure) are excluded from the analysis, the TP + TP/CI 

closure rate still remains highest of the 3 closure tech-
niques at 86%. This difference in closure rate remains a 
statistically significant difference between single-layer 
and double-layer closures (Pearson’s 2-tailed χ2 test: P < 
.05; the likelihood ratio (χ2) test: P < .04). The closure 
rate of the 86 patients operated on with a TP + TP/CI dou-
ble-layer after August 2016, taken alone, was 96%. 
Therefore, in each time frame, the TP + TP/CI closure rate 
is superior and statistically significantly so.

Hearing improvement was also calculated for each 
case and tested for significant difference between the 3 
tympanic membrane graft types (Figure 5). Improvement 
in ePTA of conductive hearing loss after single-layer TP 
or TP/CI grafts was 20.7 dB and 22.1 dB, respectively. 
Improvement in ePTA for conductive hearing loss after 
the double-layer TP + TP/CI was 20.14 dB. Analysis of 
variance showed no significant difference among the 
hearing improvement in the 3 techniques (P = .356). 
Looked at more specifically, the pre- and postoperative 
hearing in the single-layer TP patients was 37.9 and 17.3 
dB, for the single-layer TP/CI was 38.97 and 16.6 dB, and 
for the double-layer TP + TP/CI was 37 and 16.9 dB, 

Figure 5. Box-and-whiskers representation of pre- and postoperative extended pure tone averages (ePTAs) of conductive hearing 
loss in decibels (average of 0.5 + 1 + 2 + 4-Hz thresholds). Baseline ePTAs and final ePTAs showed no statistical differences between 
the 3 closure techniques.12
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respectively. Analysis of variance found no significant 
difference in preoperative hearing levels (P = .179)  
or postoperative hearing levels (P = .857) among the 3 
techniques of tympanic membrane grafts. However, the 
paired-sample t test for dependent variables found signifi-
cant postoperative improvements in all 3 techniques  
(P < .0001).

Distribution of Risk Factors

Neither the preoperative tympanic perforation size nor the 
middle ear pathology had any effect on the reperforation 
rate or the hearing outcomes (Table 1). Middle ear pathol-
ogy included granulation tissue/infection (29%), tympano-
sclerosis (11%), adhesions/scar (6%), mucoid secretions 
(2%), cholesteatoma (1%), and malleus pexied to the prom-
ontory (1%). There was no risk factor distribution differ-
ence among the 3 operative groups: χ2 test (P = .105, df = 
8). Preoperative perforation sizes ranged from less than 
30% to total. Reperforation rate was not associated with 
preoperative tympanic membrane perforation size: χ2  
test (P = .052, df = 2). Table 2 shows even distribution of 
preoperative perforation sizes between the 3 closure groups. 
Pearson χ2 (P = 1.019, df = 4) and likelihood ratio  

(P = 1.059, df = 4) 2-sided tests of significance found no 
difference between the 3 groups.

Discussion

The double-layer tympanic membrane graft consisting of 
TP + TP/CI improves the chance of the tympanic mem-
brane healing to 90.3% over single-layer closure rates of 
76% (TP) and 78% (TP/CI), respectively. The difference 
between the single-layer groups TP and TP/CI and the dou-
ble-layer TP + TP/CI is highly significant (P < .01), and 
there is no significant difference among the single-layer 
groups. Surgeon experience does not seem to have altered 
these interpretations: Closure rates for the double-layer pro-
cedure as of 2016 (86%) were superior to either single-layer 
option (76% vs 78%) (P < .05). The closure rates for the 
most recent 86 operations (double-layer and after August 
2016) was even higher, at 96%.

There is no significant difference in the postoperative 
hearing improvement comparing the single-layer closures 
of TP and TP/CI with the double-layer closure of TP + TP/
CI. The average hearing improvement for the single-layer 
TP and TP/CI are 20.7 dB and 22.1 dB, respectively, while 
for the double-layer of TP/CI + TP it was 20.14 dB. There 

Table 2. Distribution of Perforation Sizes between the 3 Methods of Perforation Closure.a

Perforation Size TP TP/CI TP + TP/CI Totals

<30% number (%) 25 (14.1) 6 (10.9) 59 (15.1) 90 (14.5)
30%-60% number (%) 69 (39.0) 24 (43.6) 158 (40.5) 251 (40.4)
>60% number (%) 83 (46.9) 25 (45.5) 173 (44.4) 281 (45.2)
Totals 177 55 390 622

Abbreviations: TP, tragal perichondrium; TP/CI, tragal perichondrium with cartilage island; TP + TP/CI, tragal perichondrium plus tragal perichondrium 
with cartilage island.
aPearson chi-square (P = 1.019, df = 4) and likelihood ratio (P = 1.059, df = 4) 2-sided tests of significance found no difference between the 3 groups.

Table 1. Distribution of Preoperative Risk Factors for Reperforation between the 3 Closure Techniques.a

Closure Type
No 

Pathology
Granulation 

Tissue/Infection Tympanosclerosis
Adhesions 

(scar) Cholesteatoma
Mucoid 

Secretion Malleopexy Totals

TP
 - Count 100 48 11 9 2 6 1 177
 - % of TP 56.5% 27.1% 6.2% 5.1% 1.1% 3.4% 0.6% 100%
TP/CI
 - Count 23 17 10 5 0 0 0 55
 - % of TP/CI 41.8% 30.9% 18.2% 9.1% 0% 0% 0% 100%
TP + TP/CI
 - Count 190 112 47 22 7 7 5 390
 - % of TP + TP/CI 48.7% 28.7% 12.1% 5.6% 1.8% 1.8% 1.3% 100%
Total 313 (50.3%) 177 (28.5%) 68 (10.9%) 36 (5.8%) 9 (1.4%) 13 (2.1%) 6 (1.0%) 622 (100%)

Abbreviations: TP, tragal perichondrium; TP/CI, tragal perichondrium with cartilage island; TP + TP/CI, tragal perichondrium plus tragal perichondrium 
with cartilage island.
aSpecific risk factors were granulation tissue/infection, tympanosclerosis, adhesions (scar), cholesteatoma, mucoid secretion, and malleoplexy. There 
was no risk factor distribution difference between the 3 operative groups: χ2 test (P = .105, df = 8).
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is no statistically significant difference in hearing improve-
ment between the 3 techniques (P = .356).

This study has several flaws. There are no clear indica-
tions for having chosen one graft technique rather than 
another in each patient. Another problem is that assignment 
to treatment groups was not randomized; therefore, equal risk 
factors between the 3 groups are not certain. A review of the 
medical record finds that there seems to have been no differ-
ences in risk factors (perforation size, condition of the middle 
ear, amount of preoperative hearing loss) between the sub-
jects treated with each of the 3 techniques, but the distribu-
tion of unknown risk factors between the 3 groups is, of 
course, unknown. Finally, there may have been undetected 
outcomes of which the surgeon was unaware: Since this was 
a retrospective review, the follow-up times could not be bet-
ter controlled, and there is a possibility that had there been 
standardized follow-ups for several years, the reperforation 
rates may have been higher in any or all of the groups.

Strengths of this study are the number of patients in 
each arm and the clear differences in reperforation out-
comes between the single-layer and the double-layer 
groups. We speculate that the lower reperforation rate is 
due to the greater thickness of the graft, which can with-
stand postoperative insults, such as infections and nega-
tive middle ear pressure.

Our study worked with single-layer TP, single-layer 
TP/CI, and double-layers of TP + TP/CI. Others have 
reported that the use of single-layer cartilage reduces the 
reperforation rate over single-layer fascia.4,5,13,14 However, 
like Kouhi et al,6 we did not find TP/CI reperforation rates 
superior to those of TP alone. Our study also employed a 
consistent strategy toward grafting near the malleus and 
annulus, whether using single-layer or double-layer grafts. 
The grafts were placed lateral to the manubrium and 
medial to the annulus and tympanic membrane remnant—
even into the eustachian tube—in the over/under tech-
nique. Some have found that this technique reduces 
reperforation while reducing blunting and lateraliza-
tion,7,15 while others found that it does not.8

In conclusion, despite the flaws of this study, the data 
clearly indicate that the double-layer tympanoplasty 
technique results in lower tympanic membrane reperfo-
ration rates than single-layer techniques. Hearing results 
are the same whether using single-layer or double-layer 
closure techniques.
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