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Pediatric Myringoplasty: Factors That Affect
Success—A Retrospective Study

Joshua S. Sckolnick, MD; Belinda Mantle, MD; Jia Li, MS; David H. Chi, MD

Objective: To evaluate the impact of patient and
graft variables on the successful closure of tympanic
membrane perforations treated with myringoplasty at
the Children’s Hospital of Pittsburgh from 2000 to 2005.

Study Design: Retrospective chart review at an
academic tertiary-care children’s hospital.

Methods: Charts were reviewed for 604 children,
ages 1 to 18 years old, with complete records who under-
went myringoplasty by the pediatric otolaryngology prac-
tice at Children’s Hospital of Pittsburgh of UPMC from
2000 to 2005, totaling 777 procedures.

Results: Significant variables include patient age,
number of prior tubes, perforation etiology (P � .000),
presence of a retained tube (P � .000) as well as tube type
(P � .016), graft material (P � .001), and history of Down
syndrome (P � .035). Nonsignificant variables include
season of procedure (P � .599), status of adenoid tissue
(P � .910), prior otorrhea (P � .175), as well as perfora-
tion location (P � .318) and duration (P � .150).

Conclusions: Proper patient and graft material se-
lection can affect the outcome of myringoplasty proce-
dures. Practical implications from these data suggest that
Gelfoam myringoplasty is more successful than either
paper patch or fat graft closures, with a 90.8% success
rate (P � .001). Myringoplasty should not be deferred
during the winter months as the season of procedure does
appear to not affect the success of closure (P � .60).
Similarly, the presence or absence of adenoid tissue did
not affect the success of closure (P � .91).
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INTRODUCTION
Myringoplasty, or patching of a tympanic membrane

perforation without elevating the annulus and entering
the middle ear, is a commonly performed procedure in

pediatric otolaryngology. A large variety of techniques
have been described in the modern literature, including
use of a paper-patch, Gelfoam patch, and autologous fat
graft. Historic reports of myringoplasty date back to 1640
when Marcus Banzer1 documented tympanic membrane
closure using a ring-shaped piece of elkhorn wrapped with
tissue from a pig’s bladder. Foreign materials dominated the
approach to middle ear closure through most of the nine-
teenth century. Noted otologist Toynbee2 advocated a gutta
percha rubber sheet rimmed with fine silver wire that was
placed adjacent to the tympanic membrane as the solution to
central perforations. In 1878, Berthold coined the term “my-
ringoplasty” after demonstrating an intact closure with a
full-thickness skin graft. Many biologic materials were also
tried, including amniotic membrane, mucous membrane,
dura mater, cornea, periosteum, perichondrium, and vein.
The success rate remained low until Wullstein and Zoellner
introduced the operating microscope into otologic surgery in
the 1950s.3

Many controversies exist with regard to decision-
making for timing of surgery, graft material, and patient
selection. The available body of literature is largely di-
rected at reporting the success of rates of a single meth-
odology, such as fat graft myringoplasty alone,4 or single
etiology of perforation.5 Schraff et al.6 reviewed 97 cases of
perforation secondary to tympanostomy tube placement,
reporting an overall success rate of 91% at the time of first
intervention. This study, however, did not examine perfo-
rations of other etiologies. To date, no large single-
institution study has been conducted to look at compara-
tive success rates for multiple etiologies of perforation and
multiple techniques of closure.

MATERIALS AND METHODS
Institutional Review Board approval was obtained prior to

the onset of the review. The following inclusion criteria were
used: children, age 1 to 18, who underwent any type of myringo-
plasty (Gelfoam, paper-patch, or fat graft) by the clinical faculty
in the Pediatric Otolaryngology Department at Children’s Hospi-
tal of Pittsburgh for either a retained tympanostomy tube or a
small, chronic tympanic membrane perforation. A total of 863
eligible patients were identified after examining records from
2000 to 2005.

A retrospective chart review was conducted on all identified
patients, but 259 charts did not have adequate data or follow-up.
Reasons for exclusion were lack of follow-up, lack of documentation
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of success or failure at time intervals greater than 1 month, and
incomplete preoperative or operative details. Of the 604 accept-
able records, 447 patients underwent a single procedure, 144
patients are noted as having bilateral myringoplasties on a single
procedure date, and 13 patients had multiple procedures on the
same ear. Seventeen variables were selected for examination. On
completion, 777 procedures with adequate data and follow-up
were entered into a database. Two distinct populations exist
within this database. The first, myringoplasty at the time of ear
tube removal, accounted for a majority of cases (634). The second
population, myringoplasty for chronic perforations without a re-
tained tube, accounted for 138 cases. Five cases with incomplete
data regarding the etiology of the procedure were not included in
this analysis, but were sufficient for other analyses.

The criteria for myringoplasty can be separated into two
categories based on the etiology of the perforation. For patients
with a chronic retained tube, myringoplasty is performed on all
occasions of tube removal. Tube removal is undertaken for dura-
tion of indwelling tube exceeding or approaching 3 years, as well
as for patients who have had 12 months without otitis in the
contralateral ear with an intact tympanic membrane. For pa-
tients who do not have a retained tube, myringoplasty is consid-
ered for all tympanic membrane perforations, acute or chronic,
which are �25% and nonmarginal.

The variables examined include: patient age, gender, perfo-
ration etiology, perforation age, perforation location, perforation
side, prior otorrhea, number of prior tubes, presence of retained
tube, tube type, trisomy 21, procedure month, graft material,
graft position, adenoid status, tube duration, status of contralat-
eral ear, and perforation size. A single binary outcome variable of
intact tympanic membrane at the time of latest follow-up was
employed. The time of follow-up was noted for each outcome.

The �2 test was performed on the 12 categorical variables to
test the significance of each factor. The remaining three factors
(patient age, perforation age, and number of prior tubes) were
considered as continuous. A simple logistic regression model was
used to test the univariate effect. Multiple logistic regression
analysis was also performed to eliminate the effect of confounding
factors. Backward logistic regression was employed to select the
factors useful for model building. The criteria used to judge the
model were P value to assess contribution of each covariate and
the goodness-of-fit test.

RESULTS
The final dataset contains 777 procedures. The mean

age of included patients is 7.1 years, with a mean
follow-up of 5.6 months. There are 352 girls and 425 boys.
The overall success rate for all included procedures (re-
gardless of tube type, graft material, etc.) is 87.3% (678 of
777). Two variables, status of the contralateral ear and
perforation size, were unable to be included due to insuf-
ficient data. Five categorical parameters were found to be
statistically significant with respect to success rate. The
data and results for significant categorical factors are
shown in Table I.

Perforation Etiology
Perforations were categorized into four groups based

on their etiology: arising from myringotomy alone, arising
from immediate tube removal, arising from trauma (with-
out spontaneous resolution), and all chronic perforations
(arising from either past trauma or spontaneous tube ex-
trusion without spontaneous resolution). The result indi-
cates that there is significant difference of success rate

among the four groups. The two largest groups, chronic
perforations and perforations created by tube removal
treated immediately with myringoplasty, show the great-
est disparity (60.0% success vs. 91.8% success, respec-
tively). However, this test has limited reliability for the
myringotomy alone and trauma groupings due to the lim-
ited number of procedures performed for these etiologies.

Retained Tube
The success rate of myringoplasties of the patients

who had retained tube was 91.8%, whereas it was 65.9%
in the group of patients who did not have a retained tube
(�2 � 67.77, P � .00). Additionally, the duration of time
that the tube is retained is significant, with decreasing
success the longer it remains in place (P � .044). The
multivariable analysis demonstrated that the odds for
closure with a retained tube is six times the odds of pa-
tient who do not have a retained tube.

The graph in Figure 1 shows that the length of time
a tube is in place negatively affects outcome. A univariate
logistic regression was used to model the effect between
length of time and the outcome. The odds of success are
15% lower for each year a tube is in place.

Tube Type
Overall, for standard Armstrong grommet tubes, the

success rate was 92.8%, and for Richards T-tubes, the suc-
cess rate was 84.8%. The �2 statistic for testing the differ-
ence of the two proportions is 5.78, the associated
P value is .016. The mean duration of retained tube time
for Armstrong grommets was 2.57 years, and for T-tubes it
was 3.21 years. The likelihood ratio test was used to see if

TABLE I.
Significant Variables.

Parameter Total Number
Success
Rate (%) P Value

Perforation etiology

Traumatic perforations 7 of 7 100.0%

All chronic perforations 69 of 115 60.0%

Myringotomy alone 17 of 18 94.4%

Tympanostomy
removal

579 of 631 91.8% .000 (S)

Retained tube

Yes 582 of 634 91.8%

No 91 of 138 65.9% .000 (S)

Tube type

Armstrong 501 of 540 92.8%

T-tube 67 of 79 84.8% .016 (S)

Graft material

Paper 194 of 235 82.6%

Fat 41 of 53 77.4%

Gelfoam 443488 90.8% .001 (S)

Down syndrome

Yes 5 of 8 62.5%

No 673 of 769 87.5% .035 (S)

S � statistically significant (P value �.05).
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the difference in success rate between standard tubes and
T-tubes was different across the time points. The P value
was .40, implicating that the observed difference in myr-
ingoplasty success between standard tubes and T-tubes is
unrelated to differences in the length of time the tubes are
in place.

Graft Material
The difference in success rate for different graft ma-

terials studied is statistically significant (�2 � 14.90, P �
.001). Gelfoam was the most successful material, with
90.8% success. Paper patch was the next most successful
material with 82.6% closure, and fat graft was 77.4%
successful. The differences between materials were main-
tained with multivariate analysis when risk factors for
success from all other variables are fixed. The P value
from the likelihood-ratio test is .044. The multivariate
analysis also demonstrates that the odds for patient with
Gelfoam graft is 76% higher than the odds for patient with
paper graft (P � .023).

Down Syndrome
Among eight patients with Down syndrome, the success

rate for all procedures was 62.5%. Among those without
Down syndrome, the overall success rate was 87.5%. The
difference is statistically significant (�2 � 4.46, P � .035).

Seven parameters were found to be statistically in-
significant with respect to the success rate. The data and
results for insignificant categorical factors are shown in
Table II.

Patient Gender
No significant difference was observed between boys

and girls undergoing myringoplasty (P � .461).

Perforation Location
No significant difference was observed between the

four quadrants of the tympanic membrane or for a central
perforation. (P � .318).

Perforation Side
No significant difference was observed between pro-

cedures performed on the right side versus the left. (P �
.383).

Prior Otorrhea
A documented history of otorrhea through the perfora-

tion or indwelling tube did not affect success of the myrin-
goplasty procedure (P � .175), though there was an insignif-
icant trend toward previously draining ears having a higher
success rate (89.3% vs. 85.4% for historically dry ears). No
cases were performed in the setting of acute otorrhea.

TABLE II.
Nonsignificant Variables.

Parameter Total Number Success Rate (%) P value

Gender

Male 376 of 427 88.1

Female 302 of 350 86.3 .461 (NS)

Perforation location

Anterior superior 27 of 32 84.3

Anterior inferior 94 of 127 74.0

Posterior inferior 19 of 23 82.6

Posterior superior 8 of 14 57.1

Central 13 of 17 76.5 .318 (NS)

Perforation side

Left 338 of 392 86.2

Right 340 of 385 88.3 .383 (NS)

Prior otorrhea

Yes 258 of 289 89.3

No 204 of 239 85.4 .175 (NS)

Season

Dec–Feb 71 of 81 87.7

March–May 188 of 212 88.7

June–Aug 217 of 246 88.2

Sep–Nov 201 of 237 84.8 .599 (NS)

Graft position

Lateral 501 of 567 88.4

Plug 132 of 158 83.5 .255 (NS)

Adenoids

Intact 243 of 276 88.0

Prior removal 156 of 178 87.6

Concurrent removal
and graft

49 of 57 86.0 .91 (NS)

NS � statistically not significant.

Duration of Retained Tube 

86.4%
n=74

90.1%
n=152

94.4%
n=179

96.6%
n=87  

0%

20%

40%

60%

80%

100%

<=1 2 3 >=4

Length of time a tube in place (years) 

Fig. 1. This graph shows the duration of
retained tubes by the length of time the tube
is in place (in years).
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Season of Procedure
No significant difference was observed among the

four seasons (P � .599).

Graft Position
Placement of the graft lateral (88.4%) to the tympanic

membrane versus in a plug fashion, spanning the perfo-
ration (83.5%) did not result in a significant difference in
myringoplasty success (P � .255).

Adenoid Status
No significant difference was observed between pa-

tients with intact adenoids (88.0%), previously removed
adenoids (87.6%), or those undergoing adenoidectomy at
the same time as the myringoplasty procedure (86.0%)
(P � .91).

Three continuous variables were examined in addi-
tion to the 12 aforementioned categorical variables. The
results are listed in Table III and include:

Patient Age. Two analyses were performed to assess
the effect of patient age on perforation closure. When a
logistic regression model was fitted, strictly including age
and outcome, the parameter estimate is –0.09 (odds ra-
tio � 0.91, P � .001). That is, with each 1-year increase in

the age of a patient, the odds of success decrease by 9%.
However, a more complicated nonlinear relationship be-
tween age and outcome was identified through Loess
smoother. This reveals that lowest success occurs at 9
years of age. That is, the rate of successful outcome goes
down with each increasing year of age from 1 until 9.
However, after age 9, the odds of success increase with
each year of age (odds ratio � 1.04 with 95% confidence
intervals [1.02, 1.06], P � .0002). This is shown is in the
graph in Figure 2.

Number of Prior Tubes. The number of prior tubes
is negatively associated with the odds of success. The
parameter estimate is �0.32 (odds ratio � 0.72, P � .01).

Perforation Age. Incorporating all cases, the esti-
mate of the parameter is statistically significant at –0.02
(odds ratio � 0.98, P � .00). Note that this includes a vast
majority (88.1%) of cases with a perforation age of zero, as
a graft was performed at the time of tube removal. Ex-
cluding these cases and examining only perforations with
age greater than zero, there is no significant relation
between perforation age and graft success (P � .15).

DISCUSSION
Despite being a common procedure, there is a limited

evidence base to support decisions regarding myringo-
plasty technique or timing. In the current era, the success
rate of myringoplasty in children has been shown to be
comparable to the 80% to 90% success rate observed in
adults, as demonstrated by Umpathy and Dekker7 in
2003. Table IV shows the results from studies published
in the past 15 years.

Past studies have indicated an advantage to perform-
ing myringoplasty at the time of ventilating tube remov-
al.8 Hekkenberg et al.9 demonstrated an improvement in
closure rates from 89.7% of unpatched tube removals to

Loess prediction

outcome

Patient age

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

Out

In

Fig. 2. Loess smoother by patient age.

TABLE III.
Continuous Variables.

Continuous Variables P Value

Patient age .001 (S)

Number of prior tubes .010 (S)

Perforation age .150 (NS)

S � statistically significant (P value �.05); NS � statistically not
significant.
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95.5% with Gelfoam/Gelfilm patching at the time of tube
removal. Therefore a large percentage of the data collected
in this study was from myringoplasties performed at the
time of tube removal. Hekkenberg’s population included
only short-term Armstrong or Sheppard tubes. When we
examine the corresponding population in our data set
(that is, Armstrong tube removal with Gelfoam/Gelfilm
grafting), a 93.2% (340 of 365) closure rate is found, sup-
porting Hekkenberg’s finding of improved closure with
simultaneous tube removal and Gelfoam grafting.

Several of the significant categorical variables are
intrinsically related. It is not surprising that chronic per-
forations, perforations of increased age, and lack of a
retained tube are all significant factors as they are highly
interdependent. Chronic perforations of traumatic or un-
known etiology and perforations without a retained tube
were strongly associated with poorer outcomes (60% and
65.9%). This finding suggests that none of the selected
graft materials (Gelfoam, paper, fat) are reliable and/or
beneficial for this surgical population, even at short-term
follow-up of 6 months. Longer follow-up is warranted,
particularly for children who may still be otitis prone. The
initial analysis did show a significant reduction in success
with age of the perforation; however, this included a ma-
jority of cases, which represented immediate tube re-
moval, and thus a perforation age of zero. This effect was
unable to be borne out further after removal of these cases
from the analysis.

Similar to the chronicity of the perforation, the age of
the tube in place seems to be directly correlated to the rate
of closure after myringoplasty. Duration of tube retention
has been previously implicated as an important factor in
tympanic membrane closure, with duration greater than
36 months incurring a significantly higher risk for persis-
tent perforation.13 Our data support this finding, indicat-
ing that odds of success are 15% lower for a 1-year in-
crease in the length of time that a tube in place. The
number of prior tubes is also strongly associated with the
decreasing odds of success, with an odds ratio of 0.72. This

suggests that for each additional set of tubes, the odds of
successful myringoplasty decrease by 28%.

Prior studies have also shown a lower closure rate for
larger T-tube perforations than for the perforation follow-
ing removal of a standard Armstrong grommet tube.20 Our
data confirms this finding, with a 92.8% success rate for
Armstrong grommet tubes and 84.8% success rate with
Richards T-tubes. There are several factors that may ac-
count for this difference. T-tubes are frequently selected
for individuals with more persistent or severe middle ear
disease, as these patients have undergone multiple prior
standard tube placements. T-tubes are also in place longer
and may create a larger perforation. The statistical anal-
ysis found the lower closure result to be independent of the
length of time the tube was in place, and therefore it can
be inferred that the lower closure rate is related to the
larger perforation size, more severe middle ear disease, or
increased number of prior tubes.

Three different materials (Gelfoam, paper, and fat
graft) were used at our center during the study period.
Gelfoam was the most successful material, with 90.8%
success. Paper patch was the next most successful mate-
rial, with 82.6% closure, and fat graft was 77.4% success-
ful. The difference was highly significant with a P value of
.001. It must be recognized that given the retrospective
nature of the study, several biases are inherent in this
data. The choice of graft material is largely affected by
training philosophy. Each of the nine surgeons included in
this study has a predominantly favored graft material,
and thus comparisons of materials against one another
may include differences in technique. Additionally, the
low success rate of fat graft myringoplasty may represent
a bias toward more difficult perforations, such as revision
cases or larger perforations. Only one surgeon used fat
graft myringoplasty as the primary technique, with others
reserving it for revision cases. Despite this, the large gap
in success between Gelfoam and both paper patch and fat
graft suggest that Gelfoam may be a superior material
for this procedure. Newer techniques and materials for

TABLE IV.
Studies of Myringoplasty.

Year Author Perforation/Tube Type Failure Rate Patch Used Follow-Up

1991 Bulkley10 Goode T-tube 7% (13 of 182) Paper 6 months

1992 Pribitkin11 Paparella tubes 13% (12 of 95) Paper 6 months

1992 Baldwin12 Not specified 6% (7 of 115) Gelfilm 6 months

1995 Hekkenberg9 Armstrong or Shepard tubes 4.5% (7 of 155) Gelfoam and Gelfilm 6 months

1997 Mitchell4 All perforations 8% (30 of 342) Fat 4 to 20 months

1998 Nichols13 Multiple tube types 28% (28 of 99) Multiple 6 months

2000 Lentsch14 Multiple tube types 11% (29 of 278) Paper 3 months

2002 Liew15 Multiple tube types 0% (0 of 15) Fat 3� months

2003* Ayache16 All perforations 9% (4 of 45) Fat 6 months

2003* Golz17 Central perforations 53% (41 of 77) Paper Years

2004* Puterman18 23 standard tubes 13 T-tubes 0% (0 of 36) Gelfoam plug 6 months

2005 Ozgursoy19 All perforations 17.6% (6 of 34) Fat 1 year

2006 Schraff6 Standard tubes 9% (8 of 88) Multiple 1 to 6 months

*Paper includes data on both adults and children.
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myringoplasty, such as butterflied cartilage grafts,21 peri-
condrial grafts, and even alloderm22 have recently been
introduced into the literature. At this time, we are unable
to comment on how the success of these materials match
up to our experience with the three materials studied.

Among eight patients with Down syndrome, the suc-
cess rate for all procedures was 62.5% in comparison to
87.5% for all other cases. This is likely a multifactorial
effect, encompassing both greater difficulty in operative
technique from stenotic external auditory canals and se-
lecting for a population with a higher incidence of middle
ear disease. Regardless of etiology, it suggests that myr-
ingoplasty procedures should be approached with differ-
ent expectations in patients with trisomy 21.

No difference was shown in success rate between
gender or laterality of procedure. Perforation location in
the tympanic membrane was also insignificant. Placement
of the graft lateral (88.4%) to the tympanic membrane
versus placement in a plug fashion (83.5%) did not result
in a significant difference in myringoplasty success. Ide-
ally, perforation size and status of the contralateral ear
would have been an important comparison, but the avail-
able data were not recorded frequently or reliably enough
for inclusion in the study.

Caylan et al.5 reported a draining ear to be a positive
factor affecting graft survival in a retrospective study of
51 children undergoing myringoplasty for perforations
secondary to chronic otitis media. Conversely, Pignataro
et al.23 concluded that a dry ear is the single most mean-
ingful factor in the success of a graft; however, their study
involved only 41 cases. Based on our documented experi-
ence, a history of drainage does not negatively impact on
success. Indeed, there was a trend toward better closure in
patients with a history of otorrhea (89.3% vs. 85.4% for
historically dry ears) which approached but did not
achieve statistical significant (P � .185). However, it must
be noted that based on the work of Ah-Tye et al.,24 83% of
children with tubes will have otorrhea during the first 18
months. Given the retrospective nature of the study, it is
conceivable that a detailed history of otorrhea was not
always available, and therefore this measurement may
have been limited by the study technique. In our study,
actively draining ears were not able to be studied as no
procedures were performed in this setting.

Some physicians prefer to defer myringoplasties during
the winter months when respiratory illnesses are more com-
mon, as it has been postulated that this leads to lower graft
take rates. The season of the procedure did not affect the
success rate of the myringoplasty. The data do not suggest
an advantage for deferring closure of a perforation or re-
moval of a tube until after winter season. Indeed, for many
children, a winter closure may be preferable as it would
permit them to discard dry ear precautions and participate
in aquatic activities during the summer months.

Multiple prior studies have established a decreased
incidence of middle ear disease in pediatric patients after
adenoidectomy.25 Our data indicate, however, that neither
the presence nor absence of adenoids affected the rate of
closure. In addition, a third group of 57 patients who
underwent adenoidectomy at the time of their myringo-
plasty were studied separately. No difference was ob-

served in this population from either the intact adenoids
or prior adenoidectomy group.

Patient age has been advanced as a factor in tympa-
noplasty success rates, with conflicting data in the litera-
ture regarding the affect of patient age on outcome.
Kessler et al.26 published lower success rates for tympan-
oplasty in children younger than 6 years of age. In con-
trast to this, Carr et al.27 reported no difference in out-
come between older and younger children. Our data
suggests that for myringoplasty, increasing age leads to a
lower rate of success. For each 1-year increase in the age
of patients, the odds of success decreases by 9%. Several
reasons may affect this. Most notably, we have established
that increased number of prior tubes negatively affects
closure rate. Therefore, children who still require tubes at
older ages, culminating in a myringoplasty, are more
likely to be found at the older age of the spectrum for the
analysis. The multiple regression analysis, which ac-
counts for the risk factors from all other studied variables,
demonstrated that the relation is more complex. The odds
of success decrease slightly with age until age 9 when they
reach their lowest value. After age 9, the odds increase
again through the range of ages tested.

In addition to the biases mentioned above, an addi-
tional selection bias is created by the inclusion criterion
mandating definite establishment of the tympanic mem-
brane status. During collection of the clinical information,
we noted that some patients having undergone myringo-
plasty followed up for extended periods of time with the
patch still noted to be in place and the status of the
tympanic membrane underneath it undetermined. This is
particularly important for the paper patch and fat graft
myringoplasty group. These patients were lost from
follow-up with no knowledge of their outcome, and were
thus not included in the study. Additionally, some pa-
tients may have had a residual perforation noted by other
physicians and may have elected not to follow-up, and this
would have eliminated them from inclusion and masked
their outcome.

CONCLUSIONS
Myringoplasty is a simple procedure to treat tym-

panic membrane perforation in children with a long his-
tory and many variations in technique. This retrospective
single institution study describes outcome information for
777 procedures. The success rate is 87% for all myringo-
plasty procedures. High success was noted for closure of
traumatic perforations, fresh myringotomies, and perfora-
tions resulting from tube removal. The lowest success rate
was observed for chronic perforations, most of which fol-
lowed tube extrusion. Worse outcome was also noted with
a higher number of prior tubes as well as with increased
age, up to 9 years. Gelfoam appears to have a significantly
higher closure rate than paper patches and fat grafts. The
season of procedure does not affect success, and myringo-
plasty should not be deferred during winter months. The
presence or absence of adenoids does not affect success in
myringoplasty.
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