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The effectiveness of repairment of traumatic tympanic
membrane perforations with cigarette paper
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ABSTRACT

BACKGROUND: The aim of this study was to evaluate the effects of repairment of traumatic tympanic membrane perforation
(TTMP) with cigarette paper patch (CPP) on perforation closure and hearing functions.

METHODS: A retrospective evaluation was made of 67 ears of 61 patients diagnosed with TTMP and treated with CPP in our clinic
between January 2015 and 2019. In the classification of TTMP size, the entire tympanic membrane was evaluated as 100%, perforation
of <25% was considered small, perforation of between 25% and 50% was considered medium and perforation of 250% was consid-
ered large. Audiological examination was performed before and at 3 months after the CPP procedure. Air conduction (AC) and bone
conduction (BC) pure tone averages (PTAs) and air-bone gap (ABG) at 0.5, I, 2, and 4 khz frequencies were compared.

RESULTS: Perforations were small in 20 (29.9%) of 67 ears, medium in 27 (40.2%), and large in 20 ears (29.9%). AC PTA before CPP
was found to be 28.26+5.63 dB hearing level (HL), BC PTA was 8.80+4.35 dB HL and ABG was 19.26+5.80 dB HL. After CPP, the AC
PTA was found to be 11.90+£6.59 dB HL, BC PTA was 8.29+4.05 dB HL, and ABG was 14.10+4.66 dB HL. TTMP was determined to
have improved in 61 ears (91%) in the |st month after CPP application. There was no statistically significant difference between perfo-
ration size and improvement rates (p>0.05). AC PTA values after CPP application were determined to be significantly lower than AC
PTA values before CPP application at 0.5, I, 2, and 4 khz (p<0.001). The ABG values measured at 0.5 khz after CPP were significantly
higher than the values measured at 2 khz. and 4 khz. (p<0.001, p<0.001, respectively). The amount of decrease in PTA value after CPP
was found to be significantly greater at 0.5 khz than at 2 khz and 4 khz (p<0.001, p<0.001, respectively).

CONCLUSION: In the treatment of TTMP, early application of CPP is an effective treatment method in terms of both perforation
closure and hearing gain.
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INTRODUCTION

Traumatic tympanic membrane perforation (TTMP) is a com-
mon problem in otorhinolaryngology clinics. These perfora-
tions can develop due to different causes such as penetrating
trauma, barotrauma, and head trauma. The tympanic mem-
brane (TM) makes an important contribution to the sound
transmission to the osicular system. Therefore, in cases of
TTMP, conductive hearing loss is generally observed.!'?

TTMP often closes spontaneously and in some cases leads
to middle ear infection and/or does not heal and can lead to

conductive hearing loss. Surgical interventions, such as tym-
panoplasty or myringoplasty may be required in cases that do
not heal or have inadequate recovery.’! These surgeries are
more costly than non-surgical methods and morbidity is high-
er. Therefore, non-surgical procedures that can be performed
in office conditions using substances that facilitate TM regen-
eration are important.[**

Paper patches have been in common use for a long time, and
previous studies have shown that the use of paper patches
can eliminate the need for surgical intervention. Therefore,
repairing the perforation with a paper patch not only pre-
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vents complications but also provides an advantage in terms
of cost and time."! The aim of this study was to evaluate the
results of TTMP repaired with cigarette paper. This is one of
the very few studies in literature to have evaluated the effect
of cigarette paper application on both perforation closure
and hearing functions in TTMP.

MATERIALS AND METHODS

Evaluation of Cases

Approval for this retrospective study was granted by the
Clinical Ethics Committee of the Health Sciences University
Training and Research Hospital. The study included 67 ears of
61 patients, aged 218 years, who presented at our clinic be-
tween January 2015 and 2019, were diagnosed as in the first
7 days of TTMP and were treated with cigarette paper patch
(CPP) after the exclusion of middle ear infection, severe ver-
tigo, deep hearing loss, and facial paralysis. Following routine
ear nose throat system examination, the size of the perfora-
tion was determined by otoscope after cleaning blood clots
from the external ear canal with a cotton applicator dipped
in povidone-iodine solution. As in previous studies, the size of
TTMP was evaluated by accepting the whole TM as 100%.®!

Perforations <25% were classified as small, between 25% and
50% as medium, and 250% as large. Patients were examined
I month after the procedure to evaluate the improvement in
perforation. Audiological examinations were performed be-
fore and at 3 months after the CPP procedure (Interacoustics
AS DK-5610, Denmark). Air conduction pure tone average
(AC PTA), bone conduction pure tone average (BC PTA), and
air bone gap (ABG) average values at 0.5, 1, 2, and 4 khz fre-
quencies were compared.

Preparation of the Study Materials

The paper patches were prepared from cigarette papers and
sterilized with ethylene oxide gas. Cigarette papers were cut
into 1x1 cm? pieces and placed in sterile tubes. Then, 5 cc
Dulbecco’s modified Eagle’s (DMEM) without phenol red was
added to the tubes, and the saturated products were col-
lected after incubation at 37°C for 24 h at 24°C.

Surgical Procedure

Before the surgical procedure, informed consent was obtained
from all patients, explaining the possible results and alternative
surgical treatment options regarding the procedure to be per-
formed. All applications were carried out by the same surgeon.
Before the procedure was performed, all TMs were examined
and it was ensured that there was no infection in the perfora-
tions and they were all dry. For local anesthesia, 10% lidocaine
(Veracaine spray; SungKwangPharm, Cheonan, South Korea)
was applied. The edges of the perforations were freshened
using a sickle knife under the otomicroscope. The previously
prepared and sterilized CPP was then placed on the perfora-
tion and shaped according to the size of the perforation.
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Statistical Analysis

Data obtained in the study were analyzed statistically using
IBM SPSS Statistics vn. 20 software. In the descriptive statis-
tics, continuous variables were reported using meanzstan-
dard deviation, median, minimum and maximum values, and
categorical variables were stated asa number (n) and percent-
age (%). Conformity of the data to normal distribution was
assessed with the ShapiroWilk test.

In the comparisons of measurements at different frequen-
cies before and after CPP application, the Wilcoxon test was
used. The Friedman test was applied to evaluate the differ-
ences between frequencies pre-operatively and post-opera-
tively. The frequency values of the difference (post hoc test)
were examined with the Friedman multiple comparison test.
The Chi-square and Fisher’s Exact tests were used in group
comparisons (cross tables) of nominal variables, and the re-
lationship between perforation size and hearing values was
examined with Spearman’s Correlation Coefficient. A value
of p<0.05 was accepted as statistically significant.

RESULTS

Evaluation was made of the data of 67 ears of 6| patients,
comprising 34 (55.7%) females and 27 (44.3%) males, with
a mean age of 27.33+9.13 years (range, 16-55 years). The
perforation was classified as small in 20 (29.9%) of 67 ears,
medium in 27 (40.2%), and large in 20 (29.9%). Perforation
closure in the I** month after CPP was detected in 61 ears
(91%). Closure was observed in all ears with small perfora-
tions, in 25 (92.6%) ears with medium-sized perforation and
in 16 (80%) ears with large perforations. There was no statis-
tically significant difference between closure rates according
to perforation size (p>0.05) (Table I).

AC PTA value before CPP application was found to be
28.26+5.63 dB hearing level (HL), BC was 8.80+4.35 dB HL,
and ABG was 19.26+£5.80 dB HL. After CPP application, AC
PTA was determined as 11.90+6.59 dB HL, BC PTA was
8.29+4.05 dB HL, and ABG was 14.10+4.66 dB HL. At 0.5, I,
2, and 4 khz, the AC PTA values after CPP were significantly

Table I. Comparison of perforation size and perforation

closing rates

Closed Unclosed p-value
perforation perforation
n % n %
Perforation size
<25% 20 100 - - 0.116
Between 25%-50% 25 92.6 2 74
250% 16 80 4 20

*Fisher’s Exact Test.
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Table 2. Comparison of AC PTA values before and after CPP application

AC PTA (dB HL) Before CPP After CPP p-value®
MeantSD Median (Min-Max) MeantSD Median (Min-Max)

0.5 khz 31.34+6.43 30 (20-45) 11.72+7.15 10 (0-40) 0.001

| khz 29.03+6.23 30 (15-50) 11.42+7.22 10 (0-40) 0.001

2 khz 26.19+4.36 25 (20-35) 11.87+6.33 10 (5-35) 0.001

4 khz 26.49+5.51 25 (15-35) 12.61+5.66 10 (0-30) 0.001

p” 0.000 0.205

AC PTA: Air conduction pure tone average; CPP: Cigarette paper patch; HL: Hearing level; SD: Standard deviation.

Table 3. Comparison of ABG values before and after CPP application

ABG (dB HL) Before CPP After CPP p-value®
MeantSD Median (Min-Max) MeantSD Median (Min-Max)

0.5 khz 22.91+6.22 25 (10-40) 3.43+£5.52 0 (0-25) 0.001

| khz 20.60+5.74 20 (10-30) 4.03£5.31 5 (0-25) 0.001

2 khz 16.64+5.39 15 (5-30) 3.43+4.46 5 (0-20) 0.001

4 khz 16.87+5.83 I5 (5-30) 3.21£3.34 5 (0-15)

p” 0.000 0.578

"Wilcoxon Test; “Friedman Test. CPP: Cigarette paper patch; ABG: Air bone gap; HL: Hearing level; SD: Standard deviation.

lower than the pre-application values (p<0.001) (Table 2 and
Fig. 1). The ABG values measured at 0.5 khz after CPP appli-
cation were significantly higher than the values measured at 2
khz and 4 khz (p<0.001, p<0.001).

Before CPP application, AC PTA values were determined
as 31.341£6.43 dB HL at 0.5khz, 29.03+6.23 dB HL at | khz,
26.1944.36 dB HL at 2 khz, and 26.49+5.51 dB HL at 4 khz.
After CPP application, the AC PTA values were determined
as 11.72+7.15 dB HL at 0.5 khz, 11.42+7.22 dB HL at | khz,
11.87+6.33 dB HL at 2 khz, and 12.61+5.66 dB HL at 4 khz.
ABG values measured at | khz were higher than those mea-
sured at 2 khz and 4 khz (p<0.01, p<0.05, respectively). No
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Figure 1. AC PTA measurements before and after CPP applica-
tion. AC PTA: Air conduction pure tone average; CPP: Cigarette
paper patch.
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difference was found between the values at 0.5 khz and | khz,
and those measured at 2 khz and 4 khz. There was no differ-
ence between ABG values at 0.5, I, 2, and 4 khz after CPP
application (p>0.05) (Table 3 and Fig. 2). Before CPP, ABG
was determined as 22.911£6.22 dB HL at 0.5 kz, 20.60+5.74
dB HL at | khz, 16.64+5.39 dB HL at 2 khz, and 16.87+5.83
dB HL at 4 khz. After CPP application, ABG was determined
as 433+5.52 dB HL at 0.5 khz, 4.03+5.31 dB HL at | khz,
3.4314.46 dB HL at 2 khz and 3.21+3.34 dB HL at 4 khz.

A positive correlation was found between perforation dimen-
sion and pure tone average values (r=0.383, p<0.01) and AC
PTA (r=0.342 p<0.01) values at | khz. The hearing gain aver-
age value obtained by examining the reduction rates in SSO
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T 151
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0.5 khz 1 khz 2 khz 4 khz
Frequency

Figure 2. ABG values before and after CPP application. ABG: Air
bone gap; CPP: Cigarette paper patch.
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Table 4. Hearing gain at 0.5, |, 2 and 4 khz

AC PTA (dB HL) Before CPP p-value”
MeantSD  Median (Min-Max)

0.5 khz -19.63+9.31 -20 (-40-5) 0.001

| khz -17.61+8.93 -20 (-40-0)

2 khz -14.33+7.22 -15 (-30-5)

4 khz -13.88+7.73 -15 (-35-0)

*Friedman Test. AC PTA: Air conduction pure tone average; CPP: Cigarette
paper patch; HL: Hearing level; SD: Standard deviation.

values was determined as 16.36+8.29 dB HL. This value was
19.63+9.31 dB HL at 0.5 khz, 17.61+8.93 dB HL at | khz,
14.33+£7.22 at 2 khz, and 13.88+7.73 dB HL at 4 khz. The
values at 0.5 khz were significantly higher than those at 2 khz
and 4 khz (p<0.001, p<0.001, respectively) (Table 4).

DISCUSSION

TTMP is a problem encountered especially in developing
countries and countries with low socioeconomic status.
Pl TM is an important component of the tympano-osicular
system, which provides sound transmission. TTMP can be
caused for a variety of reasons, including explosions, blunt or
penetrating injuries, and barotrauma. Sensorineural hearing
loss may occur as a result of damage to round or oval win-
dow membranes due to perforations caused by explosions,
whereas perforations associated with non-explosive trauma
usually result in conductive hearing loss, and sometimes nor-
mal hearing functions can be seen.!' According to the results
of this study, patients with TTMP had conductive hearing loss
of >20 dB at 0.5, I, 2 and 4 khz. That this hearing loss was
higher at 0.5 and | khz is consistent with the literature.!']

TTMP can heal spontaneously in 70-90% of the cases, but this
healing process can take longer than | month.['? In addition
to conductive hearing loss accompanied by symptoms such
as fullness in the ear and tinnitus, the perforation can also
lead to complications such as acute or chronic otitis media
and cholesteatoma formation. Surgical treatment is inevita-
ble when these complications develop.!'®"] In addition, when
spontaneous closure does not occur, surgical treatment will
be more invasive and costly. Therefore, office procedures
that can be performed in the early period of TTMP are not
only important for therapeutic purposes but also for the pre-
vention of complications.l'” The results of this study reveal
that CPP application after TTMP is a useful method for both
perforation closure and improvement of hearing loss.

There are studies in literature showing the effects of paper
patches and other alternative techniques and materials (silk
patch, paper patch, and gelfoam patch) on perforation clo-
sure rates and hearing loss in the treatment of TTMPM&!1
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However, to the best of our knowledge, there have been no
studies stating at what level this gain is relative to hearing
frequencies. The results of the current study show that hear-
ing loss caused by TTMP is greater at lower frequencies, and
the application of cigarette paper in treatment provides more
hearing gain at lower frequencies than at higher frequencies.

Paper patches can be used in cigarette paper form or differ-
ent thin paper forms in TTMP repair. As CPP is readily avail-
able and quick to apply, it is a very successful treatment meth-
od with a minimum complication rate. It is also economically
advantageous and has been reported to provide excellent
hearing gain with rapid recovery rates.®! In developing coun-
tries such as Turkey, CPP is quite widely used in the repair of
small TTMP in particular. In a previous study, the closure rate
was reported as 81.6% when no intervention was applied to
TTMP. In the same study, the rate of closure was reported to
be much higher with paper patch application (95.2%).'7 Lee
et al.@ reported the success rate of paper patch use as 84.6%
and stated that there was no difference between paper patch-
es and silk patches in terms of closure rates and otorrhea af-
ter application. Altuntas et al.’! reported that cigarette paper
has a greater fibroblast activity enhancing effect than carbon
paper because it has a more biocompatible and smooth sur-
face. In the current study, the recovery rate was determined
to be 91% | month after TTMP repair with CPP. According
to the results of this study, the repair of TTMP with CPP was
found to provide significant hearing gain at 0.5, 1, 2, and 4 khz.
This gain was determined to be greater at low frequencies,
especially at 0.5 and | khz. These results demonstrate that
both post-procedure air conduction thresholds and ABG de-
creased significantly compared to the pre-application values.

The most important limitation of this study was that the TM
localization of the perforation was not known. There is a
need for further studies with larger patient series to show
the effectiveness of cigarette paper application according to
the localization of the perforation in TTMP.

Conclusion

TTMP causes conductive hearing loss, especially at low fre-
quencies. CPP application in the early period is a simple and
highly successful treatment method in these patients. It pro-
vides excellent levels of airway hearing gain, especially at low
frequencies. Therefore, CPP application should be considered
for patients who present early with TTMP.
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ORIJINAL CALISMA - 0Z

Travmatik timpanik membran perforasyonlarinin sigara kagidi ile onariminin etkinligi
Dr. Ozlem Akkoca, Dr. Selda Kargin Kaytez, Dr. Zeynep Kaptan, Dr. Cogskun Ozdemir

Saglik Bilimleri Universitesi, Ankara Egitim ve Arastirma Hastanesi, Kulak Burun Bogaz Hastaliklari Klinigi, Ankara

AMAC: Bu calismada travmatik timpanik membran perforasyonunda (T TMP) sigara kagidi yamasi (SPP) ile onarimin; perforasyonun kapanmasi ve
isitme fonksiyonlari lizerindeki etkilerini degerlendirmek amaglandi.

GEREC VE YONTEM: Klinigimize Ocak 2015-2019 tarihleri arasinda TTMP nedeni ile basvurmus olan ve tedavide sigara kagidi yamasi (SPP)
uygulanmis olan 61 olgu (67 kulak) geriye donuk olarak degerlendirildi. TTMP’nin boyutu; timpanik membranin (TM) tamami %100 kabul edilerek
siniflandirildi. %25’in altinda olan perforasyonlar kiigiik, %25-%50 arasinda olanlar orta %50 ve Uizeri olan perforasyonlar ise biyik olarak deger-
lendirildi. Hastalara; SPP prosediiriinden 6nce ve li¢ ay sonra odyolojik tetkik yapildi. 0.5, I, 2 ve 4 khz'de hava ve kemik yolu saf ses ortalamalari
(SSO) ve hava kemik gap (ABG) ortalamalari karsilastirildi.

BULGULAR: Altmis yedi kulagin 20’sinde (%29.9) perforasyon kiiglik, 27’sinde (%40.2) orta, 20’sinde (%29.9) ise biiyiik idi. SPP 6ncesi hava yolu
saf ses ortalamasi (AC SSO) 28.26+5.63, kemik yolu saf ses ortalamasi (BC SSO) 8.80%4.35, ABG 19.26%5.80 olarak bulundu. SPP sonrasi AC
SSO 11.90£6.59, BC SSO 8.2914.05, ABG 14.10£4.66 olarak saptandi. SPP sonrasi birinci ayda 61 kulakda (%91) TM'de iyilesme gergeklestigi
gorlldi. Perforasyon boyutu ve kapanma oranlari arasinda istatistiksel olarak anlamli fark bulunamadi (p>0.05). 0.5, |, 2 ve 4 khz'de SPP sonrasi
AC SSO degerleri SPP 6ncesi AC SSO degerlerinden anlamli diizeyde diisiik bulundu (p<0.001). SPP sonrasi 0.5 khz'de Slgiilen ABG degerlerinin,
hem 2 khz, hem de 4 khz degerlerine gore anlamli diizeyde yliksek oldugu goriildi (sirasiyla p<0.001, p<0.001). Sigara kagidi uygulamasi sonrasi SSO
degerlerindeki azalma miktarina bakildiginda, 0.5 khz'deki degerler hem 2 khz, hem de 4 khz'dekilere gore anlamli diizeyde yiiksek olarak saptandi
(sirastyla, p<0.001, p<0.001).

TARTISMA: TTMP’nin tedavisinde erken donemde SPP uygulamasi hem perforasyon kapanmasi hem de isitme kazanci bakimindan etkili bir tedavi
yontemidir.

Anahtar sozciikler: Isitme kaybi; timpanik membran; timpanik membran perforasyonu; travma.
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