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Abstract 
Myringopexy with raw avian membrane came out due to the necessity of establishing the 

influence of the perforation of the tympanic membrane characteristics on hearing after its closure. The 
aim of this study was to present a new technique for repairing the defects of the tympanic membrane 
and to obtain cheap, easy to get and effective biomaterial for myringopexy. The novelty lies in its 
innovative character and a better resistance in time of the neo-membrane as compared to the avian 
membrane thermally treated or to other types of mentors. The clinic-experimental study was carried out 
on a group of 230 patients, from patients within the ENT Clinic of „Saint Apostle Andrew” Emergency 
Hospital Galati which have been examined by otoscopy and microotoscopy. A number of 238 perforated 
tympanum membranes had been found (some patients presented with perforations on both ears); six of 
the examined tympanum had two perforations each, so a total of 244 perforations had been examined. A 
number of 182 patients with 188 perforations had suffered surgery for closing the perforations. The 
investigations are part of a succession of studies that have the purpose of establishing the relationship 
between tympanic perforation and transmission hypoacusia. The results are promising and lead to 
closure of the rupture/perforation with thin tympanic membrane and a significant improvement of the 
auditive function, without side-effects by using cheap biomaterials.   
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1. Introduction 

Specialized literature describes many studies concerning myringoplasty whereas for 
myringopexy there are none, especially the technique presented in this study, reason for which 
it cannot be compared with other similar ones. 

Regardless the etiology, untreated tympanic membrane perforations may lead to 
altering of the life of the patient and to severe complications by altering the functions of the 
tympanic membrane, defence of the middle ear and sound transmission. Acute post-traumatic 
and post-otitis perforations close spontaneously  in 80 to 90% of the cases but the ones that 
heal viciously or become permanent, need surgical intervention (G. BERGER & al. [1], G. 
BERGER & al. [2], S. KRISTENSEN & al. [3], S. KRISTENSEN [4]). After surgery, the 
tympanic membrane is normal and intact and the decrease of hearing is under 10dB on the 
audiogram performed 3 months after myringopexy or 6 months after tympanoplasty, thus 
concluding that perforation closed successfully (V. CIUCHI [5]).  

There are three types of simple perforation closure: 
a. Spontaneous closure in the case of correctly treated acute suppurative otitis and 

recent post-traumatic ruptures, central and not infected on an intact tympanic membrane (G. 
SCHAMBAUGH [6]). 
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b. Closure by myringopexy with mentor in recent ruptures and old simple 
perforations, sequelar and dry, post-otitis or post-traumatic that do not exceed a third of the 
tympanic membrane (T. ATAMAN [7]).  

c. Closure by myringoplasty- in perforations that exceed a third of the surface of the 
tympanum, stable sequelar perforations for over 6 months to a year, perforations in patients 
that due to their profession need a better audition (musicians, band conductor, professors) that 
have a deficit in hearing of 35 to 40 dB (V. CIUCHI [5]). 

By analysing the indications and contra-indications for the types of tympanic defects 
closure, it was noticed that, in choosing the method, a very important role is always played by 
the perforation’s characteristics: size, age and determined hypoacusia. Controversies in 
literature appear only if the perforations characteristics had been prognostic factors for 
surgical success (B. KOTECHA & al. [8], N.A. BHAT & al. [9], J.H. BLACK & al. [10]). 
Some authors sustained there is an inverse proportion relation between the size of the 
perforation and its successful closure, some other have demonstrated that the size is not a 
determining factor (L. PIGNATARO & al. [11], M.W. YUNG [12], M. GERSDOFF & al. 
[13]). 

A hierarchy of the tympanic perforation characteristics was used for: evaluating the 
impact that different types of characteristics of tympanic perforations have on the result of 
their closure, spontaneously or surgically; determining the audiological gain registered after 
successfully closure of different types of perforations; determining the closure method of 
perforations in order to obtain the best audiological results for the patient.   

This study aims to the development of an innovative technique for repairing the 
tympanic membrane defects (ruptures or perforations) by using raw avian membrane in 
tympanic ruptures and/or perforations and analysing the advantages of this technique of 
myringopexy by using the new biomaterial as compared with other used ones in the present 
therapy of patients with tympanic membrane rupture/perforation. It is also aimed to appreciate 
the maximum sizes of the rupture/perforation that allow myringopexy with raw avian 
membrane for a better closure of the tympanic membrane defect by using cheap biomaterial, 
esy to use, bio-compatible and superior functional results. 

 
2. Materials and methods 

Raw avian membrane 
Acquiring the avian membrane was performed a few minutes before the intervention 

by extracting it in aseptic conditions with the help of very thin pincers, from fresh hen eggs, 
after which it was placed on a medical devise in order to be pressed equally. After this 
process, the membrane was fixed on a textile support (sterilized airtight paper band). Once the 
membrane is prepared, it can be placed on the tympanic membrane surface in the area of the 
rupture/perforation, with the textile support outwards.  

A group of patients with 188 identified tympanic membranes in 182 patients 
presenting only perforations of the middle ear was used. The size of the perforations has been 
measured on images of tympanic membranes gathered by video-otoscopy and expressed as 
percentage from the total area of the tympanum. Depending on the size, tympanic defects 
have been categorized into 4 groups.  

The study had been carried out in agreement with Research Ethics Committee of 
“Dunărea de Jos” University of Galati, România, in line with the informed consent of the 
patients that took part in this research, after explaining there was no risk whatsoever. 
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Tympanic perforation evaluation 
The perforation location had been established by otomicroscopy and video-otoscopy, 

depending on the imaginary line that passes the malleus’ handle and divides the tympanum 
into two quadrants, anterior and posterior. Perforations have been then classified into (for 
facilitating the data analysis): anterior, posterior and antero-posterior (the ones that affect both 
quadrants). Audiograms were performed at the enrolment of the patients, auditory threshold in 
air and bone conduction, as well as ABGs on 5 frequencies (250, 500, 1000, 2000, 4000) have 
been calculated.  

 
Reconstruction techniques using raw avian membrane 
Depending on the type of the perforation and with patient consent, therapy had been 

established: 
-  myringopexy with raw avian membrane in cases of recent small and medium post-

traumatic ruptures/perforations or/and old and dry  
-  myringopexy with thermally treated avian membrane for the cases of medium 

ruptures/perforations that did not closed spontaneously  
- myringoplasty in big  post-traumatic perforations or dry post-otitis and in 

perforations that did not close after myringopexy. 
Myringopexy with raw avian membrane was performed using an innovative technique. 

After acquiring the graft, it was stented on a solid support by using sterile medical tape and 
was pressed to adhere to the surface. Once prepared the membrane was circularly cut with a 
diameter bigger than the size of the perforation (measured by video-otoscopy). After regional 
anaesthesia with lidocaine 0.75% and under otomicroscopic control, the rims of the 
rupture/perforation had been freshened by anatomically re-positioning the flaps. The created 
avian device is then placed in contact with the perforation. Securing this device was done by 
using multiple fragments of absorbable gelatine sponge placed on the entire surface of the 
tympanic membrane. The absorbable gelatine sponges had also been secured with non-
absorbable gauzes placed in layers depending on the depth of the external auditory channel. A 
folded (in accordion pleats) meche is placed over the gauzes. Ten days after surgery, de-
tamponing of the external auditory channel is started. Firstly the meche is extracted and 2-3 
days after, the gauzes are taken out too. At complete de-tamponing, the fragments of gelatine 
sponges must be completely absorbed and the solid support on which the raw avian graft was 
placed must have been spontaneously detached so that it can be extracted with a micro-
surgery plier. The raw avian graft may be seen attached firmly to the tympanic membrane, 
slowly determining its complete epithelialization.     

After the closure of the perforation, by any of the mentioned means but especially by 
the above-mentioned technique, the integrity of the tympanic membrane and the restoration of 
the mechanism of conducting the sound through the middle ear have been the criteria for 
maintaining the patients within the group of study.  

 
Biomedical statistical analysis 
All perforations have been investigated by using  MD Scope MS 101 video-otoscope 

(Storz Company Germany) and the acquired images have been analysed with Universal 
Desktop Ruler version 3.5.3364 (Avpsoftware, USA) thus establishing the surfaces of the 
tympanic perforations. 

The analysis was performed taken into considerations parametric and non-parametric 
evaluations. Statistical data process was achieved by using Statistical Package for Social 
Sciences software (IBM, USA). 

For the analysis of non-parametric variables, the following have been measured: 
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- frequencies: the number of cases with which a certain characteristic of a variable had 
been registered; absolute and relative frequencies have been calculated, offering adequate 
information about the studied cases distribution in the respective variable class; 

- percentages: the registered frequency of a certain characteristic of a variable reported 
to the total number of cases of the variable, multiplied by 100, respectively the percentage of 
the total cases that had a certain characteristic.  

For the non-parametric analysis, the Spearman R test was used, the association being 
significant when p<0.050. The determination of the correlations between different variables 
studied (perforation size, perforation location, hearing loss), was made as contingency tables 
or by calculating the Pearson correlation coefficient (C. HAVÂRNEANU [14]). Testing the 
significance of an association was performed by using χ2 test (P. De VISSCHER & al [15]). 

 
3. Results and discussion 

In estimating the technical results, the audiograms of patients have been compared, 
before and after closure of the perforations, bone conduction and video-otoscopical images. 
Auditory tests had been determined on frequencies for each group. 

The improvement of hearing has been appreciated on audiograms after the healing of 
the perforation, as follows:  

- 3 months for those that closed with raw and thermally treated avian graft or by any 
other epithelialization mentor. 

- 6 months for those that closed by myringoplasty. 
The audiogram after myringopexy with raw avian membrane was as shown in Figures 

1A-D. 

 
A 
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D 

Figure 1. A: B-audiogram in the right tympanum showing transmission hypoacusis. 
 C, D- audiogram in the ruptured right tympanum after myringopexy showing normal hearing 

 
 

     
A)                                                      B) 

 

 
C)                                                                 D) 

 
Figure 2. A) post-traumatic rupture of the right tympanum in the upper quadrant; B) rupture 
closure of the right tympanum with synthetic material showing a brutish closure; C) post-
traumatic rupture of the left tympanum in the lower quadrant; D) closure of rupture of the left 
tympanum with raw avian membrane showing a minimal closure that determines minimum 
trauma 
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The difference in epithelialization between myringopexy with raw avian graft and the 
one with avian graft thermally treated may be seen in Figure 2. 

Within the present study, 84 (44.68%) of the ruptures or perforations closed by 
myringopexy with raw avian membrane, 12 (6.38%) with thermally treated avian membrane 
and 92 (48.94%) needed myringoplasty.  

We calculated the average of perforations ABGs (air bone gap) which have been 
treated by the three methods (the relation between the air conduction and the bone conduction 
on the audiogram, on different frequencies (Hz). Main hearing loss has been registered in the 
in cases of myringoplasty, whereas perforations closed by raw avian membrane had registered 
the lowest degree of hypoacusis. Differences between the averages of ABGs of the two 
categories had not been statistically significant immediately after surgery (before healing) 
(Table 1). 

 
Table 1. The average of ABGs of the perforations before healing 

Intervention/Hz 250 500 1000 2000 4000 
Myringopexy with  
thermally treated  
avian membrane 

14.16 10.83 12.5 6.66 10.83 

Myringopexy with  
raw avian membrane 

20.71 18.69 17.61 12.97 9.76 

Myringoplasty 23.39 21.41 20.10 14.89 12.93 

 (χ2 = 1.88, p<0.050) 
 

After healing, the ABGs have been compared again and this time the average was 
higher after myringoplasty, whereas the best results were registered after myringopexia with 
raw avian membrane (Table 2). 

 
Table 2. The average of the ABGs of the perforations after healing 

    
Intervention/Hz 

250 500 1000 2000 4000 

Myringopexy with  
thermally treated  
avian membrane 

2.38 1.78 0.83 0.47 0.35 

Myringopexy with  
raw avian membrane 

0.83 0.0 0.0 0.0 0.21 

Myringoplasty 5.73 5.25 4.87 4.38 3.87 

 
We categorized the perforation sizes and the healing methods and afterwards we 

compared the obtained results of perforation closure (Table 3). 
 

Table 3. Classification of perforations depending on size, healing method and the comparison of obtained 
audiological results 

 Myringopexy with 
thermally treated 
avian membrane 

Myringopexy with 
raw avian 
membrane 

Myringoplasty 

Group I 
Group II 
Group III 

12 
- 
- 

32 
24 
22 

24 
16 
28 
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The results after healing had been better in the cases of closed perforations by 

myringopexy. Statistically, the averages of ABGs registered before and after the closure of 
perforations have been compared, obtaining significant differences on all frequencies, by all 
healing methods (Table 4).  

 
Table 4. Statistical comparison of the averages of ABGs before and after healing of the perforations distributed 
by frequencies 

Frequency 
The average of ABGs 

before healing 
The average of ABGs 

after healing χ2 

250 Hz 21.75 3.29 13.60 
500 Hz 19.52 2.60 12.84 
1000 Hz 18.51 1.54 14.36 
2000 Hz 13.51 0.85 11.16 
4000 Hz 11.38 0.79 9.21 
 
Choosing the closure method of tympanic membrane perforations depends on the 

tympanic defect characteristics but also depends on the experience of the surgeon and 
patient’s options. 

Contemporary therapeutically tendencies of simple and non-infected post-traumatic 
tympanic ruptures consist in waiting along with conservative management approach for 3 to 6 
months, due to the fact that a large percentage of them close spontaneously. It was not 
possible to be analysed in the present study because most patients that had suffered recently a 
sudden modification in hearing, did not want to be exposed and followed up for such a long 
period of time, restrictive treatment for local care and the risk of associated complications.  
Within our sample study group, we did not have perforations or ruptures of the tympanic 
membrane that closed spontaneously. In fact, perforations that close spontaneously are the 
smallest ones from group I on 3% of the tympanic surface, with little or no auditory loss.  

Such a conclusion sustains the results of previous studies according to which 
hypoacusis depend on the size of the perforations. Myringopexies with raw avian membrane 
and myringoplasties have had approximately the same percentage (44.68% and 48.94%) and a 
small segment of 6.38% was myringopexies with thermally treated avian membrane.   

Auditory loss after closing of perforations with raw avian mentor has been little or 
absent as compared to the ones registered in tympanoplasty (with cartilage graft, fascia, 
perichondrium). The new reconstructed tympanic membrane, under the protection of a thin 
mentoring layer (the raw membrane being thinner and more flexible than the thermally treated 
one), has better properties in transmitting the sound than any other graft used in otosurgery. 
The resistance in time of the membrane has not been tested within this study. Also, at least for 
the case of recent simple small post-traumatic perforations, it is worth creating by all means 
the background for an efficient regeneration of the tympanic membrane.  The specialized 

Group IV - 6 24 
 

Average of ABGs 
in perforations with 
myringopexy with 

raw avian membrane 

Average of ABGs 
of perforations with 
myringopexy with 
thermally treated 
avian membrane 

Average of ABGs 
by myringoplasty 

Group I 
Group II 
Group III 
Group IV 

0.52 
- 
- 
- 

1 
2.25 
2.27 
2.0 

2.11 
5.0 
3.5 
4.97 
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literature sustains this idea by arguing that in the first 2 weeks from the perforation, only site 
inspection is allowed due to the great risk of infecting by instruments manoeuvring (J.G. 
TONER & al. [16], D.F. AUSTIN [17]).  

In this study, the upper limit of the size of the perforations could not be estimated, as 
well as the time period that we had to abstain from any attempt of closing the perforations, 
due to patients lacking in education as well as the lack of exact protocols for perforations 
treatment. By myringopexy with raw avian membrane, the functional recovery was obvious, 
especially on low frequencies because they are the most affected by the lack of substance at 
tympanum level. Hearing improvement after closing the tympanic perforation is verified and 
demonstrated in various studies in the specialist literature (S. ALBUS & al. [18], R.M. RYAN 
& al. [19], J.H. BLACK & al. [20]). But all these studies have combined tympanic 
perforations of all sizes when summing up the audiological gain after surgery. In the present 
study, when comparing the average ABGs registered before closing the perforations with  the 
ones after the closure, an improvement has been noticed, from 16.93 dB to 1.81dB, with 
audiological gain of 15.03 dB, with great statistical significance (χ2=2.19, p<0.05).  But 
bearing in mind that there is such a variety of perforation sizes, from the linear ones to the 
ones that affect all quadrants, generalizing that hearing improved after closing the 
perforations, would be a huge simplifying process.   

Greater audiological gain could be expected, either in the case of a big perforation for 
which myringoplasty was performed, or in the case of a small perforation that can heal 
spontaneously. It is wrong to take into consideration an improvement of hearing in case of 
fixing a perforation without referring to its size. An average value of auditory gain calculated 
for a combination of different sizes of perforation, cannot be applied for all perforations 
regardless of their sizes. Studies were taken into consideration, that categorized the 
perforations in small or big, the average post-surgery being 7.2 dB (C. DEGUINE & al. [21]), 
respectively 10.2 dB (P. LEE & al. [22]). Within the mentioned studies, only the results 
registered after myringoplasty or tympanoplasty were taken into consideration and the initial 
sizes of the perforations included in the sample group, have been subjectively estimated by 
different otolaryngologists. 

In this study, when comparing the auditory gains of perforation size groups, it was 
concluded that the smallest gain has been recorded in the case of small and very small 
perforations, as expected, because in such cases there was the minimal hearing loss.  
Surprisingly, between these two groups, the size of the perforations is not directly correlated 
to the audiological gain, but drawing an average between the registered gain for the group I 
and II and comparing the data registered for the group III and IV, a direct correlation was 
obtained: the bigger the size of the perforation (over 10% of the tympanic surface), the bigger 
the audiological gain registered after successfully closure of the perforations and surgery 
would then be performed only for protecting the middle ear cavity.  

The carried out studies demonstrate as follows: 
- The quality of the regenerated tympanic membrane by use of myringopexy with raw 

avian membrane (without scars) in comparison with other methods can be otomicroscopically 
appreciated. 

- The superior quality of the grafts with raw avian membrane (thinner and more 
flexible) as compared with the thermally treated membrane or with other myringopexy 
materials (textile medicinal mesh, elastic band) 

- The functional properties (the audiogram) are superior after myringopexy with raw 
avian membrane in comparison with the functional results after myringopexy with thermally 
treated membrane or/and with other kind of used materials. 
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4. Conclusions 

This study proves the fact that raw avian membrane may be applied successfully, 
performing myringopexies with very good results and superior to the classic myringoplasty 
being the important part to demonstrate with this study. Myringopexy is to be preferred to 
myringoplasty due to the fact that regenerated tympanic membrane with epithelialisation 
mentor transmits the sound to the inner ear better than a graft that replaced part of the 
tympanic membrane. Myringopexy with raw avian membrane determines a quicker and of 
better quality epithelialisation due to the fineness and elasticity of the epithelialisation mentor. 
This method may be applied with small ruptures/perforations, which affect less than 10% of 
the tympanum surface and represents an innovative method for extending the usage of new 
biomaterials, cheap and efficient in the therapeutically approach of the tympanic perforations.  
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