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ABSTRACT:   Introduction: The aim of the middle ear surgery is to eliminate abnormalities from the mucous, ensure the due airing 
of the postoperative cavity and reconstruct the sound-conducting system in the middle ear. Numerous reports can be 
found in literature on the changes to bone conduction as a consequence of middle ear surgery.

  Study objective: The aim of the work is to define the factors that affect bone conduction in the patients operated on 
due to the perforation of the tympanic membrane with the preserved and normal mobile ossicular chain. 

  Material and method: A prospective analysis of patients operated on due to diseases of the middle ear in 2009–2012 
was carried out. The cases of patients operated on for the first time due to chronic otitis media were taken into consid-
eration. The analysis encompassed the patients who had undergone myringoplasty. The patients were divided into 
several groups taking into account the abnormalities of the mucous observed during otosurgery. 

  Results: A significant improvement of bone conduction was observed in the patients with dry perforation, without 
other lesions in the middle ear. The appropriate pharmacological treatment before otosurgery in patients with per-
manent discharge from the ear resulted in significant bone conduction improvement. The elimination of granulation 
lesions turned out to be a positive factor for the future improvement of the function of the inner ear. 

  Conclusions: The lack of abnormalities on the mucous of the middle ear (e.g. granulation,) and discharge has a posi-
tive impact on improvement of bone conduction after myringoplasty. Adhesions in the tympanic cavity, especially in 
the niche of the round window, have a negative impact on improvement of bone conduction in patients after myrin-
goplasty. 
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INTRODUCTION

Chronic otitis media is characterized by the presence of a 
defect in the tympanic membrane, constant or transient 
discharge from the ear and conductive or mixed hearing 
loss (with a coexisting sensorineural component). The in-
dividual types of the disease differ with respect to muco-
sa lesions (polyps, adhesions, cholesteatoma, granulation 
tissue, granuloma), clinical course and tendency to bone 

destruction resulting in intracranial and/or intratemporal 
complications. One type of chronic otitis media is simple 
chronic otitis media. This type is common in both children 
and adults. Inflammation involves the middle ear mucosa, 
including the part covering the ossicles, which can lead to 
their partial destruction [1].

Chronic purulent cholesteatomatous otitis media results in a 
destruction of surrounding tissues and the infection spreads 
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to the mastoid process [2,3]. If not properly treated or left un-
treated, complications may develop in the temporal bone or 
even intracranially [4,5,6]. Cholesteatoma is associated with 
increased levels of bone-destructing enzymes.

Chronic granulomatous otitis media is characterized by 
the presence of polyps and granulomas in the middle ear. 
It can lead to complications similar as in cholesteatoma. It 
is assumed that this type can be the result of an acute and 
chronic inflammation of the middle ear. It is important to 
differentiate this condition and a neoplastic growth [7,8].

Chronic otitis media can also be a manifestation of tuberculo-
sis, actinomycosis and other specific infections [9].

The treatment of choice of chronic otitis media is surgical in-
tervention along with individually adjusted pharmacotherapy.

The purpose of surgical intervention is to remove abnormal 
mucosa, provide appropriate ventilation of the postoperative 
cavity via the auditory tube and to reconstruct the conduc-
tive system of the middle ear. In recent years, the emphasis 
has been put on preservation or, in the case of open tympa-
noplasty – reconstruction, of the postero-superior wall of 
the external auditory meatus in order to protect the middle 
ear from water.

The research is being conducted in order to optimize surgical 
treatment and determine the gold standard of managing sim-
ilar clinical situations.

The indicator of hearing improvement after middle ear sur-
gery is the change in cochlear reserve, which corresponds to 
the type of tympanoplasty. Regardless of that, there are nu-
merous reports in the literature concerning the change in 
bone conduction as a result of the operation. It is usually ex-
plained by the effect of the conductive system on the middle 
ear function. This relationship is utilized in the soundbridge 
middle ear implant – a device applied to the ossicles (on the 
long crus of the incus) in order to facilitate oscillation of the 
ossicles in patients with sensorineural hearing loss. It remains 
unsettled which types of abnormal mucosa of the middle ear 
affect its function [10]. 

AIM OF THE STUDY

The aim of the study was to indicate factors affecting bone con-
duction in patients undergoing surgery for the perforation of 
the tympanic membrane with a preserved and normally mo-
bile ossicular chain.

MATERIALS AND METHODS

A prospective analysis was conducted on patients undergoing 
surgery due to middle ear pathology in the years 2009-2012. 
Patients operated on for the first time for chronic otitis media 
were considered.

Patients undergoing myringoplasty were included in the study. 
The patients were divided into several groups with respect to 
the pathology of the mucosa in the affected ear. Additionally, a 
group of patients with ear discharge prior to surgery and a ref-
erence group of patients with dry perforation of the tympanic 
membrane and normal mucosa were distinguished (Table 1).

Hearing test was conducted immediately before as well as 6 and 
12 months after surgical intervention. In the study, we observed 
changes in bone conduction as an average for speech frequen-
cy (500, 1000, 2000Hz) for each group after myringoplasty.

The results were statistically analyzed. As statistically signifi-
cant, we assumed p < 0.05.

RESULTS

In the years 2009 - 2012, ear surgery was performed in 457 
patients at the Department of Otolaryngology, CM, Jagiel-
lonian University. The youngest patient was 6, and the old-
est was 80 years old. Mean age was 40.84. Over the stud-
ied period, 293 patients were operated for the first time for 
chronic otitis media.

The inclusion criteria were met by 151 patients undergoing 
myringoplasty. The group consisted of 80 females and 71 
males. The youngest patient was 22, and the oldest was 66 

Tab. I.  Characteristics of patients after myringoplasty with respect to observed 
abnormalities.

GROUP NO OF 
PATIENTS

PATIENT CHARACTERISTICS

1 24 control group – myringoplasty, no discharge, 
normal mucoa of the middle ear (nonsuppurative 
perforation)

2 27 myringoplasty, no ossiculopasty, no history of 
discharge, abnormal mucosa

3 38 myringoplasty, no ossciuloplasty, history of discharge

4 34 myringoplasty, no ossiculoplasty, adhesions of the 
middle ear

5 28 myringoplasty, no ossiculoplasty, granulomatous 
tissue of the middle ear
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years old. The mean age was 43.96. The intrameatal access was 
used in 58.33% of patients, and the retroauricular - in 41.67%.

The most commonly used material for the reconstruction 
of the tympanic membrane was perichondrium. The fascia 
of the temporal muscle was used less often. In some cases,

perichondrium was enhanced by the cartilage sampled from 
the auricle (Fig. 1).

Long-term outcomes of surgical treatment were assessed 
with respect to mean bone conduction difference between 
the groups. The assessment was conducted before initiat-
ing treatment (time 0) and after 6 and 12 months of obser-
vation respectively.

For further analysis, we adopted the following abbreviations: 
• X =  Mean bone conduction value 
• X 0 =  Mean bone conduction value before treatment
• X 6 =  Mean bone conduction value after 6 months of 

observation 
• X 12 =  Mean bone conduction value after 12 months of 

observation
• SD =  Standard deviation 

A. On variance analysis, the results shown in Table 2  were 
obtained before surgery (p < 0.05):

The results indicate that the mean bone conduction values 
were statistically similar before treatment (time - 0 months)

B. On variance analysis of mean bone conduction values 6 
months following the surgical intervention, the following 
results  were obtained (p < 0.05) (Tab. 3):

Based on the statistical analysis of the results, it can be con-
cluded that the mean cochlear reserve values 6 months follow-
ing the surgical treatment were statistically equal (p < 0.05).

C. On variance analysis 12 months following the surgical inter-
vention, the following results  were obtained (p < 0.05) (Tab. 4):

Between the mean cochlear reserve values, no statistically 
significant differences were noted.

There was also a tendency for improved bone conduction 
in audiometry, however, it was not statistically significant 
in all studied groups.

On variance analysis of the results with regard to time, the 
answer was searched to the question whether the observed 

change in mean bone conduction within each group after 
6 and 12 months respectively was statistically significant.

The observation applied to the mean bone conduction in 
each group (Tab. 5).
The following abbreviations were adopted:

• X gr. „i” = mean bone conduction in group ‘i’, where ‘i’ 
designates the studied group (1 - 5)

• SD gr. „i” = standard deviation of mean bone 
conduction in group ‘i’, where ‘i’ designates the studied 
group (1 - 5)

In the control group (group 1), a statistically significant 
change in the mean bone conduction was noted. Mean bone 
conduction after 12 months was significantly lower than the 
mean bone conduction before surgery and it was statistical-
ly equal to bone conduction 6 months after surgery. Mean 
bone conduction after 6 months was significantly lower than 
the mean before treatment.

On 6-month and 12-month follow-up, no statistically signif-
icant change in mean bone conduction was noted in group 2. 
This group was characterized by anomalies typical for simple 
chronic otitis media. The removal of hypertrophic mucosa 
of the middle ear and following myringlopasty did not cause 
any significant change in mean bone conduction assessed 
on consecutive follow-up visits after surgical intervention.

Tab. II.  Mean bone conduction values before treatment in respective groups.

GROUP X 0 SD 0

1 28,54 12,72

2 27,43 15,36

3 23,50 11,20

4 25,63 16,72

5 21,19 7,88

Tab. III.  Mean bone conduction values 6 months after surgical treatment in 
respective groups.

GROUP X 6 SD 6

1 18,40 11,94

2 20,80 14,26

3 16,97 10,31

4 23,13 14,79

5 16,19 7,29
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The influence of the middle ear surgery on the inner ear 
function has been discussed for a long time. In the study 
by Vartiainen et al. on 181 patients undergoing surgery for 
chronic otitis media, it was established that the bone con-
duction did not change after surgical treatment in 92% of 
patients, while 5% demonstrated improvement and in 3% 
the condition worsened. The improvement within the range 
from 11 dB to 25 dB was observed after removal of advanced 
abnormal lesions from the tympanic cavity. The average im-
provement of bone conduction was observed in less than 
10% of patients treated for chronic otitis media [17,18].

Many researchers searched for a link between the intensity 
of the disease and its influence on the inner ear, expressed 
as a raised bone conduction threshold. Numerous studies 
prove that such relationship undoubtedly exists [19]. Im-
portant observations were made in patients with middle 
ear mucosal abnormalities (advanced cholesteatoma) or 
ossicular damage. The previously mentioned factors seem 
to indirectly impair the inner ear function by influencing 
the mechanics of the ossicles. An example to illustrate this 
statement is the case of bone conduction impairment in re-
sponse to stapes ankylosis in the course of otosclerosis de-
scribed by Carhart in 1958 [20,21].

In group 3, where the leading symptom was ear discharge re-
ported preoperatively, the change in mean bone conduction 
was statistically significant. An improvement (decreased mean 
bone conduction value) was observed after 6 months and it 
persisted at 12 months postoperatively. Mean bone conduc-
tion measured after 6 months was statistically equal to mean 
bone conduction after 12  months.

The removal of adhesions from the tympanic cavity with intact 
ossicles in patients from group 4 did not cause a statistically 
significant change in mean bone conduction on consecutive 
follow-up visits after surgery.

In patients without ossiculoplasty, with granulomatous tissue 
(group 5), a statistically significant change in mean bone con-
duction was observed.

DISCUSSION

Many authors point to myringoplasty as the hearing-im-
proving procedure. The cited data are backed up by long-
term observation and they confirm hearing improvement 
even in 70 – 90% of patients regardless of the perforation 
size and type of material used for reconstruction [11,12,13].

In the studied group, the periosteum was the material used 
for reconstruction in 70% of cases, and in 18 patients it was 
supported by cartilage. In the rest of the cases, the fascia of 
the temporal muscle was used.

The debate on the advantages of using fascia or periosteum 
for tympanic membrane reconstruction is still open. In the 
literature, there are many articles indicating the advantage 
of one of the materials over the other or recommending 
other solutions for myringoplasty [14,15].

Preservation of all ossicles after removing all abnormal 
mucosa from the tympanic cavity makes the optimal con-
dition for hearing improvement. It is in accordance with 
the world literature, where it was reported that a signifi-
cant hearing improvement was observed in most patients 
with mean cochlear reserve less than 20dB following type 
I tympanoplasty [16].

With regard to the hearing improvement after middle 
ear surgery, changes in cochlear reserve, especially in 
the speech frequency (500-3000Hz), are considered. It 
should be remembered that the reconstruction of the 
conductive system of the middle ear influences the inner 
ear function as well.

Fig. 1. Materials used for reconstruction of tympanic membrane.

Tab. IV.  Mean bone conduction values 12 months after surgical treatment in 
respective groups.

GROUP X 12 SD 12

1 20,69 11,37

2 20,86 11,28

3 18,11 10,62

4 22,35 13,89

5 15,71 6,53
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ity of the ossicles caused by even partial restoration of ad-
hesions after surgery. The greatest risk of worsening bone 
conduction is seen in the case of adhesions located in the 
round window. 

The removal of granulation tissue proved to be a positive 
prognostic factor for improvement of the inner ear function. 
In such cases, not only was the abnormal mucosa removed 
during the surgery, but also the toxic effect of inflammato-
ry mediators on the inner ear function was eliminated. In 
this group, no improvement was observed in terms of the 
cochlear reserve change due to the fact that the postopera-
tive hearing improvement was not statistically significant.

Searching for factors influencing hearing improvement in 
patients undergoing myringloplasty, no significant improve-
ment was observed only in the case of the granulation tis-
sue present in the tympanic cavity with unaffected ossicular 
chain. In other groups without ossiculoplasty (no discharge, 
suppurative, with adhesions), the hearing improvement (man-
ifesting itself as a closed cochlear reserve) was statistically 
significant. Those observations are in accordance with the 
reports in the world literature [25,26].

CONCLUSIONS:

1. The lack of abnormal middle ear mucosa is a positive prognos-
tic factor with respect to bone conduction improvement follow-
ing myringlopasty. 

2. The above statement is also true for patients with preoperative 
ear discharge that has been controlled by proper preoperative 
pharmacotherapy. 

3. Adhesions within the tympanic cavity, especially in the round 
window, are a negative prognostic factor with respect to bone 
conduction improvement following myringoplasty. 

4. Removal of granulation tissue from the tympanic cavity has a 
beneficial influence on the inner ear function measured by bone 
conduction value.

It was attempted to explain the impairment of bone con-
duction by a toxic effect of mediators of inflammation in 
the middle ear on the inner ear function. The possibility of 
biochemical changes in the perilymph and endolymph is 
emphasized, by means of substance penetration from the 
middle ear through the round window.

The previously mentioned mechanical and biochemical fac-
tors often act simultaneously. It is thought that bone con-
duction impairment in chronic otitis media may be induced 
by chronic inflammation, it can be iatrogenic in origin as a 
result of maneuvers applied to the ossicular chain, or results 
from noise associated with opening the temporal bone [22].

The mean bone conduction values were measured before 
surgical treatment and after 6 and 12 months of observation 
respectively. For all time periods, normal or normal-like dis-
tribution was obtained, which is the necessary condition to 
apply statistical analysis.

A significant improvement of bone conduction was observed 
in patients in the control group with dry perforation and 
no other lesions of the middle ear. The closure of the defect 
significantly improved the bone conduction, which was ob-
served after 6 months and persisted during the 12-month 
observation. The extent of treatment in this group restored 
the most physiological relationship between the middle ear 
mechanics and the inner ear function.

In patients with ear discharge preoperatively, the appropri-
ate pharmacotherapy preceding tympanic membrane recon-
struction leading to ‘the dry ear’ resulted in bone conduc-
tion improvement similar to the control group.

A negative influence of lesions surrounding the round win-
dow on bone conduction is known [22,23,24]. The analysis 
of patients treated at the Department of Otolaryngology, 
CM, Jagiellonian University confirms those findings. In pa-
tients with adhesions within the tympanic membrane, no 
statistically significant improvement in bone conduction 
was observed following surgical intervention. This obser-
vation can be explained by the tendency to limited mobil-

Tab. V. Mean bone conduction values at the time of surgery and after 6 and 12 months respectively.

TIME (MONTHS) X GR. 1 SD  GR. 1 X GR. 2 SD GR. 2 X GR. 3 SD GR. 3 X GR. 4 SD GR. 4 X GR. 5 SD GR. 5

0 28,54 12,72 27,43 15,36 23,50 11,20 25,63 16,72 21,19 7,88

6 18,40 11,94 20,80 14,26 16,97 10,31 23,13 14,79 16,19 7,29

12 20,69 11,37 20,86 11,28 18,11 10,62 22,35 13,89 15,71 6,53
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