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Background: Middle ear surgery aims to eliminate pathology from the middle ear, improve drainage and ventilation of the

postoperative cavity, and reconstruct the tympanic membrane and ossicles.
The aim of this work is to define the factors that affect ABG (air-bone gap) and bone conduction in the patients
operated on due to chronic otitis media.

Material/Methods: A prospective analysis of patients operated on due to diseases of the middle ear during 2009-2012 was car-
ried out. The cases of patients operated on for the first time due to chronic otitis media were analyzed.
The analysis encompassed patients who had undergone middle ear surgery. The patients were divided into
several groups taking into account the abnormalities of the middle ear mucous and damage of the ossicular
chain observed during otosurgery.

Results: A significant hearing improvement was observed in patients with type 2 tympanoplasty in the course of chron-
ic cholesteatoma otitis media and in patients with simple chronic inflammatory process in whom a PORP was
used in the reconstruction. Granulation tissue was an unfavorable factor of hearing improvement following
tympanoplasty.

A significant improvement of bone conduction was observed in the patients with dry perforation without oth-
er lesions in the middle ear.
The elimination of granulation lesions was a positive factor for the future improvement of the function of the
inner ear.

Conclusions: The presence of granuloma-related lesions in the middle ear spaces is likely to impede hearing improvement.
Damage to the ossicular chain rules out the possibility of bone conduction improvement after surgery.
The prognosis on tube-related simple chronic otitis media after myringoplasty, with the preserved continuity
of the ossicular chain, consists of closing the ABG and leads to significant improvement of bone conduction.
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Background

Chronic otitis media is characterized by a defect to the tym-
panic membrane, conductive hearing loss (or mixed hearing
loss where the concurrent sensorineural component is in-
volved), and permanent or periodical discharge from the ear.
Depending on the character of lesions to the middle ear mu-
cous, different types of this abnormality are distinguished: sim-
ple chronic otitis media, chronic cholesteatoma otitis media,
chronic granulomatous otitis media, and chronic otitis media
associated with specific diseases. Particularly notable is the
occurrence of cholesteatoma and granulation tissue, which are
characterized by a tendency to damage the bone tissue, imply-
ing the risk of otogenic intracranial and intratemporal compli-
cations (Figure 1) [1-3].

The treatment of choice is surgery aimed at the elimination of
abnormalities from the middle ear, the generation of dry and
duly aired postoperative cavity, and hearing improvement. An
important component of the methodology of surgical treat-
ment consists in the preservation of the upper posterior wall
of the external auditory meatus in order to protect the region
of the middle ear from contacting the external environment.
In the case of canal wall-down tympanoplasty, a search for
methods enabling the reconstruction of the upper posterior
wall of the external auditory meatus has been underway. The
aim of non-invasive treatment in the course of chronic otitis
media is to ensure supplementary treatment in the form of
individually selected pharmacotherapy in order to obtain the
so-called dry ear during the preoperative period or to elimi-
nate the discharge from the ear occurring periodically in the
aftermath of canal wall-down tympanoplasty [4,5].

Hearing improvement after otosurgery is measured by the de-
gree of closure of the Air-Bone Gap (the shift in air conduction
threshold level compared to bone conduction threshold level)
in pure tone audiometry (PTA). Attention is also paid to the
shift in bone conduction threshold level after middle ear sur-
gery. The above interrelationship is exemplified by the occur-
rence of the Carhart sign in the patients operated on due to
otosclerosis. That regularity is claimed to be due to the impact

Figure 1. The cholesteatoma in scanning electron microscopy.
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of the conductive mechanism of the middle ear on the func-
tion of the inner ear [6,7].

The aim of the research is to define the determinants of hear-
ing improvement in the patients with chronic otitis media in
terms of ABG (Air-Bone Gap) closure and a change in bone
conduction after surgery.

Material and Methods

The research consisted in a prospective analysis of the pa-
tients operated on due to the diseases of the middle ear dur-
ing the period of 2009-2012. Patients operated on for the
first time due to chronic otitis media were considered for in-
clusion. A questionnaire was devised that described the con-
ditions reported by the patient during the preoperative stage,
the abnormalities observed in the middle ear during the sur-
gery, the method applied to reconstruct the sound-conduct-
ing system in the middle ear, and the observations made dur-
ing follow-up examinations.

We distinguished between patients in whom the treatment
had involved only myringoplasty and those in whom the re-
construction of the ossicular chain had also been required. The
patients classified into the above groups were further divid-
ed into subgroups according to inner ear mucous abnormali-
ties observed during surgery (Table 1).

Hearing test was carried out immediately before surgery and
at 6 and 12 months after otosurgery. The analysis pertained
to the changes to ABG and bone conduction thresholds ex-
pressed as the average values for the frequency of speech
(500, 1000, 2000Hz) for each group of patients with myringo-
plasty and ossiculoplasty.

The results were subject to statistical analysis. Statistically sig-
nificant results were given for p<0.05.

All the experiments reported in this manuscript were conduct-
ed in accordance with the recommendations of IASP and the
NIH Guide for the Care and Use of Laboratory Animals and
were reviewed and accepted by the Local Bioethics Committee.

All participants gave written informed consent to take part
in this study.

Results

In 2009-2012, 457 patients underwent otosurgery at the
Otolaryngology Teaching Hospital of Collegium Medicum,
Jagiellonian University. The youngest patient in the group under
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Table 1. Characteristics of analyzed patients with chronic otitis media.

Number of

G b
e 1 patients

Characteristics of patients who underwent surgery

Patients with myringoplasty depending on the type of observed abnormalities (151 patients)

Control group — myringoplasty, w/o discharge, normal mucous in the region of the middle ear (dry

Myringoplasty, w/o ossiculoplasty, w/o discharge in medical history but with abnormal mucous (dry

Myringoplasty, w/o ossiculoplasty, with discharge in medical history (intact ossicular chain, recurrent

perforation)
Group 2 27 perforation with intact ossicular chain)
Group 3 38 discharge)
Group 4 34
Group 5 28

Group 6 24
Group 7 22
Group 8 32
Group 9 38

Ossiculoplasty, porp put on intact stapes

Group 10 26

Ossiculoplasty, tympanic membrane graft onto the plate of the stapes (a palisade of cartilage strips
between the plate of the stapes and the tympanic membrane graft)

discussion was 6 years old and the oldest was 80. The average
age was 40.84 years. In the analyzed time span, 293 patients
were operated on due to chronic otitis media for the first time.

There were 151 successive patients with myringoplasty and
142 patients in whom ossiculoplasty had been performed who
met the inclusion criteria. That group comprised 160 women
and 133 men. The youngest patient was 22 and the oldest was
66. The average age was 43.96 years. In 58.33% of the cases,
the surgery was performed from endaural approach, and in
41.67% from retroauricular approach.

The perichondrium was the most common material used for the
reconstruction of the tympanic membrane. The temporal fas-
cia was used less often. In a few cases, the perichondrium was
strengthened with cartilage extracted from the tragus (Figure 2.).

Distant results of the surgery were analyzed from the as-
pect of the change of the average bone conduction values
between the groups. The assessment was made prior to the
commencement of the treatment (time 0) and after 6 and 12
months of follow-up.

The analysis of variance of the obtained results in relation to
the passing of time was carried out with a view to determin-
ing whether the observed change of the average value of ABG
within each of the groups after 6 and 12 months of follow-up
was statistically significant.

Perichondrium
+ cartilage

Fascia

Perichondrium

Figure 2. Materials used for the reconstruction of the tympanic
membrane.

The observation was concerned with the behavior of the av-
erage value of cochlear reserve within the particular groups
(Tables 2, 3).

The following abbreviations were used in the study:

X gr. “i” = the average ABG in group “i”,

where “i” stands for the number of the analyzed group (1-10)
SD gr. “i” = standard deviation in the average ABG in group “i”,
where “i” stands for the number of the analyzed group (1-10)
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Table 2. Average ABGs observed within groups with myringoplasty before surgery and after 6 and 12 months of follow-up.

(mT::‘"t:s) Xgr1  SDgrl  Xgr2 SDgr2 Xgr3 SDgr3 Xgr4 SDgr4 Xgr5 SDgr5

0 24.77 13.96 27.61 1324 2500 1176 2730 1162  25.12 12.48
6 2069 994 2080 1203 2048 914 1921 854 1988 1298
1 1783 e 1974 1237 1802 976 2049 1022 1690 1004

Table 3. Average ABGs observed within groups with ossiculoplasty (no. 6, 7, 8, 9 and 10) before surgery and after 6 and 12 months of

follow-up.
Time Xgr.é6 SD gr. 6 Xgr.7 SD gr. 7 Xgr.8 SD gr. 8 Xgr9 SDgr.9 Xgr.10 SDgr.10
(months)
0 31.87 10.58 27.35 9.37 32.08 10.32 38.68 10.36 33.28 11.25
6 1979 623 2651 1079 2677 1076 3526 977 2598 683
12 193 733 2735 1263 2510 1099 3544 1435 2533 739

Within the control group (group 1), statistically significant
changes of the average ABG were not observed. The group had
the fewest abnormalities of the middle ear, which resulted in
the lack of any significant variations of the average value of
cochlear reserves tested during the follow-up examinations.

The follow-up after 6 and 12 months from otosurgery in group
2 revealed some statistically significant changes of the aver-
age value of ABG (p=0.05). The average value of ABG observed
after 12 months was significantly lower than the average val-
ue of ABG measured before the surgery and statistically equal
to the average value of ABG tested after 6 months from the
surgery. The average value of ABG after 6 months was signif-
icantly lower than the average value of ABG prior to the com-
mencement of the treatment. The patients in that group did
not report discharge from the ear during preoperative exami-
nation; however, due to the occurrence of other lesions with-
in the region of the middle ear, the surgical treatment and its
accompanying elimination of abnormalities to the middle ear
mucous brought about significant hearing improvement, which
was observed at 6- and 12-month follow-ups.

In group 3, in which discharge from the ear reported during
the preoperative period was the predominant symptom, the
change of the average value of ABG was statistically signifi-
cant. An improvement (ie, a decrease in the average value of
ABG) was observed after 6 months, and that improved condi-
tion was retained after 12 months. The average value of ABG
measured after 6 months was statistically equal to the aver-
age value of ABG after 12 months.
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The removal of adhesions from the tympanic cavity with un-
damaged ossicular chain in the patients from group 4 also
yielded some statistically significant differences between the
average values of ABG observed during the successive follow-
up examinations. The average value of ABG measured after
6 months was statistically equal to the average value of ABG
after 12 months. The decrease in the average value of ABG
observed after 6 and 12 months testifies to the effectiveness
of the treatment and the retention of improved hearing over
a long follow-up period.

In the patients without ossiculoplasty and with granulation tis-
sue (group 5), statistically significant changes of the average
value of ABG were not observed during follow-up examinations.
The above observation points to the fact that granulomatous
lesions are likely to impede hearing improvement in the fu-
ture, even if the continuity of the ossicular chain is preserved.

Statistically significant lesions testifying to the effectiveness
of the treatment were observed within group 6. The average
value of ABG after 12 months was smaller than the average
value of ABG at the beginning of the treatment and statisti-
cally equal to the average value of ABG after 6 months, while
the average value of ABG after 6 months was significantly
smaller than the average value of ABG at the beginning of the
treatment. In accordance with the philosophy behind ossicu-
loplasty, the removal of cholesteatoma lesions and successive
type 2 tympanoplasty yielded satisfactory results in the form
of hearing improvement.

In group 7, significant changes (i.e., the closure of the aver-
age value of ABG) were not observed with the passing of time.
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Table 4. The average values of bone conduction in the groups with myringoplasty on the day of the surgery and after 6 and 12 months

from the surgery.

Time

Xgr3

(months) SD gr. 1 Xegr.2 SD gr. 2
0 28.54 12.72 27.43 15.36
""""" 6 1840 1194 2080 1426 -
"""" 12 2069 1137 2086 1128

23.50

18.11

SD gr. 3 Xegré SD gr. 4 Xegr.5
11.20 25.63 16.72 21.19 7.88
10.31 23.13 14.79 16.19 7.29
10.62 22.35 13.89 15.71 6.53

Table 5. The average values of bone conduction in the groups with ossiculoplasty on the day of the surgery and after 6 and 12 months

from the surgery.

Xgr8

(mT::\nt:s) SD gr. 6 Xgr.7 SD gr. 7

0 27.57 19.07 30.07 13.80
””””” 6 2674 1730 2477 1237
”””” 12 2604 1661 2643 1393

34.58

35.62

SD gr. 8 Xgr9 SDgr.9 Xgr.10 SDgr.10
19.03 25.35 10.97 29.74 13.14
16.87 23.42 13.09 29.74 14.43
16.59 23.59 12.43 25.25 14.16

The group comprised the patients with damage to the ossic-
ular chain in whom abnormalities other than cholesteatoma
occurred in the middle ear. In spite of reconstruction simi-
lar to the one performed in the patients with cholesteatoma
(group 5), significant hearing improvement was not observed.

In the patients classified as group 8, statistically significant
changes of the average value of ABG were not observed dur-
ing follow-up examinations carried out after 6 and 12 months
from the surgery.

In group 9, significant change of the average value of ABG was
not observed, showing that hearing quality did not improve
by 6 and 12 months after surgery.

The results observed in the patients classified as groups 8 and
9 confirm unambiguously that a significant damage to the os-
sicular chain, with only the stapes (particularly the base) be-
ing preserved often implies that hearing quality does not im-
prove after middle ear surgery. In these patients the priority
for surgical treatment is in the radical elimination of lesions
and obtaining “dry ear”.

The use of a ventilation tube (group 10) to restore the conti-
nuity of the ossicular chain brought about a statistically sig-
nificant change of the average value of ABG (p=0.046) by 6
months after otosurgery, showing the utility of using that ma-
terial as a PORP in selected cases. A comparison of the results
obtained 6 and 12 months after otosurgery did not reveal any
significant changes, showing that the obtained degree of hear-
ing improvement was retained at follow-up examinations.

This work is licensed under a Creative Commons
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On the successive stage of hearing quality tests in patients
who had undergone otosurgery, which consisted in an analysis
of variance of the obtained results in reference to the passage
of time, the question was whether the observed change of the
average value of bone conduction within each of the groups
after 6 and 12 months of follow-up was statistically significant.

The observation was concerned with the behavior of the aver-
age value of bone conduction within each group (Tables 4, 5).

The following abbreviations are used:

X gr. “i” = the average value of bone conduction in group
where “i” stands for the number of the analyzed group (1-10)
SD gr. “i” = standard deviation of the average value of bone
conduction in group “i” where “i” stands for the number of
the analyzed group (1-10)

W
1

“wn
I

Within the control group (group 1), statistically significant
changes of the average bone conduction were observed. The
average value of bone conduction observed after 12 months
was significantly lower than the average value of bone con-
duction measured before the surgery and statistically equal to
the average value of bone conduction tested after 6 months
from the surgery. The average value of bone conduction after
6 months was significantly lower than the average value of
bone conduction prior to the commencement of the treatment.

The follow-up at 6 and 12 months after otosurgery in group 2
did not reveal any statistically significant changes of the av-
erage value of bone conduction. This group was characterized
by abnormalities typical of simple chronic otitis media. The

[Chemical Abstracts/CAS] [Index Copernicus]

Indexed in:  [Current Contents/Clinical Medicine] [SCI Expanded] [ISI Alerting System]
[ISI Journals Master List] [Index Medicus/MEDLINE] [EMBASE/Excerpta Medica]



CLINICAL RESEARCH

elimination of proliferative lesions from the middle ear mu-
cous and the subsequent myringoplasty did not bring about
significant changes of the average values of bone conduction
tested at follow-up examinations.

In group 3, in which discharge from the ear reported during
the preoperative period was the predominant symptom, the
change of the average value of bone conduction was statisti-
cally significant. An improvement (i.e., a decrease in the aver-
age value of bone conduction) was observed after 6 months,
and that improved condition was retained after 12 months. The
average value of bone conduction measured after 6 months
was statistically equal to the average value of bone conduc-
tion after 12 months.

The removal of adhesions from the tympanic cavity with un-
damaged ossicular chain in the patients from group 4 did not
yield any statistically significant differences between the av-
erage values of bone conduction observed during the succes-
sive follow-up examinations.

In the patients without ossiculoplasty and with granulation
tissue (group 5), a statistically significant change of the aver-
age values of bone conduction was observed.

In the groups in which damage to the ossicular chain occurred
(groups 6-10), regardless of the method used to reconstruct
the sound-conducting system in the middle ear, statistical-
ly significant changes to the value of bone conduction with-
in the range of the frequency of speech were not observed.

Discussion

The basic aim of the surgical treatment of conditions of the
middle ear is to eliminate abnormalities from the mucous of
the middle ear, which is followed by ensuring the function of
the auditory tube, while the final stage is the reconstruction
of the sound-conducting system in the middle ear. The above
principles are fulfilled parallel to the attempts to preserve the
upper posterior wall of the external auditory meatus to pro-
tect the region of the middle ear from direct contact with the
external environment.

The preservation of all the ossicles after the coexistent ab-
normalities of the tympanic membrane have been eliminat-
ed offers the optimum conditions for hearing improvement.
This observation is in line with the reports from reference lit-
erature from across the world that a significant hearing im-
provement was observed in the majority of patients with the
average ABG closure below 20 dB who underwent type 1 tym-
panoplasty [8]. The observation of the behavior of the average
values of ABG in each of the groups confirmed that hearing
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quality had improved significantly in the patients from the
groups without ossiculoplasty (including the control group),
but also in the patients in whom it had been feasible to per-
form type Il tympanoplasty (the placing of the modelled in-
cus on the normal stapes), and in those from group 10, where
the ossicular chain had been reconstructed with the use of a
PORP (partial ossicular replacement prosthesis placed on the
head of the stapes) [9-11].

According to information contained in reference literature, ob-
taining normal suprastructure of the stapes after abnormalities
were removed, and the reconstruction of the ossicular chain
by placing the patient’s own modelled ossicle on the head of
the stapes, results in hearing improvement in nearly a half of
cases [12,13]. The hearing improvement in the analyzed pa-
tients was significantly better in the group with cholesteato-
ma than in the cases of similar damage to the ossicular chain
and the co-occurrence of other lesions on the mucous of the
middle ear. This observation corresponds with the reports by
other authors, especially in terms of the unfavorable effect of
cholesteatoma-related lesions in the middle ear on the im-
provement of hearing quality [14,15].

The tests carried out by Vartiainen et al. showed that in the
group of 181 patients who had undergone surgery due to chron-
ic otitis media, the value of bone conduction did not change
after the surgical treatment in 92%, while an improvement
was observed in 5%, and deterioration in 3%.

Significant observations have been made with regard to pa-
tients with lesions on the mucous of the middle ear (advanced
cholesteatoma) or damage to the ossicles. By affecting the me-
chanics of the ossicular chain, the above factors seem to have
an indirect effect on the function of the inner ear. The verac-
ity of that statement is shown by the case of bone conduc-
tion disorder in response to the ankylosis of the stapes in the
course of otosclerosis described by Carhart in 1958 [16,17].

Attempts have also been made to explain bone conduction
disorder as resulting from the toxic effect of mediators of in-
flammation in the middle ear on the function of the inner ear.
It has been emphasized that biochemical changes to peri-
lymph and endolymph are likely to result from the impact of
the substances penetrating from the middle ear through the
round window.

A significant improvement of bone conduction was observed in
patients from the group with dry perforation (group 1), with-
out other lesions in the region of the middle ear. The scope
of treatment applied to this group resulted in restoring most
physiological relationships between the mechanics of the mid-
dle ear and the function of the inner ear.
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In the patients with permanent discharge from the ear in the
preoperative period (group 3), the appropriate pharmacologi-
cal treatment that preceded the reconstruction of the tympan-
ic membrane and resulted in obtaining the “dry ear” brought
about the same postoperative results in terms of bone con-
duction improvement as in group 1.

It has also been reported that the lesions in the region of
the round window have an adverse effect on bone con-
duction [7,16]. An analysis of patients operated on at the
Otolaryngology Teaching Hospital of Jagiellonian University’s
Collegium Medicum confirms that observation. In the group
of patients with the occurrence of adhesions in the tympanic
cavity, statistically significant improvement of bone conduc-
tion after otosurgery was not observed. The reason for the
above observation may be a tendency to restrict the mobility
of the ossicular chain as a consequence of even partial recur-
rence of adhesions after surgery. The highest risk of decreas-
ing the value of bone conduction is observed in the case of
adhesions in the niche of the round window.

The elimination of granulation lesions was a positive factor for
the future improvement of inner ear function. In such cases the
surgery eliminated mucous abnormalities and the toxic effect
of mediators of inflammation on inner ear function. However,
hearing improvement manifesting itself in a change of the ABG
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was not observed in this group, since hearing improvement
assessed by postoperative tests was statistically insignificant.

In analyzing factors that affect hearing improvement in pa-
tients who underwent myringoplasty, significantly better re-
sults were not observed only in the cases where granulation
tissue was present in the tympanic cavity and the ossicular
chain was not damaged. In the remaining groups without ossi-
culoplasty (without discharge, with discharge, and with adhe-
sions), the observed hearing improvement (manifesting itself
in ABG closure) was statistically significant. The observations
above are coincident with reports encountered in reference
literature from across the world [14,17].

Conclusions

—_

. The presence of granuloma-related lesions in the middle ear
spaces is likely to impede the improvement of both air con-
duction and bone conduction.

2. Damage to the ossicular chain rules out the possibility of

bone conduction improvement after surgery.

3. The prognosis on tube-related simple chronic otitis media

after myringoplasty, with the preserved continuity of the os-

sicular chain, consists of ABG closure and leads to signifi-
cant improvement in bone conduction.
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