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ABSTRACT: Backgrounds: Ossiculoplasty can be carried out in a number of ways, depending on the anatomical and functional condi-

tions encountered during otosurgery and the experience of a given centre.

The objective: The objective of the study was to analyse treatment effects in terms of postoperative hearing improvement in
patients with chronic otitis media, with a particular emphasis on stapedial superstructure preservation.

Methods: The records of 294 consecutive patients undergoing their first ENT surgery due to chronic otitis media at the De-
partment of Otolaryngology in Cracow, in 2009—2013 were analysed. In order to assess the role of preserved stapedial super-
structure, 96 patients were eligible for further analysis.

Results: The analysis points to a significant hearing improvement after ossiculoplasty with the preserved stapedial super-
structure as compared with the patients after footplate mobilisation. On the other hand, the research results point to signifi-
cantly smaller hearing improvementin those patients, in whom only stapes was preserved, as compared with those, in whom
a more extensive reconstruction of the ossicular chain was possible.

Conclusion: The air-bone gap measured before otosurgery often fails to reflect the extent of abnormalities and cannot, there-

fore, be considered as the only prognostic factor for postoperative hearing improvement.
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INTRODUCTION

Optimisation of surgical management in otology has always been
an important issue. Different centres prefer various surgical ap-
proaches to the temporal bone, in particular regarding the preser-
vation and potential reconstruction of the posterosuperior wall of
the external auditory canal and tympanoplasty or ossiculoplasty.

The aims of ear surgery involve removing abnormalities, improv-
ing the function of the Eustachian tube and reconstruction of bone
conduction pathway. Another objective is, if clinically feasible, to
reconstruct the posterosuperior wall of the external auditory ca-
nal in patients undergoing open tympanoplasty. Tympanoplasty
procedure may also involve canaloplasty, myringoplasty, and — in
the event of damage to the auditory ossicles — ossiculoplasty.

The aim of ossiculoplasty is to reconstruct and restore normal
anatomical relationships between the auditory ossicles. It is usually
performed along with myringoplasty. There is a number of surgical
techniques applicable to ossiculoplasty, depending on the structural
and functional status of the middle ear and experience of a sur-
geon. However, the key determinant of the ossicle reconstruction
method is the degree of damage. Ossiculoplasty can be performed
under local or general anaesthesia. Local anaesthesia offers an ad-
vantage of a visual and verbal contact between the patient and the
surgeon during surgery, and an associated possibility to perform
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an intraoperative subjective assessment of hearing improvement.
Should the improvement be unsatisfactory, there is a possibility
to directly reposition the ossicular chain and re-establish its con-
tinuity. A number of ossiculoplasty classifications are available.
Each of them emphasizes the role of preserved and mobile stapes
in ensuring hearing improvement. Zini proposed a classification
of ossiculoplasty procedures depending on the location of damage
within the ossicular chain [1]. Fisch described a number of basic
situations characterised by the preservation of different ossicles,
proposing an alternative approach to re-establishing the continuity
of the ossicular chain in each of the described situations.

In his classification of ossiculoplasty, Fisch identifies three groups
of patients depending on the expected functional outcome [2].
The prognosis is the poorest in patients in whom only stapes is
preserved out of the entire ossicular chain. The expected postop-
erative air-bone gap in these patients is approximately 30dB. The
functional prognosis depends on the air-bone gap, pressure equali-
sation ability of the Eustachian tube, wound healing and absence
of effusion in the tympanic cavity [3, 4].

AIM

To perform a prospective analysis of functional outcomes in pa-
tients with chronic otitis media treated surgically at the Depart-
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ment, with particular emphasis on the status of the stapedial su-
perstructure.

MATERIALAND METHODS

Medical records of 294 consecutive patients undergoing their first
ENT procedure due to chronic otitis media at the Department of
Otolaryngology, Collegium Medicum of the Jagiellonian Univer-
sity in Krakéw in 2009-2013 were reviewed.

The youngest patient was 6, and the oldest was 80 years old. The
mean age was 40.84 years. A total of 160 women and 134 men were
enrolled. Transcanal approach was chosen in 146 (49.66%) cases,
whereas retroauricular approach was chosen in 148 (50.34%) cases.

Closed tympanoplasty was performed in 216 patients, whereas
78 patients underwent open tympanoplasty. The extent of surgery
was limited to the tympanic cavity only in 60 cases. In order to ac-
cess and properly visualise the disease-affected middle ear cavity,
attico-antro-mastoidectomy was performed in 120 patients (Fig. 1.).
In 14 cases, due to significantly advanced disease, the treatment
involved radical ear surgery without Eustachian tube closure.
This subset was excluded from further analyses due to a low
number of cases.

Perichondrium was the most often used for tympanic membrane
reconstruction. Temporalis fascia was used less often. Cartilageperi-
chondrial composite graft was used in a few cases (Fig. 2.).

Hearing improvement was defined as closing the air-bone gap
(at 500Hz, 1000Hz and 2000Hz) as a result of surgically-induced
structural improvement confirmed postoperatively in an ENT as-
sessment. The assessment was based on audiometry testing carried
out directly prior to surgery as well as at 6 and 12 months postop-
eratively. Analysing treatment outcomes, subsets of patients were
identified, depending on the ossicular chain reconstruction type.

In order to assess the role of the preserved superstructure of sta-
pes, 96 patients were eligible for further analysis, divided into 3
subsets (Tab. L.):

¢ tympanic graft placed on intact stapes;

¢ tympanic graft placed on stapedial footplate (cartilage
palisade between the footplate and the tympanic graft);

+ modelled incus placed on intact stapes.

The results were analysed statistically. When interpreting the re-
sults of the observations, the results were extrapolated onto all
patients with otitis media undergoing surgical treatment at the
Department during the predefined timeframe.

RESULTS

The results of 96 patients at the age range of 17 to 74 years were
analysed. The group consisted of 51 women and 45 men classified
into 3 subsets, which differed in the extent of damage to the ossic-
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Tab. I. Study sample characteristics by subset.

SUBSET NUMBEROF  TYPE OF OSSICULOPLASTY
PATIENTS
1 32 tympanic graft placed on intact stapes
2 38 tympanic graft placed on stapedial footplate (cartilage
palisade between the footplate and the tympanic graft)
3 26 modelled incus placed on intact stapes

Tab. Il. Mean air-bone gap prior to treatment in analysed subsets.

SUBSET NO. X0 sDo

s 32.08 10.32
2. 38.68 10.36
3. 33.28 11.25

Tab. I1l. Mean air-bone gap 6 months postoperatively in analysed subsets.

SUBSET NO. X6 SD6
1. 26.77 10.76
2. 35.26 9.77
3. 25.98 6.83

Tab. IV. Mean air-bone gap at 12 months postoperatively in analysed subsets.

SUBSET NO. X12 sD12
1. 25.10 10.99
2. 35.44 14.35
3. 25.33 7.39

ular chain and the resulting reconstruction technique. The long-
term functional effect, defined as the change in the mean air-bone
gap, was assessed for the 3 subsets and comparisons were made.
The three assessment time points included baseline (T0), as well
as at 6 and 12 months postoperatively.

The following abbreviations were used:

X — mean air-bone gap,

X0 — mean air-bone gap prior to treatment,

X6 — mean air-bone gap at 6 months postoperatively,
X12 — mean air-bone gap at 12 months postoperatively,
SD - standard deviation.

The ANOVA for the baseline status yielded the results as shown
in Tab. I, P < 0.05.

Our measurements confirmed that the mean air-bone gap differed
significantly between the subsets at baseline (TO0 time-point). This
means that prior to treatment there had already been significant
differences in the air-bone gap between the subsets, which reflected
the extent of middle ear damage at baseline.

The mean air-bone gap in subset 2 was significantly larger than
in the remaining subsets. This means that due to the most severe
damage of the ossicular chain in subset 2, where only mobile sta-
pedial footplate was present, the air-bone gap was the largest,
compared to the two remaining subsets. The mean air-bone gap
in subset 1 was significantly larger than in subsets with the pre-
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served ossicular chain. This means that the preoperative air-bone
gap was significantly larger in patients in whom only the stapes
bone was preserved, than in those with less severe damage to the
ossicular chain.

This finding confirms the association between the degree of hear-
ing loss, expressed as the extent of damage to the ossicular chain
and the amount of cochlear reserve (air-bone gap). The ANOVA
for the air-bone gap in individual subsets at 6 months postopera-
tively yielded the results as shown in Tab. IIL., P < 0.05.

The analysis demonstrated that the mean air-bone gaps differed
between the subsets (P < 0.05). The mean air-bone gap in subset
2 was significantly larger than in other subsets (just as it was at
baseline). The above finding confirms the role of absent stapedial
superstructure as a negative prognostic factor in assessing hearing
improvement at 6 months following tympanoplasty.

The mean air-bone gap in subset 1 was significantly larger than in
subsets with the fully preserved ossicular chain. The above finding
confirms a significant association between the hearing improve-
ment and the status of the ossicular chain, indicating that the best
functional outcomes are achieved in patients with the least dam-
age to the auditory ossicles and their preserved continuity. The
ANOVA for the air-bone gap in individual subsets at 12 months
postoperatively yielded the results as shown in Tab. IV,, P < 0.05.

There were significant differences in the mean air-bone gaps be-
tween the subsets.The mean air-bone gap in subset 2 was signifi-
cantly larger than in all other subsets. This confirms little effect of
ossiculoplasty in patients with damaged stapes.

The mean air-bone gap in subset 1 was significantly larger than in
subsets with the preserved ossicular chain and significantly small-
er than in subset 2. Longer follow-up of 12 months demonstrated
a significantly better hearing improvement after ossiculoplasty in
patients with preserved stapedial superstructure as compared to
those with mobile stapedial footplate, yet without the superstructure.

On the other hand, the current findings emphasize significantly
smaller hearing improvement in patients with preserved stapes
bone only, as compared to those, in whom a more effective os-
sicular chain reconstruction was possible.The ANOVA for time-
dependence of the air-bone gap size was carried out in an attempt
to ascertain whether the changes in the mean air-bone gap in each
subset observed at 6 and 12 months were and remained significant.

The within-group design was used to assess changes in the air-
bone gap in each subset (Tab. V.).In subset 1, there were no sig-
nificant differences between the mean air-bone gap size at 6 and
12 months as compared to baseline.

In subset 2 there were no significant differences between the
mean air-bone gap size at 6 and 12 months as compared to base-
line, which indicates no surgically-induced hearing improvement.

The results observed in subsets 1 and 2 unequivocally confirm that
severe damage to the ossicular chain with only stapes bone (or only
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attico-antro-mastoidectomy attico-antrotomy

tvmpanoplasty only

Fig.1. The extent of temporal bone surgery.

perichondrium + cartilage

perichondrium

Fig. 2. The frequency of using various graft types in tympanoplasty.

stapedial footplate) preservation is often associated with no func-
tional improvement after middle ear surgery. Radical excision of
lesions to achieve dry ear should be the priority in those patients.

Using an autologous modelled ossicle (incus), placed on the head
of the preserved and mobile stapes (subset 3) to re-establish the
continuity of the ossicular chain resulted in a significant change
of the air-bone gap from baseline to month six postoperatively
(P = 0.046), which supports this reconstructive technique. In the
same subset, there were no significant differences in the mean air-
bone gap between 6 and 12 months postoperatively, which demon-
strates sustained effect of surgically induced hearing improvement.

The use of modelled incus resulted in significant hearing improvement.

DISCUSSION

Our observations show that in patients who did not need ossicu-
loplasty as well as those in whom bone destruction enabled using
long columella technique or partial ossicular replacement pros-
thesis (PORP), the mean air-bone gap values at baseline fell in the
range of 24.77-31.87 dB. The mean postoperative air-bone gaps
in the discussed subsets were significantly better than in the sub-
sets where due to the extensive damage to the ossicular chain and
local disease process, only myringostapedopexy was possible. The
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Tab. V. Mean air-bone gap at baseline (surgery day) as well as at 6 and 12 months postoperatively for each analysed subset. SD—standard deviation.

TIME FROM SURGERY AIR-BONE GAP SD SUBSET1 AIR-BONE GAP
(MONTHS) SUBSET1 SUBSET 2

(o] 32.08 10.32 38.68

6 26.77 10.76 35.26

12 251 10.99 35.44

above findings emphasize the crucial role of proper diagnosis and
thorough eligibility assessment before performing elective surgery
[5-9]. At the same time, they indicate that with less advanced os-
sicular pathology, the air-bone gap is not always an accurate pre-
dictor of expected postoperative hearing improvement, which is
a novel finding.

At the stage of treatment planning and assessing eligibility for sur-
gery, other signs and symptoms become crucial as potential pre-
dictors of hearing improvement. It is exemplified in a prognostic
classification proposed by Bellucci [10]. The author emphasizes
the role of such factors as dry ear, incidence and type of effusion,
Eustachian tube patency, clinical response to medical treatment
of flare-ups, and concomitant structural abnormalities.

If severe damage to ossicular chain is found intraoperatively, with
only stapes preserved, and in particular if stapedial superstructure
is also damaged, a single-stage reconstruction does not offer sat-
isfactory effect [6, 8, 11]. Radical excision of pathological lesions
should be a priority in these patients. Once it is accomplished, re-
constructive surgery can be attempted, often as the second step of
a two-stage procedure. In an attempt to restore proper anatomical
relationships, a potential reconstruction of the posterosuperior
wall of the external auditory canal should also be considered [12].

The amount of hearing improvement decreases with the increasing
extent of damage to the ossicular chain, which was also confirmed
by the current analysis [13—15]. The least favourable effect was ob-
served in patients with damage to the stapedial superstructure. As
confirmed by other authors, preservation of intact stapes is of key
importance in hearing improvement, as it offers a possibility to
use modelled autologous incus and placing it on the stapes under
the reconstructed tympanic membrane [14—17]. Partial ossicular
replacement prosthesis (PORP) can be used in such cases.

It should be noted that in cases with severe damage to the ossicu-
lar chain, the preoperative air-bone gap may be smaller than the
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SD SUBSET 2 AIR-BONE GAP SD SUBSET 3
SUBSET 3

10.36 33.28 11.25

9.77 25.98 6.83

14.35 25.33 7.39

postoperative one. It is caused by involvement of pathological le-
sions in sound transmission between the tympanic membrane
and the oval window.

It is believed that hearing improvement may not be achieved in
approximately 60% of patients with damaged stapedial super-
structure [18-19].

In the analysed subset, a cartilage palisade was formed on the stape-
dial footplate. These patients, however, did not achieve a signifi-
cant change in the mean air-bone gap.

Currently, a number of prostheses are available to be placed on the
stapedial footplate, in order to ensure a complete reconstruction of
the ossicular chain. The presented results, supported with long-term
clinical experience, demonstrate that the reconstruction of the
entire ossicular chain is still a current issue in otologic surgery.

Here, it should be mentioned that, according to many authors, oto-
logic surgery outcomes tend to worsen with time [20-21]. Very
good outcomes of ear surgery measured with the closure of the
air-bone gap, are no longer observable in the follow-up assess-
ments after a dozen or more years.

CONCLUSIONS

1. The size of the air-bone gap assessed prior to surgery may not
reflect the severity of disease-induced damage and cannot, there-
fore, be used as the only prognostic factor of postoperative hear-
ing improvement;

2. Preservation of an intact, fully mobile stapes is the key for hear-
ing improvement after middle ear surgery;

3. The presence of only the stapedial footplate is a negative prog-
nostic factor of hearing improvement after tympanoplasty.
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