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Background: Incus is the most common ossicle damage in ear trauma and chronic
infection. Sculpted incus is one of the methods, which have been used for ossicular
reconstruction, and transition of sound from tympanic membrane to stapes.
Corresponding Author : Purpose: This paper reports the success rate and risk factors of ossiculoplasty with sculpted
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Email: Methods: A before-after clinical trial study on 25 patients with normal and mobile stapes
mokhtarnejad. f@gmail.com who underwent ossiculoplasty using autologous or homologous sculpted incus was
performed. Pre and post intervention audiometric results were compared. The utility of the
Keyword: middle ear risk index (MERI) in predicting hearing outcome in these cases were evaluated.
Ossiculoplasty, Incus Moreover, outcomes in patients with primary versus staged ossiculoplasty and incus
interposition, Incus . o g . .
transposition interposition versus incus transposition were compared. P-value <0.05 was considered
significant.
Results: The mean preoperative air-bone gap (ABG) was 33.9 dB and mean postoperative
ABG was 19.4 dB, with significant improvement (p-value = 0.001). The best results
achieved in 2000 Hz with 13 dB improvement in mean ABG and worst results in 4000 Hz
with 8.8dB improvement. Seventy-six percent of patients had postoperative mean ABG less
than 20dB and 88% less than 25dB. Hearing results were not significantly different in
primary ossiculoplasty when compared with staged procedure and in incus interposition
ossiculoplasty compared with incus transposition. There was no correlation between
preoperative and postoperative ABG or the middle ear risk index.
Conclusion: Ossiculoplasty with sculpted incus has a good outcome and is recommended in
the first stage tympanoplasty. This is independent of middle ear risk factors, if the stapes is
normal and mobile.
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contacts with stapes (6). Clinical studies showed
that type III tympanoplasty, in which graft is
placed over the stapes directly, resulted in 5-10

INTRODUCTION

The main purpose of surgery in cases of chronic
otitis media (COM) is to eradicate the infection

and restore the middle ear hearing function (1).
Both intact tympanic membrane and ossicular
chain are essential for restoration of hearing in
these cases. The most vulnerable ossicle to
trauma and infectious processes is incus (2-4).
Turato reported that this situation is accompanied
by an intact malleus and stapes suprastructure in
60% of ossicular defects (Austin-Kartush group
A)(5). Study on human cadaveric middle ear
model has demonstrated that the mechanical
performance of sound transmission when
prosthesis used between tympanic membrane
(TM) and stapes in contrast to TM directly

dB conductive hearing loss in comparison with
type Il tympanoplasty, in which a bridge is
placed between drum and incus (7, 8). In 1957
Hall and Rytzner used the first sculpted auto
graft incus for reconstruction when the incuse
was the only eroded ossicle. As several clear
advantages of this method such as very low
extrusion rate, high benefit/cost ratio and ready
availability; it is now the most common ossicular
reconstruction method in defects of incus (5).
The aim of this study was to survey the hearing
results, success rate and risk factors of
ossiculoplasty with sculpted incus.
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PATIENTS and METHODS

A before-after clinical trial performed in a
tertiary referral otolaryngology center (Amir
alam hospital, Tehran, Iran) between 2005 and
2007, which included patients by damaged
incus because of COM, trauma or other causes
primary  or  staged
ossiculoplasty. Patients with fixed or eroded

who  underwent

stapes were excluded. Secondary exclusion
criteria were unsatisfactory follow-up period
(< 3 months after surgery) and failure of
surgery, not due to ossicular reconstruction
failure. All surgeries were performed by a
neurotologist under general anesthesia. Short
and long processes of incus and the surface of
ossicle joints with malleus were sculpted and a
hole was made that stapes suprastructure was
inserted. Autologous incus was preferentially
used unless extensively involved or eroded by
cholesteatoma. If the distance and angle
between malleus handle and stapes
suprastructure ~ were  favorable,  incus
interposed between them (incus interposition).
However, if the angle was unfavorable or
malleus handle was not intact, the sculpted
incus placed between TM or graft and stapes
suprastructure (incus transposition). Each
patient in this study was scored using
Kartush’s middle ear risk index (MERI) (Table
1) (9) to correlate the preoperative middle ear
status with the postoperative hearing results.
Of the 36 patients, 11 patients were excluded.
Eight due to unsatisfactory follow up, 2 due to
graft failure and 1 because of sever adhesive
otitis media postoperatively despite cartilage
tympanoplasty. Of the 25 remained patients, 4
underwent incus interposition and 21 underwent
incus transposition ossiculoplasty.

Of the 15 patients with perforated TM (COM),
7 patients had cholesteatoma, 2 had sever
adhesive otitis media, 3 had sever retracted
TM (myringostapediopexy) and 3 had erosion
of incudostapedial joint (ISJ).

In 10 patients of this group, tympanoplasty
was performed with cartilage (partial cartilage
tympanoplasty) for prevention of recurrence of
adhesive otitis media or TM retraction.

Table 1. Middle ear risk index

Risk factor Risk value

Otorrhea

I: Dry

II: Occasionally wet
III: Persistently wet
IV: Wet, cleft palate

W — O

Perforation

Absent
Present

— O

Cholesteatoma

O:M+I+S+

A:M+S+

B:M+S-

C:M- S+

D:M- S-

E:Ossicle head fixation
F:Stapes fixation

WA WN—O

Middle ear: granulations or effusion

No
Yes

— O

Previous surgery

None 0
Staged 1
Revision 2

Of 10 patients with intact TM, 7 patients
underwent staged ossiculoplasty, 2 had ISJ
erosion and 1 had traumatic ISJ dislocation on
middle ear exploration.

Demographic data as well as audiologic data
including age, sex, type and sequence of
surgical procedure, MERI, preoperative and
postoperative (at least 3 months after
operation) air-bone conduction threshold in
250, 500, 1000, 2000 and 4000 Hz, mean ABG
at 0.5, 1, 2, 3 kHz and finally cause of failure
were recorded in the information sheet
designed based on study’s goals. Postoperative
ABG < 20 dB was considered as favorable
hearing result.

SPSS 14.0 for Windows was used for
statistical analysis. Wilcoxon test was used to
compare pre and postoperative bone, air
conduction thresholds and mean ABG in
various frequencies. Primary or staged
ossiculoplasty results, MERI between patients
with post-operative ABG <20 dB and those
with post-operative ABG >20 dB, hearing
results between cartilage and simple
tympanoplasty groups were compared using
Mann-Whitney test. Comparison between
preoperative MERI and postoperative hearing
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results was tested with Kruskal-Walis test, and
between pre and post-operative mean ABG
was tested with correlation test and Pearson
coefficient. P-value < 0.05 was considered.

RESULTS

Final data analysis performed on 25 patients
included 12 females and 13 males. The mean
age was 38.7 years (ranged from 20 to 55
years). Postoperative follow-up period ranged

from 3 to 21 months, with a mean of 9.6
months (Table 2).
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Figure 2. Mean postoperative air conduction thresholds

Table 2. Sex, mean MERI and mean ABG difference between groups.

Mean ABG Mean ABG closure Mean MERI Sex
Post . Cartilage Simple Inpts with  In pts with
. Preoperatively post-op post-op Male Female
operatively tympanoplasty tympanoplasty ABG<20dB ABG>20dB
16.8dB 33dB 14.25dB 16.2dB 4.68 4.5 13 12
p = 0.0001 p >0.05 p >0.05 p >0.05

Mean postoperative bone conduction thresholds
were improved statistically significant in 250
Hz and 2000 Hz (p-value= 0.002 and 0.037)
(Figure 1). Mean postoperative air conduction
thresholds had statistically significant decrease
in all measured frequencies (p-value = 0.005 in
250 Hz and < 0.001 in 500 Hz, 1000 Hz, 2000

Hz and 4000 Hz) (Figure 2).
Pre and postoperative ABG closure was
different  significantly in all measured
frequencies (p-value <0.05).
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Figure 1. Mean pre and postoperative bone conduction
thresholds

The best result achieved in 2000 Hz with 50%
closure and ABG <10 dB (mean ABG closure
is 13 dB), and the least closure in 4000 Hz with
28% reduction and postoperative ABG >20 dB
(mean ABG closure is 8.8 dB) (Figure 3).

The mean preoperative air bone gap was 33.9
dB and the average postoperative ABG was
19.4 dB with statistically significant closure (p-
value = 0.001). Seventy six percent of subjects
had postoperative ABG less than 20 dB,
although 88% achieved postoperative ABG less
than 25 dB (Figure 4).
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Figure 3. Mean pre and postoperative air bone gap in
different frequencies
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Figure 4. Mean pre and postoperative air bone gap

There was no statistically significant difference
in mean ABG between primary vs. staged
ossiculoplasty groups either preoperative (p-
value = 0.12) or postoperative (p-value = 0.22).
Comparison of MERI was not significantly
different among those with postoperative ABG
< 20 dB (favorable results) and those with
postoperative ABG > 20 dB (p-value = 0.79).
Also no significant correlation was detected
between MERI and mean postoperative ABG
(p-value = 0.89). Mean postoperative ABG in
patients underwent cartilage tympanoplasty and
simple tympanoplasty had no significant
difference (p-value = 0.25). Preoperative ABG
had no correlation with postoperative hearing
results (Pearson coefficient = 0.078).

Of the 6 patients with postoperative ABG > 20
dB, three had mild persistent conductive
hearing loss (postoperative ABG < 25 dB) and
three had severe persistent conductive hearing
loss (postoperative ABG > 30 dB). In the first
group two patients had documented decreased
mobility of stapes intraoperatively, one of them
with tympanosclerotic plaque around footplate,
which removed, made the stapes mobile. The
third case had severe retraction of TM and
underwent  cartilage tympanoplasty, but
probable dysfunction of eustachian tube caused
recurrence of retraction in anterior of TM and
therefore, dislocation of cartilage and
inadequate osculation surface with prosthesis
and failure of ossiculoplasty.

In patients with postoperative ABG >30 dB,
two underwent incus interposition
ossiculoplasty and the other one who underwent
canal wall down tympanoplasty with soft wall
technique (10) had lateralization of TM
postoperatively.

DISCUSSION

Incus is the most vulnerable ossicle both to
trauma and infectious processes because of its
anatomic position and the course of its blood
supply (1). Mawson and Glasscock both
reported damaged incus as the surgical finding
in three fourth of ossicular reconstructions (3,
4). Therefore, replacement of the incus poses a
significant challenge to the otologists. Various
surgical techniques and materials have been
used as treatment options:

1) Prosthesis that is replaced between capitulum
and remainder of incus (11).

2)Interposition of commercially available
partial ossicular replacement prostheses
(PORP) made of ceramics, hydroxylapatite, or
titanium between TM and capitulum (5, 12, 13).
3) Ossicular reconstruction using bone cement
to form a bridge between the incus remnant
and the stapes suprastructure (14, 15).

4) Ossiculoplasty using autologous or
homologous sculpted incus (5).

Iurato and Marioni achieved equally good
hearing results in patients who underwent
ossiculoplasty for Austin-Kartush group A
impairments (incus eroded, malleus handle
present, stapes superstructure present) with
auto graft (no difference was found between
interposition of the incus or the head of the
malleus), homograft, or alloplastic partial
prostheses (5). Successful hearing restoration
was achieved in the patients undergoing bone
cement ossiculoplasty similar to results
reported in the patients who underwent other
incus-stapes  rebridging procedures (15).
Although numerous approaches to ossicular
reconstruction have been proven to be
successful, but no single technique has
received universal acceptance. Because of
several obvious advantages, ossiculoplasty
with sculpted incus is the most common
method used for Austin-Kartush group A
patients. Considering the positions and
distances between ossicles, incus has sufficient
length for reconstructive purposes (16).

In the analysis of the cumulative data obtained
from six studies from 1970 to 1998 on a total
of 931 patients that underwent ossiculoplasty
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with auto or homograft sculpted incus, an
ABG within 10 dB was obtained in 48% of the
cases, and on a total of 779 ears, a
postoperative ABG within 20 dB was obtained
in 84% of the cases (5).

In Iurato and Marioni study on 177 patients,
who underwent ossiculoplasty with sculpted
incus or malleus head between the stapes head
and malleus handle (interposition) or come in
contact with the tympanic membrane or
tympanic graft (transposion), postoperative
ABG within 10 dB, in 55% and postoperative
ABG within 20 dB, in 85% of cases were
achieved (5). In Siddiq et al. study on 24
patients who underwent incus interposition,
75% of cases had postoperative ABG less than
20 dB (17). In O’ Railly and colleague report
on 137 patients who underwent ossiculoplasty
using autologous or homologous sculpted
incus interposition, mean preoperative ABG
was 26.8 dB that decreased to 18.6
postoperatively, and 66.4% of cases achieved
postoperative ABG less than 20 dB (18).

In the present series, the mean preoperative
ABG was 33.9 dB, and the mean postoperative
ABG was 194 dB. The best result was
achieved in 2000 Hz with 50% closure with a
mean postoperative ABG less than 10 dB and
the least closure was in 4000 Hz with 8.8 dB
closure with mean postoperative ABG still
remained over 20 dB. As stated earlier, 76% of
gaps were closed to within 20 dB. These
results were comparable with previous studies.
The influence of pathologic and technical
variables in the functional outcome of
ossiculoplasty is highlighted in several studies.
Kartush et al. in 1994 summarized preceding
systems and proposed the comprehensive
MERI (table 1) (9). Although Kartush and
Black (19) found the severity of underlying
eustachian tube dysfunction has a significant
influence on prognosis for hearing restoration,
others such as Brackmann (12) and O Railly
(17) and colleagues were not able to
demonstrate statistical associations between
the preoperative risk factors (MERI) with
postoperative hearing results in ossiculoplasty.

In this series, we could not find a statistically
significant difference between total MERI of
group with postoperative ABG less than 20 dB
and those with postoperative ABG above 20 dB
(p-value = 0.79), MERI had no association with
patient’s post-operative ABG, (p-value = 0.89).
Although some authors believe that staged
ossiculoplasty results in better hearing
restoration and advocate it, but some
researchers were not able to demonstrate
statistically significant difference in hearing
results between staged and  primary
ossiculoplasty (17). In the present study, which
contains more patients, comparison of
postoperative  ABG and closure, were not
significantly different among the groups (p-
value = 0.22). Most previous studies had
demonstrated that cartilage tympanoplasty had
no significant effect on hearing outcomes.
Gerber et al. (20) and Solmaz et al. (21) studied
11 and 30 patients respectively who underwent
cartilage tympanoplasty and reported similar
hearing results, SRT and closure of ABG with
control group who underwent tympanoplasty
with fascia. Recent studies such as Kirazli (22)
and Kazikdas (23) reports did not indicate
statistically different hearing outcomes in two
groups with normal mucosa and ossicles who
underwent tympanoplasty with or without
cartilage (15 patients in each group), although
success rate was significantly higher in patients
with cartilage tympanoplasty in Kazikdas report
(95.7% vs. 75%) (23).

Also, in our series, ABG closure has no
difference between the two groups. In two
patients, causes of failure were due to decreased
mobility of stapes intraoperatively. In one
patient dysfunction of eustachian tube that
caused recurrence of retraction in anterior of
TM and therefore, dislocation of cartilage and
inadequate osculation surface with prosthesis.
These patients had postoperative ABG above
20 dB but less than 25 dB. Among patients who
had postoperative ABG >30 dB, two of them
underwent incus interposition ossiculoplasty
and probably unfavorable angle and distance
between incus and malleus caused dislocation
of prosthesis and failure of surgery. Therefore,
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if angle or distance between incus and malleus
is unfavorable or the surgeon has not enough
skill or practice for incus interposition
technique, sculpted incus is placed between TM
and stapes suprastructure (incus transposition
technique). Third patient of this group had
lateralization of TM postoperatively that
explained persistent conductive hearing loss.

CONCLUSION

Ossiculoplasty using sculpted autologous or
homologous incus interposition or transposition
provides acceptable hearing restoration if the
patients are selected properly and the surgeon is
skilled for appropriate procedure. In this
reconstruction scenario, if the stapes is intact
and mobile, hearing results appear to be
independent of other middle ear risk factors and
is recommended in first stage tympanoplasty.

ACKNOWLEDGEMENTS

We would like to thank all patients who
participated in this study. We also would like to
appreciate the support of clinical research
development center of Loghman Hakim hospital.

FUNDING/SUPPORT
None declared.

CONFLICT of INTEREST
The authors declare no conflict of interest.

REFERENCES

1. Bayazit Y, Goksu N, Beder L. Functional results of
Plastipore prostheses for middle ear ossicular chain
reconstruction. The Laryngoscope. 1999;109(5):709-11.

2. Janzen V. Ossiculoplasty using a hemi-incus
interposition. ~ The Journal of otolaryngology.
1984;13(4):211-2.

3. Mawson S. Ossiculoplasty 1966 to 1978. The Journal
of Laryngology & Otology. 1979;93(11):1075-80.

4. Glasscock ME. Ossicular chain reconstruction. The
Laryngoscope. 1976;86(2):211-21.

5. Turato S, Marioni G, Onofri M. Hearing results of
ossiculoplasty in Austin-Kartush group A patients.
Otology & neurotology. 2001;22(2):140-4.

6. Bance M, Morris DP, VanWijhe RG, Kiefte M,
Funnell WRJ. Comparison of the mechanical
performance of ossiculoplasty using a prosthetic malleus-
to-stapes head with a tympanic membrane-to-stapes head
assembly in a human cadaveric middle ear model.
Otology & Neurotology. 2004;25(6):903-9.

7. Merchant SN, McKenna MJ, Mehta RP, Ravicz ME,
Rosowski JJ. Middle ear mechanics of Type III

tympanoplasty (stapes columella): II. Clinical studies.
Otology & neurotology. 2003;24(2):186-94.

8. Mehta RP, Ravicz ME, Rosowski JJ, Merchant SN.
Middle-ear mechanics of type III tympanoplasty (stapes
columella): 1. Experimental studies. Otology &
neurotology. 2003;24(2):176-85.

9. Kartush JM. Ossicular chain reconstruction. Capitulum
to malleus. Otolaryngologic Clinics of North America.
1994;27(4):689-715.

10. Smith PG, Stroud MH, Goebel JA. Soft-wall
reconstruction of the posterior external ear canal wall.

Otolaryngology--Head and Neck Surgery.
1986;94(3):355-9.

11. Al-Qudah M, Dawes P. How we do it: modified
Wehrs incus ossiculoplasty. Clinical Otolaryngology.
2005;30(5):461-4.

12. Brackmann D, Sheehy J, Luxford W. TORPs and
PORPs in tympanoplasty: a review of 1042 operations.
Otolaryngology--head and neck surgery: official journal
of American Academy of Otolaryngology-Head and
Neck Surgery. 1984;92(1):32-7.

13. Goldenberg RA. Ossiculoplasty with composite
prostheses. PORP and TORP. Otolaryngologic Clinics of
North America. 1994;27(4):727-45.

14. Ozer E, Bayazit YA, Kanlikama M, Mumbuc S,
Ozen Z. Incudostapedial rebridging ossiculoplasty with
bone cement. Otology & neurotology. 2002;23(5):643-6.

15. Babu S, Seidman MD. Ossicular reconstruction using
bone cement. Otology & Neurotology. 2004;25(2):98-101.

16. Eftekharian A, Roozbahany NA, Shomali S. The
distance between stapedial footplate and incus in
otosclerosis surgery. Journal of Otology. 2015.

17. Siddiq M, East D. Long-term hearing results of incus
transposition.  Clinical =~ Otolaryngology &  Allied
Sciences. 2004;29(2):115-8.

18. OReilly RC, Cass SP, Hirsch BE, Kamerer DB,
Bernat RA, Poznanovic SP. Ossiculoplasty using incus
interposition: hearing results and analysis of the middle
ear risk index. Otology & Neurotology. 2005;26(5):853-8.

19. Black B. Design and development of a contoured
ossicular replacement prosthesis: clinical trials of 125
cases. Otology & Neurotology. 1990;11(2):85-9.

20. Gerber MJ, Mason JC, Lambert PR. Hearing results
after  primary  cartilage  tympanoplasty.  The
Laryngoscope. 2000;110(12):1994-9.

21. Solmaz M, Yiicel E, Ozdemir M, Giildiken Y, Deger
K. [Comparison of hearing levels and tympanic
membrane healing obtained by cartilage palisade and
temporal fascia tympanoplasty techniques: preliminary
results]. Kulak burun bogaz ihtisas dergisii KBB=
Journal of ear, nose, and throat. 2001;9(4):271-4.

22. Kirazli T, Bilgen C, Midilli Rt, Ogiit Fh. Hearing
results after primary cartilage tympanoplasty with island

technique. Otolaryngology-Head and Neck Surgery.
2005;132(6):933-7.

23. Kazikdas KC, Onal K, Boyraz I, Karabulut E.
Palisade cartilage tympanoplasty for management of
subtotal perforations: a comparison with the temporalis
fascia technique. European archives of oto-rhino-
laryngology. 2007;264(9):985-9.

This open-access article distributed under the terms of the Creative Commons Attribution Non Commercial 3.0 License (CC BY-NC 3.0).
Copyright © 2016 Shahid Beheshti University of Medical Sciences. All rights reserved. www journals.sbmu.ac.ir/otolaryngology



