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Introduction

Eradication of lesions is the most important purpose of 
mastoidectomy for chronic otitis media (COM) with or with-
out cholesteatoma. Conventionally, canal wall down mas-
toidectomy (CWDM) is considered the gold standard for a dry 
and safe ear [1]. Satisfactory functional results are required in 
these patients. In many cases, to improve hearing, ossiculo-
plasty (i.e., repair of an intact ossicular chain) is performed af-
ter CWDM or simultaneously.

When planning for staged ossiculoplasty or when there is 
a high expectation of recurrence because of poor Eustachian 
tube function, ossiculoplasty is not performed with CWDM in 

cases of ossicular disruption. Instead, patients undergo CWDM 
with type 0 tympanoplasty (T0), wherein a graft is placed 
without the intention of restoring hearing or connecting the 
graft and the ossicles. Immediately after the operation, there 
is no connection between the tympanoplasty graft and ossicles. 
This is determined by a substantial air-bone gap (ABG) in the 
pure-tone audiometry test. However, hearing test results im-
prove in some of these patients. Several months after CWDM 
with T0, the graft might retract because of poor Eustachian 
tube function, and the graft might connect to the ossicles, 
which would result in the restoration of sound conduction. 
These experiences led the authors to question whether ossicu-
loplasty should be performed when patients undergo CWDM.

The aim of this study was to assess whether the audiologi-
cal and clinical outcomes of T0 using cartilage were compa-
rable to those of ossiculoplasty including a partial ossicular 
replacement prosthesis (PORP) and total ossicular replace-
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ment prosthesis (TORP) in patients with COM who under-
went CWDM.

Subjects and Methods

Subjects
The medical records of patients who underwent CWDM at 

a secondary hospital between March 2013 and October 2017 
were retrospectively reviewed. This study included adults 
over 19 years who had chronic otomastoiditis with middle ear 
cholesteatoma confirmed by computed tomography (CT) and 
underwent CWDM with T0 or ossiculoplasty in a single-stage 
surgery. Patients with perforation that involved over 50% of the 
tympanic membrane (TM) were enrolled in this study. Revi-
sion surgeries were also performed. The revision cases in this 
study only involved a history of tympanoplasty without mas-
toidectomy or canal wall up mastoidectomy (CWUM) with 
tympanoplasty. No patient showed an inner ear anomaly on a 
CT. Patients with a bone conduction (BC) hearing threshold of 
>65 dB HL preoperatively were excluded from this study. Pa-
tient demographics, surgical complications, and clinical and 
audiological outcomes were evaluated. Patients were divided 
according to surgical procedure: those who underwent CWDM 
with T0, ossiculoplasty using a PORP, and ossiculoplasty us-
ing a TORP. 

Surgical technique
All surgeries were performed by three surgeons. Ossiculo-

plasty was performed by two surgeons using a PORP or TORP 
according to the presence or absence of the stapes suprastruc-
ture in a single-stage surgery with CWDM. Titanium ossicu-
lar replacement prostheses were used for all ossiculoplasties. 
The other surgeon performed T0 using cartilage in all CWDM 
surgeries for COM with cholesteatoma. Patients who under-
went CWDM with T0 using cartilage had an intact and mo-
bile stapes, but the incus or malleus was eroded by disease or 
removed by a surgeon to obtain better surgical results. The 
modified palisade technique was used for cartilage recon-
struction of the TM. Cartilage was cut into several slices that 
were subsequently pieced together, like the pieces of a mosaic 
tile or a jigsaw puzzle, to reconstruct the TM. Cartilage from 
the cavum area was used in this study, instead of cymbal or 
tragal cartilage, which was used in a previous study [2]. 

Analysis of surgical results and audiological tests
We examined the status of the TM after surgery using an 

endoscope and microscope. Any complications were noted, 
including postoperative dizziness, facial palsy, re-perforation 
of the TM, wound infection including myringitis, and extru-

sion of the prosthesis. 
We also performed pure-tone audiometry to evaluate the 

patients’ hearing abilities. The pure-tone average was calculated 
according to the four-frequency average method [(0.5 kHz+1 
kHz+2 kHz+4 kHz)/4]. Pure-tone thresholds for air conduc-
tion (AC) and BC were noted pre- and post-operatively, and 
the ABG was calculated. If a patient underwent pure-tone audi-
ometry several times after surgery, the result from the last fol-
low-up visit was used. 

Statistical analysis
The differences in hearing performance between the groups 

were compared using the linear-by-linear association test, 
Wilcoxon signed-rank test, Mann-Whitney U test, and Krus-
kal-Wallis test (IBM SPSS statistics 23, IBM Corp., Armonk, 
NY, USA). Statistical significance was set at p<0.05.

Ethics committee approval and informed consent
This retrospective study was conducted under the review 

and approval of the Institutional Review Board of a secondary 
hospital (IRB No. JEJUNUH 2018-08-002), and the require-
ment for informed consent from each patient was waived.

Results

Seventy-two patients (32 male and 40 female, mean age= 
53.4 years) were eligible based on our inclusion criteria. The 
mean follow-up period was 22.1 months. Twenty-nine patients 
underwent CWDM with T0, 27 underwent CWDM with PORP, 
and 16 underwent CWDM with TORP. The demographic char-
acteristics of the 72 patients, including age at CWDM, dura-
tion of follow-up, and diagnosis are shown in Table 1.

The average ABG decreased from 27.5±12.2 dB HL pre-
operatively to 24.4±14.1 dB HL postoperatively in the T0 
group. In the PORP group, the average ABG decreased from 
20.5±10.0 dB HL preoperatively to 13.6±11.5 dB HL post-
operatively, it decreased from 16.3±13.3 dB HL preoperative-
ly to 13.4±12.0 dB HL postoperatively in the TORP group. 
Mean improvements in the ABG of 3.1±14.6 dB HL, 6.9±
13.1 dB HL, and 2.9±8.3 dB HLwere noted in the T0, PORP, 
and TORP group, respectively (Table 2). The difference in 
mean improvement in the ABG between the groups was not 
statistically significant (p=0.211). 

The mean thresholds of BC increased 3.6, 3.8, 7.1, 9.3, 
and 11.6 dB HL at 0.5, 1, 2, 3, and 4 kHz in the T0 group, 
and by 13.7, 13.1, 9.6, 13.9, and 17 dB HL in the PORP 
group, respectively. In the TORP group, the mean BC thresh-
olds increased by 2.8 and 3.4 dB HL at 3 and 4 kHz respec-
tively, but they decreased by 3.8, 3.8, and 1.3 dB HL at 0.5, 
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1, and 2 kHz, respectively. At 0.5, 1, 2, 3, and 4 kHz, the 
mean thresholds of AC increased by 3.3, 0.3, 1.4, 4.7, and 9 
dB HL in the T0 group; by 5.4, 3.1, 4.3, 1.3, and 1.3 dB HL in 
the PORP group; and by 5.9, 6.6, 1.9, 0.6, and 2.8 dB HL in 
the TORP group, respectively. At 0.5, 1, 2, 3, and 4 kHz, the 
mean ABG decreased by 0.3, 3.4, 5.7, 4.7, and 2.6 dB HL in 
the T0 group; by 8.3, 10.0, 5.3, 12.6, and 12.0 dB HL in the 
PORP group; and by 2.2, 2.8, 0.6, 3.4, and 6.3 dB HL in the 
TORP group, respectively. The detailed audiologic results of 
the groups at 0.5, 1, 2, 3, and 4 kHz were shown at Table 3. 
In many cases, the BC threshold worsened after CWDM sur-
gery. However, compared to the degree of worsening of the 
BC threshold, the degree of worsening of the AC threshold 
was relatively low, and the mean ABG improved at every fre-
quency.

The rates of ABG closure to ≤10, ≤20, and ≤30 dB HL are 
depicted in Fig. 1. The differences in the rates of ABG clo-
sure to ≤10 dB HL (p=0.030) and ≤20 dB HL (p=0.029) were 
statistically significant.

One patient showed re-perforation, while two patients had 
prosthesis extrusion, which required additional surgical in-
tervention. Delayed facial palsy was observed in two patients 
and was resolved by conservative management. Infections re-
lated to surgery were identified in two patients, and temporary 
dizziness was observed in three patients. No recurrence of cho-
lesteatoma was found during the follow-up period (Table 4). 

Discussion

Although some studies have reported similar audiological 
results on comparing CWUM and CWDM [3,4], an intact 
posterior canal wall was assessed as a positive prognostic fac-
tor for hearing outcomes in other reports [5-7]. After remov-
ing the disease in the middle ear and mastoid cavity using the 
CWDM technique, procedures to restore sound conduction 
should be considered.

A variety of methods and materials have been used to re-
store sound transmission, including incus transposition [8], 
use of hydroxyapatite or titanium ossicular replacement pros-
thesis [9], and use of autologous or homologous cartilage 
grafts [10,11]. Although no material has been clearly demon-
strated to yield better results than the others [9,12], a manufac-
tured PORP and TORP are popular options for repairing the 
ossicular chain. Complications related to ossiculoplasty include 
the need for subsequent surgery, secondary ventilation tube 
insertion, displacement of the prosthesis, extensive scar tissue 
formation, and recurrence of perforation [13]. Tympanoplasty 
without ossiculoplasty may reduce complications and addi-
tional costs. 

Some patients with an intact stapes attained better hearing 
without additional ossiculoplasty after T0 (Fig. 2). A possible 
reason is that due to poor Eustachian tube ventilation, the T0 
graft is gradually retracted after the first surgery and con-

Table 1. Demographics of the study groups

Group T0 (n=29) PORP (n=27) TORP (n=16) p-value
Age at surgery (years) 51.1±10.4 52.9±15.8 58.7±11.6 0.144
Sex 0.506

Male 10 17 5  
Female 19 10 11

Laterality 0.927
Left 12 12   7
Right 17 15   9

Previous history of tympanomastoidectomy 0.446
Primary surgery 26 21 13
Revision surgery   3   6   3

Duration of follow-up (months) 20.3±5.2 21.8±12.4 26.0±10.7 0.150
Data are presented as n or mean±SD. T0: type 0 tympanoplasty, PORP: partial ossicular replacement prosthesis, TORP: total ossic-
ular replacement prosthesis

Table 2. Comparison of pre and postoperative average ABG and improvement of average ABG between T0 and ossiculoplasty groups

Group T0 (n=29) PORP (n=27) TORP (n=16) p-value
Preoperative average ABG (dB HL) 27.5±12.2 20.5±10.0 16.3±13.3  0.026*
Postoperative average ABG (dB HL) 24.4±14.1 13.6±11.5 13.4±12.0 0.008
Improvement of average ABG (dB HL)   3.1±14.6   6.9±13.1 2.9±8.3 0.211
Data are presented as mean±SD. *p＜0.05. T0: type 0 tympanoplasty, PORP: partial ossicular replacement prosthesis, TORP: to-
tal ossicular replacement prosthesis, ABG: air-bone gap
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nected to the stapes head resulting in a type III cartilage tym-
panoplasty. In a study on the treatment of cholesteatoma using 
CWUM, when the stapes is preserved, cartilage tympanoplasty 
on the stapes head yielded acceptable functional results similar 
to those obtained with the use of a PORP. With a follow-up of 
two years, the residual mean ABG was 16.8 dB HL in the group 
treated with cartilage tympanoplasty over the stapes head and 
15.8 dB HL in the hydroxyapatite PORP group. The ABG was 

<20 dB HL in 67.6% of cases in the cartilage tympanoplasty 
group and 70.4% of cases in the hydroxyapatite PORP group. 
No significant differences were observed between the two tech-
niques [14].

However, ossiculoplasty between the TM and the stapes or 
its footplate was associated with better hearing gain than 
tympanoplasty alone in a study that evaluated functional re-
sults in groups of patients with homogeneous disease severity 

Table 3. Pre and postoperative improvement of BC, AC, and ABG at 0.5, 1, 2, 3, and 4 kHz between T0 and ossiculoplasty groups

Group T0 (n=29) PORP (n=27) TORP (n=16) p-value
Improvement of BC (dB HL)

0.5 kHz -3.6±7.5† -13.7±30.5† 3.8±18.0 0.150
1 kHz -3.8±8.9† -13.1±26.4† 3.8±14.8   0.041*
2 kHz -7.1±13.3† -9.6±28.6† 1.3±15.4 0.244
3 kHz -9.3±16.6† -13.9±26.2† -2.8±10.8† 0.553
4 kHz -11.6±19.0† -17.0±26.4† -3.4±11.5† 0.286

Improvement of AC (dB HL)

0.5 kHz -3.3±20.1† -5.4±34.1† 5.9±18.4 0.366
1 kHz -0.3±19.3† -3.1±31.0† 6.6±14.6 0.488
2 kHz -1.4±17.7† -4.3±31.8† 1.9±19.2 0.821
3 kHz -4.7±20.8† -1.3±31.5† 0.6±16.8 0.421
4 kHz -9.0±24.7† -1.3±31.5† 2.8±16.0 0.356

Improvement of ABG (dB HL)

0.5 kHz 0.3±19.2 8.3±19.8 2.2±13.4 0.150
1 kHz 3.4±17.3 10.0±16.0 2.8±10.5 0.159
2 kHz 5.7±17.9 5.3±10.7 0.6±9.3 0.277
3 kHz 4.7±20.9 12.6±15.6 3.4±11.5   0.009*
4 kHz 2.6±20.8 12.0±14.4 6.3±13.6   0.012*

Data are presented as mean±SD. *p＜0.05, †Negative numbers indicate a worsening of the hearing threshold (increased hear-
ing threshold). T0: type 0 tympanoplasty, PORP: partial ossicular replacement prosthesis, TORP: total ossicular replacement pros-
thesis, BC: bone conduction, AC: air conduction, ABG: air-bone gap
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Fig. 1. Rates of ABG closure to ≤10, 
≤20, and ≤30 dB HL. The percent-
ages of patients in the T0, PORP, 
and TORP groups showing ABG 
closure to ≤10 dB HL were 17.2%, 
33.3%, and 43.8%, respectively. The 
percentages of patients in the corre-
sponding groups showing ABG clo-
sure to ≤20 dB HL were 34.5%, 
55.6%, and 68.8%, respectively. The 
percentages of patients in the corre-
sponding groups showing ABG clo-
sure to ≤30 dB HL were 62.1%, 
77.8%, and 87.5%, respectively. *p< 
0.05. ABG: air-bone gap, T0: type 0 
tympanoplasty, PORP: partial ossic-
ular replacement prosthesis, TORP: 
total ossicular replacement prosthe-
sis.
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who underwent CWDM. They reported a mean ABG of 24.06 
dB HL in ossiculoplasty group and 35.54 dB HL in the type 
III/IV tympanoplasty group [15].

While the differences in audiological outcomes were not 
significant between the PORP, TORP, and T0 groups with re-
spect to most variables, the audiological results in the T0 group 
seemed to be worse than those in the ossiculoplasty groups in 
this study. Furthermore, the differences in the rates of ABG 
closure to ≤10 dB HL and ≤20 dB HL and the improvement in 
the ABG in 3 and 4 kHz were statistically significant.

The limitations of this study include its small sample size, 

short follow-up period, and variability in COM status. The 
size of the TM perforation and the condition of the ossicles 
were not identical, and therefore, the preoperative and post-
operative average ABGs showed significant differences in 
each group. In addition, surgeries were performed by different 
surgeons, which may introduce a bias. Some patients experi-
enced deterioration of BC thresholds after surgery. Surgical 
treatment of chronic middle ear disease can affect BC thresholds 
in numerous ways: damage to the cochlea, including acoustic 
trauma by drill-generated noise or suction; excessive move-
ment of the ossicles; and damage to the oval window, or lat-
eral semicircular canal during the removal of cholesteatoma or 
granulations from these sensitive areas. However, the clear-
ance of cholesteatoma, granulations, adhesions, or pus results 
in the removal of mechanical obstructions from the oval and 
round windows and can result in improved BC thresholds in a 
number of cases [16]. 

Despite these limitations, our study demonstrates that the au-
diological outcomes of CWDM with ossiculoplasty were better 
than those of CWDM with T0, while the complications follow-
ing T0 and ossiculoplasty were not significantly different.
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Table 4. Complications following T0 and ossiculoplasty

Group
T0 

(n=29)
PORP 
(n=27)

TORP 
(n=16)

Reperforation - - 1
Otorrhea - - 1
Recurrence of cholesteatoma - - -
Facial palsy 1 - 1
Wound infection - 2 -
Prosthesis extrusion - 1 1
Dizziness 3 - -
T0: type 0 tympanoplasty, PORP: partial ossicular replacement 
prosthesis, TORP: total ossicular replacement prosthesis

Fig. 2. Audiological and anatomical results of CWDM with T0 in the right ear. A: Preoperative pure-tone audiometry shows that the patient 
had an ABG. B: It became worse 3 months after surgery. C: The hearing test result improved 6 months after surgery. D: Attic destruction is 
observed on the preoperative otoscopic examination. E: Postoperative findings of the tympanic membrane after CWDM with T0. CWDM: canal 
wall down mastoidectomy, ABG: air-bone gap, T0: type 0 tympanoplasty.

-10
0

10
20
30
40
50
60
70
80
90

100
110
120
130

Frequency (Hz)

125     250     500      1k      2k      4k       8k

He
ar

in
g 

le
ve

l (
d

B)

A

-10
0

10
20
30
40
50
60
70
80
90

100
110
120
130

Frequency (Hz)

125     250     500       1k      2k      4k       8k

He
ar

in
g 

le
ve

l (
d

B)

B

-10
0

10
20
30
40
50
60
70
80
90

100
110
120
130

Frequency (Hz)

125     250     500       1k      2k      4k       8k

He
ar

in
g 

le
ve

l (
d

B)

C

D E



www.ejao.org 109

Suh MJ, et al.

Conflicts of interest
The authors have no financial conflicts of interest.

Author Contributions
Conceptualization: Chan Il Song. Data curation: Jin-A Park, Hee 

Jun Yi. Formal analysis: Michelle J. Suh. Investigation: Chan Il 
Song. Methodology: Michelle J. Suh, Jin-A Park. Project adminis-
tration: Hee Jun Yi, Chan Il Song. Supervision: Chan Il Song. Valida-
tion: Chan Il Song. Visualization: Jin-A Park, Hee Jun Yi. Writing—
original draft: Michelle J. Suh. Writing—review & editing: Chan Il 
Song. Approval of final manuscript: all authors.

ORCID iDs
Michelle J. Suh https://orcid.org/0000-0001-6345-7671
Jin-A Park https://orcid.org/0000-0002-9331-0723
Hee Jun Yi https://orcid.org/0000-0003-0231-9130
Chan Il Song https://orcid.org/0000-0002-2705-4100

REFERENCES
1) Kerckhoffs KG, Kommer MB, van Strien TH, Visscher SJ, Bruijnzeel 

H, Smit AL, et al. The disease recurrence rate after the canal wall up 
or canal wall down technique in adults. Laryngoscope 2016;126:980-7. 

2) Dornhoffer JL. Cartilage tympanoplasty. Otolaryngol Clin North Am 
2006;39:1161-76.

3) Iñiguez-Cuadra R, Alobid I, Borés-Domenech A, Menéndez-Colino 
LM, Caballero-Borrego M, Bernal-Sprekelsen M. Type III tympano-
plasty with titanium total ossicular replacement prosthesis: anatomic 
and functional results. Otol Neurotol 2010;31:409-14. 

4) Nyrop M, Bonding P. Extensive cholesteatoma: long-term results 
of three surgical techniques. J Laryngol Otol 1997;111:521-6. 

5) Stankovic MD. Audiologic results of surgery for cholesteatoma: short- 
and long-term follow-up of influential factors. Otol Neurotol 2008; 

29:933-40.
6) Dornhoffer JL, Gardner E. Prognostic factors in ossiculoplasty: a 

statistical staging system. Otol Neurotol 2001;22:299-304.
7) Lailach S, Zahnert T, Lasurashvili N, Kemper M, Beleites T, Neud-

ert M. Hearing outcome after sequential cholesteatoma surgery. Eur 
Arch Otorhinolaryngol 2016;273:2035-46.

8) Siddiq MA, East DM. Long-term hearing results of incus transposi-
tion. Clin Otolaryngol Allied Sci 2004;29:115-8. 

9) Lee JI, Yoo SH, Lee CW, Song CI, Yoo MH, Park HJ. Short-term 
hearing results using ossicular replacement prostheses of hydroxyap-
atite versus titanium. Eur Arch Otorhinolaryngol 2015;272:2731-5. 

10) Kyrodimos E, Sismanis A, Santos D. Type III cartilage “shield” tym-
panoplasty: an effective procedure for hearing improvement. Otolar-
yngol Head Neck Surg 2007;136:982-5. 

11) Malafronte G, Filosa B, Mercone F. A new double-cartilage block 
ossiculoplasty: long-term results. Otol Neurotol 2008;29:531-3. 

12) Bartel R, Cruellas F, Hamdan M, Gonzalez-Compta X, Cisa E, 
Domenech I, et al. Hearing results after type III tympanoplasty: in-
cus transposition versus PORP. A systematic review. Acta Otolaryn-
gol 2018;138:617-20. 

13) Cox MD, Page JC, Trinidade A, Dornhoffer JL. Long-term compli-
cations and surgical failures after ossiculoplasty. Otol Neurotol 2017; 
38:1450-5. 

14) Quérat C, Martin C, Prades JM, Richard C. Canal wall up tympano-
plasty for cholesteatoma with intact stapes. Comparison of hearing 
results between cartilage and PORP on stapes and impact of malleus 
removal and total reinforcement of the tympanic membrane by carti-
lage. Eur Ann Otorhinolaryngol Head Neck Dis 2014;131:211-6. 

15) Artuso A, di Nardo W, De Corso E, Marchese MR, Quaranta N. Ca-
nal wall down tympanoplasty surgery with or without ossiculoplasty 
in cholesteatoma: hearing results. Acta Otorhinolaryngol Ital 2004; 
24:2-7.

16) Vartiainen E, Seppä J. Results of bone conduction following surgery 
for chronic ear disease. Eur Arch Otorhinolaryngol 1997;254:384-6.


