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Abstract 
Tympanomastoid surgery for cholesteatoma is a procedure designed to eliminate the 
disease and maintain a safe and dry ear. This retrospective study was designed to 
evaluate the functional results of cholesteatoma patients who underwent canal wall 
down mastoidectomy in conjunction with a tympanoplasty. Operated ears due to 
chronic otitis media with cholesteatoma were considered for the study. The study 
was carried out in 120 ears. The choice of technique for tympanoplasty is based on 
the pathology encountered in the stapes superstructure. Patients were divided into 
three: 1) Group A, a type II TPL with stapes columella reconstruction; 2) Group B, a 
type III TPL with major columella reconstruction; and 3) Group C, a type IV TPL 
using a temporalis fascia and thick cartilage to shield the round window. The oper-
ated ears of Groups A and B, as compared to Group C, presented a significant de-
crease in the pre-operative Air-bone gap and an increase in the number of operated 
ears with an Air-bone gap between 0 - 20 dB. The study emphasizes the importance 
of functional separation of the two acoustic windows by fascia and cartilage graft 
when the stapes superstructure is missing but the footplate is mobile. 
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1. Introduction 

Tympanomastoid surgery for cholesteatoma is a procedure, in decreasing order of 
priority, designed to (a) the elimination of disease to maintain a safe and dry ear, (b) 
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the alteration of anatomy to prevent recurrent disease, and to optimize cleaning and 
otologic monitoring, and (c) the reconstruction of the middle ear to achieve serviceable 
and stable [1]. Various techniques for cholesteatoma surgery have been developed. In-
itially, the most diffused procedure was the canal wall up mastoidectomy (CWU-M) 

[2]-[4], nowadays, the canal wall down mastoidectomy (CWD-M) is performed [5] [6]. 
Previous studies have compared hearing results between ears in the CWU-M and in 
CWD-M for comparable ossicular pathology: there were no significant differences in 
hearing results whether the canal wall was intact or not [7]-[12]. The best hearing re-
sults occurred when the ossicular chain was intact and mobile [1] [13] [14]. When the 
ossicular chain was diseased, better results occurred if the stapes was intact [7] [13]- 
[15]. In CWD-M, stapes columella reconstructions were superior to major columella 
reconstructions by approximately 5 dB (0.05 at most frequencies) [16]. There was a 
large range of postoperative air-bone gaps (0 to 60 dB) after tympanoplasty procedures. 
Factors responsible for persistent conductive hearing loss for tympanoplasty are mul-
tiple; some are the results of healing responses of the ear (e.g., fibrosis) and of contin-
ued biological abnormalities caused by chronic ear disease, while others are problem 
mechanisms of the TM (e.g., blunting), problems with mechanics of ossicles grafts, and 
negative static pressure in the middle ear [17] [18]. In conducting this study, a CWD-M 
and tympanoplasty (TPL) are routinely combined when treating ears with cholesteato-
ma. The type of reconstruction depends on the condition of the ossicular chain: a) 
when the stapes is fixed, the procedure in tympanoplasty is staged; b) when the ossicles 
are mobile, it is preferred to combine elimination of disease and reconstruction of 
hearing in one stage. The present team uses the following classification of tympanop-
lasty: type 1, in cases with an intact ossicular chain at the end of the operation; type 2, 
ossiculoplasty in cases with a defective ossicular chain, but with the stapes present; type 
3, ossiculoplasty in cases with an absent, or severely defective, stapedial arch. If colu-
mella techniques are used, the columella goes from the footplate to the malleus handle 
or the grafted eardrum; type 4, it does not involve ossiculoplasty as such, but is protec-
tion mechanism for the round window in cases with absent ossicles, but with an intact 
and mobile footplate, type 4 technique also includes the cavum minor technique or 
sound-protection techniques; type 5, this means platinectomy in cases with a fixed 
footplate and no ossicles. This retrospective study was designed to evaluate the func-
tional results of cholesteatoma patients who underwent CWD-M in conjunction with a 
tympanoplasty. 

2. Material and Methods 
2.1. Patients 

Operated ears due to chronic otitis media with cholesteatoma in the period from Janu-
ary 2000 to December 2010 were considered for the study. The inclusion criteria for 
these studies were: (a) clinical and histological diagnosis of cholesteatoma, (b) no pre-
vious otologic surgery, (c) one-stage CWD-M and TPL (d) two years follow-up; and (e) 
middle ear was judged to be aerated postoperatively by otomicroscopy. Non-aerated 
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ears caused by middle ear fibrosis, graft atelectasis, or tubal dysfunction show large 40 
to 60 dB conductive hearing losses, regardless of the type of tympanoplasty [17] [19]. 
Removing the confounding variable of non-aeration in the analysis of postoperative 
hearing permits a more meaningful comparison of results among different techniques. 
Functional results were evaluated two years after surgery according to the guidelines of 
the “Committee on Hearing and Balance” of AAO-HNS (American Academy of Otola-
ryngology Head and Neck Surgery) [20]. Pure tone average (PTA) was calculated as the 
mean of 0.5, 1, 2 and 3 kHz. The 3 kHz threshold was obtained from the average of the 
frequencies 2 and 4 kHz. Air-bone gap (ABG) was calculated by air and bone conduc-
tion that determined the threshold in each study. Post-operative hearing gain was cal-
culated from the PTA before the operation and the last follow-up examination. All data 
of the patients included in the study, were collected in a database. All patients gave their 
informed consent. None of the authors have any conflict of interest. 

2.2. Surgical Technique 

A complete CWD-M with meatoplasty and canaloplasty is performed with a postauri-
colar approach, through exenteration of all mastoid air cells, along with lowering of the 
facial ridge to the level of the facial nerve and obliteration of the mastoid with bone 
pate and a periosteal-pericranial flaps. The choice of technique for tympanoplasty is 
based on the pathology encountered in the stapes superstructure (Table 1): Group A, 
when the stapes superstructure is intact with a mobile footplate, a type II TPL with 
stapes columella reconstruction is performed by placing a only temporalis fascia graft 
or a thin cartilage disk and a temporalis fascia graft are placed directly on stapes head 
(or capitellum); Group B, when the stapes superstructure is missing but the footplate is 
mobile, a type III TPL with major columella reconstruction is performed: a total ossi-
cular replacement prosthesis (TORP) or a transposed incus is placed from stapes foot-
plate to the tympanic membrane; a thin slice of cartilage is introduced between the 
TORP and the fascia graft; Group C, when the stapes superstructure is missing but the 
footplate is mobile, a type IV TPL is performed using a temporalis fascia and thick car- 
 
Table 1. Performed technique for TPL. 

Group Type of Tympanoplasty Ossicular pathology Grafts 

A Type II—stapes columella 
Stapes intact and 
Mobile footplate 

TF graft alone 
or 

thin cartilage disk and TF 
over stapes head 

 
B 

 
 

 
Type III—major columella 

 

Stapes superstructure missing 
and footplate mobile: 

 
- OW niche deep and narrow 

 
 

- OW niche shallow and wide 

TORP+thin cartilage+TF 
or 

trasposed incus+TF 

C Type IV—round window 
TF over footplate and thick 

cartilage to shield RW 

Abbreviations: OW, Oval window; TF, temporalis fascia; RW, round window. 
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tilage to shield the round window. A type IV reconstruction is preferred when the oval 
window niche is shallow and wide; while the TORP technique is better suited for a deep 
and narrow oval window niche, which makes it problematic for fascia graft to adhere to 
the footplate. The principle of a type IV is to exteriorize the footplate. Other authors 
cover it with a very thin split thickness skin graft; acoustically separate the oval window 
from the round window, and to shield the round window with a sufficiently stiff tissue 
graft. Covering the footplate with a fascia graft instead of a skin graft carriers the risk of 
healing by fibrosis, resulting to the impairment of mobility of the footplate [17] [19]. 

To reconstruct the tympanic membrane, the preferred graft material is temporalis 
fascia. To reconstruct the ossicular chain and restore the transmission of sound was 
used both the synthetic (titanium) and remodeled and transposed incus. Incus is the 
first material chosen in ossiculoplasty, however, it is not always usable [21]. All patients 
were treated by the same team. 

2.3. Statistical Analysis 

Statistical analysis of the results was performed, using MedCalc software, with the 
Anova-test and chi-square test. The test was significant with p < 0.05. 

3. Results 

A total of 396 ears were operated, and considering the criteria, 178 ears with incomplete 
clinical history submitted to radical mastoidectomy or staged Timpanoplasty (open or 
closed) were excluded. In addition, 98 ears were also excluded because they had not 
followed up for two years or has no aerated ear. The study was carried out only in 120 
ears. Of the 120 ears, 69 were males and 51 are females. The mean age at surgery was 
47.36 years (range 8 - 70), mean time interval from surgery to postoperative audiogram 
was 36 months. Functional results of the three groups of cholesteatoma patients who 
underwent CW-M and TPL have been compared (Table 2). Group A (CWD-M and 
Type II TPL with stapes columella) consisted of 65 ears from 41 males and 24 females, 
mean age 42.6 years (range: 8 - 55). In this group, the temporalis fascia graft was placed 
directly on the stapes in 48 ears, whereas a thin cartilage-fascia graft was placed over 
stapes head in 17 ears. Group B (CWD-M and Type III TPL with major columella) 
consisted of 42 ears from 20 males and 22 females, mean age 44.8 years (range: 16 - 67). 
 
Table 2. Clinical date. 

Group 
Type of  

Tympanoplasty 
No. of 
ears 

M/F 
Age mean 

(years) 
(range) 

Pre-operative  
ABG mean (dB) 

(range) 

Post-operative 
ABG mean (dB) 

(range) 

ABG Gain 
mean (dB) 

A 
Type II—stapes 

columella 
65 41/24 

42.6 
(8 - 55) 

26.43 
(5 - 40) 

23.70 
(5 - 40) 

+2.73 

B 
Tipo III—major 

columella 
42 20/22 

44.8 
(16 - 67) 

29.16 
(15 - 60) 

30.01 
(15 - 55) 

−0.94 

C 
Type IV—round 

window 
13 8/5 

54.7 
(20 - 70) 

28.81 
(20 - 60) 

25.20 
(20 - 35) 

+3.61 

Note: Average pre and post operative air-bone gaps in dB at 0.5, 1, 2, and, 4 KHz. 
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In this group a TORP and thin cartilage-fascia graft was placed in 32 ears and a trans-
posed incus was placed in 10 ears. Group C (CWD-M and Type IV TPL) consisted of 
13 ears from 8 males and 5 females, mean age 54.7 years (range: 20 - 70). In this group a 
temporalis fascia alone was placed in 8 ears and a thin cartilage-fascia graft to shield of 
the round window was placed 5 ears. The mean pre-operative of the ABG was 26.43 dB 
(range: 5 - 40 dB) in Group A, 29.16 dB (range: 15 - 60 dB) in Group B, and 28.81 dB 
(range: 20 - 60 dB) in Group C. Two years after surgery, the average of ABG was 23.70 
dB in Group A, 30.10 dB in Group B, and 25.20 dB in Group C. The mean post-opera- 
tive of the ABG in the Group A patients submitted to type II TPL with temporalis fascia 
graft placed directly on the stapes was 25.1 dB while in those with cartilage-fascia graft 
placed over stapes was 22.3 dB. This difference was not statistically significant (p < 
0.05). The average ABG improved by 2.37 dB in Group A, 3.61 dB in Group C but de-
creased to −0.94 dB in Group B. The statistical analysis showed that two years after the 
surgery, the three groups differed in relation to the air and bone conduction. The dif-
ference between the three groups was significant (p = 0.03). 

Table 3 shows the numbers of ears with the average of the air-bone gap located 
within 0 - 20 dB, 25 - 40 dB and over 40 dB HL before and after the intervention in the 
three groups. The number of ears with ABG between 0 - 20 dB is improved after sur-
gery in all three groups. The number of ears with ABG located within 25 - 40 dB HL is 
improved after surgery in Group C. The number of ears with ABG over 40 dB HL de-
creased after surgery in Group C, it remained unchanged in the Group A, while it im-
proved in Group B. In Group A, 48 ears with only a fascia graft, the ABG was closed to 
within 20 dB in 33 ears (50.76%), within 21 - 40 dB in 28 ears (43.07%), and over 40 dB 
in 4 ears (6.17%). The improvement observed in the cartilage-fascia group over the fas-
cia alone group was significant (p < 0.05). The literature reveals that the cartilage disk 
increased the effective vibrating area of the tympanic membrane graft that was coupled 
to the stapes head [22]. In Group B, the ABG was closed to within 20 dB in 18 ears 
(42.85%), within 21 - 40 dB in 15 ears (35.71%), and over 40 dB in nine ears (21.42%). 
The ears with ABG within 20 dB were increased, but the overall results of improvement 
observed were lower than to results after type II stapes columella. In Group C, the 
 
Table 3. The number and percentage of ears with the average preoperative of the ABG and the 
average postoperative ABG located within 0 - 20 dB, 21 - 40 dB and over 40 dB. 

Group 
(No.) 

Type of  
Tympanoplasty 

No. of ears 
ABG 0 - 20 dB 

No. of ears 
ABG 20 - 40 dB 

No. of ears 
ABG > 40 dB 

Pre-op. Post-op. Pre-op. Post-op. Pre-op. Post-op. 

A 
(65) 

Type II—stapes 
columella 

25 
(38.4%) 

33 
(50.7%) 

35 
(53.8%) 

28 
(43.07%) 

5 
(7.6%) 

4 
(6.15%) 

B 
(42) 

Type III—major 
columella 

7 
(16.6%) 

18 
(42.8%) 

27 
(64.28%) 

15 
(35.7%) 

8 
(19.0%) 

9 
(21.5%) 

C 
(13) 

Type IV—round 
window 

0 
(0.0%) 

5 
(38.5%) 

4 
(30.8%) 

6 
(46.2%) 

9 
(69.2%) 

2 
(15.3%) 

Note. Average post operative air-bone gap at 0.5, 1, 2 and, 4 kHz. 
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ABG was closed to within 20 dB in five ears (38.46%), within 21 - 40 dB in 6 ears 
(46.15%), and over 40 dB in 2 ears (15.38%). The ears with ABG within 40 dB were 
84.61%. This result was lower than the Group A (98.83%) but higher than the Group B 
(78.56%). The differences between the results of the Group A and Group B were statis-
tically significant as well as the differences between Group B and Group C; although the 
results of the Group C appear to be better than those of the Group B, the differences 
were not statistically significant (P > 0.05). Comparing the results of Group A with 
those of the Group C was not statistically significant for the discrepancy of numbers in 
two groups. 

Discussion 

A review of the literature reveals few papers have reported results of hearing in 
CWD-M [23]-[26]. In the current study, the hearing results of patients with cholestea-
toma undergoing CWD-M and (a) type II TPL—stapes columella (with a fascia or a 
cartilage-fascia graft), (b) type III TPL—major columella (with TORP or transposed 
incus), and (c) type IV TPL (with a fascia or a cartilage-fascia graft) were compared. In 
this study, the operated ears of Groups A and B compared to Group C presented a sig-
nificant decrease in the pre-operative ABG, and an increase in the number of operated 
ears with an ABG between 0 - 20 dB. The number of ears with a post-operative ABG 0 - 
20 dB ranges was between 38% and 50%. In the different series [27]-[29], similar results 
(a mean post-operative = 17.8 dB [28] and 25.4 dB [22]) were obtained. Average post- 
operative ABG was 26.43 dB in Group A and 50.76% of patients had a post-operative 
ABG between 0 and 20 dB. In Group A, the presence of the superstructure of the stapes 
is associated with better hearing results both pre-and post-operation. However, patients 
with type IV were few, this is a limitation of the study. The best results obtained in the 
operated ears of Group A and Group C, compared to those of Group B, when the ABG 
was more than 40 dB, are related to poor gain obtained when ossiculoplasty (TORP) 
has not been functionally useful and, consequently, the difficulty of maintaining the 
pre-heard operating. While considering the abovementioned results, the results of this 
study should be compared with caution with those of other studies because of metho-
dological differences in the analysis. The functional results confirm that the presence of 
an intact stapes superstructure is associated with better hearing results, both pre-and 
post-operative, a fact that has been noted in many previous studies [1] [7] [13]-[15], 
unlike what supported by other studies [30]. Moreover, the study emphasizes the im-
portance of functional separation of the two acoustic windows by fascia and cartilage 
graft when the stapes superstructure is missing but the footplate is mobile. 
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