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Abstract
Background: This study aimed to report the surgical outcomes of retrograde mastoidectomy with canal wall
reconstruction using a bone graft that secured in place using glass ionomer cement (GIC) in adult patients with
acquired cholesteatoma.
Results: This study was conducted on 50 adult patients with acquired cholesteatoma who underwent retrograde
mastoidectomy with a reconstruction of canal wall using a bone graft from the mastoid cortex. The preoperative
and postoperative audiological evaluation was done; in addition, non-echoplanar (EPI) diffusion-weighted MRI was
obtained at least 1 year postoperatively to detect recidivism of cholesteatoma.
Recidivism of cholesteatoma was observed in 4/50 ears (8%) using diffusion-weighted MRI and confirmed during
revision mastoidectomy. The audiological assessment showed a marked and statistically significant improvement of
preoperative ABG from 30 to 21 dB in addition to the improvement of preoperative AC from 42 to 33 dB. ABG of
20 dB or less was achieved in 50% of the ears. No reaction occurred to GIC in all the ears.
Conclusions: Retrograde mastoidectomy with canal wall reconstruction with bone graft was associated with a low
rate of recidivism and significant improvement of the hearing. GIC is safe and effective in stabilization of bone graft
in canal wall reconstruction.
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Background
Controversy exists in the literature regarding the management of cholesteatoma for many decades. The focus
of this debate is whether to perform open or closed
techniques [1, 2].
Canal wall down (CWD) mastoidectomy has been performed since the end of the nineteenth century. This
procedure entails the exenteration of the mastoid air
cells with the removal of the posterior wall of the external canal. The main advantage of canal wall down mastoidectomy is adequate exposure of hidden spots in
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retrotympanum and anterior tympanic space and, therefore, reduces the incidence of residual cholesteatoma.
However, this technique is associated with an unacceptable incidence of recurrent ear infection, shallow middle
ear with the poorer hearing outcome, vertigo, and wide
unpleasant meatoplasty [3].
Canal wall up mastoidectomy (CWU) was advocated by
Antoni Candela in 1954 and described by Klaus Jansen in
1958 to overcome the previous drawbacks of open mastoidectomy, yet the closed technique is associated with a
high rate of recidivism. Preserving the posterior canal wall
avoids open cavity problems although it hampers proper
visualization of hidden areas that are adequately exposed
by open technique. Therefore, otologists concluded that
preserving the posterior meatal wall increases the
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recidivism while its removal is associated with cavity problems [2, 3].
Many modifications were advocated to avoid the disadvantages of both techniques including restoration of
the posterior canal wall with cartilage, bone grafts, implants like titanium plate, obliteration techniques or recently, using the endoscope, either as an assistant tool to
the microscope or exclusively to eradicate cholesteatoma
[1, 2, 4–8].
One of criticizing point of obliteration of the mastoid
cavity and reconstructive techniques for canal wall is
that they may hide recidivism of cholesteatoma with a
subsequent serious complication. However, non-EPI
diffusion-weighted magnetic resonance imaging (DWI or
DW-MRI) has solved this issue as it is the imaging modality of choice for postoperative follow-up of patients
with cholesteatoma. It has high diagnostic accuracy in
the detection of recidivism, and its utility can avoid unnecessary revision mastoidectomy [9–15].
The aim of this study was to report the surgical outcomes of retrograde mastoidectomy with canal wall reconstruction using a bone graft from the mastoid cortex
that secured in place using GIC in adult patients with
acquired cholesteatoma.
In addition, we assessed the effectiveness and safety of
glass ionomer cement GIC in the stabilization of mastoid cortical bone graft in canal wall reconstruction.

Methods
This study was conducted on 50 adult patients with acquired cholesteatoma who underwent retrograde mastoidectomy with a reconstruction of canal wall using a
bone graft from the mastoid cortex at the Department of
Otolaryngology-Head Neck Surgery from January 2015
to 2019. The ethical committee in our University approved this study.
All patients were subjected preoperatively to complete
history taking, otoscopic examination, audiological
evaluation, and radiological assessment.
Evaluation of hearing was done preoperatively by
measuring the pure tone air conduction (PTA-AC), bone
conduction (PTA-BC) thresholds, and air-bone gap
(PTA-ABG) at 0.5, 1.2, and 3 kHz.
Radiological assessment was done by 0.5 mm cuts
high-resolution computerized tomography of petrous
bone to determine the extent of cholesteatoma.

graft was harvested from the mastoid cortex using a
chisel and hammer.
Elevation of tympanomeatal flap was done from inferior to superior direction, and the tympanic membrane
retracted inferiorly.
Drilling started from inside the external auditory from
1 toward 10 o’clock in the right ear and from lateral to
medial till, and the neck of the cholesteatoma sac was
identified. Atticoantrotomy was performed, and the sac
was followed posteriorly by progressive drilling without
disruption of cholesteatoma sac until healthy air cell was
encountered behind the sac sacrificing only the upper
third of the canal wall to facilitate the further
reconstruction.
The neck of malleus was cut using nipper forceps, and
the head of malleus and incus were removed for full exposure of cholesteatoma sac which dissected from the
mastoid cavity in posterior to anterior direction reaching
to the neck of cholesteatoma and resected from the
healthy tympanic membrane.
The cortical bone was fashioned to fit the defect of the
superior wall of the external auditory canal, and two
grooves were drilled using 1 mm diamond burr superiorly at tegmen tympani and inferiorly at lower canal
wall to fix bone graft in the appropriate location (Fig. 1).
The graft was secured into the appropriate position
using dental GIC (Fig. 2) (Ketac-Cem, Espe Dental AG,
Seefeld, Germany).
Tympanic membrane defect was reconstructed by
temporalis fascia which covered also the area of canal
wall reconstruction. Ossicular reconstruction was made
by interposition techniques between the tympanic membrane and head of a stapes using either autogenous incus
or head of the malleus. In case of erosion of stapes
superstructure, reconstruction was done using whole
Teflon TORP between the tympanic membrane and
footplate of the stapes.

Surgical technique

The mastoid was approached by postauricular incision,
and T-shaped musculoperiosteal (Palva) flap was created
and dissected posteroinferiorly. The temporalis muscle
was identified and retracted superiorly for proper exposure of McEwen’s triangle and mastoid process. The temporalis fascia graft was harvested, and adequate bone
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Fig. 1 Reconstruction of the canal wall with bone graft
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18 to 55 years with an average of 36.3 ± 11.27 years at
the time of mastoidectomy. There were 33 male (66%)
and 17 female (34%) patients. The average follow-up
after surgery ranged from 1 up to 4 years with a mean
duration of 2.8 years.
Intraoperative findings

All cholesteatomas were located in the attic and extend
to the mastoid antrum.
Erosion of malleus, incus, and stapes was occurred in
10/50 ears (20%), 50/50 ears (100%), and 18/50 ears
(36%), respectively.
Audiometric findings
Fig. 2 Glass ionomer cement (GIC) used for stabilization of bone graft

The posterosuperior half of the tympanic membrane is
augmented by a piece of tragal cartilage to prevent postoperative retraction.
Any defects in canal reconstruction were filled by
small pieces of cartilage and attic completely obliterated
with pieces of cartilage for augmenting the canal wall reconstruction. The mastoid cavity was obliterated by temporalis muscle flap superiorly and by musculoperiosteal
flap inferiorly to give additional support to canal wall
reconstruction.
Follow-up

The patients were followed up for at least 1 year. The surgical outcomes were documented with special emphasis
on cholesteatoma recidivism, granulation tissue formation,
or foreign body reaction, the integrity of the graft, dryness
of the ear, and postoperative hearing results.
Postoperative hearing was assessed at 6th month and
last follow-up visit by air conduction (PTA-AC), bone
conduction (PTA-BC) thresholds, and air-bone gap
(PTA-ABG) at 0.5, 1.2, and 3 kHz.
Non-EPI diffusion-weighted MRI was obtained at least 1
year postoperatively to detect recidivism of cholesteatoma.
For the analysis of DWI, the radiologist looked for hyperintense lesions on high b-values (800 or 1000 s/mm2).
All statistical analysis was calculated using GraphPad
Prism program, version 5 for Windows (GraphPad Software, San Diego, CA, USA). A comparison between preoperative and postoperative hearing results was done
using the t-test. P < .05 was considered statistically
significant.

There was a significant improvement of mean preoperative PTA-AC from 42 ± 5.3 to 33 ± 5.6 dB postoperatively (P < 0.0001).
The preoperative PTA-ABG was 30 ± 5.4 dB while it
was 21 ± 6.4 dB postoperatively, and this change was statistically significant (P < 0.0001).
No statistically significant difference was found between the preoperative and postoperative PTA BC
(11.60 ± 2.9 dBversus 12.13 ± 2.6 dB).
Ossicular reconstruction was performed with interposition technique from the head of stapes to tympanic
membrane using the incus or head of malleus in 32 ears.
These showed an average preoperative PTA-ABG of 30
± 5 dB and an average postoperative value of 20 ± 5.8 dB
demonstrating significant improvement (P < 0.0001).
TORP was used in 18 ears, which had an average preoperative PTA-ABG of 31 ± 6.2 dB, with the postoperative value of 24 ± 6.8 dB (P < 0.0001). The changes
between the preoperative and postoperative PTA-ABG
values were statistically significant in both techniques of
ossicular reconstruction.
The preoperative and postoperative ABG in 10 dB
interval was shown in Table 1. Out of 32 ears that
underwent interposition technique, only one ear (3.1%)
showed a postoperative ABG of 0–10 dB, and 17 ears
(53.12%) showed a postoperative ABG of 10–20 dB. A
postoperative ABG of 20–30 dB was detected in 11 ears
(34.37%), and a value > 30 dB was observed in 3 ears
(9.37%).
Table 1 Preoperative and postoperative ABG in 10 dB interval
PTA ABG Interposition technique (32
ears)
Number (%)
Preoperative
0–10 dB

Results
Patient characteristics

Fifty adult patients with acquired cholesteatoma were included in this research. The age of patients ranged from

0

11–20 dB 1 (03.10)

TORP (18 ears)
Number (%)

Postoperative

Preoperative Postoperative

1 (03.10)

0

0

17 (53.12)

0

7 (38.88)

21–30 dB 18 (56.25)

11 (34.37)

10 (55.55)

7 (38.88)

> 30 dB

3 (9.37)

8 (44.44)

4 (22.22)

13 (40.62)

Shewel and Abougabal The Egyptian Journal of Otolaryngology

(2020) 36:11

Regarding TORP reconstruction, no patient showed
improvement of postoperative ABG to 0–10 dB. ABG of
10–20 dB was observed in 7 ears (38.88%) and between
20 and 30 dB in another 7 ears (38.88%). The postoperative ABG was more than 30 dB in 4 ears (22.22%).
Cholesteatoma recidivism

Non-EPI diffusion-weighted MRI showed recidivism of
cholesteatoma in 4/50 ears (8%), and this recidivism was
confirmed during revision surgery. Recidivism located in
the attic in one ear and atticoantral region in 3 ears.
Two out four of ears with recidivism showed necrosis of
bone graft (Fig. 3).
Dryness of ear

Dryness of ear was achieved in 45/50 ears (90%) while
recurrent ear discharge occurred in 5/50 ears (10%) including 4 ears with recidivism of cholesteatoma in
addition to one ear with residual perforation. CWD mastoidectomy was undergone in patients with cholesteatoma recidivism.
Integrity of tympanic membrane

Residual perforation of the tympanic membrane was seen
in only one ear (2%) that underwent tympanoplasty.
Reaction to glass ionomer cement (GIC)

No reaction or granulation was seen secondary to using
glass ionomer cement (GIC).

Discussion
Eradication of cholesteatoma, prevention of recurrence,
and restoration of hearing are the ideal goals of mastoid
surgery. However, the main two surgical procedure canal

Fig. 3 Diffusion-weighted MRI (b = 800 s/mmsq) showing recurrent
left cholesteatoma exhibiting bright signal within the left middle ear
cavity denoting diffusion restriction
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walls up and down mastoidectomy cannot achieve these
goals [3, 16–21].
The removal of the canal wall grants improved and
direct visualization of the whole epitympanum and posterior tympanum [22]. Wüllstein understood this concept when he described his technique of canal wall
reconstruction with osteoplastic flap surgery in 1974 [6].
Portmann used a bone graft from mastoid or the posterior meatal wall itself for canal wall reconstruction [3, 5].
Others have modified this technique by using a microplate for fixation of the reconstruction [23]. Feldmann
used the microsurgical saw for removal of the posterior
canal wall in 1978 and reimplant it again for the reconstruction of the canal wall [24].
The major issues of reconstruction of the canal wall
with graft are proper fitting, stabilization, and necrosis
of bone graft.
In this study, mastoidectomy was done in a retrograde
manner (inside-outside technique) producing a small
cavity by avoiding unnecessary drilling of healthy bone.
Reconstruction of the canal wall was done using bone
graft harvested from the mastoid cortex before doing
mastoidectomy. Fitting and fixation of bone graft were
challenging. We resolved this issue by stabilization of
mastoid bone graft using GIC that harden within a few
minutes after its application.
GIC was developed since the 1970s. It is commonly
used in otology since 1989 in bringing incudostapedial
defect, fixation of the casings and electrodes of cochlear
implant, and fixation of the stapes prosthesis at the long
process of incus during stapedectomy [25].
To our knowledge, this is the first time to use GIC for
fixation of bone graft for canal wall reconstruct in mastoidectomy. No patient had foreign body reaction or extrusion throughout follow-up.
Regarding the late necrosis of bone graft, we augmented the canal wall reconstruction by using small
pieces of cartilage to support the attic, and mastoid
was obliterated by temporalis muscle and musculoperiosteal flap, and this can explain the low incidence of
bone graft necrosis that was occurred in only two
ears (4%).
Mercke perform CWD mastoidectomy and used Feldmann’s micro saw to harvest meatal wall that reinserted
after cholesteatoma removal and obliterated the mastoid
with bone chips and muscle flap and reported that residual cholesteatoma was found in 3/57 ears, and dryness of ears was achieved in 56/57 [26].
Recent meta-analysis studies reported a higher incidence of cholesteatoma recurrence in CWU versus
CWD mastoidectomy [27, 28]. Timolin et al. reported
that recurrence ranged from 9 to 70% (average 30%) in
CWU mastoidectomy, while it was between 5 and 17%
(average 8.5%) in CWD mastoidectomy [28].
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In this study, recidivism of cholesteatoma was observed in 4/50 ears (8%) using diffusion-weighted MRI
and confirmed during second look mastoidectomy.
Therefore, the low rate of recidivism in our study demonstrated that removal of canal wall for exenteration of
cholesteatoma that was followed by its reconstruction
with a bone graft can achieve a lower recurrence rate
that is comparable to canal wall down mastoidectomy.
Walker et al. performed mastoidectomy with canal
wall reconstruction and reported recidivism of cholesteatoma in (34/253) 13% of ears during second-look ossiculoplasty, and the preoperative ABG improved from 27.8
dB preoperatively to 23.4 dB postoperatively [29].
Kronenberg et al. removed the posterior canal wall
during mastoidectomy to allow for removal of cholesteatoma and reimplanted the canal wall again. The authors
detected recurrent cholesteatoma in 6/49 patients (12%),
and this recurrence was recognized in all ears by nonEPI diffusion-weighted MRI [30].
Midline search was done by Harris et al. about the reconstruction of the posterior canal wall with or without
mastoid obliteration and reported a recidivism rate of
5.3–20%. They concluded that reconstruction of the posterior canal wall and/or mastoid obliteration may better
alternative to CWU and CWD mastoidectomy as this
technique is associated with lower recidivism and reduced postoperative otorrhea [31].
Harris et al. showed that the incidence of ear discharge
was higher in CWD mastoidectomy (27%) compared to
CWU mastoidectomy (3.3%) while it occurred in 9.7% of
ears with the reconstruction of the meatal wall [31]. In
our study, only 5 ears (10 %) had ear discharge due to
recidivism of cholesteatoma in 4 ears and residual perforation in one ear.
Harris et al. showed that in group with CWU mastoidectomy, the average pre- and postoperative hearing loss was
32 dB and 20 dB, respectively, while in CWD mastoidectomy the average pre- and postoperative hearing loss was
35.6 dB and 30 dB, respectively, while in group with canal
wall reconstruction, the average pre- and postoperative
hearing loss was 30.6 dB and 22 dB, respectively [31].
The hearing outcome of our patients seems comparable
with those reported by other studies on cholesteatoma surgery with canal wall reconstruction; postoperative measurements showed a marked and statistically significant
improvement of preoperative ABG from 30 to 21 dB in
addition to the improvement of preoperative AC from 42
to 33 dB. ABG of 20 dB or less was achieved in 50% of ears.
Several variables influence the hearing results after
cholesteatoma surgery including the condition of mucosa and weather healthy or edematous, depth of the
middle ear, ventilation of middle ear, presence of stapes
superstructure, surgical technique, and type of prosthesis
[32]. In this technique in our study, we had good middle
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ear depth for proper ossiculoplasty that performed for
all patients in the primary surgery with significant postoperative hearing improvement.
One of the most critical factors that had a great influence of ossiculoplasty and postoperative hearing results
was whether or not the stapes suprastructure was intact.
It was reported that an intact e stapes suprastructure is
essential for the stable and adequate ossicular reconstruction and good hearing outcome [33], and this was
compatible with the results of this study as interposition
technique between head of stapes and tympanic membrane gave better hearing results and more incidence of
ABG of 20 dB or less compared to TORP(56% versus
38%).

Conclusion
Retrograde mastoidectomy with canal wall reconstruction with bone graft combines the advantages of canal
wall up and down mastoidectomy and associated with a
low rate of recidivism and significant improvement of
the hearing.
Glass ionomer cement (GIC) was used safely for fixation of bone graft in place during canal wall reconstruction with no adverse reaction.
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