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ABSTRACT

Purpose: This was a preliminary study to assess surgical construction and regeneration of mastoid air cells in the treat-
ment of cholesteatoma. Methods: Two-stage tympanoplasty with mastoidectomy was performed in four cases of uni-
lateral cholesteatoma with sclerotic mastoid. During the first-stage operation, small fragments of autologous cortical
bone were inserted into the cavity after mastoidectomy to form a honeycomb-like structure. Reconstruction of the lat-
eral wall of the mastoid cavity was performed using the mastoid cortical bony plate. Pre- and postoperative mastoid
volume was evaluated by three-dimensional reconstruction based on high-resolution computed tomography (HR-CT)
images. Results: HR-CT images after the first-stage operation showed that mastoid volume had increased in all subjects.
Macroscopic inspection during the second-stage operation revealed that the honeycomb-like structure made of bony
fragments and covered by thin mucosa in the mastoid cavity was stable, with no evidence of effusion or granulation
tissue. No retraction of the eardrum, middle ear effusion or recurrence of cholesteatoma was observed, and the hearing
level on a pure-tone audiogram was improved in any subject 60 - 94 months after the second-stage operation. Conclu-
sion: Surgical construction and regeneration of mastoid air cells using autologous cortical bone can be useful in treat-
ment of cholesteatoma with arrested mastoid pneumatization.

Keywords: Regeneration; Mastoid Air Cells; Mastoid Cortex Plasty; Tissue Engineering; Cholesteatoma

1. Introduction In the present preliminary study, this method was mo-
dified and applied in four subjects with cholesteatoma
using autologous cortical bone, which is easily accessible
to most surgeons. In addition, modified mastoid cortex
plasty [3] was performed, including reconstruction of the
lateral wall of the mastoid cavity after mastoidectomy
using the mastoid cortical bony plate. Mastoid volume

Middle ear gases are exchanged through the Eustachian
tube and the middle ear mucosa. Well-developed mastoid
air cells aid in ventilation of the middle ear cavity and
may prevent occurrence of middle ear atelectasis. How-
ever, in many cases of chronic otitis media and cho-
lesteatoma, mastoid cells are undeveloped and the ability

to exchange middle ear gases is consequently poor. Dis- ~ Was evaluated pre- and postoperatively by three-dimen-
ease recurrence is a danger in such cases even after tym- sional reconstruction pased on high-resolution computed
panoplasty if middle ear gas exchange is not restored. tomography (HR-CT) images.

Kanemaru et al. [1,2] reported a new tissue engineer- )
ing method to construct and regenerate mastoid air cells.  2- Subjects and Methods

This .technique, mastoid _air cell plast)_/, uses three-c_ii- Subjects included three adults and a child with unilateral
mensional hydroxyl apatite (3D-HA) in patients with  cpojesteatoma (Table 1). The contralateral ear was free
severe cholesteatoma, adhesive otitis media, and purulent of disease in all subjects. Two-stage tympanoplasty with
chronic otitis media. This method could improve trans- mastoidectomy was performed in all cases. The proce-
mucosa_l gas exchgnge and may prevent recurrent intrac- dures for mastoid air cell plasty with mastoid cortex
table middle ear diseases. plasty using the autologous cortical bone were as follows:
“Corresponding author. in the first tympanoplastic procedure, the mastoid corti-
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Table 1. Subjects’ characteristics and outcome of hearing level.

Average audiometric thresholds in the

) Interval between ~ . affected ear (dBHL)
Subject Age at 1st' stage Sex 1st- and 2nd-stage Follow-up period fafter
operation - 2nd-stage operation
operations
Pre-op Post-op
1 32 F 7 months 94 months 36.7 133
2 69 M 12 months 84 months 55.0 50.0°
3 40 M 12 months 70 months 31.7 16.7
4 11 M 12 months 60 months 38.3 18.3

“With sensorineural hearing loss.

cal bony plate was collected from the surface of the tem-
poral bone posterior to the external auditory canal prior
to mastoidectomy (Figure 1(a)) and used to close the
mastoid cortex defect at the end of the operation. Ca-
nal-wall-up mastoidectomy was performed. For cases in
which a portion of the canal wall was removed, the de-
fect was reconstructed with bone or cartilage. After re-
moval of the cholesteatoma matrix and granulation tissue,
small fragments of autologous cortical bone (1 - 6 mm in
diameter) harvested from the temporal bone were in-
serted into the opened mastoid cavity to form a honey-
comb-like structure. They were then fixed with fibrin
glue (Figure 1(b)). A silastic sheet was placed in the
tympanic cavity and antrum, and an elastic drainage tube
was positioned in the mastoid cavity. Finally, the mastoid
cortical bony plate was used to close the mastoid cavity
and fixed with bone pate and fibrin glue. The drainage
tube was removed 1 - 2 weeks postoperatively.

The second-stage operation was performed 7 - 12
months after the first to provide a second look and the
opportunity for ossiculoplasty type 111 in all cases. In this
procedure, the silastic sheet was removed from the tym-
panic cavity and antrum. The mastoid cavity was exam-
ined for air cells construction by lifting the mastoid cor-
tex bony plate slightly. After examination of the mastoid
cavity, the bony plate was repositioned and fixed with
bone pate and fibrin glue as in the first-stage operation.

Volume of the mastoid (aditus ad antrum, mastoid an-
trum, and mastoid air cells) was evaluated using multi-
slice HR-CT images. As observed on CT images, total
volume (air part plus soft tissue part) and aerated volume
(air part only) of the mastoid before and after the first-
stage operation were constructed using image reconstruc-
tion software (AZE Virtual Place, Aze Ltd., Tokyo, Ja-
pan). Average conductive hearing levels at three fre-
quencies (500, 1000, and 2000 Hz) on a puretone audio-
gram were compared prior to the first-stage operation and
after the second-stage operation.

This study was approved by the ethics committee of
Fukui Red Cross Hospital. Prior to the study, its proce-
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Figure 1. Intraoperative views (a) Mastoid cortical bony
plate collected from the surface of the temporal bone poste-
rior to the external auditory canal before mastoidectomy; (b)
Small fragments of autologous cortical bone (arrows) in-
serted into the opened mastoid cavity to form a honey-
comb-like structure. Asterisk: posterior wall of the external
auditory canal.

dures and objectives were explained to all subjects and
an informed consent was obtained.

3. Results

Macroscopic inspection during the second-stage opera-
tion revealed that the honeycomb-like structure made of
bony fragments and covered by thin mucosa in the mas-
toid cavity (Figure 2) was stable in all subjects, with no
evidence of effusion or granulation tissue. Histopa-
thological examination of the implanted autologous cor-
tical bone taken as a sample from the reopened mastoid
cavity in subject 3 showed monolayer cuboidal epithe-
lium covering the surface of the bone (Figure 3).

On CT images, sclerotic mastoid was evident in all su-
bjects. Total mastoid volume (0.4 - 0.7 mL) and aerated
mastoid volume (0.1 - 0.4 mL) had decreased in the af-
fected ear compared with that in the healthy ear (1.5 - 8.8
mL in both total and aerated mastoid). After the
first-stage operation, the total mastoid volume increased
and aerated mastoid volume had recovered (1.0 - 1.7 mL
in both total and aerated mastoid) in all subjects (Figures
4 and 5). Here, total and aerated mastoid volumes were
the same in the healthy ear and the affected ear after the
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Figure 2. Macroscopic inspection during the second-stage
operation in subject 1 (a) and subject 2 (b). The honey-
comb-like structure made of bony fragments and covered
by thin mucosa in the mastoid cavity was stable.

Figure 3. A Hematoxylin-eosin stained specimen of im-
planted autologous cortical bone taken from the reopened
mastoid cavity during the second-stage operation in subject
3. Normal monolayer mucosa with blood capillaries cover-
ing the surface of the bone is observed.

Figure 4. CT images of the mastoid before and after the
first-stage operation. (a)-(d) represent subjects 1 - 4, respec-
tively. Preoperatively, sclerotic mastoid was evident in all
subjects. Both total and aerated mastoid volume increased
postoperatively. Constructed air cells were observed in the
mastoid.
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Figure 5. Comparison of total and aerated mastoid volume
pre- and postoperatively estimated by three-dimensional
reconstructions on CT images. Solid and broken lines show
changes in the total and aerated mastoid volume of the af-
fected ear, respectively.

first-stage operation because there was almost no soft
tissue in the mastoid.

No retraction of the eardrum, middle ear effusion or
recurrence of cholesteatoma was observed in any subject
60 - 94 months after the second-stage operation. Postop-
erative hearing level had improved in all subjects (Table
1). Average audiometric thresholds reached normal lev-
els in subjects 1, 3, and 4, and air-bone gaps decreased to
5 - 15 dB in subject 2 in whom sensorineural hearing loss
remained.

4. Discussion

Kanemaru et al. [1,2] reported a new surgical procedure
in tympanoplasty with mastoidectomy using a 3D-HA
tissue-engineering approach to treat intractable chronic
otitis media. It was an epoch-making method involving
morphological construction of functional mastoid air
cells. This study describes a modified version of this sur-
gical procedure. Firstly, small fragments of autologous
cortical bone were used instead of 3D-HA as scaffolding
for mastoid cells. Although 3D-HA is a good material for
this purpose [1,2], most surgeons are not yet familiar
with it. Fragments of cortical bone are easily accessible
during mastoidectomy. These autologous fragments are
functionally equivalent to 3D-HA in the construction of
mastoid air cells.

Secondly, reconstruction of the lateral wall of the mas-
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toid cavity was added by returning of the mastoid cortical
bony plate harvested before mastoidectomy. Yanagihara
et al. originally reported reconstruction of the mastoid
cortical defect using bone pate in mastoid cortex plasty
[3]. Reconstruction of the mastoid cortex has also been
performed using a titanium mesh [4,5] and hyaluronate-
based bioreabsorbable membrane [6]. These were effec-
tive in preventing connective tissue from invading the
mastoid cavity while preserving the mastoid space and
preventing postoperative retroauricular dimpling. In the
procedure reported here, mastoid cortical bony plate was
useful because of its firm structure. No special material is
needed in this procedure, and foreign body reaction is not
an issue. Some practice is needed to harvest the bony
plate correctly. Mastoid cortex plasty using the mastoid
cortical bony plate is a very important procedure for suc-
cessfully constructing mastoid air cells.

In this study, CT images revealed increased mastoid
volume in all subjects postoperatively. During the sec-
ond-stage operation, we confirmed that the honeycomb-
like structure made of bony fragments and covered by
thin mucosa in the mastoid cavity was stable. Thus, mas-
toid air cells were successfully constructed using the me-
thod reported here. Postoperatively, a larger functional
mucosa-lined area and lower middle ear impedance were
thought to be acquired than those before surgery, facili-
tating better mastoid gas exchange. Though the function
of the constructed mastoid air cells could not be proven
directly, the long-term good results, including release
from retraction pockets and improved hearing level, in-
directly demonstrate the favorable condition of the newly
constructed middle ear.

Hasebe et al. [7] conducted a study to determine if
cholesteatoma is controlled by conservative treatment
with mastoid ventilation. Their clinical observations sug-
gest that progression of cholesteatoma could be related to
the ventilatory conditions in the mastoid rather than the
Eustachian tube function. They concluded that conserva-
tive treatment may be effective when ears with choles-
teatoma have aeration in the mastoid. In conjunction with
conservative treatment, construction and regeneration of
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mastoid air cells should be effective against recurrence of
cholesteatoma.

We believe that surgical construction and regeneration
of mastoid air cells using autologous cortical bone can be
useful in treatment of intractable chronic otitis media
with arrested mastoid pneumatization.
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