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Abstract
Objective: Previous studies have demonstrated the poten-
tial of cell transplantation for regeneration of spiral ganglion
neurons (SGNs). However, the effect of surgical invasion on
host cochleae has yet to be evaluated. The present study in-
vestigated the efficiency and invasiveness of our surgical
procedure using a fine glass pipette for injections into the
cochlear modiolus. Methods: We examined the survival of
transplanted embryonic stem cell-derived neurons in the
cochlear modiolus of guinea pigs. Surgical invasiveness was
assessed by measurements of electrically evoked auditory
brainstem responses (eABRs) and SGN densities after an in-
Jection of 5 il of saline into the cochlear modiolus. Results:
All of the transplanted animals exhibited localization of
transplanted cells in the cochlear modiolus. No significant
alterations in the eABR thresholds or SGN densities were
found following surgery. Conclusion: These findings indi-
cate that our procedure is a viable method for testing the
potential of transplants for SGN replacement.

Copyright £ 2008 5. Karger AG, Basel

Introduction

The mammalian inner ear was originally believed to
have no regenerative ability [1]. Therefore, in order to try
and induce the regeneration of inner ear cells, novel strat-
egies including cell and/or gene therapy have been inves-
tigated. Several studies have shown the efficacy of cell
transplantation for the replacement of spiral ganglion
neurons (SGNs), auditory primary neurons [2-8]. How-
ever, surgical procedures for cell transplantation involve
a risk of damaging the host’s auditory system. It is there-
fore crucial to determine the level of surgical invasiveness
and evaluate the efficacy of cell transplantation on func-
tionality, although as of the present, these issues have yet
to be well documented.

We previously reported that transplantation of embry-
onic stem (ES) cell-derived neurons into the cochlear
modiolus rescued impaired auditory function in guinea
pigs [9]. In this previous study, we used a 30-gauge needle
for the injection of cell suspensions into the cochlear mo-
diolus. More recently, we have revised our surgical pro-
cedure in order to reduce the surgical invasiveness to the
host SGNs. In the revised procedure, we use a fine glass
pipette 1o introduce the cell suspensions into the cochle-
ar modiolus of guinea pigs. In the present study, we in-
vestigated the efficiency of our revised procedure, and
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Fig. 1. Surgical procedure for cell transplantation into the cochle-
ar modiolus. a Skin incision is made in the retroauricular region.
b An otic bulla is exposed. ¢ A small hole on the bulla is made us-
ing a drill. d The round window and the basal turn of the cochlea
are observed through an opening on the bulla. An interrupted

mdicates the location of the basal

turn. @ Cochleostomy is

evaluated the functional and histological damage to the
host SGNs. To evaluate cell transplantation efficiency, we
examined the survival of the transplanted ES cell-derived
neurons in the cochlear modiolus of guinea pigs. The lev-
el of surgical invasiveness was estimated by measuring
electrically evoked auditory brainstem responses (eABRs)
and SGN densities in Rosenthal’s canal following an in-
jection of 5 ul of saline.

Materials and Methods

Anrm
A total of 12 Hartley strain },.U'm:a pig
were purchased from Japan SLC Inc
the ani

ighing 350-400 g
All of
Is had otoscopically normal tympanic membranes and

atsu, Japan)

ansplantation into Cochlear Modiolus

micromanipulator

4

performed on the basal portion of the cochlea corresponding to
the location of the scala tympani. A dotted line indicates the loca
tion of the osseous spiral lamina. A cross indicates the injection
point. f, g A glass pipette is inserted into the cochlear modiolus
using a micromanipulator. h The cochleostomy site is closed with
a fat graft (dotted line).

normal hearing, as determined by tone-burst ABR. The Animal
Research Committee of the Graduate School of Medicine, Kyoto
University, Japan, approved all of the experimental protocols. An-
imal care was carried out under the supervision of the Institute of
Laborat Animals of the Graduate Nchuul of Medicine, Kyoto
University. All of the experimental procedures were performed in
accordance with the National Institutes of Health Guidelines for
the Care and Use of Laboratory Animals

Surgical Procedure

The animals were anesthetized with an intramuscular injection
of ketamine (75 mg/kg) and xylazine (9 mg/kg), and body temper-
ature was maintained at 37 * 1°C using a heating pad. We used a
conventional retroauricular approach in the lateral recumbent po
sition (fig. la). After exposure o ic bulla (fig. 1b), a small hole
was made on the otic bulla to eXpose 'he round window niche and
the basal turn of the cochlea (fig. I, d). After fixation of the head
position using clay and surgical a]‘m.ukhle.:smm» was performed

e
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on the basal portion of the cochlea to visualize the cochlear mo-
diolus through the scala tympani (fig. le). A fine glass pipette was
made with a Flaming/Brown micropipette puller (Sutter Instru-
ment Co., Novato, Calif,, USA), with the tip cut with a fine blade to
make an outer diameter of approximately 100 pm, A microma-
nipulator was used to insert the glass pipette, which was connected
1o a microsyringe (Hamilton, Reno, Nev., USA), into the cochlear
modiolus of the basal portion of the cochlea (fig. 1f, g). After re-
moval of the perilymph with filter paper, we directly inserted the
glass pipette into the bony wall of the cochlear modiolus from a
point slightly basal to the junction of the osseous spiral lamina and
the modiolus (fig. 1f). In this particular region, a glass pipette is
capable of penetrating the bony wall of the cochlear modiolus due
to the thickness of the bony wall. Subsequently, we infused 5 pl of
the substrate through the glass pipette using a microinfusion pump
set ata rate of 1 wl/min. The glass pipette was removed 1 min after
stopping the infusion. Finally, the cochleostomy site was closed
with a fat graft and then covered with fibrin glue (fig. 1h).

Efficiency of the Cell Transplantation Procedure

We estimated the transplant survival of mouse ES cell-derived
neural progenitors in the cochlear modiolus using histological
analysis. Mouse G4-2 ES cells (provided by H. Niwa of Riken
CDB, Kobe, Japan) that were derived from the El41g2ab ES cell
line and which carried the EGFP gene driven by the CAG pro-
moter were used as the transplant source. Neural induction of ES
cells was performed by stromal cell-inducing activity [10] before
transplantation. Briefly, undifferentiated ES cells were cultured
on a feeder layer of PA6 stromal cells (RCB1127; Riken Cell Bank,
Tsukuba, Japan) in Glasgow's modified Eagle's medium (GMEM;
Invitrogen, Carlsbad, Calif,, USA) supplemented with 5% knock-
out serum replacement (Invitrogen), 1 mM pyruvate (Sigma, St.
Louis, Mo., USA), 0.1 mM nonessential amino acids (Invitrogen),
and 0.2 ms 2-mercaptoethanol (Wako, Osaka, Japan). Colonies
that formed on the PA6 monolaver after 6 days of culture were
isolated and prepared as suspensions of 104 cells/il GMEM,

In 4 guinea pigs, 5 ul of the cell suspensions were injected into
the cochlear modiolus in each animal using the procedure de-
scribed above. At 1 week after cell transplantation, the otic bullae
of the experimental animals were opened under ketamine and
xylazine anesthesia, and then 4% paraformaldehyde in 0.01 M
phosphate-buffered saline at pH 7.4 was perfused into the peri-
lymph from the round window. The unimals were deeply anesthe-
tized with 2 lethal dose of ketamine and xylazine that was per-
fused intracardially with physiological saline, followed by infu-
sion of the same fixative. The temporal bones were then collected
and immersed in the same fixative for 4 h at 4°C. Specimens (10
wm thick) were prepared using a cryostat after decalcification
with 0.1 M ethylenediaminetetraacetic acid in phosphate-buff-
ered saline for 3 weeks at 4°C. From cach cochlea, three mid-mo-
diolus sections were stained with 2 pg/ml 4',6-diamino-2-phe-
nylindole dihydrochloride (DAPL Molecular Probes, Eugene,
Oreg,, USA), and then viewed with a Nikon Eclipse E600 fluores-
cence microscope (Nikon, Tokyo, Japan). Settlement of trans-
plants was determined by the existence of both EGFP- and DAPI-
positive cells in Rosenthal’s canal or the cochlear modiolus.

Functional Estimation of Surgical Invasiveness
We injected 5 pl of physiological saline into the modiolus of
the left cochlea of each of 8 guinea pigs. Functional damage was
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Fig. 2. Measurement of eABRs. a A platinum ball electrode is in-
serted into the scala tympani in the basal portion of the cochlea.
Another wire serves as extracochlear ground for monopolar stim-
ulation, and is fixed to the temporal bone. For recording, three
electrodes are used (positive; vertex, negative: neck, ground; tho-
rax). b The threshold is defined as the smallest current amplitude
required to evoke a response within a latency of 4 ms after stimu-
lus onset. Arrows indicate the first positive wave after stimulus
onset. The threshold of this sample is 100 pA.

evaluated by determining eABR thresholds immediately before
and after surgical treatment, and on days 1 and 14 after surgical
treatment, eABR measurements were performed in a sound-at-
tenuated and electrically shielded room. One platinum/iridium
ball electrode (Nihon Koden, Tokyo, Japan) was inserted into the
scala tympani through the cochleostomy site and was then placed
approximately 1.5 mm deep from the cochleostomy site. Another
electrode was fixed to the temporal bone where it served as an
extracochlear ground for monopolar stimulation (fig, 2a).

Biphasic current pulses were generated under computer con-
trol using a real-time processor (Tucker-Davis Technologies, Ala-
chua, Fla., USA). Stimuli were altered in 50-pA steps, with the
stimulus current levels calibrated by measuring the voltage with
an oscilloscope from 1,000 to 10,000 €. The responses against
electrical stimuli were recorded separately using stainless steel
needle electrodes (fig. 2a, vertex positive, neck negative, thorax
ground). The electrical stimulus consisted of charge-balanced bi-
phasic current pulses, which occurred 50 times per second. The
scalp-recorded response was amplified by 3 x 10" and band-pass-
filtered (200-1,500 Hz). The filter output was fed to an analog-to-
digital converter and sampled for 10 ms following stimulus onset.
For each recording, 500 responses were averaged and then stored
for subsequent analysis. Two sets of recordings were made at each
current level, and the current amplitude was reduced to levels
below threshold. The thresholds for eABRs were determined as
described previously [11-15]. The threshold was defined as the
smallest current amplitude that was required to evoke a response
with a latency of 4 ms following the stimulus onset for both re-
sponses (fig. 2b).

Histological Estimation of Surgical Invasiveness
After saline injection into the cochlear modiolus, the temporal
bones were collected on days 1 (n = 4) and 14 (n = 4). Right co-
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Fig. 3. Locations of transplanted cells in the cochlea. EGFP-ex-
pressing cells (green; light gray in the printed version) are found
in the cochlear modiolus and Rosenthal’s canal from the basal to
the middle portion of cochleae (a, b, arrows). One specimen ex
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Fig. 5. Histological damage in a cochlea due 10 surgical proce-
dures. a At the injection site, bone fracture of the cochlear mo-
diolus (arrow) and injury of nerve fibers (arrowhead) is found on
day 1 after surgery. b In the mid-basal portion of the cochlea on
day 1 after surgery, red blood cells are observed in Rosenthal's
canal (arrows). ¢ From the second to the apical turn of the cochlea,
nodegenerative changes in the organ of Cortiand spiral ganglions
are identified, although a number of red blood cells are found in

cells were also observed in the scala vestibuli in 1 of the
experimental animals (fig. 3¢), indicating leakage of in-
jected transplants from the cochlear modiolus.

Functional Damage due to Surgical Procedures

To evaluate the functional damage to SGNs and nerve
fibers, we measured the eABRs, which are frequently
used for evaluation of SGN function [11-15]. The mean
values of the eABR thresholds immediately before and
after surgery were 131.3 * 18.6 and 125.0 * 189 pA,
respectively. On days 1 and 14 after surgery, the mean
values were 100.0 = 0.0 and 112.5 £ 12.5 pA, respec-
tively. There were no significant differences in the eABR
thresholds among the experimental groups (fig. 4), indi-
cating that our procedure caused no severe functional
damage of the SGNs.

Histological Damage due to Surgical Pracedures
HE staining of mid-modiolar sections revealed actual
points of injection in the cochlear modiolus. In all speci-
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the scala tympani (arrowheads), d Cell infiltration (arrowheads)
is observed in the scala tympani and scala vestibuli of the basal
portion of the cochlea on day 14 after surgery. e In the basal turn
of the cochlea on day 14 after surgery, the organ of Corti and the
spiral ganglion exhibited normal morphology, despite cell infil-
tration in the scala tympani. f Spiral ganglion in the basal turn of
the control cochlea, Bars = 20 um.

mens, the injected points were located in the cochlear mo-
diolus of the basal turn from a point slightly inferior to
Rosenthal’s canal (fig. 52). On day 1 after surgery, infiltra-
tion of nucleated cells in the modiolus and injury in the
nerve fibers was observed in the injected site (fig. 5a).
From the basal to the second turn, a number of red blood
cells were found in the scala tympani, scala vestibuli and
scala media. Red blood cells were also found in Rosenthal’s
canal of the basal and mid-basal portions of cochleae
(fig. 5b). However, organs of Corti and SGNs were well
preserved in these portions of cochleae. In the apical por-
tion of cochleae, no apparent histological damage was
identified, although cell infiltration into the scala tympani
and scala vestibuli was observed (fig. 5c). On day 14, red
blood cells in the cochlear fluid space decreased (fig. 5d);
however, cell infiltration in the scala tympani of the basal
and mid-basal portions were still observed (fig. 5d, e). Re-
markable degeneration of SGNs was not observed in the
cochleae on day 14 in comparison with normal cochleae
(fig. 5f). We quantified the histological damage to SGNs
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are found in each turn of cochleae between specimens after surgery and control specimens (a, b; unpaired t

test). Bars show standard errors.

by measuring SGN densities in Rosenthal’s canals. There
were no significant differences in the SGN densities in ev-
ery portion between the cochleae with surgical treatment
and the cochleae without surgical treatment on days 1 or
14 after surgery (fig. 6a, b). We also quantified the number
of nucleated cells in the scala tympani, scala media and
scala vestibuli. A number of nucleated cells were found in
the basal and mid-basal turns of the cochleae, notably in
the scala tympani, on day 1 after surgery (fig. 6¢). On day
14, there was a trend for the numbers of nucleated cells to
decrease in the mid-basal and second turn of cochleae,
while in the scala tympani of the basal turn, an increase in
the number of nucleated cells was observed (fig. 6d). These
findings indicate that our surgical procedure causes no
significant loss of SGNs, although certain injury in the in-
jected points and consecutive cell infiltration occurred in
the basal turn of cochleae.

Transplantation into Cochlear Modiolus

Discussion

The primary aim of this study was to establish a min-
imally invasive procedure for cell transplantation into
the cochlear modiolus, which would allow for successful
introduction of the transplants into the cochlear modio-
lus. Previously, Brown [16] established a method for re-
cording single efferent and afferent auditory nerve cells.
In this method, after cochleostomy in the basal turn of
the cochlea, a small opening on the osseous spiral lamina
is made using a fine insect pin followed by insertion of a
fine glass electrode through the opening. This method is
actually a very low invasive and efficient procedure for
accessing the auditory nerves from the scala tympani.
The aim of the present study was to establish a method
for cell transplantation into the cochlear modioli of guin-
ea pigs by introducing cell spheres through a glass pi-
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pette. To achieve this primary aim, it is necessary to use
glass pipettes with larger tips. However, the comparative-
ly thick glass pipettes that were used in the present study
were too large for insertion into the osseous spiral lami-
na. Therefore, we inserted a glass pipette into the modio-
lus of the basal portion of the cochlea.

The present findings demonstrated that there was no
significant elevation of eABR thresholds after surgery, in-
dicating that no severe functional damage of the SGNs
due to surgical procedures had occurred, Measurements
of eABR thresholds have frequently been used for evalu-
ation of SGN function in animal experiments [9, 11-15].
In such experiments, animal models for severe SGN de-
generation are used. Although eABR thresholds are actu-
ally effective for evaluating severe SGN degeneration, it
has been reported that the eABR is of limited value when
it comes to detecting only minimal SGN loss [17]. There-
fore, our present findings for eABRs did not indicate that
there was a complete preservation of host SGNs. We re-
corded eABRs immediately before and after surgery, and
on days 1 and 14 after surgery in order to evaluate acute
and chronic effects of our surgical procedure on ABR
thresholds. The results demonstrated that there were no
significant alterations in eABR thresholds between the
time points for which the data were collected, indicating
that the surgical procedure itself and the inflammatory
responses that follow surgery do not affect eABR thresh-
olds.

Histological analysis of the SGNs also revealed that
there was no significant loss of SGNs due to our surgical
procedure, which supports our present findings for eABR
measurements. Although there was no significant de-
crease in SGNs after surgery, infiltration of nucleated
cells and the presence of bleeding were found in the co-
chleae, mainly in the scala tympani. On day 1, nucleated
cells were predominantly found in the basal and mid-
basal portions of cochleae, while on day 14, the distribu-
tion of nucleated cells was limited in the basal portion of
cochleae. However, the number of nucleated cells in the
basal portion of cochleae on day 14 increased from that
on day 1. These findings indicate that immediate inflam-
matory responses due to surgery occur in the basal and
mid-basal portions of cochleae, and chronic inflamma-
tion continues in the basal portion until day 14. However,
such inflammatory responses caused no significant SGN
degeneration.

In our previous studies [9, 18], we used a 30-gauge nee-
dle for introducing transplants into the cochlear modio-
lus, which resulted in efficient settlement of the trans-
plants in the cochlear modiolus. In the present study, in

8 ORL 2009;71:32-39

order to reduce the surgical invasiveness to host SGNs, a
glass pipette was used for the injection of substrates into
the cochlear modiolus instead of a needle. The outer di-
ameter of a 30-gauge needle is approximately 500 pm,
while that of a glass pipette is only 100 m, which is like-
Iy to reduce the extent of surgical damage. Although the
use of a glass pipette could result in an insufficient intro-
duction of ES cell-derived neurons into the cochlear mo-
diolus, the present histological findings demonstrated
that there was an efficient settlement of transplanted cells
in the cochlear modiolus. We therefore believe that the
use of a glass pipette is an efficient and safe method for
the introduction of cells into the cochlear modiolus of
guinea pigs.

Several previous studies have documented the secre-
tion of trophic factors from transplanted stem cells in the
cochlea [19-21]. Culture media can also include various
trophic factors, and thus, an injection of cell suspensions
or culture media has the potential to protect SGNs against
surgical invasiveness. Therefore, to evaluate surgery-re-
lated functional and histological damage to host SGNs,
instead of cell suspensions, we injected saline into the co-
chlear modiolus.

In conclusion, our present findings demonstrate that
a surgical procedure that uses a glass pipette can effi-
ciently introduce transplants into the cochlear modiolus
with no significant alteration in eABR thresholds and in
SGN densities in normal adult guinea pigs. Our revised
procedure for cell transplantation into the cochlear mo-
diolus can be used to investigate the potential of various
transplants for functional regeneration of SGNs in the
guinea pig.
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Abstract There has been increasing interest in cochlear
drug delivery through the round window membrane
(RWM). However, placing drugs on the RWM s difficult
because of anatomical barriers. We examined the efficacy of
a microendoscope for a transtympamc approach 1o the
RWM. We evaluated the visibility of the RWM using four
approaches: franstympanic microendoscopic, transtympanic
microscopic, transmastoid microendoscopic, and transmas-
toid microscopic in ten human temporal bones. For the
transtympanic approach, we made a fenestration (2 x | mm)
in the postero-inferior quadrant of the tympanic membrane.
For the transmastoid approach, conventional posterior hypo-
tympanotomy was performed. The transtympanic microen-
doscopic approach enabled visualization of the RWM in all
specimens, whereas the transtympanic  microscopic
approach only permitted visualization in three specimens.
Through the transmastoid approach, the RWM was visible
in all specimens using either a microendoscope or a micro-
scope. The transtympanic microendoscopic approach can be
utilized for cochlear drug delivery through the RWM,

Keywords Microendoscope - Round window membrane -
Cochlea - Drug delivery

Introduction

Sensorineural hearing loss (SNHL) is one of the most com-
mon disabilities in industrial countries. Systemic adminis-
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tration of steroids has been widely used for the treatment of
acute profound hearing loss [1]; however there are limita-
tions in their clinical efficacy [2]. At present, therapeutic
strategies are limited to hearing aids and cochlear implants
for patients with chronic SNHL. Based on this background,
basic investigations have elucidated several agents that are
effective for the treatment of SNHL. However, the problem
of how to deliver drugs to the inner ear has been a consider-
able obstacle to the development of treatments for SNHL.,
The blood-inner ear barrier prevents the transportation of
serum drugs to the inner ear, and the blood flow to the inner
ear is very limited.

Drug transduction through the round window membrane
(RWM) is one option for delivering drugs into the inner
ear. Continuous infusion of RWM with an osmotic pump
and microcatheter has been reported as an effective and safe
approach [3]. However, it requires surgery and the invasion
cannot be overlooked. Recently, new local drug application
procedures using biodegradable substances are gaining
interest [4, 5]. The inner ear is one of the targets for local
drug administration using biodegradable gelatin hydrogels
[6, 7], In this drug delivery system, positively charged pro-
teins or peptides are electrostatically trapped in negatively
charged gelatin polymer chains. As the gelatin polymer
chains degrade, proteins or peptides are released from the
hydrogel. The released protein is conveyed through the
RWM into the inner ear via a concentration gradient.
Therefore, close contact of biodegradable hydrogels with
the RWM is critical for efficient drug delivery to inner ear
fluids.

The RWM is situated perpendicular to the tympanic
membrane and deep in the round window niche. In some
cases, a false membrane covers the RWM. For safe and cer-
tain drug administration, hydrogels containing drugs should
be placed on the RWM under direct visualization, Use of a
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microendoscope is an effective method for visualization of
the RWM [§]. It is equipped with a working channel, which
can be used in drug administration. However, the potential
of microendoscopes for placing substrates on the RWM has
not been evaluated, and it is important to clarify the preva-
lence of subjects in whom the RWM is microendoscopi-
cally visible. In the present study, we examined the
potential of a specially modified microendoscope for a
transtympanic approach to the RWM using human tempo-
ral bones.

Materials and methods

Ten formalin-fixed temporal bones with no middle or inner
ear diseases were obtained from six individuals (aged from
68 to 76 years at death, five male, and one female). A mic-
roendoscope (0.9 mm in outer diameter, 50 mm in length;
FiberTech, Tokyo, Japan) was specially modified in the fit
angle for observation of the RWM through the tympanic
membrane. The tip is curved 15° (Fig. 1). The view angle is
70°. It is equipped with a working channel (0.3 mm in
diameter).

We used four different approaches to observe the RWM
as follows: (1) transtympanic microendoscopic, (2) trans-
tympanic microscopic, (3) transmastoid microendoscopic,
and (4) transmastoid microscopic. For the transtympanic
approach, a small fenestration (2 x | mm) was made in the
posterior inferior quadrant of the tympanic membrane using
a knife (Fig. 2). The microendoscope was inserted into the
middle ear through this fenestration and set to provide the
best view of the RWM. For observation with a microscope,
the fenestration edge in the tympanic membrane was gently
pushed with a curved needle to obtain the best access to the

Fig. 1 A microendoscope specially modified for better visualization
of the RWM. The outer diameter is 0.9 mm and the length is 50 mm.
The view angle is 70 It is equipped with a working channel (0.3 mm
in diameter)
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Fig.2 A small fenestration (2 x | mm) was made in the posterior
inferior quadrant of the tympanic membrane using a knife. Posterior
hypotympanotomy was made as large as possible. In all specimens, the
facial nerve and chorda tympani were skeletonized

RWM. For transmastoid approaches, canal-wall up com-
plete mastoidectomy and posterior hypotympanotomy were
performed under conventional microscopy (Leica M300,
Leica Microsystems, Wetzlar, Germany). The bones cover-
ing the middle cranial fossa dura, the posterior fossa dura,
and the sigmoid sinus were drilled to be as thin as possible.
The bony wall of the external auditory canal was preserved.
The facial nerve and chorda tympani nerve were skeleton-
ized and the facial recess was opened as large as possible
(Fig. 2).

The RWM was observed through a posterior hypotym-
panotomy with a microendoscope or a microscope. Surgical
procedures were performed by one author (Harukazu Hira-
umi). The view of the RWM and surrounding structures
using the four approaches was video-captured. Frames
showing best view of the RWM were converted into still
images, and the area of the RWM was measured using
image-processing program, Imagel. An angled hook
(1.0 mm sharp tip) was used as a reference. Total area of
the RWM was measured after drilling the round window
niche. The visibility of the RWM was calculated and
graded into three classes: Grade 1 as no or little visualiza-
tion of the RWM (<20%), Grade II as defined by >20%,
and Grade III as defined by >70%. In three samples, the
round window niche was covered with false membranes. In
these cases, the false membranes were removed with a
curved needle under microscopic view via posterior hypo-
tympanotomy.

Results

A microendoscope was smoothly inseried into the middle
ear cavity and the incuidostapedial joint was observed eas-
ily in all the specimens. The percentage of the area of the
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