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Abstract

Background: Introduction of the novel imaging modalities such as optical coherence tomography and scanning laser optical to-
mography allow the morphological and functional evaluation of the intracochlear structures up to the histological details. The
prerequisite of these modalities is the preparation of the membranous labyrinth by removing the dense otic capsule to enhance
the optical penetration depth. In the present study, a combination of the chemical decalcification and bone drilling method was
explained for the preparation of the human inner ear structures for further studies.
Methods: In this study, nine human temporal bones were used and trimmed in cubes containing middle and inner ear structures.
The samples were immersed in 5% nitric acid, 20% EDTA, and 10% EDTA solutions, respectively. The samples were brought out and
rinsed every 90 minutes, and mechanical removal of the softened bone was performed with surgical drill system until the complete
decalcification of the samples was confirmed by X-ray imaging. The prepared samples were evaluated by microcomputed tomogra-
phy imaging for anatomical distortions caused by the preparation process.
Results: Complete decalcification and preparation of the samples were obtained in average of 10.5 ± 0.5 hours. No obvious mor-
phological changes were observed in microcomputed tomography images, except for fracture of the remnant bony shell at the apex
of cochlea in one sample.
Conclusions: The combination of the chemical decalcification and mechanical removal of the softened bone can accelerate the
sample preparation for high resolution imaging studies without significant morphological changes.
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1. Background

Evaluating the intracochlear anatomy is essential in
understanding hearing loss physiopathology and improv-
ing hearing rehabilitations. Although histopathologic
preparation studies that are commonly used have the
appropriate resolution, these procedures require several
time consuming preparations such as chemical fixation,
dissection, decalcification, embedment, and sectioning.
On the other hand, some temporal bone electrode in-
sertion studies that evaluated the intracochlear violation
after implantation with histopathologic preparation re-
ported the increased rate of intracochlear trauma com-
pared to clinical results of the same electrode, which raised
the possibility of preparation artifacts in temporal bone
studies (1, 2).

The clinically available imaging modalities such as
computed tomography (CT) and magnetic resonance

imaging (MRI) did not present the proper resolution for
evaluation of the intracochlear soft tissue structures (3).
The experimental imaging modalities such as microcom-
puted tomography have the appropriate resolution for
high density structures of the petrous bone, but visual-
ization of the intracochlear soft tissue structures requires
minimizing the bone density surrounding these struc-
tures by decalcification and/or mechanical removal (4).
Improvements in experimental imaging technologies
have introduced novel modalities such as optical coher-
ence tomography (OCT) (5, 6) and scanning laser optical
tomography (SLOT) (7) for inner ear structural visualiza-
tion. Due to the limited penetration of the optical or laser
beams applied in these modalities, preparation of the
temporal bones by decreasing the density and thickness
of the otic capsule is a prerequisite.

Ethylenediaminetetraacetic acid (EDTA) is a neutral
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fluid containing chelating agent used for decalcification
and preserves the structure and integrity of the specimen
well, but the prolonged demineralization period can re-
strict its use (8-10). Organic and inorganic acids such as
formic acid and nitric acid are also used for bone decalcifi-
cation. Compared to EDTA, the acids can accelerate the pro-
cedure, but the preservation of the microstructures and
tissue stainability may decrease using these mediums (10).

In the current study, a combination of the chemical de-
calcification and mechanical removal of the otic capsule
was represented to prepare the membranous labyrinth for
new imaging modalities.

2. Methods

2.1. Temporal Bone Preparation

In this study, 9 fresh frozen human temporal bones
were used, which were acquired from the donated bodies
of the affiliated anatomy department. Due to the anony-
mous use of the temporal bones, ethical approval was not
required. The specimens were trimmed in cuboidal shape
containing the middle and inner ear to remove the exces-
sive tissue. The margins of cutting were limited to the tym-
panic membrane laterally, the internal auditory canal ori-
fice at medial, and inferiorly to the styloid process (Fig-
ure 1A). Trimming was extended by grossly removing the
excessive bony and soft tissues (Figure 1B). The final sam-
ple weights were between 13 and 14 grams. After trim-
ming, the ossicles were removed, but the stapes footplate
remained intact. The superior semicircular canal dome
was opened to facilitate the entrance of the solution into
inner ear. To ensure the preservation of the structures after
cutting and to rule out the anatomical anomaly, the sam-
ples were scanned with digital volume tomography (Xoran
xCAT, Medical Diagnostic Systems Vertriebs GmbH, Neiden-
stein, Germany), with the following settings: X-ray tube
voltage of 120 kV with a current of 2.5 mA, and voxel size of
300µm. The samples were stored in 4% paraformaldehyde
at 4°C for 12 hours for tissue fixation.

2.2. Decalcification and Bone Removal of the Labyrinth

The fixed temporal bone samples were immersed sep-
arately in 5% nitric acid (NA) on an orbital shaker (with
speed of 80 times/ minute), at room temperature (20°C).
After 90 minutes, the samples were brought out and rinsed
by tap water. The softened demineralized bony parts of
the sample were removed with surgical drill system (EVO-
lution, NSK America Corp, IL, USA) by an experienced otol-
ogist. Bone removal at this stage was performed by 3 mm
burr drill bits and continued until the softened excessive
bony structures were totally removed and not exceed to

the dense parts. Afterwards, the bone dusts were removed
by rinsing the samples in water and the previous steps
were repeated iteratively until the specimen reached to
about 6 g weight and the surgeon felt reaching the fragile
structures of the inner ear (Figure 1C). At this stage, the NA
solution was replaced with 20% EDTA (pH: 7.4) and placed
on the orbital shaker for 90 minutes, and then the soft-
ened parts were drilled after replacing the drill bit with
diamond drill. These procedures were repeated until the
sample’s weight reached to 3 g (Figure 1D). At this stage,
20% EDTA solution was replaced by 10% EDTA (pH: 7.4).
The immersion and drilling stages were repeated until the
endpoint of demineralization and bone removal was con-
firmed by X-ray examination (Figure 1E and F).

2.3. Scanning with Microcomputed Tomography

When it was confirmed that bone removal was suffi-
cient, the samples were rinsed by water and placed in con-
tainers, which had phosphate buffered saline (PBS). Micro-
computed scans were acquired, using the µCT 100 scan-
ner (SCANCO Medical AG, Bruttisellen, Switzerland). The
following settings were used: the X-ray source: 70 kVp, 60
µA, scanning time of 1 to 2 hours, and resolution of 4.5
µm /voxel. To assess the morphological changes, scrolling
through the images via ImageJ (US National Institutes of
Health, Bethesda, Maryland, USA) was performed, and ev-
ery 10th image was evaluated for any bony or soft tissue dis-
integration such as bony fractures and soft tissue anatomy
distortions.

3. Results

Complete decalcification and sample preparation was
achieved in average of 10.5 ± 0.5 hours. The final weights
of the samples reached to mean 405 ± 10 mg. (Table 1)

The mean number of images obtained from the micro-
computed tomography was 1697± 76. Each 10th image was
evaluated for morphological changes. The cochlea was cov-
ered with a smooth thin shell of the bone in all samples.
This bony remnant was intact in all the samples, except for
TB-8, in which the fracture of the bony cover with displace-
ment was evident at the apex of the cochlea (Figure 2B). The
structure of stria vascularis remained well defined and sep-
aration of the stria from the bony lateral wall was not ob-
served. The basilar membrane preserved its continuity in
all images. No unusual artifact was visible. Evaluation of
the Reissner’s membrane was not possible due to the limi-
tation of the imaging modality (Figure 2A).
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Figure 1. The Steps of Combined Preparation Process

A, The temporal bone was cut in cube form; B, Excessive bony and soft tissues were removed grossly (sample weight: 13 - 14 g); C, Intermittent decalcification with 5% nitric acid
and drilling were performed (down to 6 g sample); D, The decalcification with 20% EDTA and drilling were continued (down to 3 g); E, The decalcified labyrinth; F, Complete
decalcification of the sample was confirmed by X- ray imaging. The scale bars represent 1 centimeter.

5. Discussion

The novel improvements in imaging technologies
resulted in the introduction of experimental imaging

modalities to evaluate the intracochlear microanatomy
such as OCT and SLOT (7, 11-14). These high resolution
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Figure 2. µCT Images of the Decalcified Cochlea

A, No discernible morphological changes were evident in bony and soft tissue structures; arrow, residual bony labyrinth, arrow head, stria vascularis, asterisk: basilar mem-
brane; B, Integrity of the bony remnant was not preserved at apex of the cochlea in sample TB-8 (double arrow). The scale bar represents 1 millimeter.

Table 1. Summary of the Results of Sample Preparation

Sample Final Weight, mg Time Required
for Preparation,

hr

Trauma in
micro-CT

Evaluation

TB-1 400 10.0 None

TB-2 420 10.7 None

TB-3 390 11.0 None

TB-4 405 11.3 None

TB-5 402 10.0 None

TB-6 395 10.5 None

TB-7 415 11.0 None

TB-8 417 10.5 Fracture of the
surrounding bone

at apex

TB-9 400 10.0 None

modalities are nondestructive and facilitate near real time
evaluation of the structures. The limiting factor of these
techniques is optical penetration depth. Because of the po-
sition of the cochlea in human temporal bone, which is
surrounded by dense otic capsule, these studies are mostly
limited to animal experiments. Decreasing the bony depth
of osseous labyrinth is necessary to prepare the human
cochlea for these studies. Because of the complex anatomy
and curvature of the cochlea, bone removal, using only
surgical drilling in unprepared specimens, may lead to
fractures and trauma to the intracochlear structures (15).
Therefore, this combined preparation method was intro-
duced in the current study to provide a proper sample with
chemical decalcification and mechanical removal for mi-

croanatomy studies.
Decalcification with strong mineral acids such as ni-

tric acids can accelerate demineralization. Callis et al.
evaluated the impact of various decalcifying solutions on
weight-matched sections of the canine humeri. The sam-
ples were immersed in 10% nitric acid and demineralized
in 7 days. This period was as long as 16 to 40 days in samples
immersed in EDTA, depending on the pH of the solution
(10). Prasad et al. compared the decalcification time of the
fixed size segments of the rat mandibular bone with differ-
ent agents. The mean period of complete decalcification
was 1.7±0.3, 2.3±0.4 and 17.9± 2.0 days for 10% formal ni-
tric acid, 8% formal nitric acid, and EDTA solutions, respec-
tively (8). The limiting factor of nitric acid is that overexpo-
sure to this solution may cause morphologic destruction
of the sample (10, 16).

EDTA is an excellent decalcifying solution for preser-
vation of tissue morphology. Prasad et al. compared the
histology of the mandibular segments of the rats decal-
cified with different agents, and demonstrated that sam-
ples, which were decalcified in EDTA represented better
tissue integrity, stainability, and less friable than samples
demineralized in nitric acid (8). The limitation of EDTA is
that demineralization with this agent is too slow and time-
consuming.

The standard preparation method of the temporal
bone, which is wildly used, was introduced by Schuknecht.
In this method, complete decalcification of the temporal
bone with EDTA took almost 9 months (17). Arnold et al.
declared that a period of more than 6 to 12 weeks immer-
sion in EDTA is necessary for temporal bone decalcification
(9). Cunningham et al. applied microwave decalcification
accelerated demineralization process in human temporal
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bones. They immersed the temporal bone plugs in 0.35
mol/L EDTA, and placed it in a laboratory microwave oven.
Complete decalcification occurred in average of 5 weeks
(18). Keithley et al. accelerated the microwave decalcifica-
tion of human temporal bones, soaked in EDTA, with cut-
ting the samples in cuboidal shapes with 1.5 - 2 cm/side,
containing the inner and middle ear structures. By de-
creasing the size of the samples, they reached the decalci-
fied temporal bones in 190 - 400 hours (19). Johnson et al.
evaluated the soft tissue anatomy of the human temporal
bones with thin-sheet laser imaging microscopy (TSLIM)
optical sectioning. They prepared one temporal bone for
TSLIM process and compared the detailed anatomy images
obtained by this method with traditional celloidin embed-
ded histology images. For sample preparation, complete
decalcification in 0.27 mol EDTA followed by excessive tis-
sue trimming was performed in both methods. The sam-
ples decalcified in 298 and 458 days, depending on the sam-
ple size (20). In the present study, the samples were cut
in 3 × 3 cm cubes to decrease the time of decalcification.
At the early stages of the process, nitric acid solution was
used for gross removal of the surrounding softened tis-
sues and reduction of the preparation time. For fine bone
removal, the decalcifying agent was replaced with EDTA
to avoid induced artifacts reported by nitric acid overex-
posure. On the other hand, friability of the samples is
lower while using EDTA (8), which is necessary for bone re-
moval with drilling. In the current study, the preparation
of the cochlea with decalcification and bone removal was
finished in average of 10.5 ± 0.5 hours, which is less than
the decalcification periods reported above.

The rate of decalcification is affected by environmen-
tal factors such as pH, temperature, and agitation. Collis et
al. evaluated the effect of pH on decalcification time. The
decalcification process was performed on canine humeral
head with 10% EDTA and different pHs of 3.2, 7.0, and 10.3.
Decalcification did not occur in samples with acidic pH.
The samples with neutral pH were decalcified in 40 days,
and samples with alkaline pH in 16 days. They demon-
strated that increasing pH can accelerate the decalcifica-
tion process, but alkaline pH could associate with protein
denaturation and was not recommended (10). The neutral
pH of 7.4 was used in the present study to prevent tissue
distortion. Rising the temperature can accelerate the de-
calcification speed (21), but there are some concerns about
the risk of overheating; and temperature above 45°C is
not recommend (10, 22). Mechanical agitation was demon-
strated to accelerate decalcification by replacing the cal-
cium saturated solutions surrounding the samples with
fresh mediums (10, 21, 22), and slow stirring agitation rep-
resented better histologic results (22). In the current study,
the procedure was performed at room temperature due

to lack of instruments that prevent overheating. Orbital
shaker was used for mechanical agitation.

Cunningham et al. decalcified human temporal bones
using laboratory microwave oven. The cochlea was soft-
ened and semi-lucent after 2 weeks, and complete decal-
cified cochlea was achieved in 5 weeks (18). Madden et
al. combined decalcification in microwave oven by inter-
mittent tissue removal for primate’s cochleae. They dis-
sected the Japanese macaque’s cochlea, immersed it in
EDTA, placed the sample in laboratory microwave oven,
and the decalcified tissue was removed by scalpel every
90 minutes. Complete decalcified cochlea was achieved
in 2 working days, with preserved cochlear ultrastructures
proved by electron microscopy evaluation (23). In the
present study, mechanical removal of the softened tissues
with drilling was used at 90 minutes intervals of decalci-
fication to accelerate tissue preparation. Drilling removes
the calcium bounded with chelating agent, and fresh un-
bounded tissue is brought to the surface. Drilling limited
to the softened tissue causes a smooth surface with the
same depth of remained tissue in all surfaces (24). Because
of the complex anatomy and curvatures of the cochlea,
drilling should be performed by an experienced otologist
who is familiar with the inner ear anatomy.

In conclusion, the preparation method introduced in
the current study can accelerate the cochlear preparation
by combination of chemical decalcification and mechani-
cal drilling, which is necessary for novel imaging technolo-
gies. The anatomy of intracochlear structures is preserved
with this combined method.
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