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Introduction

The resolving power of a scanning electron microscope is mainly limited by the spotsize
of the beam on the specimen surface; a considerable decrease of the spotsize leads to an
unfavourable signal/noise ratio and thus to an inferior resolution. This can only be
improved by the use of a cathode with a higher brightness, like a LaB6 or field-emission
electron gun1. The high brightness of the field-emission gun (FEG) guarantees a resolu-
tion of 2-3 nm at an accelerating voltage of 5 kV, a value which can only be achieved at
approximately 25 kV with a LaB6 cathode. Between 1-5 kV, a resolution can be achieved
which is still better than the conventional cathodes at much higher kV. Both the LaB6 and
T-gun SEM’s produce an inferior resolution at 5 kV and lower, with respect to the FEG-
SEM image.

The use of low voltages has some advantages such as:
1 Conductivity of the sample is less critical; often a very thin conductive layer of 1-2 nm

or no coating at all is sufficient to obtain good images of medium to high magnifica-
tion. However, coatings of 5-10 nm, necessary for high voltages in conventional SEM,
lead to an inferior image due to the formation of artefacts. This can be the result of
aggregation of coating particles, cracked coating, uneven thickness of the coating or
the covering of fine details by the coating particles; therefore the application of a
metal coating is sometimes not desirable.

2 A second reason for using low voltages is the fact that more information on the
surface is obtained by minimal penetration of the primary electrons into the sample.

To avoid the problem of too thin, thick or uneven conductive layers, non-coating tech-
niques like OTOTO or TAO are considered to be a very good alternative2-4. Non-coating
techniques produce an optimal external as well as internal fixation and conductivity, so
charging is almost excluded and fine structures are not hidden. Moreover non-coating
techniques are very well applicable with FEG-SEM, both at high voltages (15-25 kV)
and very low voltages (1-5 kV), for observation of fine structures at low, medium, and
high magnification.

The stereocilia on the hair cells in the organ of Corti are structures of interest. Exten-
sive morphological and physiological studies of these stereociliar structures have been
conducted5-8. The stereocilia are thought to play a critical role in the mechanoelectrical
transduction process of hearing9-11. Although conventional scanning electron microscopy
produced very interesting images of the stereocilia, fine structures were never found to
be as detailed as seen in images obtained through transmission electron micros-copy6,10.

In most SEM-studies, these fine structures, such as surface structures and connecting
links between the stereocilia, were coated with metal layers of a thickness of 12-25 nm,
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and examined in STEM with accelerating voltages of 40 to 80 kV. Therefore, a high
resolution image of fine morphological structures has never been obtained.

To obtain high resolution images of the stereocilia and stereocilia-related structures,
we used field emission scanning electron microscopy at low voltages, in combination
with several non-coating preservation and preparation techniques.

Materials and methods

Thirty healthy female albino guinea pigs (Harlan, the Netherlands) with a mean weight
of 250 g were divided into several groups to study the effect of the different pre- and
post-fixation as well as cochlea dissection techniques at different voltages with the FEG-
SEM. The purpose was to obtain optimal resolution of the fine structure of the auditory
sensory cells. Animal care and use were approved by the experimental Animal Commit-
tee of the Groningen University, protocol number 0777-1193/ 1294, in accordance with
the principles of the declaration of Helsinki.

Animal preparation and pre-fixation

All animals were killed by sublethal administration of sodium pentobarbital (60 mg/kg
i.p.), whereafter intracardiac perfusion of 0.1M Na-cacodylate buffer + 2% PVP + 0.4%
NaNO2 [pH 7.4; 400Mosmol] was performed for 5 minutes, followed by a perfusion-
fixation with either:
1 A mixture of 3% glutaraldehyde (GA), 2% formaldehyde (FA), 1% acrolein and 2.5%

DMSO in 0.08 mol/L Na-cacodylate buffer [pH 7.4; 4°C] for 15 min. or
2 A solution of 2% glutaraldehyde in 0.1M Na-cacodylate buffer [pH 7.4; 400 Mosm;

4°C] for 15 min. Calcium chloride (2 mM) was added to the perfusion and fixation
solution of some cochleae, following Furness and Hackney5.

After removal of the temporal bones, the cochleae were dissected and immersed in the
same fixative for an additional 24 hrs at room temperature.

Cochlea dissection

During dissection, the round window and the top of the cochlea was opened for optimal
immersion of the fixative. Subsequently, the cochlea were prepared according to one of
the three procedures described below, to examine the influence of these methods on the
fine structure preservation:
1 No additional removal of the lateral bony wall of the cochlea.
2 Removal of the lateral bony wall without removal of the stria vascularis.
3 Removal of the lateral bony wall including the stria vascularis.
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Cochlea post-fixation

Post-fixation was performed according to one of the three following methods:
1 The OTOTO [OsO4 - Thiocarbohydrazide - OsO4 - Thiocarbohydrazide - OsO4] non-

coating technique involves the use of the ligand thiocarbohydrazide in combination
with OsO4 in 0.1 M Na-cacodylate buffer in the given sequence for various periods,
as described by Jongebloed3.

2 The TAO [tannic acid - arginine - OsO4] non-coating technique involves the use of
tannic acid in combination with arginine hydrochloride, glycine, sodium glutamate and
sucrose for various periods [2%; 16 h; 20°C], rinsing with distilled water (3x), immer-
sion in a mixture of tannic acid/ guanidine-HCL [2%; 8 h; 20°C], rinsing in distilled
water (3x), immersion in OsO4 solution [2%; 8 h; 20°C], rinsing with distilled water,
and dehydration in an ethanol series as described by Kalicharan4.

3 The conventional method involves immersion in a Na-cacodylate buffered OsO4

solution for appr. 8 hrs., as described by Soudijn12.
All specimens were critical point dried with liquid CO2, only the conventionally post-
fixed samples had to be sputtercoated with Au or Au-Pd (10 nm).

Cochlea FEG-SEM observation

All specimens were studied in a JEOL FEG-SEM, type 6301F operated at 0.5 - 10 kV,
spotsize 2 x 10-11 A at a working distance (WD) of 6-11 mm, to determine the optimal
accelerating voltage for observation of the fine structure of the stereocilia. The specimens
were also photographed in stereo to study the three-dimensional aspect of the structures.

Results

Animal preparation and pre-fixation

The pre-fixation with the GA/FA/Ac/DMSO mixture caused several artefacts. The size
of hair cells and supporting cells seemed to be reduced, probably because of shrinkage
due to the extreme osmolarity of the solution, which was more than 1200 Mosm.

Many of the stereocilia of the outer hair cells were disrupted from their cuticular plate,
and were found on the lower surface of the tectorial membrane. The tips of the stereocilia
were caught in the tectorial membrane, and when the tectorial membrane curled due to
the critical point drying, the stereocilia were disrupted from their cuticular plate. Many
of the stereocilia which remained anchored in their cuticular plate by the tectorial mem-
brane were bended together or partly cracked.

The pre-fixation with 2% GA did not show typical artefacts as obtained with the
GA/FA/Ac/DMSO mixture. The tectorial membrane curled away from the stereocilia
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without damaging them. No changes in cell size were observed. Calcium chloride did not
improve specimen quality. Both fixation methods were judged by FEG-SEM.

Cochlea dissection

The specimens in which the lateral bony wall was left intact, and the specimens in which
the lateral bony wall was removed without removal of the stria vascularis, demonstrated
extensive to moderate deposition with a clouded appearance. In some cases all structures
of the organ of Corti were unrecognizably covered with these deposits. Deposits were
demonstrated stereoscopically by their lack of relation to the interesting structures.

Specimens in which both the lateral bony wall and the stria vascularis was removed
did not show these cloudy deposits on the structures of the organ of Corti. Delicate
structures were clearly recognized in these specimens. These findings will be described
in the section on the stereociliar structures.

Cochlea post-fixation

The OTOTO non-coating technique prepared specimens turned out to be very fragile and
produced images of inferior quality in comparison to the TAO treated specimens. Addi-
tonal preparation of the OTOTO specimens, to obtain a better view of interesting fea-
tures, often resulted in extreme damage and loss of particular fragile structures (Figure
1). Together with this, some charging appeared as well, which made visualization of fine
details rather difficult. The specimens treated according the TAO method turned out to
be less fragile, while the glycocalyx layer was affected more thoroughly and equally with
this TAO non-coating technique. The more even distribution of osmium reduced speci-
men charging, and a better image of fine surface structures was obtained.

The gold-coated specimens were used to compare the metal-coated surface with sur-
faces obtained by non-coating techniques. Due to Au-sputtercoating with a thickness of
only 5 nm, fine surface structures were partly covered and difficult to analyse (Figure 2).

Cochlea FEG-SEM observation

The optimal visualization of the stereocilia with the filamentous structures was obtained
at 2-3 kV, a lower voltage showed lack of resolution. Images taken at accelerating
voltages over 3 kV showed a decreasing overall  sharpness, partly due to larger contribu-
tion to the image of secondary electrons from the cilia. At accelerating voltages of 25 kV
and higher, which are normal voltages used in SEM, the fine surface structures were
difficult to observe (Figure 3). The influence of variation in the spotsize and working
distance (WD) will not be discussed1.
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Stereociliar structures

Filamentous structures
One of the most remarkable findings is the presence of filamentous structures on the
upper half of the longest outer hair cell stereocilia (Figures 4-6). A radial gradient could
be detected (Figure 4); most of these fibrils were present in the longest stereocilia of the
third row of outer hair cells, some in the second row, and only a few in the first row of
the outer hair cells. A longitudinal gradient could also be observed, with the presence of
more filamentous structures on the stereocilia of the apical turns than those in the basal
turns. No fibrils were detected on the middle and short rows of the outer hair cell stereo-
cilia (Figure 5). These structures, which have a hairy appearance, are concentrated at the
top of the longest stereocilia of the outer hair cells (Figure 6).

The length of the filamentous structures varied from 300 to 1000 nm in the third row
to approximately 100 nm in the first row of outer hair cells. Filamentous structures which
seemed to have the same morphology, but which were of much smaller size, were present
on the microvilli of the supporting cells of the organ of Corti. Very small and thin fila-
mentous structures, which seemed to be different from the filamentous structures on the
stereocilia and the microvilli, were observed on the cuticular plates of the hair cells.

Figure 2. Stereocilia of the third row of outer hair
cells. These OsO4-treated stereocilia were sputter-
coated with a thin gold layer of only 5 nm. Most of
the fine structures are covered by this layer.
(OsO4, 5 kV, WD: 10 mm) Bar=0.7 µm.

Figure 1. The organ of Corti after OTOTO non-
coating technique; several artefacts can be seen,
such as deposits (arrow), damaged outer hair cell
stereocilia (arrowhead), and a crack through the
organ of Corti which exposes the outer hair cell
body (2 kV, WD: 11 mm). Bar=10 µm.
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Although the TAO non-coating technique turned out to be superior to the OTOTO-
technique, the filamentous structures could be observed with both techniques and were
reproducible in all cochleae.

Stereociliar membrane
The non-coating technique made the application of conductive coating unnecessary for
visualisation of the stereocilia, and the actual membrane structures of the stereocilia
could be determined. The surface membrane structure of neither the inner nor the outer
hair cell stereocilia turned out to be smooth. On the top of all stereocilia, in particular the
inner hair cell stereocilia (Figure 7), a dense surface structure ("cap") was observed. The
length and diameter of the sterocilia may be calculated from this study, but more precise
measurements are available from transmission electron microscopic studies6,13-15.

Cross-links
The visualization of fine structures of several types of cross-links was extremely detailed,
using the TAO non-coating technique (Figure 8). Side-to-side links were found between
all stereocilia, and were characterized by a strand of fine filaments. In the middle of these
connections a dense structure was visible. It was not possible to determine whether this
is a concentration of the fine strands, or whether this represents protein deposits which

Figure 3. Third row outer hair cell stereocilia seen from the strial side; the left picture was made at an
accelerating voltage of 2 kV, the right picture at 25 kV. Fine filamentous structures were hardly visible
at high voltages (TAO, WD: 9 mm). Bar=1 µm.
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are caught between these strands. Row-to-row links showed the same characteristics, and
were connected just below the tip of the lower stereocilia to the body of one or two
longer stereocilia. Tip-links, which are connections from the tip of the lower stereocilia
to the adjacent longer stereocilia, were variably present. These tip-links seemed to have
a more massive appearance. This massive appearance was also observed in some side-to-
side links.

Tectorial membrane
Due to the pre-fixation with the GA/FA/Ac/DMSO mixture, some of the outer hair cell
stereocilia were fixed in the tectorial membrane and were disrupted from their cuticular
plate. This artefact in our study provided us with the opportunity to study the attachments
of the stereocilia to the tectorial membrane. Only the longest stereocilia were attached
deeply into the tectorial membrane.

In specimens where the stereocilia were not fixed into the tectorial membrane, im-
prints of only the longest stereocilia could be seen (Figure 9). Filamentous structures
were also observed in particular on the margin and undersurface of the tectorial mem-
brane (Figure 10), and showed the same size and structures as the ones found on the top
of the longest stereocilia. It remained unclear as to whether these fibrils were also present
inside the stereociliar imprints in the tectorial membrane.

Figure 4. Three rows of outer hair cells from the middle turn of the cochlea. A radial gradient
of filamentous structures can be seen at the top of the stereocilia, with most of these filaments
in the third row (TAO, 2 kV, WD: 7 mm). Bar=10 µm.
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No imprints of inner hair cell stereocilia were observed. No structures at the outer margin
of the tectorial membrane, which may represent the marginal net14,16 were observed.

Discussion

Specimen preparation

The tectorial membrane was demonstrated to be extremely sensitive to osmotic changes
during tissue fixation16. Due to the strong hyperosmolarity of the mixture of fixatives
(number 1), the tectorial membrane may have shrunk too fast, clenching the top of the
longest stereocilia in its structure. During the critical point drying procedure, the tectorial
membrane curled upwards, with disruption of many parts of the stereociliar structures
from their cuticular plates. Damage to the stereociliar structures itself, and the variation
in cell size may also be ascribed to the hyperosmolarity. The 2% glutaraldehyde fixation
solution (number 2) did not affect cell size and stereociliar structures and did not induce
extreme shrinkage of the tectorial membrane. Therefore, this fixative solution is regarded
as a better choice for studying the fine structure of the cochlear sensory cells.

Figure 5. Third row outer hair cell; an abundance of filamentous structures are present on the
top of the longest stereocilia (arrow). The middle and shorter stereocilia do not show these
filaments (TAO, 2 kV, WD: 7 mm). Bar=1 µm.
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The different cochlea dissection techniques, in cochleas in which the lateral wall had not
or not completely been removed, revealed many deposits. These deposits may be proteins
which originate from the endolymph. During fixation, these proteins easily adhere to
superficial structures in the endolymphatic compartment, such as the apical part of the
organ of Corti, and can be regarded as a fixation artefact. Removal of the bony wall and
the stria vascularis will allow the endolymphatic fluid to drain quickly, including their
proteins. Only proteins which are fastened to the superficial structures in vivo will
remain attached to them and will not be washed away in the course of the preparation
process.

The TAO non-coating technique gave superior results than the OTOTO non-coating
technique (Figure 1). The TAO specimens were less fragile, no charging artefacts were
observed, and fine surface morphology seemed to be less affected than in the OTOTO-
technique. Both non-coating techniques proved to be superior to the conventional
GA/OsO4/Au-sputtered specimens. Fine structures such as the stereociliar cross-links
were less visible in the sputtered specimens. The glycocalyx could not be demonstrated
in specimens which were prepared according to the GA/OsO4/Au-sputtering method,
because the preservation of the fine surface structures is inferior, and details are hidden
by the Au-layer (Figure 2).

Figure 6. Third row outer hair cell stereocilia seen from the strial side;
(left) the filamentous structures are present on the upper third to half of the stereocilia (bar=0.5 µm);
(right) detail of the top of the stereocilia. (TAO, 2 kV, WD: 7 mm).
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Accelerating voltages of 2 kV produced the best images with the highest resolution of
fine membrane structures and the filamentous structures on the top of the stereocilia and
on the tectorial membrane. These surface details were more visible due to the low
electron penetration. Higher accelerating voltages, up to 25 kV and higher, did not
demonstrate these fine structures (Figure 3).

In conclusion, a 2% glutaraldehyde fixation solution with an osmolarity of 400 Mosm,
in combination with removal of the bony wall and stria vascularis from the cochlea, and
post-fixation with the TAO non-coating technique gave the best results at voltages of 2
kV which can be produced by the FEG-SEM.

Stereociliar structures

The advantage of scanning electron microscopy, as compared to transmission electron
microscopy, is the three-dimensional aspect of the images, which allows us to investigate
the entire aspect of the structures of interest. However, due to the metal coatings and high
accelarating voltages, it was never possible to observe delicate surface structures with
conventional SEM. A more specified demonstration and identification of the irregular
surface coat on the cells of the organ of Corti, including the stereocilia, has been obtained

Figure 7. Inner hair cell stereocilia;
(left) these stereocilia show a rough membrane structure, but no filamentous structures (bar=1 µm.);
(right) the upper part of the inner hair cell stereocilia in detail which shows the dense structure ("cap")
at the top. (TAO, 2 kV, WD: 6 mm)
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from transmission electron microscopy studies13,15. This surface coat, or glycocalyx,
consists of glycoconjugates, such as glycolipids, proteoglycans, and glycoproteins.
Routine staining methods have not been effective for visualisation of this surface coat,
and cationic agents such as ruthenium red13, and in particular Alcian blue appear to be
suitable for demonstrating the surface coat15. Ruthenium red reveals staining of the
surface coat of both inner and outer hair cells, and induces a thin uniform coating along
the length of the stereocilia, probably the stereociliar membrane, and between them,
probably the cross-links13,14.

Staining with Alcian blue exhibits two layers of surface coat material; an electron-
dense inner coat, which is present at the surface of the hair cells and connections between
the stereocilia, and a loose filamentous outer surface coat. The outer surface coat consists
of a loose network of filaments that extends from the cell surfaces into the scala media,
and can be detected in particular along the stereocilia and on the surfaces of the support-
ing cells6,15. Alcian blue also reveals staining of the tectorial membrane, while this
membrane is not stained by ruthenium red14.

From these studies, it may be concluded that the outer filamentous network on the
stereocilia and supporting cells, and the amorphous material of the tectorial membrane

Figure 8. Three rows of stereocilia on a first row outer hair cell. Filamentous structures were
not observed on the top of the longest stereocilia. The different types of cross-links are clearly
visible; side-to-side links (arrowhead) with their central condensation, row-to-row links (double
arrowhead), and some tip-links (arrow) (TAO, 2kV, WD: 8 mm). Bar=0.5 µm.
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could be a different entity than the inner surface coat, found in particular on the surface
of the hair cells and along the stereocilia. Furthermore, it remains unclear whether the
cross-links are consists of material from the outer or inner surface coat.
In conventional SEM, cross-links between the stereocilia have been visualized, but only
as thick single and uniform connections, due to the thick layer of metal coating. Findings
such as irregular membrane structures of the stereocilia, or stereocilia with thick and
blunt tops, may be due to artefacts such as irregular or extensive sputtering of the metal
layer, or may be due to underlying structures which have not been visualized due to the
metal coating superimposed on these delicate structures7. Therefore, earlier SEM studies
probably did not contribute to a better understanding of the possible origin of fine surface
structures on the organ of Corti.

Due to a combination of several techniques, such as the non-coating treatment and the
ability to produce low accelerating voltages by a new FEG-SEM, several delicate struc-
tures of the stereocilia and the tectorial membrane, in particular fine surface structures
and the different types of cross-links were made visible. These interesting findings have

Figure 9. Undersurface of the tectorial membrane.
(left) Illustrating the imprints left by the top of the longest stereocilia. On the surface, in particular at the
margin of the tectorial membrane, filamentous structures can be observed. Bar=5 µm.
(right) The filamentous structures on the margin of the tectorial membrane are, after analysis at higher
magnifications, of the same size and structure of those as seen on the top of the longest stereocilia. (TAO,
2 kV, WD: 5 mm)
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not been observed before using conventional techniques of scanning electron microscopy.
Three-dimensional, stereoscopic, pictures were also evaluated in our study. From these
images, artefacts and irrelevant deposits were recognized more easily, and additional
important information on the actual ultrastructure of the specimens was obtained.
One of the most remarkable morphological findings in this study is the presence of long
filamentous structures on the upper half of the longest stereocilia and the undersurface
of the tectorial membrane (Figures 4-6, 9, 10), and of short, fine filamentous structures
on the supporting cells of the organ of Corti. The filamentous structures found in this
study, may be similar to the outer surface coat described in earlier TEM-studies. Three-
dimensional (stereoscopic) images provided us with excellent additional information
about the distribution of these structures. This may contribute to the understanding of
findings in earlier studies, such as the blunt appearance of the top of the longest stereo-
cilia, and the dense blebs7,14. These structures may represent filaments of the glycocalyx
which have been clotted to each other due to the fixative, or the metal coating necessary
for scanning electron microscopy. These clottings may appear as acellular bands or blebs
when studied by conventional TEM and SEM, such as the marginal net and Hensen’s
stripe14,16, which seemed to attach the undersurface of the tectorial membrane to the organ
of Corti. These connections between the tectorial membrane and outer hair cells may
have a specific function during embryonic development or may be remnants of the
tectorial membrane17,18. In our study, finding the same filamentous structures at the top
of the longest stereocilia as well as on the tectorial membrane, also indicates the presence
of connections between the tectorial membrane and the stereocilia of a much more
delicate appearance, and arranged in a three-dimensional network.

We can only be hypothetic about the physiological implications of these structures and
it may be very interesting to investigate their condition in animal models of endolym-
phatic hydrops and ototoxicity, or in post-mortem human labyrinths with proved cochlear
hearing losses. Furthermore, it is uncertain whether the quantitative radial and longitudi-
nal gradients of the long filamentous structures, which were found in this study, are
actual gradients or artefacts as a result of different penetration of fixatives. In any case,
it may be interesting to understand the role of these structures in the frequency selectivity
and the process of mechanoelectrical transduction in the cochlea.

Although no imprints of inner hair cell stereocilia have been found in the tectorial
membrane, the dense cap found on the top of the inner hair cell stereocilia (Figure 7)
may represent a functional structure, such as a protective barrier. It may be possible that
the tectorial membrane touches the top of the inner hair cell stereocilia as a result of
extreme movements due to fluid waves induced by sounds with high intensities. For
sounds with lower intensities the movements of the inner hair cell stereocilia may be
modulated by a network of filaments between the stereocilia and the tectorial membrane,
although only a few or no filaments were found on the inner hair cell stereocilia.

This study also contributed to a better visualization of surface morphology and orien-
tation of the different types of cross-links compared to conventional SEM5,6. In our study,
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side-to-side links and row-to-row links were present between all stereocilia, and were
characterized by a strand of fine filaments. In the middle of these connections a dense
structure was visible. It is not certain whether this is a concentration of the fine strands,
or deposits which are caught between these strands. Tip-links, which are connections
from the tip of the lower stereocilia to the adjacent longer stereocilia, were invariably
present. These tip-links seemed to have a more massive appearance, although TEM
revealed a fine central filament with the diameter of an actin filament6,10. It may be
possible that these tip-links are some kind of row-to-row links, but with more condensed
material around the central filament. However, no additional central condensation has
been demonstrated in our study, as seen in row-to-row and side-to-side cross-links. The
possible physiological implications of these different links have been extensively de-
scribed in several studies9-11,19. Mechanical stimuli may deflect the stereocilia in several
directions. Deflections of the bundle towards the tallest stereocilia opens transduction
channels by stretching the relatively straight tip links. This will result in an inward flow
of positive ions which depolarizes the hair cell. The deflection of the stiff stereocilia will
produce traction forces on the side links. Although components of these side links were
mainly found to be elastic8, the dense area in the middle of the fine strands, which were
found in our study may represent curled linkage structures, which may unfold during
deflection of the stereocilia.

Gitter20 proposed that the transduction channels are connected to the row-to-row hori-
zontal links at the distal end of the neighbouring stereocilia, which are oriented in
accordance with the directionality of hair cell mechanosensitivity. Gitter calculated that
the horizontal links receive a larger part of the stimulus energy than the tip-links. Fur-
thermore, nematocytes of Hydra vulgaris possess horizontal links, and have a transduc-
tion mechanism with functional properties similar to those of hair cells, even though tip-
links are absent between the stereocilia21. The variable presence of the tip-links in our
study, which is, seeing the excellent preservation of other delicate structures, very un-
likely to be artefactual, may support Gitter’s proposal20 that the transduction channels of
hair cells are connected to the horizontal row-to-row links, since these horizontal links
can be consequently found.

In conclusion, the new techniques of non-coating in combination with the FEG-SEM
provides high resolution images of delicate surface structures, as seen in the stereocilia
of the guinea pig organ of Corti. The three-dimensional morphology of fine structures
such as cross-links, membrane structures, and surface coating reveals interesting find-
ings, which have never been detected three-dimensionally before. Some structures found
in this study, may have interesting physiological implications, and may contribute to a
better understanding of the process of mechanoelectrical transduction.
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