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Histological examination of structural changes
in the cochlear canal

Koklear kanaldaki yapisal degisikliklerin histolojik incelenmesi
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ABSTRACT

Objectives: In this study, we aimed to determine the
morphological changes in the organ of Corti in the basal,
medial, and apical regions of the cochlear canal, which exhibit
a complex structure.

Materials and Methods: A total of eight male Wistar albino
rats (35 days, 200 to 250 g) were decapitated under anesthesia.
The organ of Corti was quickly removed and fixed in 10%
formaldehyde solution for histological examination. The
tissues were, then, taken to decalcification solution. Following
dehydration and clearing, they were embedded in paraffin.
Sections were stained with hematoxylin & eosin and Masson's
trichrome, and photographs were captured using a light
microscope. To determine the structural changes in the organ
of Corti, basilar, tectorial, and Reissner membrane lengths,
and heights of inner and outer hair cells were measured from
50 different areas using the Image ] software and the data
obtained were statistically evaluated.

Results: It was determined that from the basal to the apex of
the cochlea; the thickness of the basement membrane and the
length of the Reissner's membrane decreased, while the length
of the inner and outer hair cells and the length of the basement
membrane increased. These increases and decreases were
statistically significant (p<0.05).

Conclusion: Our study results suggest that the lengths of inner
and outer hair cells, basilar, and Reissner membrane can vary
from basal to apical region of the cochlea.
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Amag: Bu calismada kompleks bir yapi sergileyen koklear

kanalin bazal, medial ve apikal bélgelerinde korti organindaki

morfolojik degisiklikler belirlendi.

Gere¢ ve Yontemler: Toplam sekiz Wistar Albino cinsi
erkek sican (35 giinliik, 200-250 g) anestezi altinda
dekapite edildi. Korti organ: hizla ¢ikarildi ve histolojik
inceleme icin %10 formaldehit soliisyonu icinde tespit
edildi. Sonrasinda dokular dekalsifikasyon soliisyonuna
alindi. Dehidrasyon ve temizlemenin ardindan parafine
gomiildii. Kesitler hematoksilen- eozin ve Masson trikom
ile boyand: ve 1sitk mikroskobu ile fotograflari cekildi.
Korti organindaki yapisal degisiklikleri belirlemek icin
baziler, tektorial ve Reissner membran uzunluklar: ile i¢ ve
dis sagli hiicrelerin boylar1 Image J yazilimi kullanilarak
50 farkli alanda 6l¢iildii ve elde edilen veriler istatistiksel
olarak degerlendirildi.

Bulgular: Kokleanin bazalindan apeksine dogru
gittikce; bazal membran kalinligi ve Reissner's membran
uzunlugunu azalirken, i¢ ve dis saglt hiicrelerin uzunluklar:
ile bazal membran uzunlugunun artt1gs belirlendi. Bu artig
ve azaliglar istatistiksel olarak anlamlilik seviyesindeydi

(p<0.05).

Sonug: Calisma sonuglarimiz, i¢ ve dis saglt hiicrelerin, baziler ve
Reissner membran uzunluklarinin kokleanin bazalinden apikal
bolgesine kadar farklilik gosterebilecegini 6ne siirmektedir.

Anabhtar sézciikler: Kohlea, 151tk mikroskobu, korti organu.
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The ear, the organ responsible for hearing and
balance, consists of three parts: the outer, middle and
inner ears whose functions and structures are different
from each other. The inner ear is the part of the
receptors related to hearing and balance™® and is
located deep in the petrous part of the temporal bone.**
The cochlea, which resembles a snail in the front of
the inner ear, is located in the bone labyrinth. Bone
labyrinth is formed by compact bone tissue called otic
capsule.’! The cochlea is a bone pathway that spirals
around 2.5 turns around the modiolus forming the axis.
The cochlea consists of three parts: scala tympani, scala
media, and scala vestibule. The scala media is separated
from the scala vestibule with the Reissner membrane
and the scale tympani with the basilar membrane. The
hearing organ, called the organ of Corti, is located in
the scala media region and the neuroepithelium and
support cells forming the organ of the Corti are settled
on the basilar membrane. The neuroepithelial cells are
composed of single-stranded inner hair cells and three-
stranded outer hair cells. The support cells are located
around the neuroepithelial cells; Hensen, Deiters, Pillar

cells, and Claudius cells have a complex structure.*)

The cochlea can be defined as a delicate membranous
cellular tissue network surrounded by the body's hardest
bone tissue. Due to the anatomical structure, the
different morphological characteristics of the cells and
tissues and technical difficulties in evaluation, detailed

investigations on cochlea morphology have been left
behind.

It is well established that high frequency sounds
are perceived in the basal and low frequency sounds
are perceived in the apical part of the cochlea.
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As the length increases in wind instruments, the
sound becomes thicker. The sound of a short flute
is much thinner than a long one. In this context, the
higher the frequency (fine) of the sound wave entering
through the oval window, the more vibration it warns
at the basal. However, the smaller the area diameter of
a drum, the finer the sound. The diameter of the basal
crimp is known to be thicker than the apex. However,
since thin sounds are detected in the basal, the cells
and membranes of interest are expected to be short and
small in diameter.””

In the present study, we aimed to investigate the
cellular changes occurring in the cortical organ at the
level of light microscopy to gain a better understanding
of the basic mechanism of hearing physiology.

MATERIALS AND METHODS

Between November 2019 and February 2020, a total
of eight male Wistar Albino rats (35 days, 200 to 250 g)
obtained from Erciyes University Experimental Research
Application and Research Center were used. The study
protocol was approved by the Erciyes University,
Faculty of Medicine, Ethics Committee (No: 19/210).
All rats were decapitated under anesthesia. The rats’
heads were dissected by entering through the foramen
magnum, and the parietal bones were cut to the end
and both sides of the head (16 ears) were removed. The
external ear canal was also cut to make the cochlea
apparent. The entry point of the cochlear nerve was
taken to the center and the cochlea protruding into
the middle head pit and the middle ear was fixed and
excess bone surrounding the tissues were removed
with the help of fine-tipped scissors. In this way, the

Table 1

Criteria for examining the organ of the Corti in light microscopy

Cell and structures Evaluation criteria

Reissner membrane

Stria vasktlaris

Thickness of basilar membrane
Length of basilar membrane
Cladius cells

Boettcher cells

Histological evaluation
Histological evaluation
Hensen cells Histological evaluation
Deiter’s cells

Pillar cells

Histological evaluation

Histological evaluation
Stereocilia

Tectorial membrane

Histological evaluation of epithelium and microvillus structure/length measurement
Histological evaluation of multilayer squamous epithelium
Histological evaluation of connective tissue/measurement of thickness

Histological evaluation of connective tissue/length measurement

Histological evaluation of outer hair cells/length measurement
Histological evaluation of inner hair cells/length measurement

Histological evaluation/length measurement
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vestibule connection was opened and the vestibule was
removed.

Following fixation, the bone tissue was softened in
a solution consisting of 80 mL distilled water + 10 mL
formaldehyde + 10 mL nitric acid for decalcification.
The tissues were, then, washed under running tap water
and dehydrated by being passed through increasing
alcohol series. Dehydrated tissues were cleared with
xylene, and the cochlea was embedded in paraffin
in a horizontal position and subjected to routine
paraffin procedures. Five-pm thick serial sections were
taken from the paraffin blocks, deparaffinized and
rehydrated, stained with hematoxylin and eosin (H-E)
and Masson’s trichrome (MT), and examined under a
light microscope. According to the prespecified criteria
(Table 1), 50 different areas were measured in each
region with the Image J version 1.45 program (National
Institutes of Health, Bethesda, MD, USA).

Statistical analysis

Statistical analysis was performed using the IBM
SPSS version 22.0 software (IBM Corp., Armonk,
NY, USA). Descriptive data were expressed in
mean * standard deviation (SD) and number, where
applicable. The normal distribution of numerical
variables was analyzed using the Shapiro-Wilk test.
Comparisons between the groups were made by one-way
Analysis of Variance (ANOVA) for the variables with
normal distribution, while the Tukey test was used for
multiple comparisons. A p value of <0.05 was considered
statistically significant.

RESULTS

In a histological image obtained from the light
microscope, the scale media region was separated

Reissner’s
membrane
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Figure 1. Light microscopic images of cochlea (H-E, x10).
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other compartments from basement membrane and
Reissner membrane. The basilar membrane is a
complex fibrous connective tissue structure containing
cellular and extracellular compounds and acts as a
mechanical analyzer that senses the frequency of
sound. On the modiolus side, the membrane structure
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Figure 2. Light microscopic images of Corti (H-E, x40).
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Figure 4. Light microscopic images of Corti (H-E, x40).
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Figure 5. Light microscopic images of Corti (H-E, x100).
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around the modiolus in the center extended from the
osseous spiral lamina to the stria vascularis region on
the outside. When the histological structure of the
cortical organ was examined at large magnification, it
consisted of hair cells and support cells located on the
basilar membrane. The cells located in a single row
formed the inner hair cells and the cells in three rows
formed the outer hair cells. At the base of the inner
and outer hair cells, Deiters cells were observed which
sent tall and face cytoplasmic extensions which could
be easily distinguished by round and distinct nuclei
structures. When the 2.5 turn of the cochlea was
examined from the basal to the apex, the length of
the cells and the length of stereocilia became longer
and the width of the basement membrane increased
(Figures 1-5).

In addition to the histological findings, the
measurement results were statistically evaluated. The
length and width of the basilar membrane, the length
of the Reissner membrane, and total length of outer
and inner hair cells with Deiters cells in the cortical
organ and the length of the tectorial membrane
were included in the measurement. Accordingly, the
length of the Reissner membrane, which forms the
division between the scale vestibuli and the scale
media, gradually decreased from basal to apex and
this decrease between the regions was statistically
significant (p<0.05). To determine the change in the
width of the basilar membrane located at the base of
the cortical organ, the mean values were obtained by
measuring from three different regions. The mean
values were 14.9x4.1 pm in the baseline, 14.4+3.9 pm
in the media, and 11.623.1 um in the apex, indicating
no statistically significant difference between the basal
and media (p>0.05). When the mean basilar membrane
length was evaluated, the increase between the three
regions was found to be significant (p<0.05). When
the length measurements obtained from the Deiters
cells were examined, the increase in the mean values
from basal to apex was determined based on the results
of the measurements, and this increase was statistically
significant (p<0.05). Outer hair cells located in three
rows were measured separately from each of the
Deiters cells. When the mean values were examined,
the lengths increased from basal to ‘s apex. When
the obtained data were evaluated statistically, there
was a significant difference between the mean values

obtained from all three regions (p<0.05) (Table 2).

DISCUSSION

Detailed information on cochlea morphology is far
behind other sensorineural systems due to the complexity
of its anatomical structure, the different morphological
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Table 2
Basal, media, and apical measurements of the cells located in the cortical organ

Basal Medial Apex
Measuring areas n Mean+SD Mean+SD Mean+SD P
Thickness of basilar membrane 150 14.9+4.1 3.9£3.9* 11.623.1°
Length of outer hair cells + deiter’s cells 150 29.1+4.8* 35.2+4.4° 40.6+5.9°
Length of reissner membrane 50 480.7£54.6* 422.0+43.0° 385.6+45.6° <0.05
Length of basilar membrane 50 145.4+19.1° 161.1+15.9 179.5+15.7
Length of inner hair cells + deiter’s cells 50 29.6+4.7 33.7+4.5° 39.6+4.5¢
The same letters are statistically insignificant and the different letters are statistically significant.

characters of its cells, and tissues and technical difficulties
in evaluation. Cochlea can be defined as a delicate
membranous tissue network suspended in liquids and
surrounded by the hardest bone tissue of the body. It
requires specialized methods to evaluate and investigate
inner ear tissues. To explain the basic mechanism of
hearing physiology, the main aim of our study was to
determine the perception of sounds of different intensities
in the basal, media, and apex of the cochlea depending
on the structural changes in the organ of Corti in these
regions. According to the previous studies, the mean
length of the stria vascularis was 25.22 mm and its
width decreased toward the floor of the cochlea.'*5! In
our study, there was a shortening of the length of stria
vascularis from the basal to the apex.

The mean length of the basilar membrane has been
found to be 31.5 mm in humans, 18.8 mm in guinea
pigs, and 18.3 mm in chinchillas in studies regarding
Corti.lo Tt has been reported that the width of
basilar membrane from the basal to the apex increases
from 150 pm to 450 pm in humans, from 150 pm to
250 pm in guinea pigs, and from 230 pm to 370 um in
chinchilla.'®!”! Unlike previous studies, we measured
the mean length and width of the basilar membrane in
the basal, medial, and apex in our study. The results
showed that, from the basal to the apex, the thinning in
the width of the basilar membrane and the increase in
its length were significant.

Boettcher cells function as supportive cells in the
organ of Corti. It was shown that the number of these
cells from the basal to the apex decreased in parallel
with our results.''1? In the light of the literature data,
locating cells in the organ of Corti are larger at the
apex than basal, and that stereocilia are also elongated.
In addition, the basement membrane expands and
the density of the mass of the tectorial membrane
increases.*$1129 The length of outer hair cell is reported
to be 10 to 80 pm and the number of stereocilia is
approximately 100 to 120.8122422 According to previous

studies, the length of the outer hair cell changes along
the cochlea and is shorter in the basal region, compared
to the apical region. Histologically, outer hair cells are
supported by Deiters cells from basal and apical with
outer pillar, Deiters and Hensen cells.[®1221.22]

In the present study, we observed an elongation in
the length of the outer and inner hair cells from the
basal to the apical. Tectorial membrane is a non-cellular
connective tissue mass covering the organ of Corti from
the basal to the apex and the stereocilia of outer hair
cells attach to the tectorial membrane and inner hair
cells. In the light of these data, it can be concluded that
the mass of the tectorial membrane increases in contrast
to the frequency ratio along the cochlear canal. These
findings are also in consistent with previous studies in
the literature.[?32¢

In conclusion, the width of the basilar membrane,
which plays an important role in the formation of sound,
decreases and its length increases from the basal to the
apex and a systematic increase is found in the length
of the outer and inner hair cells, showing a primary
function in hearing. The shorter cells at the base of
the cochlea are the region where higher frequencies are
received. Tall cells at the apex of the cochlear canal are
the peak where low frequencies are converted. Based
on these findings, we consider that the physiology
of hearing is directly parallel to the change in cells.
However, further studies are needed to confirm these

findings.
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