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A B S T R A C T

Cochlear macromechanics and micromechanics both rely on the mechanical properties of the cells and mem
branes in the organ of Corti (OC). These components’ stiffness have been investigated primarily using contact- 
based tests, which require the organ or cells to be removed from the cochlea. The approach is not only chal
lenging but may alter the cells’ stiffness as they are moved into a non-native environment. Recently, optical 
Brillouin microscopy has emerged as a promising tool for quantifying the mechanical property of biological 
specimens. This contact-free modality encourages that the stiffness of the OC cells and other components can be 
measured in situ and even in vivo. In the present study, we validated the feasibility of in situ Brillouin mea
surement on the OC cells’ stiffness using fixed mouse cochleae. The results demonstrate that Brillouin microscopy 
has sufficient penetration depth and mechanical sensitivity to probe the OC, allowing us to differentiate the 
stiffness between the bone, spiral ligament, and cells; the longitudinal modulus obtained from the experiment 
varies between different types of OC cells in a way expected from the cells’ cytoskeletal composition. This pilot 
study paves the way for future application of Brillouin microscopy to quantify the stiffness of OC constituents in 
situ in living cochleae.

1. Introduction

The vibration of the basilar membrane and the transmission of the 
vibration from the basilar membrane to the stereocilia depend on the 
mechanical properties of individual cells and membranes in the organ of 
Corti (OC) (Brownell 1997; Patuzzi 1996). It is hence of great impor
tance to learn about their mechanical properties. The previous meth
odologies aiming to gain such information generally fall into three 
categories: inference from cytoskeletal molecules, direct mechanical 
test, and deduction through modeling and vibration data. Cytoskeletal 
molecules, such as microtubules and actins, and their arrangements in 
hair cells, supporting cells, and membranes in the OC have been 
examined using immunohistology and electron microscopy (Engström 
and Wersäll 1958; Tilney et al., 1980; Hirokawa and Tilney 1982; Sle
pecky and Chamberlain 1982; 1985; Slepecky and Ulfendahl 1992; 
Furness and Hackney 1990; Furness et al. 1990; Troutt et al. 1994; von 
Lubitz 1981; Raphael and Altschuler 1991; Flock et al. 1982; 1986; 
Holley et al. 1992; Arnold and Anniko 1990). Those studies reveal 

mechanical heterogeneity in the OC and provide insights into the me
chanical properties of individual constituents in the organ. But to 
quantify the properties, observation alone is not enough. Direct me
chanical tests thus have been performed on individual components or 
the intact organ. When an individual cell is tested, it is often isolated 
from the OC and anchored to a measurement platform (Holley and 
Ashmore 1988; Tolomeo et al. 1996; Tolomeo and Holley 1997). This 
method allows one to interrogate the cell’s stiffness, however, the 
stiffness of an ex situ cell may differ from when it resides in its natural 
habitat because the cell-cell and cell-extracellular matrix (ECM) adhe
sions and the microenvironment significantly influence the cell’s cyto
skeleton (Giancotti and Ruoslahti 1999; Humphrey et al. 2014). On the 
other hand, when an intact OC is measured, a probe is often used to press 
the reticular laminar or basilar membrane. The diameter of the tip of the 
probe and the excursion of the probe are limited to a few microns 
(Babahosseini et al. 2022; Sugawara et al. 2004; Szarama et al. 2012) to 
ensure the stiffness sensed by the probe is contributed mainly by the 
in-contact, local substance such as the apex of a single hair cell. This 
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method thus assesses the surface stiffness of a cell or the basilar mem
brane but does not measure the mechanical property of the structures a 
few microns beneath the surface. Therefore, the stiffness of, for example, 
the soma of hair cells and supporting cells cannot be obtained with this 
method. Lastly, computational models of the OC have been created to 
simulate sound-induced vibrations in the structure. The requirement of 
matching the simulated results with the experimental measurements 
(Olson et al. 2025; Zhou et al. 2022; He et al. 2018) - especially the 
recent data acquired with optical coherence tomography - constrains 
and thus could help infer the mechanical properties of the OC compo
nents (Zhou et al. 2022; Samaras et al. 2023; Bowling et al. 2021). 
However, because the dynamics in the OC is a multivariable problem, 
one set of mechanical properties yielding good simulations may not be 
the unique solution. In fact, the parameters used by different labora
tories can vary drastically. For instance, in two state-of-the-art models 
the Young’s modulus of the outer hair cell soma differ by ~2000 times 
(5000 Pa in Zhou et al. 2022 vs 2.7 Pa in Bowling et al. 2021) for the cell 
located 1 cm away from the stapes in gerbil cochlea. In short, the me
chanical properties of individual OC components have not been fully 
characterized, and there is no consensus on them. The lack of knowledge 
hinders our understanding of the dynamics in the organ and the mech
anism underlying the cochlear traveling wave.

Recently, confocal Brillouin microscopy has emerged as a contact- 
free and label-free method for characterizing the mechanical proper
ties of live biological tissues (Kabakova et al. 2024; Prevedel et al. 2019; 
Zhang and Scarcelli 2021; Shi et al. 2023). It uses a laser beam to probe 
the sample’s mechanical properties at the cellular and subcellular levels. 
Its working principle is based on the process of spontaneous Brillouin 
scattering, where the incident light interacts with the inherent acoustic 
waves inside the sample (due to spontaneous thermal fluctuations) and 
results in a frequency shift (i.e., Brillouin shift) to the outgoing scattered 
light (Dil 1982). As the propagation of the acoustic wave depends on the 
material’s mechanical properties, the Brillouin shift is directly related to 
the longitudinal modulus and thus sheds light on the material’s tensile 
stiffness (Zhang and Scarcelli 2021). Because of the all-optical, 
non-contact measurement modality, Brillouin microscopy has the po
tential to measure the mechanical properties of a cell and its sur
rounding structures without separating them from the natural milieu.

The present study aims to demonstrate a proof-of-concept measure
ment on the axial stiffness of OC components in the cochlea using 
confocal Brillouin microscopy. To support accurate anatomical target
ing, we incorporated fluorescent labeling, and performed the measure
ment on fixed, decalcified cochlea specimens. We extracted fresh murine 
cochleae, fixed and decalcified them, cut each specimen into two halves, 
and added fluorescent markers to label hair cells and supporting cells. 
Then we use Brillouin microscopy to measure the longitudinal modulus 
of individual components in the OC in situ. The results show that the 
stiffness varies across different cell types and membranes. This study 
paves the way for future Brillouin assessment on the OC when it is in 
physiological condition.

2. Methods

2.1. Preparation of cochlea

The experimental protocol was approved by the Institutional Animal 
Care and Use Committee of Wayne State University. Sixteen C57BL/6 
mice from eight to twelve weeks were used in this study. Thirteen of 
them were used to develop the technique for cochlea dissection, estab
lish the method for fixation and immunostaining, and test and refine the 
protocol for Brillouin imaging. Three cochleae from the rest of the ani
mals - labelled as M20R, M26R, and M32R - were investigated suc
cessfully using the matured Brillouin imaging protocol. To prepare the 
cochlea, the animals were euthanized using isoflurane gas followed by 
cervical dislocation. Upon euthanasia, the inner ear was harvested and 
fixed immediately in 4 % PFA at 4 ◦C for 24 h. Then the specimen was 

rinsed three times with 1x PBS for 10 min each and decalcified in 120 
mM EDTA (pH 7.2.− 7.4) for 48–72 h (Yu et al. 2021). After decalcifi
cation, the specimen was rinsed in 1x PBS, and the vestibule and excess 
bone surrounding the cochlea were removed. The cochlea was separated 
into apical and basal halves using a 5 mm Vannas spring scissors and a 
scalpel (Montgomery and Cox 2016).

2.2. Immunostaining

Immunostaining was performed on some specimens to better 
recognize hair cells and supporting cells and thus helping establish co
ordinates for Brillouin scans. To prepare for immunostaining, the semi- 
cochlea was incubated at room temperature for one hour in blocking 
solution (made of 1x PBS, 0.1 % Triton X-100 and 5 % DK serum). The 
specimen was then incubated for 14–16 h at 37 ◦C with primary anti
body cocktail of rabbit polyclonal antibody Myosin 7a (for inner and 
outer hair cells) and rat Sox2 (for supporting cells), followed by a sec
ondary antibody cocktail containing Cy3 (conjugated to Myosin 7a) and 
AlexaFluor 488 (conjugated to Sox2) (Liberman and Liberman 2015).

2.3. Brillouin imaging

Both fluorescent and Brillouin imaging were performed using an 
Olympus IX83 confocal microscope equipped with fluorescent capacity 
and an add-on Brillouin module. The instrumentation of the Brillouin 
channel was detailed in the previous work (Zhang and Scarcelli, 2021). 
Fig. 1 illustrates the specimen setup and the simplified schematic for 
Brillouin imaging. Briefly, a 660-nm, 30-mW laser, as the incident light, 
passed through the objective lens and focused on a small volume (on the 
order of ~one μm3) within the specimen. The specimen’s inherent 
acoustic wave in that volume produced a frequency shift ΩB (i.e., Bril
louin shift) to the outgoing scattered light (Dil 1982). The light scattered 
back to the lens was guided to a homemade Brillouin spectrometer 
(Fig. 1) to extract ΩB. The sample stage (H117, Prior Scientific) of the 
microscope was motorized (with resolution of 0.01 μm), allowing us to 
obtain, in theory, a three-dimensional (3D) map of the Brillouin shift of 
the specimen with a spatial resolution of one μm (limited by the optical 
resolution). However, because the dwell time per probing volume in the 
current setup is 40–100 ms (Zhang and Scarcelli, 2021), acquiring the 
3D map of a 100 × 100 × 20 μm3 volume, for example, would take 2–5 
h. We therefore obtained a few two-dimensional (2D) Brillouin scans per 
region of interest in the OC.

2.4. Protocol for imaging

Only the apical halves of the cochleae were used for imaging. The 
specimen was submerged in PBS in a 20 mm glass dish with the basilar 
membrane facing towards the microscope’s objective lens (Fig. 1), and 
fluorescent signals, when available, were imaged first. Regions where 
the cells appeared normal with distinguishable boundaries were selected 
for Brillouin imaging. Once a targeted region was determined, a coarse 
Brillouin 2D scan (5× 5 μm2 per pixel) perpendicular to the basilar 
membrane, along the cochlea’s radial direction - represented by the 
yellow line in the inlet in Fig. 1- was performed in the region to assess 
the integrity of the cochlear partition. Such scans are referred to as YZ or 
radial scans in the rest of the report. Then a fine 2D scan (1× 1 μm2per 
pixel) in the same plane was performed to acquire a higher-resolution 
image. After that, one or two fine scans along the cochlea’s longitudi
nal direction in the same region were performed. Those scans inter
sected hair cells and/or supporting cells are referred to as XY or 
longitudinal scans in the remaining texts. Representative fluorescent 
and 2D Brillouin images can be found in the results section.
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2.5. Calculate mechanical modulus from Brillouin shift

MATLAB R2022a (The MathWorks, Natick, MA) was used to create 
2D Brillouin images, and the color of each pixel represents the local 
Brillouin shift ΩB (in Hz). Subsequently, ΩB of the pixels of interests were 
used to compute the high-frequency (on the order of GHz) longitudinal 
modulus Mʹ and the quasi-static Young’s modulus E. In backward scat
tering geometry, Brillouin shift is determined by the sound velocity V in 
the material: 

ΩB =
2n
λ

V,

where λ is the wavelength (in m) of the incident light in air, and n in the 
refractive index of the material. Furthermore, the sound velocity is 
associated with the longitudinal modulus Mʹ: 

V =

̅̅̅̅̅̅
Mʹ

ρ

√

,

where ρ is the density of the material (in kg/m3). As a result, the lon
gitudinal modulus can be derived by 

Mʹ = ρλ2ΩB
2/ (

4n2) (1) 

Both ρ and n depend on the materials in the probed volume, but 
among biological tissues the variation in the ratio ρ /n2 is insignificant 
(Scarcelli et al. 2011; 2015; Webb et al. 2017; Conrad et al. 2019). Here 
ρ/n2 was treated as a constant of 563 kg/m3 (Scarcelli et al. 2011).

The high-frequency longitudinal modulus Mʹ cannot be directly 
interpreted as the quasi-static Young’s modulus E, but strong correlation 
between the two has been observed in cells and tissues such as fibro
blasts (Scarcelli et al. 2015), cornea (Webb et al. 2017), eye lens 
(Scarcelli et al. 2011), and tumor nodules (Conrad et al. 2019). When the 
sample’s condition changes (such as age or osmolality), those two 
moduli alter in the same direction. Fig. 2 illustrates the correlation be
tween Brillouin-derived Mʹ and mechanically measured E in the previous 
studies (Scarcelli et al. 2011; 2015; Webb et al. 2017; Conrad et al. 
2019).

The result suggests that, first, when changing the biological condi
tion in a given type of sample, E changes linearly with Mʹ on a log-log 
plot, therefore, their relationship can be represented by a simple equa
tion 

log10E = alog10Mʹ + b (2) 

where a is the slope of an individual line in Fig. 2, and b the y-intercept. 
Second, while the slope a appears similar between different types of 
samples, b varies substantially. Therefore, a and, particularly, b need to 
be experimentally determined for a specific type of tissue when using Mʹ 

to estimate E.
Although a and b for the OC are unknown yet, we observed that Mʹ of 

Fig. 1. Schematic of the experimental setup. The Brillouin incident light (laser) interacts with the sample’s inherent acoustic waves in the probing volume, producing 
a frequency shift ΩB in the scattered light that is detected by the Brillouin spectrometer. The top-right inlet is a representative brightfield image of a cochlea middle 
turn with the yellow line indicating the location of a radial scan.

Fig. 2. Correlation between longitudinal modulus and Young’s modulus re
ported in previous studies for tumor nodules (Conrad et al. 2019), bovine and 
porcine lenses (Scarcelli et al. 2011), and fibroblasts (Scarcelli et al. 2015). The 
dashed line represents the fitted relationship between the two moduli in 
the fibroblasts.
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the OC cells and tissues varies in the range of 2–3 GPa (see results 
below), similar to that in the fibroblasts (dashed line in Fig. 2). Hence, 
we used the constants a = 13.158 and b = − 120.395 fitted to the 
fibroblast data to estimate E (in Pa) from Mʹ (in Pa) for the cochlea using 

E = Mʹa × 10b (3) 

3. Results

3.1. Representative fluorescent and Brillouin images

Fig. 3 shows representative fluorescent and Brillouin images taken 
from one region in specimen M20R. Fig. 3A displays the fine radial 
Brillouin scan from that region, and the colors represent the Brillouin 
shift ΩB. The image clearly shows that the Brillouin microscopy can 
penetrate the organ, and immediately, a few cochlear landmarks can be 
identified: on the far left is the spiral lamina, on the opposite the spiral 
ligament, and the cochlear partition is anchored in between. Impor
tantly, this colormap of ΩB represents the stiffness variation in the re
gion: the bony spiral lamina is the stiffest (with highest ΩB); the spiral 
ligament, mainly comprising fibrocytes and extracellular matrix, is 
softer; the cochlear partition, the mobile apparatus for mechano
transduction, is of the least overall stiffness. The difference in the me
chanical property suggested by the Brillouin image concurs with that 
expected from the constituents or functions of those structures.

The two dashed lines in Fig. 3A mark where the two longitudinal 
Brillouin scans took place. Fig. 3B shows the Brillouin image of the top 
scan, accompanied by the hair-cell fluorescent image (Myosin 7a) of the 
same region shown in Fig. 3C. The side-by-side comparison confirms 
that the top Brillouin scan images the inner and outer hair cells and it 
also captures the pillar cells which are absent in the fluorescent image 

(the gap between the inner and outer hair cells in Fig. 3C).
Fig. 3D shows the Brillouin image of the lower longitudinal scan, 

paired with the supporting cell fluorescent image (Sox2) shown in 
Fig. 3E. The correlation between the two asserts that the lower Brillouin 
scan captures the supporting cells on both sides of the tunnel including 
the inner pillar cells, the outer pillar cells, and the Deiters’ cells. These 
longitudinal scans provide multiple samples of each cell type in the OC 
and thus allow us to better quantify the cells’ stiffness than the radial 
scan.

3.2. Stiffness of the cells in the organ of Corti

Fig. 4A summarizes the longitudinal modulus Mʹof a variety of OC 
cells and the basilar membrane measured from Brillouin images on the 
middle turn of three cochleae. Each data point represents the mean 
value of Mʹ across 8–10 cells of the same type sampled from longitudinal 
scans in a specimen, except that the basilar-membrane data are obtained 
from radial scans. The horizontal bar in each category represents the 
average Mʹ over the three specimens, accompanied by ± one standard 
deviation displayed as the vertical line. The Brillouin scans of the three 
specimens and the selection of cells and membrane for quantifying their 
Mʹ are provided in supplementary Figs. 1–3, and the M’ of individual 
cells in those specimens are displayed in supplementary Fig. 4.

The results show that the OC’s longitudinal modulus in those scan
ned sites ranges from 2.4 to 2.54 GPa, with variations across different 
cell types: in general, the inner and outer pillar cells are of the highest 
modulus, while the outer hair cells are of the lowest. The Deiter’s cells, 
the inner hair cells, and the basilar membrane’s moduli are moderate 
and comparable.

Fig. 4B shows the Young’s modulus E converted from the data in 
Fig. 4A using Eq. (3). The E in the OC ranges from 1 to 2.2 kPa, and it 

Fig. 3. Representative Brillouin and fluorescent images from a mouse cochlea (M20R). (A) A fine radial scan on the organ of Corti (OC); (B) a fine longitudinal scan 
mainly targeting hair cells and (C) myo7a-fluorescent image from the same region; (D) a fine longitudinal scan targeting supporting cells and (E) sox2-fluoresecent 
image from the same region. The colors in the Brillouin images represent the Brillouin shift ΩB; the scale bar in (A) is 50 µm; the scale bar in (B) is 20 µm and 
applicable in (C)-(E).
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varies over cell types in the same manner as the longitudinal modulus. 
Overall, the data in Fig. 4 suggest that the pillar cells are the OC’s stiffest 
structure, followed by the Deiters’ cells and the inner hair cells. The 
stiffness of the basilar membrane is in the same range as the inner hair 
cells. The outer hair cells appear to be the softest component in the 
organ.

A few limitations need to be noted here. First, the basilar membrane 
was the only structure quantified from radial scans, which were not as 
detailed as the longitudinal scans. Second, the Deiters’ cells were only 
quantified in one sample (M20R, see supplementary Fig. 1); they were 
not measured in the other specimens because the OCs slanted and the 
longitudinal scans that were performed did not intersect the region of 

Fig. 4. (A) Mean and grand-mean longitudinal modulus of the basilar membrane and a variety of cells in the organ of Corti measured from the middle turns of three 
cochleae. (B) Mean and grand-mean Young’s modulus converted from the longitudinal modulus using the correlation between the two moduli obtained in fibroblasts 
(Scarcelli et al. 2015).

N. Chimienti et al.                                                                                                                                                                                                                              Hearing Research 471 (2026) 109520 

5 



the Deiters’ cells (see supplementary Figs. 2 and 3). Third, prior to im
aging, the specimens were fixed with PFA. Due to the chemical’s 
crosslink effect, the Young’s moduli in Fig. 4B may be higher than those 
in untreated fresh cochleae.

4. Discussion

The stiffness heterogeneity in the OC cells has been speculated pre
viously by examining the two major cytoskeletal components -micro
filaments and microtubules. In laboratory animals, these two structural 
filaments are most abundant in pillar and Deiters cells, and they are 
arranged longitudinally in the cell, run throughout the trunk of the cell, 
and are apparent in electron microscopic images (Lim 1986; Angelborg 
and Engström 1972; Engström and Wersäll 1953; 1958; Arima et al. 
1986). The number of microfilaments and microtubules in Deiters cells, 
however, is smaller than that in pillars (Engström and Wersäll 1958), 
suggesting the pillar cells are the most rigid cells in the OC, followed by 
the Deiters. On the other hand, such end-to-end filaments in the inner 
and outer hair cells are much fewer and thus can be hardly seen under 
electron microscopy (Furness et al. 1990; Lim 1986; Engström and 
Wersäll 1953; 1958; Thorne et al. 1987; Steyger et al. 1989). They can be 
routinely observed in the sensory cells only by immunochemical label
ing (Slepecky and Chamberlain 1982; Slepecky and Ulfendahl 1992; 
Flock et al. 1982; Steyger et al. 1989). The scarcity of microfilaments 
and microtubules in the bodies of inner and out hair cells indicate these 
cells’ low-stiffness nature.

Due to the condition and the limited number of specimens used in the 
present work and the scarcity of relevant measurements in literature, the 
stiffness data in Fig. 4 are not ready for statistical analysis or comparison 
with other studies. There were only a few studies conducting mechanical 
tests on cochlear cells in guinea pigs: uniaxial compression tests on 
freshly isolated guinea-pig outer hair cells suggest that their Young’s 
modulus, on average, is less than 500 Pa (Holley and Ashmore 1988), 
and the Young’s modulus of fresh guinea-pig outer pillar cells deduced 
from bending tests is on the order of MPa (Tolomeo and Holley 1997). It 
is unclear if such drastic difference in the mechanical property can 
transfer to mouse cochleae, but the trend of variation in the longitudinal 
or Young’s modulus among different types of OC cells observed in the 
present study, in general, aligns with the stiffness difference implied by 
the cytoskeletal evidence, suggesting the Brillouin microscopy has the 
potential to quantify the cells’ mechanical property not only in fixed 
cochleae but also in fresh specimens.

What is perhaps more exciting and significant about this technology 
is that it is optical and contact-free, and therefore may enable live, in situ 
measurement and even in vivo measurement on individual OC cells in 
future studies. Being able to keep the organ in its original place brings a 
few crucial advantages. First, in conventional contact-based mechanical 
tests such as atomic force microscopy (Babahosseini et al. 2022), the OC 
or the OC cells need to be painstakingly separated from the cochlea, 
stabilized on a substrate or platform, and submerged in culture medium. 
Here we demonstrated that with Brillouin microscopy the organ can be 
measured in situ, which greatly simplifies the sample preparation and 
significantly reduces the risk of cell or structural damage. Second, since 
it is anchored between the spiral lamina and the spiral ligament, the OC 
is likely preloaded by a force which may stretch the cells and thus in
crease their stiffness. If the OC is in situ, this added stiffness due to the 
preload is preserved and can be captured by Brillouin imaging (it has 
been shown that the Brillouin shift is sensitive to shape change in cells 
(Scarcelli et al. 2015; Conrad et al. 2019)). If the OC is dissected out, the 
preload force may diminish or vanish, and the mechanical property 
could thus be underestimated. Third, we verified that the Brillouin light 
has an apt penetration ability, and this may allow one to measure the OC 
cells’ stiffness through the round window membrane while the inner ear 
is kept intact. Although challenging, such measurement may be plau
sible in vivo or on excised inner ears. In either case the assessment would 
be limited to the cochlea base, but the physiological disturbance is much 

smaller than that in an exposed OC, and the results are likely to be more 
faithful.

Besides the benefits, we recognized a few shortcomings and chal
lenges in the experiments. First, the relationship between the high- 
frequency longitudinal modulus Mʹ measured by Brillouin microscopy 
and the Young’s modulus E is empirical and can differ from one tissue 
type to another (Scarcelli et al. 2011; 2015; Webb et al. 2017; Conrad 
et al. 2019). In the present study we converted Mʹ to E for the cochlear 
cells using the two moduli’s correlation measured in fibroblasts, which 
may suffice for a proof-of-concept study but will be inadequate if one 
wants to determine the bona fide Young’s moduli using this technology. 
The relationship between Mʹ and E for the cochlear constituents must be 
established experimentally before conducting a full-blown Brillouin 
assessment. Second, the Brillouin microscopy measures the sample’s 
Brillouin shift and longitudinal modulus only in the direction of the 
incident light (the z direction in the present study). In our current setup, 
the angle between the cells’ longitudinal axis and the light is small, and 
the measurement can thus be amended by the cosine of the angle. But if 
a target’s stiffness mostly lies in a direction perpendicular to the light 
(such as the basilar membrane), the orientation of the specimen needs to 
be adjusted substantially to reduce the angle. Another notable challenge 
we encountered was the extended time required for the fine scans. For 
live-cell imaging, this constraint would force one to prioritize the targets 
for imaging and might risk the specimen's health. One way to mitigate it 
is to reduce the scan’s resolution (larger space represented by each 
pixel), but a time-resolution balance needs to be found to ensure the scan 
captures enough structural details. Furthermore, the use of fluorescent 
tags proved to be helpful for identifying cell types and their respective 
appearances in Brillouin scans. This aid will not be available during in 
situ, live-tissue measurements in wildtype specimens, so gaining famil
iarity with the location the organ of Corti from solely brightfield visuals 
is crucial for future experiments with living cochleae.

5. Conclusion

In the present study, we tested the feasibility of Brillouin microscopy 
for measuring the stiffness of a variety of OC cells. Mouse cochleae were 
fixed, decalcified, and dissected to fully expose the OC, and Brillouin 
scans were taken on the middle turn of the specimen. The results showed 
that the Brillouin microscopy can differentiate the stiffness between the 
bone, ligament, and sensory epithelium in the cochlea, and the longi
tudinal and Young’s moduli derived from the Brillouin shift vary be
tween different types of OC cells in a manner consistent with the 
cytoskeletal diversity among those cells. Therefore, we believe Brillouin 
microscopy can potentially be used to quantify the mechanical property 
of living cells and membranes in the cochlea in situ and in vivo. Knowing 
the property will help us better understand the underlying mechanism of 
the cochlear traveling wave and the transmission of vibration in the OC.
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