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Mammals detect sound through mechanosensitive cells of the
cochlear organ of Corti that rest on the basilar membrane (BM).
Motions of the BM and organ of Corti have been studied at
the cochlear base in various laboratory animals, and the assump-
tion has been that the cochleas of all mammals work similarly.
In the classic view, the BM attaches to a stationary osseous spi-
ral lamina (OSL), the tectorial membrane (TM) attaches to the
limbus above the stationary OSL, and the BM is the major mov-
ing element, with a peak displacement near its center. Here, we
measured the motion and studied the anatomy of the human
cochlear partition (CP) at the cochlear base of fresh human
cadaveric specimens. Unlike the classic view, we identified a soft-
tissue structure between the BM and OSL in humans, which we
name the CP “bridge.” We measured CP transverse motion in
humans and found that the OSL moved like a plate hinged near
the modiolus, with motion increasing from the modiolus to the
bridge. The bridge moved almost as much as the BM, with the
maximum CP motion near the bridge–BM connection. BM motion
accounts for 100% of CP volume displacement in the classic view,
but accounts for only 27 to 43% in the base of humans. In
humans, the TM–limbus attachment is above the moving bridge,
not above a fixed structure. These results challenge long-held
assumptions about cochlear mechanics in humans. In addition,
animal apical anatomy (in SI Appendix) doesn’t always fit the
classic view.
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Our understanding of the mechanics of mammalian hearing
is founded largely on measurements from the cochlear base

of laboratory animals such as mouse, gerbil, guinea pig, chin-
chilla, and cat. The results on humans presented here overturn
the widely held belief that the pattern of motion of the cochlear
partition (CP) is similar across mammals.

The cochlea is divided into 2 fluid-filled compartments by the
CP, which, in the generalized classic view, consists of a rigid
osseous spiral lamina (OSL) and an elastic basilar membrane
(BM). The classic view is that the frequency-dependent response
of the cochlea mostly relies on the vibration of the BM, a thin
collagenous membrane that is tuned to high-frequency sounds in
the cochlear base and low-frequency sounds in the cochlear apex.
Sitting on the BM is the organ of Corti (OoC), which translates
BM vibrations into deflections of the stereocilia (or “hairs”) of
hair cells that amplify BM motion and transduce the motion into
the firing of auditory nerve fibers. The classic view has been that
BM motion is translated into a shearing motion at the top of the
OoC between the reticular lamina and the tectorial membrane
(TM), and this shearing deflects hair cell stereocilia (1). Recent
studies that were able to measure motion near the reticular lam-
ina, TM, and hair cells have shown that OoC motion is more
complex (2–8). Despite the lack of a full detailed understanding
of cochlear micromechanics, the belief persists that the basic pat-
tern of CP motion is universal across mammalian species because
BM and OoC anatomy are similar across mammals (9).

It is commonly thought that OSL motion in response to sound
is negligible, and this is reflected in classic cochlear models that

assume there is no OSL motion (10–13). Additionally, the attach-
ment of the OSL to the BM and the attachment of the TM to
the spiral limbus (which sits above the OSL) are also consid-
ered stationary. In contrast to this view, there have been reports
of sound-induced OSL movement, but these reports have been
largely ignored in overviews of cochlear mechanics and the for-
mation of cochlear models (10–13). Von Békésy (14), using static
pressure, found that the CP “bent like an elastic rod that was free
at one end and fixed at the other”. Kohlloeffel (15) described the
OSL as short and stiff in cat, rat, guinea pig, gerbil, squirrel mon-
key and rabbit, but as fragile and flexible in pig, cow, and mole,
and that, in humans, the OSL can deflect as much as the BM in
response to low-frequency sound. Most of the early papers that
measured BM responses to sound in live animals using quantita-
tive measuring techniques made control measurements of nearby
OSL motion and found that OSL motion was small compared
with BM motion at best frequency (BF), although, below BF,
OSL motion was sometimes said to be only 5 dB less than BM
motion (e.g., refs. 16 and 17 ). Recent measurements in a human
temporal bone found that, in response to air-conducted sound,
the OSL vibrated transversely with amplitudes comparable to
those of the BM (18), but these measurements were only made
at 2 points on the OSL for 1 specimen, and were not intended
to establish the overall motion of the OSL or its consequences.
The finding of substantial OSL motion in live animals and in a
human cadaver conflicts with the generalized classic view that
the OSL and the structures that attach above it are basically sta-
tionary. Although there have been a number of reports of OSL
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motion, there has not been a systematic study of the motion
of various points across the human CP, or across the OSL in
any species.

To better understand the mechanics of hearing in humans, we
measured sound-induced motion throughout the CP width in the
base of fresh human temporal bones and compared the results
with the classic view of cochlear motion. To determine human
CP motion, we viewed the CP scala tympani surface through the
round window and measured transverse motion at many points
across the CP width with laser Doppler vibrometry. To interpret
these experiments, we examined CP anatomy from histological
sections.

Results
Human CP Anatomy Differs from the Anatomy in the Base of Labo-
ratory Animals. In the base of most laboratory animals, much of
cochlear anatomy is similar, in particular, the anatomy of the CP.
The bony plates of the OSL extend laterally (toward the spiral
ligament) to come close to, or overlap with, the medial edge of
the BM, approximately in the region of the inner pillars under
the inner hair cells. Cochlear anatomy is shown for the base of
guinea pig in Fig. 1A, and additionally for 4 other commonly used
laboratory animals in SI Appendix, Fig. S1. In the cochlear base
of laboratory animals such as the guinea pig (Fig. 1A), the spiral
limbus and its attachment point to the TM rest above the bone of
the OSL. In Fig. 1A, the BM occupies ∼34% and the bony OSL
occupies ∼66% of the CP width.

In contrast, in the base of the human cochlea, the BM occu-
pies ∼15% and the bony OSL occupies ∼70% of the CP width
(Fig. 1B). In humans, the bony part of the OSL does not come
close to the BM. Instead, between the lateral edge of the OSL
bone and the medial edge of the BM, there is nonbony tissue
that forms a third CP region in addition to the OSL and the BM,
which has not been anatomically delineated and which we name
the CP bridge (Fig. 1 B and C). In humans, the attachment point
of the TM on the spiral limbus does not rest above the bone of
the OSL (as in the base of laboratory animals and in cochlear
models), but, instead, rests on bridge tissue between the OSL
bone and the BM. A magnified view of the CP bridge is shown
in Fig. 1C. We define the boundaries of the bridge as the bony
OSL (medially), the limbus (toward scala vestibuli), the BM (lat-
erally), and the abutting fluid (toward scala tympani). Within the
bridge region are connective tissue and auditory nerve fibers. The
boundary between the bridge, the limbus, and the inner sulcus
needs further examination and definition. The name “tympanic
lip” has been used for the lower border of the inner sulcus (19)
without regard to whether it is above bone or not. The bridge
spans a substantial width. In the cochlear base, the width of the
bridge was 83 ± 12% SD of the BM width across 6 histologically
prepared temporal bones. The bridge is present in all turns of the
human cochlea and has approximately the same width as the BM
(both become wider in the apex).

Human CP Motion Is Substantially Different from the Classic View of
CP Motion. A representative example of the normalized veloc-
ity of the human CP, measured at 34 radial locations across the
CP tympanic surface, for frequencies below and near the BF, is
shown in Fig. 2. The measurements were normalized to the max-
imum velocity of the CP at each frequency (Fig. 2A) or to the
intracochlear pressure measured in the vestibule (Fig. 2 B–D).
The normalized CP responses were independent of the tested
stimulus levels of 80 to 120 dB sound pressure level (SPL) at the
ear canal.

In response to sound, the human OSL was not stationary (as
in classic models), but moved almost as much as the BM. The
displacement of the OSL increased linearly with radial distance
from a pivot point near the modiolus (at a radial location of
−600 µm from the OSL–bridge boundary in Fig. 2A). In the
CP bridge region medial to the inner sulcus (IS in Fig. 1C),
the motion of the bridge was continuous with that of the OSL,
meaning that the velocity continued to increase linearly with the
distance from the modiolus. In the more lateral bridge region
near the inner sulcus (between the limbus and BM), the motion
usually became greater than a simple extension of the OSL
pivoting motion (Fig. 2A). The largest transverse CP motion was
generally on the BM near the BM–bridge boundary, close to
where the inner pillars and inner hair cells are located (IP in
Fig. 2A). Lateral to the CP motion peak, the motion decreased to
a stationary point where the BM attached to the spiral ligament
(SL in Fig. 1A).

Fig. 3 shows CP motion in all 6 temporal bones. In all, the OSL
and bridge moved in response to sound, including the regions
of the BM–bridge attachment and underneath the TM–limbus
attachment. On average across the 6 temporal bones, the BM
accounted for 27.2 ± 7.7% SD of the total transverse area dis-
placement of the CP for frequencies below BF, and 42.7 ± 26.6%
SD of the CP area displacement at the BF. This contrasts with
classic models in which BM motion is ∼100% of CP area dis-
placement. Overall, in all 6 human temporal bones, OSL and
bridge motion accounted for a substantial fraction of the CP area
displacement at all tested frequencies.

At frequencies below BF, the whole CP vibrated in phase
with deviations of only a few degrees (pink and purple lines in
Fig. 2B and SI Appendix, Fig. S3). At frequencies near BF, and
particularly above BF, the phase in the bridge and BM regions
sometimes lagged the phase in the OSL region (black and green
lines in Fig. 2B and SI Appendix, Fig. S3). These data suggest that,
near and above the BF, there can be phase differences between
the OSL, bridge, and BM. CP phase changed with frequency, as
shown by the separation of lines in Fig. 2B; this phase–frequency
relationship is examined in the next section.

Similar Tuning Characteristics of the OSL, Bridge, and BM. The
OSL, CP bridge, and BM all had similar frequency response
tuning (Fig. 2C and SI Appendix, Fig. S3). Across temporal

A Guinea Pig BHuman

C

OSL BMBridgeOSL BM

medial lateral radial

TMLimbus

Limbus

TM

transverse

Fig. 1. Cross-sectional anatomy of guinea pig and human CPs. Colored bars show the radial extents of the OSL, the BM, and, in humans, the soft tissue
“bridge” between the OSL and BM. (A) Guinea pig 10-kHz place (5.5 mm from the base) and (B) human 9-kHz place (6 mm from the base). (C) Magnified
view showing the bridge region outlined with a dashed blue line. Other abbreviations are inner sulcus (IS) and spiral ligament (SL).
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Fig. 2. CP cross-sectional motion profiles and tuning curves. (A) Normalized CP transverse velocity magnitude versus radial location in response to tones
over a wide range of frequencies (see frequency color key) for a representative temporal bone (#16). Velocity was normalized by the maximum velocity at
each frequency. Upward arrows indicate the lateral edge of the OSL at 0 µm and the lateral edge of the BM at 230 µm. The thick line between A and B
estimates the widths of CP structures; the orange arrows indicate the estimated locations of the bottoms of the inner pillar (IP) and outer pillar (OP). (B)
CP transverse velocity phase referenced to the intracochlear vestibule pressure phase. (C) CP motion tuning-curve magnitudes and (D) phases referenced to
vestibule pressure, at different radial locations (location color key shown on diagram in C). The BF of the BM was 14.4 kHz. Data were recorded for ear canal
sound pressure levels of 108 dB SPL.

bones, the BFs of the BM ranged from 9.5 to 14.4 kHz. On
average, the passive human BM tuning sharpness, measured
by Q10 (Q10 is defined as the BF divided by the bandwidth
at which the peak sensitivity decreased by 10 dB), was 1.6 ±
0.5 SD, which is similar to the Q10 of passive BM motion in other
species, including guinea pig, Q10 = 1.4 at BF 25 kHz (20); ger-
bil, Q10 = 2.1 at BF 33 kHz (21); chinchilla, Q10 = 1.3 to 1.6
at BF 6 kHz (22); and mouse, Q10 = 1.1 to 1.8 at BF 3 to 4.4
kHz (3, 4, 7). Our basal BM tuning is also similar to more api-
cal (12 mm from the base) human passive BM tuning sharpness
as reported by Stenfelt et al. (18) Q10 = 1.0 and Gundersen et
al. (23) Q10 = 2.44. In our data, the bridge Q10 was 1.16 ± 0.34
(SD), and the OSL Q10 was 1.10 ± 0.27 (SD). Although, across
specimens, there was a trend that tuning slightly sharpened from
OSL to bridge and BM, none of these changes reached statisti-
cal significance at P < 0.05 (t test) in our small population from
different BFs.

For all locations across the CP, the response phase became
more delayed as stimulus frequency increased. At the highest
frequencies, sometimes there’s a hint that the phase plateaued
(Fig. 2D and SI Appendix, Fig. S3). This pattern is consistent with
that of a traveling wave, i.e., as frequency increased, phase delays
increased slowly at low frequencies and quickly near BF frequen-
cies. This is evidence for traveling waves on the BM, and also on
the OSL and the bridge.

Discussion
Our findings provide a picture of the human CP that is sub-
stantially different from the classic view of the CP derived from
the base of laboratory animals and accepted as almost universal
among mammals. First, our observation of human CP anatomy
in terms of its effect on function has led us to distinguish a third
CP region between OSL and BM, the CP bridge. The bridge
might have been considered as part of the OSL, but, unlike the
OSL (osseous or bony spiral lamina), it contains no bone. Most
small laboratory animals do not show a bridge-like region in the
cochlear base (SI Appendix, Fig. S1), and such a region is not
included in classic cochlear models. Although classic models are
assumed to apply to the apex as well as the base, even in lab-
oratory animals, there can be a bridge-like region in the apical
CP (SI Appendix, Fig. S2). Second, since the BM traveling wave

depends on its coupling with cochlear fluid motion, the addi-
tional fluid displacement by the OSL and bridge motion might
have substantial impact on cochlear tuning and amplification,
both of which involve the traveling wave. Finally, and perhaps
most importantly, the radial profile of BM transverse motion in
humans is different in key ways from the classic view. In par-
ticular, the regions where the BM attaches to the bridge and
the TM attaches to the limbus move in humans but are consid-
ered stationary in classic cochlear models. Our data show that, in
this aspect of cochlear mechanics, and perhaps in other aspects
such as tuning, the classic view of cochlear mechanics does not
apply to the base of humans. SI Appendix, Fig. S2 shows that the
classic view is also inconsistent with the apical anatomy of a num-
ber of small laboratory animals. Whether anatomy and cochlear
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Fig. 3. Motion of the CP referenced to maximum motion. (A) Average
velocity below BF for each specimen (n = 6). (B) Average velocity near BF
from each specimen (n = 5; see SI Appendix, Fig. S3 for more data.) The
overall CP width was normalized to be from 0 to 1. Orange arrows indicate
the estimated locations of the bottoms of the IP and OP. Ear canal sound
was between 98 and 110 dB SPL (details in SI Appendix). Mag., magnitude.
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motions in the base of larger mammals, or mammals more closely
related to humans (e.g., primates), are similar to humans remains
to be determined (for related work, see refs. 16, 24, and 25).
Further, the sharper cochlear tuning found in humans compared
with laboratory animals (25–27) may be related to our findings,
but this remains to be determined.

Our CP motion measurements were made in the base of the
cochlea, which is tuned to high frequencies. Our anatomical
study on histological sections from 21 human temporal bones
shows that the bridge is present in all specimens. Also, the BM
and bridge width are approximately the same and increase from
base to apex. Additionally, the human OSL movement reported
by Stenfelt et al. (18) was from the 2-kHz cochlear region,
which shows that human OSL movement is not restricted to the
cochlear base. Considering these observations, the overall pat-
tern of OSL and bridge motion we have seen in the base is likely
present throughout the human cochlea. This does not rule out
there being differences in cochlear motions between base and
apex as has been found in laboratory animals (5, 6, 8).

Comparison to Other Studies. Previous studies of human CP
anatomy have described aspects of the CP bridge, but these stud-
ies were not focused on structural relevance to dynamics and
did not clearly delineate the CP bridge from other structures
(19, 28, 29). The first reported quantitative measurements of
OSL motion in a human temporal bone was by Stenfelt et al.
(18). In 1 specimen, they measured at points near the modio-
lus (OSL1), near the lateral edge of the OSL (OSL2), and on
the BM. However, they did not distinguish a CP bridge region
and made no mention of how they decided where their measure-
ment points were relative to the detailed anatomy (18). Stenfelt
et al.’s measurements were near the 2-kHz BF place, while ours
were near the 9- to 15-kHz BF places. These factors prevent us
from being able to make a detailed comparison of their results
and ours. However, Stenfelt et al.’s measurements are consistent
with ours in that the magnitude of motion of the OSL was com-
parable to that of the BM, and that both BM and OSL phase
patterns were appropriate for these structures to be carrying
traveling waves.

Several studies in animals have reported measurements of
sound-induced motion at different radial positions across the
BM and sometimes from the OSL (reviewed in the Introduc-
tion). Reports from most animal experiments found minimal BM
motion at its attachment to the OSL and the largest transverse
motion in the region from the outer pillars to the center of the
BM, with only small differences in the phase seen at different BM
locations (5, 30, 31). One exception is the studies of Nilsen and
Russell (32), who made measurements with a self-mixing laser
and reported that the largest motions were near the outer pillars,
but they also reported large phase differences (up to 180◦) for
small variations in radial position. The different results of Nilsen
and Russell can be accounted for by the possibility that their
method included motion of deep structures of the OoC, rather
than just the surface motion of the BM. For a more detailed
discussion, see ref. 33.

Implications of Measurements from a Fresh Cadaveric, Passive Prepa-
ration. Passive-cochlea data are important for understanding
human CP motion at high sound levels, or when active processes
cease to work (e.g., in sensorineural hearing loss), and as an
important foundation to understand CP motion with cochlear
amplification.

Most animal studies have found no differences in the shape
of the radial profile of BM transverse motion between active
and passive cochleas (30), but whether this holds for humans
is unknown. In an active cochlea, outer hair cells (OHCs) pro-
duce cochlear amplification by adding energy to the traveling
wave (34). In the long-wave region of the traveling wave, which is

basal to the BF region, the sound pressure is close to uniform in a
transverse section across the cochlear scalae and would affect the
OSL, bridge, and BM regions similarly. However, in the short-
wave region near the BF, experiments and models of cochlear
mechanics suggest that the sound pressure spread away from the
BM may be spatially limited (12, 35), which may cause the OSL
and bridge regions to move differently than the BM.

Another possible limitation of our measurements is that CP
tissue properties may change substantially after death. Although
we have seen no indication of this from our measurements over
hours if the CP was kept moist, time effects cannot be ruled out,
because our earliest measurements were 47 h postmortem. Many
animal studies of BM motion before and shortly after death have
shown a large initial motion decrease near BF (and a change in
BF) from the loss of cochlear amplification, but, over the next
few hours, only small changes occurred. Over longer periods
after death, BM stiffness decreased (36, 37) and low-frequency
BM motion increased (38), but, at 16 h postmortem, the shape of
the cross-sectional motion profile was not affected (30). In mice,
TM material properties and TM traveling waves were similar at
1 h versus 48 h postmortem, and are similar to those of post-
mortem human TMs (39). These experiments used cold, moist
(never frozen) storage, as was done in our present study. Human
cochlear input impedance from intraoperative measurements in
live cochleas was similar to that in cadaveric temporal bones,
which suggests that overall CP properties did not grossly change
after death (40). Our measurements of CP motion in passive
human cochleas are the freshest yet made, but may not be the
same as just after death.

Modeling Human CP Motion. We found that the low-frequency
cross-sectional motion of the CP can be described by a composite
beam model with 2 elements: a rigid rod hinged near the modi-
olus (emulating the OSL and the medial half of the CP bridge)
and a flexible beam with constant bending stiffness, simply sup-
ported at both ends (emulating the lateral part of the CP bridge
and the BM). This model, described in SI Appendix, captures the
overall properties of our CP motion measurements: 1) The OSL
moves as a stiff plate hinged near the modiolus, 2) the motion
is large in the bridge region under the attachment of the TM to
the limbus and where the BM attaches to the bridge, and 3) the
maximum CP motion occurs near the BM–bridge connection.

There are 2 other modeling studies that are relevant in
that their CPs included both a rigid part and a flexible part
[Kapuria et al. (41) and Taber and Steele (42); see SI Appendix ].
In these models, the volume displacement of the near-rigid
region was large compared with that of the flexible BM region,
but the near-rigid region had relatively little influence on the
shape and BF of the traveling wave, except for delaying the
phase. These results may imply that the presence of a large fluid
volume displacement by the OSL and bridge in humans may
have little effect on BF characteristics set by the BM. How-
ever, these models did not include cochlear micromechanics,
in particular, the mechanical drives to hair cell stereocilia, where
major effects due to a mobile OSL and bridge might be expected.

Implications of the Human CP Motion Profile. To understand how
CP motion may relate to the motion of structures within the
OoC, we consider simplified cross-sectional diagrams of the
anatomy and low-frequency motion of the CP and OoC (Fig. 4).
The classic view of BM and OoC motion is shown in Fig. 4A.
As the BM moves up (toward scala vestibuli), the OoC rotates
counterclockwise about the bottom of the inner pillars, with BM
motion greatest around the outer pillars, OHCs, and the center
of the BM. The resulting rotation of the TM about a station-
ary origin at the attachment to the limbus produces little radial
motion of the TM at the TM attachment to OHC stereocilia. It
has been hypothesized that the TM has substantial radial motion
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the BM and OoC move, and, also, the OSL and bridge (including the attachments of the TM to the limbus) move in response to sound.

due to a TM mass–stiffness resonance (e.g., refs. 43 and 44).
However, measurements show that the TM is viscoelastic, with
large damping without sharp resonance, and the TM can carry
longitudinally propagating traveling waves of radial motion (45).
Theoretical studies implicate the importance of both the TM
propagation and heavily damped TM resonance (11). The lon-
gitudinally carried TM radial motion may be more important
than TM resonances, but in vivo TM motion is poorly under-
stood and is likely different from the classic view. In addition,
recent experiments show that the reticular lamina moves much
more than the BM, and there is differential motion between
structures at the top of the OoC, such as rotation of the retic-
ular lamina (2–8, 46). All of the above indicate that the classic
view in Fig. 4A needs modification, and some models do incorpo-
rate more complex motions at the top of the OoC. Nonetheless,
no new view has been widely accepted that replaces the classic
view (Fig. 4A) that the counterclockwise rotation of the OoC
moves the reticular lamina (at the OHC stereocilia) radially
toward the modiolus, which deflects OHC stereocilia in the excit-
atory direction. Whatever the variations at the top of the OoC,
most models (except ref. 42) assume that the edges of the BM
are stationary and that the attachment of the TM at the limbus
is stationary.

Fig. 4B shows a recasting of the diagram of Fig. 4A for the
anatomy of the human CP and for low-frequency motion. The
CP motion facing scala tympani is based on our measurements
and model (SI Appendix, Fig. S4). The illustrated motion of
the structures around the OoC is a simple extrapolation from
our measured CP motion. In contrast to the classic view of CP
motion, in humans, the CP has substantial transverse motion in
the region under the TM–limbus attachment and at the BM–
bridge attachment, and has the greatest transverse motion near
the inner pillar medial to the outer pillar/OHCs. In upward
BM motion, the BM–bridge attachment moves upward so that
the OoC rotates clockwise (Fig. 4B)—opposite to the rotation
of the classic view (Fig. 4A). This opposite rotation moves the
reticular lamina radially away from the modiolus, which would
deflect OHC stereocilia in the inhibitory direction. Furthermore,
in humans, the TM–limbus attachment, which is stationary in the
classic view, is expected to move because it sits on a CP bridge
region that moves. If the limbus rotates in a counterclockwise
direction for upward BM movement (as in Fig. 4B), it would pro-
duce radial TM motion toward the modiolus, and this radial TM
motion would further deflect OHC stereocilia in the inhibitory
direction. Fig. 4 is for low-frequency motion, but, for frequencies
near BF, fluid and tissue inertia will change the motion (47). As
noted in the previous paragraph, the radial motion of the TM is
unknown, and the motions at the top of the OoC are likely to
be more complicated than in the classic view. Nonetheless, the
contrast between the CP motions in the classic view (Fig. 4A)

versus the simple extrapolation of our human CP measurements
(Fig. 4B) shows the highly consequential functional implications
of the differences in CP motion.

One major difference at the top of the OoC between the classic
view and our findings in humans is in TM motion (Fig. 4). In the
classic view, the TM–limbus attachment is stationary, and motion
of the TM is produced only by the motion of OHC stereocilia and
fluid in the subtectorial space. In humans, the CP limbus region
has transverse movement (due to motion of the OSL and bridge),
which implies that the TM–limbus attachment point moves, so
that, in humans, both ends of the TM are attached to moving
structures. Vibration of one end of the TM can be carried to
the other radial end, and also carried longitudinally along the
TM (45). Thus, TM motion in humans appears to be more com-
plex than in the classic view of cochlear mechanics. An attractive
hypothesis is that the different gross OoC motions in Fig. 4A vs.
Fig. 4B are at least partly compensated by different TM motion
so that, for upward BM motion, OHC deflections are similar
in humans and other species. This speculative hypothesis needs
testing.

Cochlear mechanics is the origin of important basic properties
of hearing such as hearing sensitivity and frequency tuning. The
classic view of cochlear anatomy and mechanics was derived from
measurements in the base of extensively studied small animals.
Here we have shown that both the anatomy and sound-evoked
motion of the human CP differ in crucial ways from the classic
view. Our results provide a new perspective on cochlear mechan-
ics in humans. In addition, SI Appendix, Fig. S2 suggests that the
classic view may also not apply in the apex of some laboratory
animals. Understanding the mechanical differences between the
human cochlea and those of other species will aid in interpret-
ing results from laboratory animals and properly using them to
understand human hearing.

Materials and Methods
Detailed methods are described in SI Appendix. In brief, the CP motion
measurements were from 6 human (53 to 78 y old, mean = 60.2 y) cadav-
eric temporal bone specimens, 47 to 108 h postmortem. The CP was viewed
through the round window after removing its membrane. The fluid in scala
tympani was drained to a thin film over the CP. Measurements used a laser
Doppler vibrometer focused directly on the CP, using the tissue’s reflected
light. Acoustic pure tones between 100 Hz and 24 kHz were delivered to
the ear canal. Fiber optic pressure sensors were used to record sound pres-
sure in the vestibule (35, 48). Anatomy was quantified from histological
preparations of human specimens and several animal specimens from the
Otopathology Laboratory at our institution. All motion data are provided in
SI Appendix.
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