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Abbreviations: Hz: Hertz; kHz:1000Hz= kilo 
Hz; Pa: Pascal, pm: picometre=10-12 m; OHC: Outer 
Cell Hair, nm: nanometer= 10-9m; ms – millisecond= 
10-3second; BM: Basilemma = Basilar Membrane; µm: 
mikrometr.

Hearing Mechanisms
In the middle ears of mammals, the ratio length of the 

manubrium mallei to the length of the lenticular process 
of the incus is 1.3:1, which leads to a reduction of the 
deflection of the stapedial lamina vs. deflections of the 
eardrum equal to 1.3:1[1]. If, as in the case of hearing of 
the threshold tone in young people, we have a 0 dB wave, 
then, the amplitude of this wave in the external auditory 
meatus is 8 pm. Hence, the deflection amplitude of exter-
nal the stapedial base is 6.1pm. Such an amplitude val-
ue is insufficient to reach the receptor through cochlear 
fluids and the basilemma [2]. It must be borne in mind 
that the energy of that wave on the way to the receptor is 
reduced hundreds of times [3]. Such a wave, around 10 
times smaller than the average size of atoms constituting 
the basilemma structure, is unable to generate a traveling 
wave on the basilemma, or flows of cochlear fluids which 
are supposed to bend the auditory cell hairs. Proven is the 
disappearance of the sound wave energy in the cochlear 
fluids from the oval window to the round window [3]. 
Then, there is also the issue of inertia in the middle and 
external ear, especially in the case of high tones.

While analyzing the signal path through cochlear fluids, 
into consideration should be taken the sense of hearing of 
mammals which can hear sounds of intensities (-) minus 

10dB SPL (cats). Upon entering the system, the amplitude 
of this wave is 2-3pm. If that sound wave is yet more re-
duced in the middle ear, it will be approx. 20times small-
er than the hydrogen diameter. That wave, disappearing 
in cochlear fluids, is unlikely to bend auditory cell hairs 
which are approx. 100,000 times thicker that the audible 
threshold sound wave - in humans [4]. 

A barn owl (Tyto alba) can hear from 100Hz do 20kHz. 
Something particular for this species, hunting chiefly by 
night, is its hearing sounds 20 dB SPL below zero dB, 
when the amplitude of the sound wave entering the sys-
tem is 0.001nm = 1 pm. Such a wave, more than 50 times 
smaller than the hydrogen atom diameter, disappearing 
in cochlear fluids is unlikely to generate a pressure dif-
ference on both the BM sides, and therefore, is unable to 
generate a traveling wave on the basilemma, motions of 
labyrinth fluid and the bending of acoustic cell hairs [5]. 
At such a low wave energy, the basilemma will not work. 
The traveling wave theory combines resonance and fre-
quency resolution with the basilemma. This mechanism 
is improbable for such a small amplitude of a sound wave. 
At such a low amplitude of a sound wave, a barn owl has 
not only a perfect frequency resolution, but also an ex-
cellent skill of directional hearing - based upon the dif-
ference in time in which a sound reaches each ear and 
the difference in the wave energy in both the ears. Those 
differences are on a nano level and cannot be conveyed 
the long way around through cochlear fluids, viz. a slow 
wave on the basilemma, more than 10times slower than 
the speed of a sound wave in cochlear fluids. Sound waves 
together with numerous harmonics cannot be encod-
ed by the basilemma, actually immovable, and through 
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cochlear fluids.  Nevertheless, precise information is re-
ceived, and this attribute ensures the species to survive 
on Earth. Such attributes of the hearing organ can imply 
or constitute a proof of other signal path from the middle 
ear to the receptor. Also, the speed of auditory reaction 
suggests that this path must be short and fast. Conveyed 
are sounds of very high frequency, which is improbable 
according to the traveling wave due to the inertia of the 
elements vibrating on the signal’s way towards the recep-
tor. Since a sound wave has no mass, it is not subject to the 
inertia law. A bone can convey a sound at a speed of up 
to 4,000 m/s. Also soft tissues convey sounds, but at lower 
speeds. Such an efficient reception of information in the 
receptor can be ensured only by the signal path from the 
middle ear through the osseous cochlear housing directly 
to the receptor [6].

A proof can be also osseous hearing when the stapedial 
base is immobilized, in which case cannot be generated 
any wave traveling from the oval window to the cupula. 
Since the flexibility of the round window is 20 times high-
er than that of a healthy, mobile oval window, there can 
be generated a wave traveling backwards from the round 
window to the cupula. The more because the oval window 
in otosclerosis is immobile. Resonance on the BM is un-
like to occur in the absence of a traveling wave. Nor is the 
frequency resolution dependent upon the basilemma.

As far as humans are concerned, mentioned must be 
also stapedial rocking (swinging) movements in the re-
ception of high frequency sounds. High sounds are not 
received through cochlear fluids, which is corroborated 
by results of stapedotomy [7]. Instead, they are received 
physiologically - in some mammals their frequency can 
reach even up to 100kHz. The path through cochlear flu-
ids and basilemma is improbable for some reasons, viz. 
inertia, reaction time - generation of receptor potential, 
information encoding in fluids, frequent energy trans-
formations on the way to the receptor, reception of tones 
shorter than decimal parts of a millisecond, difficulties in 
amplifying silent multi-tones with numerous harmonics. 
If a signal is very precise and reaches quickly the receptor, 
it makes use of another path. Rocking (swinging) move-
ments of the stapes may play some role among mammals 
in transmitting the wave sound energy to the osseous co-
chlear housing. They depend upon the eardrum’s reaction 
to frequencies and intensities of a sound wave.  Birds have 
only one middle ear ossicle, called columella, which con-
nects the eardrum with the stapedial base, and like mam-
mals they can hear high sounds of very low amplitude.

The eardrum is responsible for a pre-analysis of fre-
quency which has a differentiated thickness and tension 
at various places. Low tones, with frequencies of up to a 
few thousands Hz may be conveyed through cochlear flu-
ids and the basilemma to the receptor as they have low 
inertia depending, among other things, upon the fre-
quency. Instead, sounds with frequencies of up to 200 
kHz, are transmitted to the receptor on another path - fast 
and short, where there is no inertia in the path elements 
participating in the information transfer. An important 
proof that it is possible to hear without the participation 

of the basilemma and cochlear fluids is excellent hearing 
of insects. The greater wax moth (Galleria mellonella) 
generates and receives sounds whose frequencies are up 
to 300 kHz. The receptor receives and processes the ener-
gy encoded in a sound wave without participation of co-
chlear fluids and the basilemma, since it is bereft of both 
of them. Such a direct ability of receiving high frequen-
cy information contained in a sound wave is also found 
among all invertebrates [6].

Conclusion
A new theory of hearing, referred to as “Submolecular 

theory of hearing”, allows elucidating all processes - com-
ponents of the deception, processing and transmission 
of auditory information. It underlines the importance of 
molecular transformations in the auditory cell itself, re-
sponsible for the creation of transmitters and post-syn-
aptic potential, and what is important, for an intracellu-
lar amplification of a signal, no longer of a sound wave 
[6,8,9]. A new theory, announced 20 years ago, offers an 
opportunity of improving one’s hearing also of high fre-
quency after stapedotomy [6]. The prerequisite for such 
an improvement is following the Nature in the transfer 
of information from the middle ear to the receptor on a 
new path [7].
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