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Abstract 

There is a physical phenomenon that has accompanied humanity for thousands of years. Already 

in the Stone Age, people heard the sounds of breaking branches, sounds coming from eating dry 

food, shelling nuts. In the Bronze and Iron Ages, sounds related to metalworking were added. 

For several thousand years, the phenomenon had no name, the mechanisms of the emission of 

sound waves into the environment were not known. Scientific work began only 100 years ago. 

The name of acoustic emissions was created, the mechanism of the phenomenon and the 

methods of its study were explained. The mechanism of the formation of spontaneous acoustic 

emission in the ear has not been satisfactorily explained. Thousands of works and very numerous 

hypotheses have been created, which in itself proves that none of them is final and each has 

certain flaws. The final part presents some reservations about the current theory of the formation 

of spontaneous acoustic emission in the ear. 
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Introduction 

There is a physical phenomenon that has accompanied humanity for 

thousands of years. Already in the Stone Age, people heard the sounds of 

breaking branches, sounds coming from eating dry food, shelling nuts. In the 

Bronze and Iron Ages, sounds related to metalworking were added. For 

several thousand years, the phenomenon had no name, the mechanisms of 

the emission of sound waves into the environment were not known. 

Scientific work began only 100 years ago. The name of acoustic emissions 

was created, the mechanism of the phenomenon and the methods of its study 

were explained. The mechanism of the formation of spontaneous acoustic 

emission in the ear has not been satisfactorily explained. Thousands of works 

and very numerous hypotheses have been created, which in itself proves that 

none of them is final and each has certain flaws. The final part presents some 

reservations about the current theory of the formation of spontaneous 

acoustic emission in the ear. 

Acoustic emission: 

Acoustic emission is a common phenomenon in nature. It has accompanied 

people for over 5,000 years. In the Bronze and Iron Ages, metal tools were 

made, and during forging, bending and hardening, sounds were generated, 

now known as acoustic emission. The acoustic signal was received as a 

warning that the metal could not be bent any further because it would break. 

Breaking twigs or trees produces a sound that is mechanical waves of 

acoustic emission. Eating dry food is accompanied by the sound of sound 

wave emission. Walking in the park on dry leaves generates acoustic 

emission waves. Mechanical acoustic waves of various frequencies from 

several hertz to several dozen megahertz are propagated by steel structures, 

wooden and masonry buildings, bridges, pipelines, large fuel tanks, electrical 

cables, coal and metal ore deposits, rock mass movements signaling 

earthquakes, grain stores, dry provisions, fruit, etc. Acoustic emissions are 

used to examine damage to these elements, furniture, paintings, glass, bones 

– e.g. knee joints, in the ear.  

Such a common phenomenon has many causes for the emission of acoustic 

wave energy to the outside. The most common causes are material defects, 

microcracks, cracks, rust, leaks, active material discontinuities, phase 

transitions, gas sorption, fluid flows, cavitations, plastic deformations, 

electron jumping to lower orbits. On a microscopic scale, it is possible for 

atoms to jump to an adjacent position in a molecule, which is associated with 

the emission of an acoustic energy pulse of different frequency. There are 

certainly other causes, because apart from electronic and atomic changes, no 

cause is responsible for spontaneous emission in the ear [1,2].  

The first studies on the phenomenon of elastic wave emission by various 

bodies were performed in the USA and Great Britain in the 1940s. At that 

time, frequencies were studied only in the acoustic frequency range of 16 Hz 

to 20 kHz. Hence the name acoustic emissions. As the measuring equipment 

was improved, higher and higher acoustic emission frequencies were 

detected. Currently, the limit reaches several dozen megahertz. In solid 

bodies, stresses are studied, causing deformations, small cracks, which are 

accompanied by a sudden emission of energy in the form of acoustic waves. 
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The dislocation of atoms in a molecule changes the local structure, the 

molecules assume a lower energy level and the excess energy is transferred 

to the environment in the form of mechanical energy quanta as an acoustic 

wave. The generated energy created at the point of generation propagates 

outwards in all directions in the form of elastic waves detected on the surface 

as acoustic emission [3]. Depending on the material and the mechanism of 

generation and force of action, elastic waves of different intensity and 

different frequency are created.  

Thomas Gold can be considered to have predicted the existence of acoustic 

emission in the ear as early as 1930 [4]. He proposed the "regeneration 

hypothesis" in which electromechanical feedback counteracts viscous 

damping in the cochlea. Gold believed that if the self-regulation mechanism 

failed, excessive feedback would cause spontaneous oscillations of the hair 

cells. The vibrations would be transmitted back to the stirrup and into the 

external auditory canal. He also believed that the frequency of oscillations 

was closely related to the hair cells. He believed that the viscosity of the 

liquid was reduced by the electrical energy of the cochlear microphonic 

potential, which is a by-product. This potential could be a link in the chain 

of events that constitutes the amplification of the signal.  

Acoustic emission according to Kemp [5] "is a natural consequence of the 

amplification of the scattered wave in the presence of internal non-

pathological impedance disturbances" (?). Kemp believed that the process of 

multiple internal reflection of wave energy in the cochlea of the ear creates 

spontaneous acoustic emission. However, to study spontaneous emission, he 

used a pure-tone stimulus to initiate the phenomenon, drawing the conclusion 

that everything that starts a traveling wave on the basilar membrane causes 

amplification of the wave in both directions, phase shifts, and wave 

reflections at the border of the middle and inner ear - which leads to acoustic 

emission in the ear. According to Kemp, this was confirmed by the "global 

model" of the standing wave in the ear. He believed that in the absence of 

external stimulation, the activity of the cochlear amplifier increases, which 

leads to the production of acoustic emission in the ear. Spontaneous 

oscillations in the ear are the cause of acoustic emission. Oscillations are 

created as a result of strong cochlear resonances in the feedback process. It 

is believed that tinnitus is caused by acoustic emission and mechanical 

resonance. Such noise is called mechanical noise. Two hypotheses were 

created, according to one, the element propagating the emission of waves is 

one hair cell falling into oscillations. The second hypothesis opted for the 

view that oscillations appear collectively and cover the entire cochlea.  

Local oscillator theorists believe that the cochlea produces sound because 

the hair cell becomes unstable and begins to oscillate spontaneously. Some 

suggest that the hairs of the hair cells are unstable and cause oscillations in 

the ear. Global action theorists suggest that the hair cells in the organ of Corti 

oscillate spontaneously in groups, and the evidence is the emission of 

acoustic waves.  

In later years, work on explaining the causes and mechanisms of acoustic 

emission in the ear was carried out by: Zwicker 1986, Talmagde 1991, Sito 

and Meloti 1991, Shera 2003, Vilfon and Duke 2008, Duifhuis 2011, Wit 

and van Dijk 2012.  

Gruters et al. 2018, consider that, "temporary generation of otoacoustic 

emissions in the ear in the case of middle ear stiffness may result from 

pressure changes in the middle ear cavity, due to breathing or swallowing. 

Spontaneous contractions of the ear muscles or eye movements may have an 

influence. The influence is due to changes in intracochlear pressure, 

dependent on blood flows." It is believed that information traveling as 

pressure waves back and forth along the spiral of the cochlea probably 

influences the generation of acoustic emissions. 

Discussion: 

The mechanical energy of elastic waves in the form of ultrasonic or audible 

waves generated inside a given object (including the ear) passes through the 

environment – through tissues – to the surface available for testing. An 

acoustic wave does not transfer mass, a pressure wave travels through 

subsequent environments [6]. Vibrations are tested on the surface of the 

tested object using a piezoelectric transducer. Acoustic emission in nature is 

universal and the tests should be the same, regardless of the mechanism of 

the phenomenon. The ear is an exception in Nature, where waves are 

propagated only in one direction to the external auditory canal. The emission 

of waves on the surface of the skull, where the waves reach, is not tested. 

If acoustic emission in the ear is associated with contractions of the outer 

hair cells, which are considered to play the role of an amplifier of hearing, 

then the contraction of the cells occurs after the depolarization of the cell. [7] 

A receptor potential is created earlier and after the transmitter is released, an 

excitatory postsynaptic potential and an action potential of the auditory nerve 

are created. If the contraction of the hair cell is the source of acoustic 

emission, then auditory potential studies can be performed during the 

duration of the signal emission. The latency time of the potential compared 

to the time of emission of the acoustic wave is important.  

Kemp believes that the activity of the cochlear amplifier increases when no 

external energy is applied. There is no explanation of the principle of 

depolarization of the hair cell? Without depolarization there is no 

contraction, no amplification, no acoustic emission. Kemp suggests the 

existence of back waves, the formation of a standing wave and resonance (he 

did not provide a forcing and forced wave) and the existence of mechanical 

feedback. It consists in the fact that sound waves are reflected, stimulate the 

stirrup plate to vibrate and the energy of the wave is conducted to the external 

auditory canal. A difficult concept to accept.    

If no external force acts on the ear in the case of spontaneous emission, then 

there is no reflected wave, no backward wave. If external energy acts, then 

there is no spontaneous emission. The wave travels to the cupula and then to 

the round window. This is a degraded wave; it decays hundreds of times. 

This wave does not travel to the receptor, it does not travel as a backward 

wave to the oval window. There is no reflection from the flaccid round 

window of the decaying sound wave. At this time, a traveling wave travels 

on the basilar membrane, which does not conduct information to the receptor. 

The resonance of the longitudinal wave with the transverse wave of the 

basilar membrane is not able to provide accurate information transfer. The 

lack of mobility of the basilar membrane does not prevent information from 

being transferred to the receptor bypassing the basilar membrane and the 

fluids of the cochlea, as in cochlear implant surgery in the treatment of partial 

deafness. The signal path to the receptor leads through the bony casing of the 

cochlea. This is also evidenced by the signal latency time in the ECoG study. 

There is no explanation as to whether the contraction of the outer hair cell 

itself is the source of the acoustic emission or whether the source of the 

mechanical wave emission is the vibrations of the basilar membrane pulled 

by the contracting outer hair cells.  

If the cells themselves emit a backward acoustic wave, a conflict of interest 

arises – the backward wave of the same frequency is subject to destructive 

interference.  

If the basilar membrane is to vibrate, the hair cell has no connection to the 

basilar membrane, which is located in the fluids of the cochlea with a high 

damping capacity. Does every contraction of the hair cell generate a back 

wave? Does every contraction of the outer cell, pulling on the basilar 

membrane, amplify the inner hair cell? The basilar membrane is burdened 

by the mass of the organ of Corti and the connective tissue on its lower 

surface and cannot vibrate independently up to 100 kHz in other mammals. 

The basilar membrane has no innervation and no mechanism for regulating 

its tension depending on the amplitude and frequency of the wave [8].   

An acoustic wave reaching any point becomes a source of a new wave. 

Therefore, it is difficult to understand that the backward wave on the basilar 

membrane acts exclusively on the stapes plate, without having any 

connection with it. On the way from the oval window to the external auditory 

canal, there is no amplification of the signal. There is attenuation of the 

signal. The amplitude of the wave decreases with increasing distance from 

the sound source.  

It is possible to stimulate hair cell contractions by applying sound wave 

energy via the bone pathway. The evoked emission should be detected on the 

surface of the skull bone or on a metal plate clamped in the teeth.   
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It is difficult to understand why there is no acoustic emission caused by the 

absence of an eardrum. The acoustic emission of bones, knees, fruits, rice in 

a sack is studied and there is no eardrum there. This indicates the need for 

further search for the cause of the formation and the mechanism of energy 

transfer of acoustic waves generated during changes in the structure of matter 

at the level of nanostructures and nano mechanisms. The electronic level 

comes into play - electrons jumping from orbit to orbit combined with the 

emission of excess quantized energy. In spontaneous emission, there is a 

spontaneous transition of atoms or molecules of the body to a state of a lower 

energy level. This can be a transition to a lower orbital state, or a transition 

to a lower rotational or vibrational state. The number of transitions of atoms 

or molecules from an excited state to a native state with a lower energy level 

depends on the cause and on the number of atoms in the molecules in the 

excited state. Excited states can be electronic, rotational, vibrational and 

rotational-vibrational. In ground states, electrons in atoms are in their lowest-

energy orbits.  

There remains a question about the formation of spontaneous acoustic 

emission in the ear. 

References 

1. Shera CA, (2022). Whistling While it Works: Spontaneous 

Otoacoustic Emission and the Cochlear Amplifier, J Assoc Res 

Otolaryngol Feb 23 (1) 17-25. 

2. Geal-Dor M, Sohmer H, Soft Tissue Conductions Activates the 

Auditory Pathway in the Brain. Audiol Res. 2024, 14 (1) 196-

203. 3.Piela L, Ideas of quantum chemistry 2022, PWN Warsaw, 

p. 1300. 

3. Gold T, Hearing II. (1948). The physical basis of the action of 

the coclee. Proceedings of the Royal SocietyB, Biological 

Sciens. 14 December, Volume 135, Issue 881. 

4. Kemp DT, (1978). Stimulated acoustic emissions from within 

the human auditory system, The Journal of the Acoustical 

Society of America. Acoust Soc. Am.; 64: 1386 -1391 

5. Sohmer H, (2017). Soft Tissue Conduction: Review, Mechanism 

and Implications. Trend Hear, Jan-Dec; Vol. 21, Jerusalem, 

Israel. 

6. Myjkowski J. (2004). Processing and transmitting auditory 

information – Otolaryngologia Polska No. 2/, pp. 377-383.  

7. Myjkowski J, (2022). Submolecular Theory of Hearing – HSOA 

Journal of Otolaryngology, Head and Neck Surgery, IF – 1.36. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

© The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as 
you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, 
and indicate if changes were made. The images or other third party material in this article are included in the article’s 
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included in the 
article’s Creative Commons licence and your intended use is not permitted by statutory regulation or exceeds the 
permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this licence, visit 
http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver 

Ready to submit your research? Choose ClinicSearch and benefit from:  
 

➢ fast, convenient online submission 

➢ rigorous peer review by experienced research in your field  

➢ rapid publication on acceptance  

➢ authors retain copyrights 

➢ unique DOI for all articles 

➢ immediate, unrestricted online access 

 

At ClinicSearch, research is always in progress. 

 

Learn more http://clinicsearchonline.org/journals/journal-of-clinical-anatomy 

https://link.springer.com/article/10.1007/s10162-021-00829-9
https://link.springer.com/article/10.1007/s10162-021-00829-9
https://link.springer.com/article/10.1007/s10162-021-00829-9
https://www.mdpi.com/2039-4349/14/1/18
https://www.mdpi.com/2039-4349/14/1/18
https://www.mdpi.com/2039-4349/14/1/18
https://www.mdpi.com/2039-4349/14/1/18
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Gold+T,+Hearing+II.+(1948).+The+physical+basis+of+the+action+of+the+coclee.+Proceedings+of+the+Royal+Society+B,+Biological+Sciences.+14+December,+Volume+135,+Issue+881.
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Gold+T,+Hearing+II.+(1948).+The+physical+basis+of+the+action+of+the+coclee.+Proceedings+of+the+Royal+Society+B,+Biological+Sciences.+14+December,+Volume+135,+Issue+881.
https://scholar.google.com/scholar?hl=en&as_sdt=0,5&q=Gold+T,+Hearing+II.+(1948).+The+physical+basis+of+the+action+of+the+coclee.+Proceedings+of+the+Royal+Society+B,+Biological+Sciences.+14+December,+Volume+135,+Issue+881.
https://pubs.aip.org/asa/jasa/article-abstract/64/5/1386/695956
https://pubs.aip.org/asa/jasa/article-abstract/64/5/1386/695956
https://pubs.aip.org/asa/jasa/article-abstract/64/5/1386/695956
https://journals.sagepub.com/doi/abs/10.1177/2331216517734087
https://journals.sagepub.com/doi/abs/10.1177/2331216517734087
https://journals.sagepub.com/doi/abs/10.1177/2331216517734087
https://europepmc.org/article/med/15307488
https://europepmc.org/article/med/15307488
https://www.stechnolock.com/article/Submolecular-Theory-of-Hearing.pdf
https://www.stechnolock.com/article/Submolecular-Theory-of-Hearing.pdf
http://creativecommons.org/licenses/by/4.0/


J. Clinical Anatomy                                                                                                                                                                                                                           Page 4 of 7  

(http://creativeco mmons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless 
otherwise stated in a credit line to the data. 

 

http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/

