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Auditory System Pathways and Prostheses
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AN= Auditory Nerve

CN = Cochlear Nucleus (Auditory Brainstem)

IC = Inferior Colliculus (Auditory Midbrain)

MGB = Medial Geniculate Body (Thalamus)
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CI: cochlear implant

ABI: auditory brainstem implant

AMI: auditory midbrain implant
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The cochlea

Å Cochlea is the first system to perform 

auditory processing of the incoming acoustic 

signal (sound)

Å It will extract frequency, intensity (and other 

timing cues) of that signal and transmit those 

to the higher auditory pathway
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Å widest (0.42ŕ0.65 mm) and least 
stiff at the apex of the cochlea, 
and narrowest (0.08ŕ0.16 mm) 
and most stiff at the base

Oghalai JS. The cochlear amplifier: augmentation of the 
traveling wave within the inner ear. Current Opinion in 
Otolaryngology & Head & Neck Surgery . 12(5):431-8, 2004
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Tonotopic arrangement of the BM 

Different frequencies produce traveling waves that reach their 
maximum deflections at different places along the cochlear 
partition
Ä Ghfg-frequency stimuli cause maximal displacement of the 
BM in the basal region of cochlea
Ä Knv-frequency sounds cause maximal displacement of the BM 
in the apical region of the cochlea
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Basilar Membrane as a 
good frequency analyzer

The cochlear operation of frequency analysis is dependent on the 

following mechanical properties of the BM

Ä Fq`cdc vhcsg 

a. The width of the BM increases from base to apex 

b Wider or more mass results in lower resonant frequency

Ä Fq`cdc rsheemdrr 

a. The stiffness of the BM decreases from base to apex 

b. Stiffness results in higher resonant frequency

Ä Fq`cdc l`rr

a. The BM increases in mass from the base to apex 

b. Greater mass results in lower resonant frequency
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Hearing Loss
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The range of human hearing

ÅSound frequency

-over 20-20000Hz

ÅSound intensity expressed in 

Sound Pressure Level (SPL) in  dB

SPL = 20 x log10 (Px / Pref)  

where Pref = 2.5 x 10-5 N/m2 ( is the 

approximate threshold of human 

hearing at  1KHz)
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Degree of

Hearing Loss

Hearing Loss Range

(dB SPL)

Normal 10 - 15

Slight 16 - 25

Mild 26 - 40

Moderate 41 - 55

Moderately Severe 56 - 70

Severe 71 - 90

Profound to total 91 and above

Various sound levels (dB 
SPL)

Quiet Nature <20

Library 35 Living Room 
40

Conversation Speech, 
quite office 60

Average Street noise, 
average TV audio 70

Night Club Dance Floor 
100

Close in Thunder, Loud 
Rock Concert 120

Gun Shot 150

Degree of Hearing Loss
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Conductive Hearing Loss
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Å Middle ear damage

ÅConductive Hearing loss is 

overcome by 

ï Hearing Aid (HA)

ï Bone Anchored Hearing Aid (BAHA)

ï Middle Ear Implant using Floating 

Mass Transducer
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Middle ear implant
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Sensorineural Hearing Loss
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Sensorineural hearing loss

: 'Hair cell' or 'auditory nerve' damage in inner near

Ą Overcome by 'cochlear implant'
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Congenital sensorineural hearing loss

ÅTwo types of sensorineural hearing loss: 

ÅCongenital and Acquired sensorineural hearing loss. 

ÅCongenital sensorineural hearing loss happens during 
pregnancy. Some causes include:
ïPrematurity

ïMaternal diabetes

ïLack of oxygen during birth

ïGenetics

ïDiseases passed from the mother to the child in the womb, such 
as rubella.

13



Neural Prosthetic Engineering

Acquired sensorineural hearing loss

Causes include:

ÅAging: 

ÅNoise: approximately 15 percent between the ages of 20 and 
69 suffer from noise -induced hearing loss (NIHL). Exposure to 
a one-time loud noise, such as an explosion, or to sounds 
louder than 85 decibels over an extended period of time. 

ÅDisease and infections: MeniereŚs disease, Viral infections, 
such as measles, meningitis

ÅHead or acoustic trauma: Damage to your inner ear can also 
be caused by a blow to the head Tumors

ÅMedications: more than 200 medications and chemicals are 
ototoxic
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Normal hair cells
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Impaired Hearing Due to Damaged 
Haircells
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Normal vs. Damaged Hair cells
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Normal Haircell SD rat 14 week old 
immunofluorecence _apical turn

Damaged Haircell SD rat 14 week old 
immunofluorecence _middle turn

Courtesy of SNUH ENT SH OH Lab. DH Kim 2016 10
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Restored Hearing by Cochlear 
Implantation
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Cochlear 
Electrode 
Array

Auditory cortex

ÅElectrode placed in 
scala tympany

ÅTarget cell is spiral 
ganglion in modiolus
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CI: the success story

1. Spatially isolated space was 
available for the electrode array. 
The electrode array was still 
electrically connected to the target 
neurons.

2. Timely development of the 
transistor based microelectronics 
technologies that made the 
electronics small (wearable, 
implantable) but powerful.
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Multiple devices available 
for hearing problems 
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Some modification - F. G. Zeng (Trends Amplif,, 2004)

Hearing Aids
Middle Ear Implant
Cochlear Implant
Auditory Brainstem Implant
Auditory Midbrain Implant
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Constituting Elements of Cochlear Implant 


