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Causes of hearing loss
–Heredity
–Noise
– Infectious diseases
–Ototoxic substances
–Age (may be mostly from lifetime noise 

exposure history)
–Blast exposure, traumatic brain injury
–Middle ear infections (otitis media)
–Malformation of ossicles, otosclerosis
–Unknown etiology (may be genetic)



Which structures are involved in 
hearing loss?



Peripheral Auditory System

• Outer Ear
- pinna, canal

• Middle Ear
– Tympanic Membrane
– Middle Ear Bones
– Middle Ear Muscles

• Inner Ear (cochlea)
– Cochlear Duct
– Hair Cells
– Innervation
– Mechanics
– Cochlear Fluids

O.E. M.E. I.E.

Images from ‘Promenade ‘round the Cochlea’ U. Montpellier & P. Fuchs



Outer ear structure

Structure
• Pinna
• External Auditory 

Meatus

Function
• Protection
• Funnel Sound
• Spectral Cues 

(sound 
localization)



What kind of hearing problems might 
happen when your outer ear is 

affected?



Middle ear disease that affects
ossicles or results in fluid build-up causes 

conductive HL 
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The mammalian (guinea pig) cochlea



Metabolic & sensorineural hearing loss



The cochlea of a 
human (5 
months).  Scale 
bar 5 mm.  
Arrows point to 
the oval window 
(blue) and round 
window (yellow).  
M. Levigne-Rebillard



Cochlear cross-section

1. Scala media

2. Scala Vestibuli

3. Scala Tympani

4. Spiral Ganglion/ 
modiolus

5. Auditory Nerve 
Fibers/modiolus

stapes

O.W. scala vestibuli

R.W. scala tympani

Cochlear partition

Helicotrema



Cochlear Cross-Section
At a Single Turn

1. Scala media
2. Scala 

vestibuli
3. Scala 

tympani
4. Reissner’s 

membrane
5. Basilar 

membrane
6. Tectorial 

membrane
7. Stria 

Vascularis
8. Auditory 

Nerve
9. Bony Spiral 

Lamina
Reticular
Lamina
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Image courtesy J. Taranda



Imbalanced in cochlear fluids/
endolymphatic potential causes metabolic 

hearing loss

Perilymph

Endolymph

In mM:
145 Na+

3 K+
130 Cl-
1 Ca2+

In mM:
5 Na+

160 K+
130 Cl-

~ 0.02 Ca2+

-60 mV

+80 mV

0 mV

Driving
Force
For
Potassium

0 mV



Organ of Corti

1. IHC

2. OHC

3. Tunnel of 
Corti: (a) inner 
and (b) outer 
pillar cells

4. Basilar 
membrane

5. Habenula
perforata

3a
3b
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Organ of Corti
6. Tectorial 

membrane

7. Dieters’ cells

8. Spaces of 
Nuel

9. Hensen’s 
cells

10.Inner spiral 
sulcus

3a
3b
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Mixed mechanisms of hearing loss are 
also possible



How do we diagnose hearing loss?



The audiometer



Human audiogram: Normal

Behavioral detection of pure 
tones in quiet up to 8kHz.

Higher frequency sensitivity 
is not routinely assessed.



Configuration of audiogram 
determines type of HL

Trouble hearing some conversation, 
clocks, birdsong

Trouble hearing conversation, dogs 
barking, traffic

Trouble hearing even the loudest 
sounds. Unaided speech perception 
mainly from visual cues.



Severity of hearing loss determines 
course of treatment

Vaden et al. 2022

It can be difficult to predict cellular damage based on audiograms alone, and many 
people with hearing loss may have damage to more than one structure. 

Distortion product otoacoustic 
emissions can identify OHC damage, 
but more specific diagnostic tools are 
needed.



The main problem with loss of sensitivity, 
especially to high frequencies

Loss of audibility of many speech 
sounds



Tonotopic organization, mechanical 
tuning

Place 
Coding of 
Frequency
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Broadened auditory filters/
Loss of frequency selectivity (tuning)

Auditory filters are broadened in ears with sensorineural
hearing loss (frequency selectivity is impaired), Glasberg
& Moore (1986).

Increased susceptibility to masking. Abnormal 
representation of components of complex sounds (see 
next slide).

Issue: filters broaden at high sound levels; cannot test 
hearing-impaired subjects at lower stimulus levels where 
filters are normally narrower. 

Data from Rosen 
& Baker (1994)
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Moore, 1995

Broadened filters distort speech representations

2x wider

Number of ERBs, E

F1
F2 F3

4x wider

Vowel spectrum

Vowel spectrum on 
cochlear frequency 
scale

BM excitation 
pattern-normal 
filters



Abnormal loudness perception/
Loudness recruitment

Loudness recruitment with sensorineural 
hearing loss--increased slope.

Limits the amount of gain that can be 
applied by hearing aids to boost audibility.



Other perceptual effects of hearing loss (more 
from Lopez-Poveda, Sanes)

• Hearing in noise deficits (sometimes when audiogram is 
normal)

• Temporal processing deficits (age, ANSDs)
• Problems performing tasks with high stimulus uncertainty 

(cognitive?)
• Music perception deficits (distortion, roughness)
• Problems understanding non-linguistic information such as 

gender, age, emotion



Dr. Robert Raphael, Rice University
Personal discussion with a scientist with hearing loss


