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Overview

Tinnitus

Hyperacusis

Cochlear synaptopathy



Some hearing problems can occur in the absence of 
overt hearing loss



Tinnitus

Image from Starkey Labs

Ringing, whooshing, roaring, chirping in 
the ears

Objective or subjective (pulsatile).

Can occur with or without hearing loss.

Often associated with noise or ototoxic 
drug exposure, age, TBI.

Made worse by stress.

How to measure? Sound matching, 
minimum masking level, questionnaire.



Hypothesized causes: 

-Increased neural spontaneous activity

-Abnormal cortical tonotopy (edge frequency of 
hearing loss over-represented) 

-Modulation from non-auditory pathways



VERY difficult to sort out mechanisms in humans!

Here is where animal models are critical.



Simplified representation of auditory and 
nonauditory pathways involved in tinnitus

Shore, S. E. et al. (2015) Maladaptive plasticity in tinnitus — triggers, mechanisms and treatment
Nat. Rev. Neurol. doi:10.1038/nrneurol.2016.12



Hyperacusis

Loudness hyperacusis: Reduced tolerance 
to loud sounds (decreased Loudness 
Discomfort Level).

Pain Hyperacusis: Ear pain.

Annoyance hyperacusis: Increased 
emotional reaction to loud sounds.

Fear hyperacusis: Aversive response and 
avoidance of certain sounds (misophonia), 
or fear of sounds (phonophobia).

Many of the same causes as tinnitus. Also 
autism, etc. Made worse by stress.



What are the neural mechanisms of tinnitus and 
hyperacusis?



Central hyperactivity is often reported with 
tinnitus, noise exposure, and reduced loudness 

discomfort levels

Auditory brainstem response wave 1 (from ear) is 
reduced with hair cell and/or auditory nerve 
damage.

Late ABR waves (2/3-5) are enhanced in some 
studies of tinnitus patients (Gu et al. 2010; Schaette
and McAlpine 2011) and some animal models of 
tinnitus. 

Due to changes in balance of + and – inputs in the 
brain, leading to increased central gain?

Gu et al. 2010

Tinnitus?



Central hyperactivity hypothesis

Auerbach, Salvi

Central auditory system excitability 
increases in response to sound 
when peripheral input is reduced.

Spontaneous activity increases in 
CN, and then may ‘centralize’, 
producing phantom auditory 
sensation (tinnitus)

Problem: this doesn’t account for 
numerous other potential 
mechanisms contributing to tinnitus 
& hyperacusis.



Cochlear synaptopathy (loss of neurons with 
intact hair cells)—

Responsible for triggering tinnitus, 
hyperacusis, and/or hearing in noise deficits 

in the absence of overt hearing loss?



Auditory nerve in the cochlea (Spiral Ganglion 
Neurons)

Spiral ganglion neurons (SGNs)

Ribbon synapse

Nouvian et al. 2005

Lauer lab: CBA/CaJ mouse



Glutamatergic ribbon synapses (auditory 
nerve afferents)

10-30 ribbon synapses per IHC



Cochlear neuron loss is accelerated by early 
age noise exposure

Kujawa and Liberman, 2006

ABR thresholds return to normal 
shortly after early age moderate 
noise exposure, but there is an 
acceleration of age-related hearing 
loss and SGN loss.



Kujawa and Liberman 2009

ABR thresholds return to normal 
shortly after exposure, but there is a 
lasting reduction in auditory nerve 
synapses (30-50%).

Cochlear synaptopathy after noise

Perceptual effects remain unclear. Hearing in noise deficits? Temporal processing deficits? 
Tinnitus? Hyperacusis?



Sergeyenko et al, 2013

Age-related synaptopathy; not shown: early noise exposure accelerates all of this

Cochlear synaptopathy with age



Cochlear synaptopathy in 
aging  humans

Similar age-related synaptopathy in humans

Viana et al. 2015 



Small Group Activity (if time)

1. Propose a treatment for tinnitus. Explain the mechanism (how will 
it work)?

2. Propose a treatment for hyperacusis. Explain the mechanism (how 
will it work)?

3. Propose strategies to improve hearing for people who have 
normal hearing thresholds (sensitivity), but complain of difficulty 
hearing in noise.



Problems

1. Ribbon synapses seem to come back in other strains of mice and 
other species after noise exposure

2. No direct evidence of noise-induced synaptopathy in humans
3. Studies trying to link synaptopathy with perceptual problems have 

produced mixed (often no) effects. 
4. Loss of extended high frequency hearing (above 8kHz) and OHC 

loss in the base are probably confounding factors.

More on this from Shinn-Cunningham.


