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Overview

• Structural organization
• Responses
• Hypothesized roles in hearing



Olivocochlear efferent pathways

Lauer et al., 2012

Brown and Levine, 2008 

Darrow et al., 2007



Terminal branching patterns

Liberman and Brown 1986

The terminal branching of the three types of olivocochlear efferents is 
different.

Brown 2011



MOC efferent reflex circuit

Darrow et al. 2012

+



Hypothesized lateral efferent 
circuit

Darrow et al. 2007



MOC efferents show frequency 
specific responses to sound

Liberman and Brown 1986



MOCs operate via the alpha9-alpha10 
acetylcholine receptor to suppress OHCs

Vetter et al., 1999

Wersinger & Fuchs, 2011

Lauer and May, 2011

Alpha9 KO



Classic effects of olivocochlear bundle 
stimulation on auditory nerve responses

From Guinan (2006) Ear and Hearing review; early 
work by Winslow & Sachs

MOC stimulation alters 
auditory nerve firing to extend 
dynamic range in quiet and 
reduce masking in noise



Hypothesized roles in hearing

• Anti-masking/hearing in noise
• Protection from noise
• Selective attention
• Sound localization & binaural balancing
• Age-related hearing loss
• Guiding development



Anti-masking/Hearing in Noise



Speech sound discrimination 
deficits in noise after OC lesions

Hienz et al. 1998

Cats trained to discriminate 
frequency changes in f2 of 
vowels in background noise

Detected small changes prior to 
surgery

Required larger frequency 
differences to make the 
discrimination in noise after 
lesion; behavior in quiet is 
unchanged



But…A9KO have normal hearing in noise

Detect tone
in noise

Detect change in tone
intensity in noise

May et al., 2002



OCB lesions affect sound 
localization in noise

Cats trained to discriminate change 
in location of sounds in median 
vertical plane

Performance is disrupted in noise, 
but not quiet in bilaterally lesioned
animals

Suggests MOC activation normally 
unmasks spectral (pinna) cues

Not shown: thresholds return to 
normal after a while

May, B. J. et al. Arch Otolaryngol Head Neck Surg 2004;130:660-664.



Protection from noise exposure



MOC protects against noise-
induced threshold shift

Taranda et al. 2009

Mice with a point mutation of the 
alpha9 receptor subunit show 
enhanced protection from noise.

Other data from guinea pigs show 
correlations between MOC reflex 
strength and protection from 
noise-induced hearing loss.

Lesioning the olivocochlear
bundle results in decreased 
protection.



Kirk & Smith, 2003, JARO

Problem: high noise levels were 
uncommon during evolution



a9KO do not show hearing loss when 
housed in a noisy environment

Noisy

Quiet

1/3 Octave Band Levels

Lauer and May, 2011

ABR Thresholds



A9KO do not show ABR evidence of accelerated 
synaptopathy when housed in a noisy 
environment

Lauer and May, 2011



Selective Attention



OC lesions in humans produce 
selective attention deficits

Detection of expected and 
unexpected tones in noise

Preferential detection of 
expected frequency is 
taken as evidence of 
selective attention

No difference on 
expected vs. unexpected 
in vestibular neurectomy
patients (lesions OC 
bundle)

Scharf 1994, 1997 



Selective attention to visual stimuli 
reduces cochlear sensitivity

Delano et al. (2007)



How can the OC system play a 
role in attention?

Serotonergic and noradrenergic inputs to OC neurons

IC and auditory cortex inputs to MOC form spine-associated terminals 
might mediate plasticity

Brown et al. 2013,



Role in age-related hearing loss



A9KO mice do not show accelerated age-
related hearing loss

Lauer, unpublished data



A9KO mice may show accelerated age-related 
synaptopathy in apical cochlear regions

Lauer, unpublished data



Efferent lesions accelerate cochlear 
aging & synaptopathy

Liberman et al. 2014
ABRs and DPOAEs decline faster 
with age with OC lesions, especially 
LSO. 



Reorganization of efferents with 
age-related hearing loss

Fu et al. 2010

MOC terminals are lost from outer hair 
cells in the region of hearing loss.

This precedes loss of the hair cells 
themselves.



Changes in efferent innervation of IHCs 
with age-related hearing loss

Lauer et al., 2012

Young

Old

Afferent
Efferent



Changes in efferent innervation of IHCs 
with hereditary age-related hearing loss

Medial?

Lateral

Lauer et al., 2012

IHC



Return to immature state?

Fuchs, 2014

?



Auditory system development



Abnormal brainstem organization 
and behavior in a9KO mice

Clause et al. 2014

Lateral superior olive tonotopy and 
responses are abnormal



A9KOs show abnormally high minimum 
audible angles in azimuth

Broadband noise in azimuth

Safe

Warning

Conditioned lick
suppression task

WT data from Lauer et al. 2011



Synthesizing the many functions of 
the olivocochlear system

• Regulates input from the cochlea to the brain 
and within the brain to maintain an optimal, 
calibrated neural representation of 
information (esp. biologically relevant sounds 
in dynamic acoustic environments)

• Plasticity during development and throughout 
the lifespan and in response to hearing 
loss/damage



Temporal processing assessed by 
prepulse inhibition in young A9KOs

36

Noise

Lead time  (variable)

Startle stimulus

Noise
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Startle response



A9KO do show temporal processing deficits that 
are exacerbated by housing in a noisy 
environment

Lauer and May, 2011

Less inhibitionMore variable inhibition

Hyperacusis/tinnitus?

Deficit

Hyperacusis/tinnitus?

Deficit



Brainstem contribution to temporal 
processing deficits

38

Lauer and May, 2011



Brainstem contribution to temporal 
processing deficits

Wave 1
Amplitude

Lauer and May, 2011



Brainstem contribution to temporal 
processing deficits

Wave 1
Amplitude

Lauer and May, 2011



A9KO have normal behavioral hearing thresholds

May et al., 2002

Behavioral Tone
Detection Thresholds

Operant conditioning paradigm



Brainstem contribution to temporal 
processing deficits

May et al., 2011
Excitatory
Inhibitory

Lauer et al., 2013

WT & a9KO-Q

a9KO-N

Post-stimulus Time Histogram Synchronization Coefficient

A9KO-N

WT A9KO-Q



Abnormal synaptic complexes in MOC-
deficient mice exposed to noise

Lauer and May, 2011

Lauer et al., 2013



Protection from noise exposure: MOC reflex 
strength correlates with threshold shift

• MOC reflex strength assessed 
with contralateral noise 
suppression of DPOAEs

• Guinea pigs exposed to 109 
dB (loud) octave band noise 
for 4 hrs

• Permanent shifts in CAPs
measured

Maison & Liberman, (2000) J. Neurosci.



Effects in Auditory Nerve

From Kawase & Liberman 1993
(Also see Winslow & Sachs 1987)



Central Olivocochlear projections

Bledsoe S C et al. J Neurophysiol 2009;102:886-900

©2009 by American Physiological Society

IC, cortexIC, cortex



LOC lesions alter cochlear 
output, affect binaural balance



Efferent lesions increase noise-induced 
synaptopathy and hearing loss

Maison et al. (2013) J. Neuroscience 



Outstanding Issues/Complications

• Behavioral data from lesioned animals and humans 
provides conflicting evidence for hearing in noise 
benefit

• Lesioning & bundle shock studies may have non-
specific effects

• MOC hyperactivity in tinnitus patients
• Changes to efferents throughout lifespan/with hearing 

loss; efferent plasticity?
• Lateral olivcochlear efferents?



Lateral efferent protection from 
moderate noise exposure



Zeng-Olivocochlear effects in 
lesioned patients

Intensity 
Discrimination in 

Noise

Masking--
Overshoot Speech Reception 

in Noise



Abnormal synaptic complexes in MOC-
deficient mice exposed to noise

Lauer and May, 2011

WT & a9KO-Q

a9KO-N

Post-stimulus Time Histogram Synchronization Coefficient



Location discrimination deficits due to 
abnormal organization of the ILD pathway

Lauer lab


