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Joris and Yin, 1995



Anatomical correlates of the 
duplex theory

Calyx of Held



Ford et al., 2009



Calyces of Held



Prepotentials in the AVCN

Pfeiffer, 1966



Prepotentials in the 
MNTB



Pathways for contralateral 
representation of the body



Pathways for contralateral 
representation of visual space



What about the auditory projections?



Why does the MSO project ipsilaterally
and the LSO contralaterally?





Sound localization cues are encoded in 
two parallel circuits





Neurons (left) and axons (right) of the SOC



Spoendlin

Normal innervation 
of an MSO cell

Innervation 
following lesion of 
the AVCN  on the 
right side Left Right



Why is it so difficult to study the MSO?

Scott et al., 2005



Jeffress model for 
encoding ITDs

Jeffress, 1948

•Three assumptions:
• Inputs carry timing information
• Binaural cells behave like 

coincidence detectors
• Inputs arrive by way of neuronal

delay lines

• Prediction of model
• A map of ITDs across one axis

of the nucleus



Jeffress coincidence model



 Classic study 
of MSO  

Jay Goldberg Goldberg and Brown, 1969



MSO cells are coincidence detectors

Yin and Chan, 1990





Some afferents to the contra MSO 
show a pronounced delay line effect

Karino et al., 2011



Other fibers 
showing ‘delay-
line effect

Karino et al., 2011



But not all fibers 
show the caudally 
projecting pattern

Karino et al., 2011



Projections to MSO from AVCN 
following small HRP deposits

 Beckius et al., 1999



Quantification of projections to MSO

Karino et al., 2011



Major complication is the role of 
inhibition to MSO

Brand et al., 2002

• Application of strychnine, which blocks the glycinergic
inhibition from the MNTB and LNTB, shifts the ITD curve.

• Without strychnine the peaks of the ITD curves are 
outside the physiological range of the gerbils



Anatomical correlates of the duplex 
theory



Classical description of ILD sensitivity 
in LSO

Boudreau and Tsuchitani, 1968



LSO cells are sensitive to ILDs

Tollin and Yin, 2002a



Comparison of MSO and LSO 
characteristic delay analysis



LSO cells are sensitive to ITDs of AM 
waveforms

In phase Out of phase



Responses of LSO cell to ITDs of AM 
stimuli



 Using virtual 
space stimuli to 
study LSO cells



Spatial receptive fields (SRFs) reflect 
IE interaction



 The effectiveness 
of each localization 
cue was tested by 
holding one or both 
of the other cues 
constant

 From Tollin and Yin, 1999



ILD 
manipulations

ITD manipulations Spectral manipulations






Tollin & Yin, 2002b



LSO cells show ILD sensitivity

 High frequency cells are binaural and 
exhibit IE binaural interaction
 They are sensitive to ILDs of tones
 They are also modulated by ITDs of AM 

tones with CP near 0.5
 By manipulating the localization cues of 

ITD, ILD and spectra, we found that 
ILD is the most potent cue

 But what about low frequency LSO 
cells?



Why is there a calyx of Held in this 
circuit computing ILDs?

Boudreau and Tsuchitani, 1968



Response of LSO cell to ITDs of clicks 
illustrates need for coincidence 

Joris and Yin, 1995

Note the narrow width 
of coincidence: approx. 
1 msec at 0 ILD



Modulation transfer functions of cells 
in the LSO circuit



Phase delays depend 
upon the recording site

Joris and Yin, 1998

Slopes
1.55 ms
2.50 ms
2.32 ms
3.16 ms
4.75 ms
5.32 ms



Phase delays of cells in LSO circuit 

Mean LSOcontra-LSOipsi = 
182 sec ; N = 15

Joris and Yin, 1998

LSO cells are well matched



Phase delay measurements show contra 
input delayed by 200 sec

Joris and Yin, 1998


