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Pitch is a fundamental attribute of auditory sensation
underlying the perception of complex sounds. The
N100m is a well-known transient neuromagnetic
response of the evoked fields observed in magneto-ence-
phalographic recordings, sensitive to fundamental prop-
erties of auditory stimuli such as pitch or timbre [1].
Despite considerable empirical evidence of the associa-
tion between pitch perception and the N100m deflection
in antero-lateral Heschl’s gyrus (primary auditory cor-
tex) [1], the neurophysiological mechanisms of pitch
processing in cortex are still poorly understood. In this
study we propose an innovative approach for under-
standing the pitch processing-N100m association by
combining a biophysical model of the peripheral audi-
tory system with a network of neural ensembles using
realistic neural and synaptic parameters. The model is
able to reproduce the morphology of the N100m com-
ponent of auditory evoked fields in humans.

The model consists of three stages. First, a biophysi-
cally realistic model of the auditory periphery trans-
forms the input stimuli into temporal patterns of
auditory nerve activity [2]. This step is followed by an
autocorrelation process that generates a spectro-tem-
poral representation of the peripheral activity. These
two stages are common in the literature and are sup-
ported by perceptual and neurophysiological data in
sub-cortical areas [2]. The third stage processes pat-
terns of brainstem activity by means of an ensemble
model of 100 cortical populations parametrised by pre-
ferred frequency values [3]. The ensemble model stems
from a mean field approximation of a network of
spiking neurons, further simplified such that NMDA
receptors dominate the model dynamics [3]; which
yields to a network architecture with recurrent self-
excitations and effective inhibitory currents between
ensembles [3].
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Figure 1 Model predictions and recorded evoked fields for an unison dyad (A), a trinone (B) and a perfect fifth (C).
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Electrophysiological predictions of the N100m mor-
phology were derived from the aggregated dynamics of
the gating variables of the cortical populations [4];
whilst the predicted pitch was encoded in a preferred
frequency characterising a neural ensemble [2]. Biophy-
sical parameters of the model were chosen according to
neurophysiological data [4]. Mutual inhibition strengths,
i.e. the effective connectivities between neural ensem-
bles, were fitted and validated using pure and harmonic
complex tones. The remaining parameters were tuned
such that the model prediction for a unison dyad (two
simultaneous harmonic complex tones) matched the
evoked N100m morphology (10ms before and 70ms
after the deflection). Model predictions were then evalu-
ated using two other different dyads (see Figure 1).

The model successfully predicts the N100m morphol-
ogy associated to such stimuli, for the first time to our
knowledge. Furthermore, ensemble connectivities natu-
rally reveal a harmonic structure critical for the cortical
processing of pitch. Interestingly, the model dynamics
unveils that that the N100m deflection is the result of
the succession of a large increase in the input current of
the neural populations followed by a selective inhibitory
process. Thus, our results suggest that the model can
potentially explain the biophysical mechanisms underly-
ing a range of neurophysiological data associated to
pitch perception.

Authors’ details

'Faculty of Science and Technology, Bournemouth University, Bournemouth,
UK. 2Bernstein Center for Computational Neuroscience, Heidelberg-
Mannheim, Baden-Wiirttemberg, Germany. *Heidelberg University, Baden-
Wirttemberg, Germany.

Published: 18 December 2015

References

1. Ritter S, Dosch HG, Specht HJ, Rupp A: Neuromagnetic responses reflect
the temporal pitch change of regular interval sounds. Neurolmage 2005,
27(3):533-543.

2. Balaguer-Ballester E, Clark N: Understanding pitch perception as a
hierarchical process with top-down modulation. PLoS Computational
Biology 2009, 5(3):1000301.

3. Wong KF, Wang XJ: A recurrent network mechanism of time integration
in perceptual decisions. The Journal of Neuroscience 2006, 26(4):1314-1328.

4. Deco G, Ponce-Alvarez A, Mantini D, Romani GL, Hagmann P, Corbetta M:
Resting-state functional connectivity emerges from structurally and
dynamically shaped slow linear fluctuations. The Journal of Neuroscience
2013, 33(27):11239-11252.

doi:10.1186/1471-2202-16-51-P213

Cite this article as: Tabas et al: A realistic model of pitch explains the
N100m morphology evoked by dyads. BMC Neuroscience 2015
16(Suppl 1):P213.

Page 2 of 2

Submit your next manuscript to BioMed Central
and take full advantage of:

e Convenient online submission

* Thorough peer review

* No space constraints or color figure charges

¢ Immediate publication on acceptance

¢ Inclusion in PubMed, CAS, Scopus and Google Scholar

¢ Research which is freely available for redistribution

Submit your manuscript at
www.biomedcentral.com/submit

( ) BiolMed Central




	Authors’ details
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 500
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 500
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


