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Title: Neural Encoding of Temporal Regularity in the Human Auditory Cortex

Temporal regularity provides an important cue for the identification of
everyday sounds. Especially, temporally regular or periodic amplitude
fluctuations of 4- to 16 Hz play an important role in comprehension of speech.
As frequencies below 20 Hz cannot be place-coded in the cochlea, detection
of these low frequencies relies on the central auditory system. How low
frequency periodic sounds are processed in the central auditory system
however, is yet to be clarified. In this work, auditory evoked human cortical
magnetic fields were measured fo investigate the neural encoding of temporal
regularities that cannot be represented in the peripheral auditory system.
Previous studies investigating a cortical evoked response correlate of
periodicity detection in the auditory cortex have revealed that the auditory
sustained response, which appears as a stimulus-locked baseline shift
following the transient responses to the sound onset, is very sensitive to
temporal regularity of the acoustic stimuli. The sensitivity of the sustained
response, which indexes the activity of the non-primary auditory cortex, has
been associated with processing of high frequency periodic sounds above
about 30 Hz that lead to pitch perception. In order to clarify whether sustained
responses can probe the detection of low frequency temporal regularities
below the pitch range, it is necessary to reevaluate the lower limit for
periodicity processing in the non-primary auditory cortex.

In the first experiment, the sustained magnetic fields evoked by
periodic and non-periodic noises were investigated in order to elucidate the
relationship between the repetitive acoustic input and sustained field response
amplitudes. Periodic noises were prepared as repeating frozen noise stimuli
with repetition rates of 5-, 10-, 50-, 200- and 500 Hz. Repeating frozen noise
consists of repetition of the same noise segment (frozen noise) without
pauses and the reciprocal of the segment length defines the repetition rate. As
the repetitive element is noise and there are no silent periods between the
consecutive segments, it is possible to equate the sound energy of the
periodic stimuli for a wide range of repetition rates. Therefore, repeating
frozen noise stimuli are especially suitable to investigate the lower limit of
periodicity detection and were expected to lead to stable sustained responses
The study was conducted on twelve healthy subjects. The sustained field
response, which is generated in the non-primary auditory cortex was
significantly larger for all the periodic stimuli than for white noise. The
enhanced sustained field responses to periodic noises show that cortical
sensitivity to periodic sounds is maintained even for artificial basic sounds,
and temporal regularities within the range of 5- to 500 Hz are detected by the
level of non-primary auditory cortex.
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below the pitch range, it is necessary to reevaluate the lower limit for
periodicity processing in the non-primary auditory cortex,

In the first experiment, the sustained magnetic fields evoked by
periodic and non-periodic noises were investigated in order to elucidate the
relationship between the repetitive acoustic input and sustained field response
amplitudes. Periodic noises were prepared as repeating frozen noise stimuli
with repetition rates of 5-, 10-, 50-, 200- and 500 Hz. Repeating frozen noise
consists of repetition of the same noise segment (frozen noise) without
pauses and the reciprocal of the segment length defines the repetition rate. As
the repetitive element is noise and there are no silent periods between the
consecutive segments, it is possible to equate the sound energy of the
periodic stimuli for a wide range of repetition rates. Therefore, repeating
frozen noise stimuli are especially suitable to investigate the lower limit of
periodicity detection and were expected to lead to stable sustained responses.
The study was conducted on twelve healthy subjects. The sustained field
response, which is generated in the non-primary auditory cortex was
significantly larger for all the periodic stimuli than for white noise. The
enhanced sustained field responses to periodic noises show that cortical
sensitivity to periodic sounds is maintained even for artificial basic sounds,
and temporal regularities within the range of 5- to 500 Hz are detected by the
level of non-primary auditory cortex.

In the second experiment, the auditory evoked cortical magnetic fields
evoked by 40 Hz ampiitude-modulated periodic and non-periodic noises were
analyzed. This novel sound stimulus enables simultaneous recording of
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auditory steady state (ASSR) and sustained responses, which index the
primary and non-primary auditory cortices, respectively. Amplitude-modulated
periodic noises of 40-, 20-, and 5 Hz were prepared in the form of repeating
frozen noises where the same noise segment appears at either each period
(40 Hz), every second period (20 Hz), or every eighth period (5 Hz) of
amplitude modulation at 40 Hz. The study was conducted on eleven healthy
subjects. The effect of periodicity exhibited prominent differences between the
ASSR and sustained responses, and between right and left hemispherés. For
the right hemisphere, in comparison to the non-periodic noises, ASSR source
strengths were significantly enhanced for the high repetition rates (20- and 40
Hz). For the left hemisphere, however, ASSR source strengths evoked by
periodic noises were not significantly different from non-periodic noises. For
the sustained responses, significant source strength increments were
observed for all repetition rates (5-, 20-, and 40 Hz) compared to non-periodic
noises. In addition, similar to auditory steady state responses, there was a
significant right-hemispheric dominance for the periodic stimuli.

The obtained results showed that encoding of periodicity occurs in a
hierarchy, complex sounds that have a pitch character (> 20 Hz) are detected
at or below the primary auditory cortex, while detection of low frequency
periodicities requires further processing in non-primary auditory areas. The
observed variation of the temporal regularity effect between evoked response
components and hemispheres may reflect differences in the temporal
integration window lengths adopted between auditory steady state and
sustained responses generators and also between the right and left auditory
pathways. Periodicities above about 20 Hz are processed at or below the
primary auditory cortex that adopts a short integration time constant. The low
frequency periodicities below 20 Hz however, are processed in the non-
primary auditory areas that adopt a longer temporal integration window.
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