Frontal Midline Theta Co-ordinates Spatial Memory Retrieval
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Theta and Spatial Memory

Theta oscillations dominate the rodent hippocampal LFP during translational
movement [Vanderwolf 1969, O'Keefe and Recce 1993]

In humans, hippocampal theta power correlates with episodic memory
performance [Guderian et al. 2009]

Theta oscillations are observed in frontal midline regions during a wide variety

of behavioural tasks [Mitchell et al. 2008]

However, the function of this frontal midline theta rhythm and its relationship
with hippocampal theta is currently unclear

We examine frontal and hippocampal theta during a spatial memory task

Task Design and Analysis

During each of six encoding sessions, participants were asked to navigate
towards and encode the location of six objects, three times each, that were
presented sequentially and pseudo-randomly in consistent locations
[Doeller et al. 2008; Kaplan et al. 2012]

During six subsequent retrieval trials in each session, participants were cued
with an image of one object, and asked to navigate to the previously encoded

location of that object and make a response

We contrast 1s of the cue period with preceding 1s quiet fixation period
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Seventeen right-handed male participants navigate using a button box
MEG recordings made using a 275 channel CTF system, sampled at 480Hz

Source reconstruction performed using the LCMV beamformer algorithm
[Barnes and Hillebrand 2003]

Statistical analyses performed in SPM8
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Theta Power and Phase Coupling

We identified an increase in 4-8Hz theta power in the mPFC during the cue
period, peaking at [0 58 22], p<0.05 FWE corrected
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We then used the mPFC voxel with the greatest theta power contrast
between baseline and cue periods for each participant within 20mm of the
group peak as a seed to investigate inter-regional theta phase coupling

We identify an increase in theta phase coupling between the mPFC source
and right anterior MTL during the cue period, p<0.001 FWE corrected

Phase Lag Index (PLI)
Circular Variance

We then split the trials performed by each participant according to whether
the distance error is above or below their median performance, in order to
identify any subsequent memory effects

We establish that mPFC-aMTL theta phase coupling is stronger during high
performance trials, p<0.05 FWE corrected

acdl =

Phase Lag IndeXx (PLI) Circular Variance
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Gamma and Phase-Amplitude Coupling

We also identified an increase in 65-85Hz occipital gamma power during the
cue period, peaking at [10 -92 24], p<0.05 FWE corrected

- o

Lov]

Gamma Power

re

This increase in gamma power is accompanied by an increase in theta
phase - gamma amplitude coupling between mPFC and occipital sources
measured using circular variance, p<0.001 FWE corrected

Furthermore, frontal-occipital theta phase - gamma amplitude coupling is
stronger during high performance trials, p<0.001 uncorrected

Phase-Amplitude Coupling
Performance Correlation

Conclusions

Increased mPFC / MTL theta coupling during spatial memory retrieval is
consistent with previous findings in rodents [Hyman et al. 2005; Jones and
Wilson 2005; Siapas, Lubenov and Wilson 2005] and humans [Guitart-Masip
et al. 2013]

We provide the first demonstration that the strength of this theta coupling is
predictive of subsequent spatial memory performance

We also provide the first demonstration of inter-regional theta phase - gamma
amplitude coupling in human MEG, and show that the strength of this coupling

IS predictive of subsequent spatial memory performance

We hypothesise that frontal midline theta co-ordinates spatial memory retrieval
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