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Overview
• Cognitive control or ‘top-down’ executive processing includes attentional control, task switching and inhibition of undesirable actions.

• Deficits in the cognitive control network (CCN) have been implicated in a number of psychiatric conditions such as schizophrenia and ADHD.

• The dorsolateral prefrontal cortex (DLPFC) is a core node of the CCN .

• Alpha band oscillatory brain activity in the DLPFC is known to be associated with neural inhibition and perhaps therefore, cognitive control.

• We administered transcranial direct current stimulation (tDCS) over the right DLPFC to modify neuronal electrical signalling in the CCN in healthy participants.

• We hypothesised that this would alter DLPFC alpha band activity and improve the cognitive control symptoms commonly associated with psychiatric illness.
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Methods
Study design

• Single-blind randomised control trial; single session of tDCS or sham treatment.

• 41 age and sex-matched healthy volunteers recruited from high risk-taking sports groups and therefore scored 

highly for impulsivity.

tDCS parameters

• neuroConn DC STIMULATOR MR (Rogue Resolutions Ltd.).

• Anode placed over right DLPFC and cathode over left brow ridge.

• The active participants received 1.25mA of stimulation for the duration of the anti-saccade task (20mins) with a 

10s ramp up and ramp down either side.

• The sham participants received a 10s ramp up, 15s stimulation at 1.25mA then a 10s ramp down prior to 

commencing the anti-saccade task.

• All participants completed the task inside a Magnetoencephalography (MEG) scanner

Anti-saccade task
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• Eye movements were recorded throughout the task using Eyelink 1000 plus eye tracker.

• The participants were presented with six trials of each type, followed by a 15s rest between each block.

• There were 12 blocks per dataset.

• Resting state MEG data was also recorded for 8 minutes before and after completing the 20-minute treatment 

period. 

MEG Acquisition

• 275 channel CTF Omega MEG system, 3rd order gradiometers, sample rate 600 Hz, continuous head 

localization, recorded upright.

• Data was visually inspected, bandpass filtered between 1-150Hz; segments with visible artefacts were removed; 

participants with head movement exceeding 5mm over the treatment session were discarded.

• Fieldtrip software was utilized for further processing leading to the generation of beam-formed time courses 

representing the MEG signal in each of 78 AAL brain regions.  Based on a prior study [1], data in three brain 

regions in each hemisphere (DLPFC, frontal eye fields and intraparietal sulcus) were selected for statistical 

analysis.

• We then performed wavelet analysis on the data to extract the time course of alpha (8-12Hz) and beta band (13-

30Hz) power in each brain region of interest.

• We averaged all pro-saccade and anti-saccade trials separately for each participant and divided each time 

course of the 800ms preparatory period between cue and target into 16 sections, each 50ms long.

• Using ANOVA, we tested for significant effects of condition (active/sham tDCS) during the preparatory period 

between cue and target.

• We analyzed resting state alpha band connectivity of each region with every other region of the brain by 

computing the matrix of correlations of alpha band power over time between all pairs of brain regions, for the 8-

minute periods before and after the treatment.  The strength of connection of each AAL region with the rest of the 

brain (the centrality of that region) was estimated by averaging the z transform of correlations over time of the 

MEG signal in that region with the signal in all other regions.

Discussion
• Active tDCS administered over the DLPFC produces significant effects in frontal alpha activity in the CCN, which 

are sustained during the preparatory period.

• Active tDCS treatment also produces plastic changes in FEF and DLPFC connectivity with the rest of the brain 

compared to sham that persist at least transiently after cessation of treatment.

• This suggests that when practising the task in the tDCS condition the participants exert significantly more top down 

control of brain activity in widespread brain regions.

• In contrast, participants in the sham condition rely on bottom-up control from visual areas.

• The active tDCS group therefore had a significantly higher functioning CCN after treatment.

• This persistent change in network activity could be predicted to modify participants’ capacity for cognitive control.

• Results from this pilot study suggest that tDCS has potential as a clinical tool to improve cognitive control in 

psychiatric disorders.

• Further work will analyse eye tracking data to explore the link between CCN activity and measurable behavioral 

improvements .
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Results
• Figure a shows that during the preparatory period, alpha signal in the DLPFC was significantly greater and more 

sustained in the active treatment compared to sham F(4.2,38)=2.7, p=0.027.

• Alpha band connectivity throughout the brain increased from before to after treatment, demonstrated by an 

increase in centrality in all AAL regions, in both treatment conditions (figure b) possibly reflecting the effect of 

engaging in the anti-saccade task. There was a significant treatment by region interaction (F(6.1,244)=10.5, 

p=0.001, Greenhouse Geisser corrected) indicating 

• Figure c and d represent increases in resting state 

connectivity from before to after treatment, for tDCS and 

sham respectively (note that the colour scales differ 

between the two figures).

• The active tDCS condition produced relatively greater 

increases of centrality in the DLPFC and FEF.

• The sham condition produced relatively greater increases in 

centrality of occipital regions.

• Increases in resting state centrality were seen in the motor 

cortex and parietal regions following both active and sham 

treatment.

greater increase in frontal centrality in the tDCS 

condition, implying top-down processing in the tDCS 

condition  and a trend towards greater increase in 

occipital centrality in the sham condition, suggesting 

greater reliance on bottom-up processing.   There was 

no significant difference between the right and left 

hemispheres in the effect of treatment on centrality.
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