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The Salience Network (SN) and its interactions are important for cognitive control. We have previously shown
that structural damage to the SN is associated with abnormal functional connectivity between the SN and Default
Mode Network (DMN), abnormal DMN deactivation, and impaired response inhibition, which is an important
aspect of cognitive control. This suggests that stimulating the SN might enhance cognitive control. Here, we tested
whether non-invasive transcranial direct current stimulation (TDCS) could be used to modulate activity within the
SN and enhance cognitive control. TDCS was applied to the right inferior frontal gyrus/anterior insula cortex
during performance of the Stop Signal Task (SST) and concurrent functional (f)MRI. Anodal TDCS improved
response inhibition. Furthermore, stratification of participants based on SN structural connectivity showed that it
was an important influence on both behavioural and physiological responses to anodal TDCS. Participants with
high fractional anisotropy within the SN showed improved SST performance and increased activation of the SN
with anodal TDCS, whilst those with low fractional anisotropy within the SN did not. Cathodal stimulation of the
SN produced activation of the right caudate, an effect which was not modulated by SN structural connectivity. Our
results show that stimulation targeted to the SN can improve response inhibition, supporting the causal influence
of this network on cognitive control and confirming it as a target to produce cognitive enhancement. Our results
also highlight the importance of structural connectivity as a modulator of network to TDCS, which should guide
the design and interpretation of future stimulation studies.
1. Introduction

Response inhibition is an important aspect of cognitive control, and
can be assessedwith the Stop Signal Task (SST). During SST performance,
participants must inhibit an automatic motor response when an infre-
quent ‘stop’ signal appears. The Salience Network (SN) has an important
role in cognition, particularly in tasks involving attending to and
responding to unexpected but salient stimuli (Sridharan et al., 2008;
Menon and Uddin, 2010). When inhibiting a response during the SST,
brain activity is characterised by SN activation and concurrent Default
Mode Network (DMN) deactivation (Sharp et al., 2010; Li et al., 2006;
Hampshire and Sharp, 2015; Touroutoglou et al., 2012). This pattern of
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anti-correlated activity relates to SST performance, with greater SN
activation and linked DMN deactivation associated with better perfor-
mance and disruption of this pattern associated with poor performance
(Congdon et al., 2011; Bonnelle et al., 2012; Weissman et al., 2006).

The Salience Network may be functionally segregated into dorsal and
ventral components that support cognitive and emotional/affective control
respectively (Touroutoglou et al., 2012). The key SN regions activated
during SST performance comprise the dorsal components: the dorsal
anterior cingulate cortex/presupplementary motor area (dACC/preSMA)
and the right anterior insula (Touroutoglou et al., 2012; Seeley et al.,
2007). The structure of the white matter tract connecting the rAI and the
dACC/preSMA strongly predicts DMN deactivation during response
tober 2018
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Fig. 1. (A) Stimuli in the Stop Signal Task (SST). (B) The TDCS/fMRI paradigm,
comprising 3 runs each of the SST with concurrent TDCS (anodal, cathodal and
sham), with a 2–3min break between each run. (C) Modelling showing
maximum electric field strength over the rIFG, with current spreading into the
underlying right anterior insula, as well as the white matter tracts.
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inhibition, which is in turn related to SST performance (Bonnelle et al.,
2012). Therefore, the SN is a promising target for brain stimulation aimed
at modulating cognitive control and other cognitive networks, and struc-
tural connectivity within the SN might influence any physiological and
behavioural effects attributable to stimulation. The right inferior frontal
gyrus (rIFG), overlying the rAI, exhibits high intrinsic functional connec-
tivity with the rAI (Touroutoglou et al., 2012), and frequently co-activates
with the rAI during tasks, such as the SST, involving attentional control
and response inhibition (Hampshire and Sharp, 2015; Aron and Poldrack,
2006; Aron et al., 2014; Hampshire et al., 2010). This makes the rIFG the
ideal superficial cortical target for modulating SN function.

Transcranial direct current stimulation (TDCS) delivers weak electrical
currents to the brain through scalp electrodes, and modulates neuronal
excitability underneath the electrode (Stagg and Nitsche, 2013; Purpura
and Mcmurtry, 1965). Its ability to modulate cognitive function has been
widely investigated in both clinical and non-clinical work (Kuo and Nit-
sche, 2012). However, group level effects are inconsistent, with high
inter-individual variability in the behavioural response to TDCS, leading to
scepticism about its effects on the brain (Horvath et al., 2014, 2015).

A major issue is that there is limited understanding of how TDCS
affects the brain networks important for cognitive control. There has also
been little systematic exploration of the factors influencing the behav-
ioural response to TDCS (Li et al., 2015). Individual variability in struc-
tural connectivity within stimulated networks has previously been shown
to influence behavioural and physiological response to TDCS, but these
studies did not investigate complex cognitive tasks (Rosso et al., 2014;
Bradnam et al., 2012; Lin et al., 2017). The differential effects of anodal
and cathodal TDCS are also not fully understood, particularly at the level
of the neuronal circuit, brain network and behaviour. Opposing effects of
anodal and cathodal TDCS on one level may be accompanied by similar
effects of the two polarities on another level. In vitro studies suggest that
anodal TDCS increases and cathodal TDCS inhibits neuronal excitability
(Stagg and Nitsche, 2013; Purpura and Mcmurtry, 1965). However, the
anodal-excitatory/cathodal-inhibitory dichotomy is often not seen at the
behavioural level, suggesting a more complex interaction of polarity and
brain activity, particularly for cognitive control (Jacobson et al., 2012).

One approach to understanding the effects of TDCS on cognition is to
use functional (f)MRI to investigate the effects of TDCS on cognitive brain
networks. Studies combining fMRI and TDCS have found that TDCS, both
anodal and cathodal, to a single region can produce changes in activation
and functional connectivity beyond the local stimulation region (Sehm
et al., 2012a, 2013; Amadi et al., 2014; Hone-Blanchet et al., 2015;
Polanía et al., 2012; Polania et al., 2012; Antal et al., 2011; Pe~na-G�omez
et al., 2012; Sankarasubramanian et al., 2017; Park et al., 2013; Callan
et al., 2016). However, most of these studies did not acquire fMRI
simultaneous to TDCS, only investigated resting state fMRI or stimulated
primary sensorimotor regions. Therefore, it is difficult to extrapolate
from these results to an understanding of the effects of TDCS on brain
networks subserving cognitive control.

Here we investigated the physiological and behavioural effects of
stimulating the SN with TDCS. We concurrently acquired fMRI and
delivered TDCS to the rIFG/rAI, whilst healthy participants performed
the SST. We tested the hypotheses that rIFG/AI TDCS: 1) with anodal
TDCS improves SST performance; 2) that variability in SN structure,
measured using diffusion tensor imaging, influences the response to
TDCS; 3) that rIFG/AI TDCS modulates remote brain activity (i.e. regions
not directly within the electrical field), and 4) that there are distinct, but
not necessarily opposing, effects of anodal and cathodal TDCS on
network function and behaviour.

2. Materials and methods

2.1. Participants

We recruited healthy volunteers from the Imperial College Clinical
Research Facility healthy volunteers list, with no history of neurological
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or psychiatric illness (n¼ 26, 13F:13M) (mean age 38 years, s.d. 15.5
years). All volunteers gave written informed consent. The study conforms
to the Declaration of Helsinki and ethical approval was granted through
the local ethics board (NRES Committee London – West London &
GTAC). All participants were naïve to TDCS. Two participants were
excluded from behavioural analyses due to problems acquiring response
data, and two further participants were excluded from DTI analyses as
this was not acquired.

2.2. Experimental protocol and Stop Signal Task

Functional MRI was acquired whilst participants performed the Stop
Signal Task (SST), in an event-related design (Fig. 1), the details of which
have been previously described (Sharp et al., 2010; Bonnelle et al.,
2012). In brief, participants are instructed to press a button held in their
left or right hand in response to left or right pointing arrows respectively
(the ‘go'signal). Infrequently, a red dot, the ‘stop’ signal, appeared above
the arrow after a variable interval. Participants had to withhold their
button press in response to the ‘stop’ signal. There were 184 trials in
total, comprising 20% ‘stop’ trials, 70% normal (‘go’) trials and 10% rest
trials, lasting 4mins 12secs in total. To minimise tactical waiting for the
appearance of the ‘stop’ signal, a negative feedback screen saying “Speed
Up” was presented if slowing reaction times were detected (Bonnelle
et al., 2012). The task was programmed in Matlab (Mathworks, Natick,
MA) using Psychtoolbox (Brainard, 1997) and responses were recorded
through a fiberoptic response box (NordicNeuroLab, Norway), interfaced
with the stimulus presentation PC.

Each participant performed 3 runs of the SST, under sham, anodal
and cathodal TDCS. The runs were sequential but with brief 2–3min
break in between each run during which the participant remained in the
MRI scanner. After each run of TDCS-fMRI, participants were asked if
they thought they had stimulation or not, and to rate (from 1 to 5) the
sensations (itching, pain, metallic taste, burning, anxiety, anything else)
they felt during the run. The order was counterbalanced between
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participants to minimise risk of systematic bias from any potential
carryover effects.

2.3. Analysis of behavioural results

The main outcome measure was the stop signal reaction time (SSRT).
This is a compositemeasure that accounts for an individual'smotor reaction
time. It is calculated as [Mean reaction time – Stop Signal Delay], where
stop signal delay (SSD) is the interval between presentation of the arrows
and appearance of the red dot ‘stop’ signal which produced successful
stopping on 50% of ‘stop’ trials. A low SSRT indicates good task perfor-
mance.We also extracted the Stop Incorrect RT, which is themean reaction
time for ‘stop’ trials where the participant did not manage to inhibit their
response. Statistical analyses of task performance during active (anodal or
sham) compared to sham stimulation, using student's ttests of paired
samples to assess effect of active compared to sham stimulation, were
conducted using Matlab (Mathworks, Natick, MA) and R (www.r-project.
org). Bonferroni correction was used to correct for multiple comparisons
across different tracts and stimulation conditions when investigating the
effect of white matter FA on behavioural response to stimulation.

2.4. fMRI acquisition

T1 and functional MRI (fMRI) sequences were acquired on a 3T
Siemens Verio (Siemens, Erlangen, Germany), using a 32-channel head
coil. FMRI images were obtained using a T2*-weighted gradient-echo,
echoplanar imaging (EPI) sequence, 3mm3 isotropic voxel, repetition
time (TR) 2 s, echo time (TE) 30 ms, flip angle (FA) 80�, field of view
192 � 192 � 105 mm, 64 � 64 matrix, 35 slices, GRAPPA acceleration
factor ¼ 2. Standard T1-weighted structural images were acquired using
an MP-RAGE sequence, 1 mm3 isotropic voxel, TR 2.3 s, TE 2.98ms,
inversion time 900ms, FA 9�, field of view 256� 256mm, 256� 256
matrix, 160 slices, GRAPPA acceleration factor¼ 2.

2.5. Delivery of transcranial direct current stimulation

TDCS was delivered concurrently to SST task performance and fMRI
acquisition using a MR-compatible battery-driven stimulator (Neuro-
Conn GmbH, Ilmenau, Germany), with a previously described circuit
(Violante et al., 2017). The ‘active’ electrode (4.5 cm diameter circular
rubber electrode) was placed over F8 (based on the 10–20 EEG Inter-
national system), corresponding to the pars triangularis of the rIFG, and
the ‘return’ electrode (7� 5cm rectangular rubber electrode) was on the
right shoulder with its longitudinal axis parallel to the coronal plane
(centre of electrode placed over midpoint between tip of the acromion
and base of neck).

Anodal and cathodal TDCS was delivered with a ramp of 30s up to
2mA, followed by full intensity stimulation for the duration of the fMRI
run, finishing with a ramp down over 1s. Sham TDCS consisted of the
ramp stage only. Electrodes had a layer of conductive paste (Ten20, D.O.
Weaver, Aurora, CO, USA), which held them in place and reduced im-
pedances. Pre-stimulation impedances were below 3kΩ and maximum
impedance during stimulation was 18 kΩ. Heart rate was monitored
concurrently in 23 participants using the pulse oximetry of the integrated
Siemens Physiological Monitoring Unit. The set up and subsequent signal
analysis has been previously described (Violante et al., 2017). There was
no effect of stimulation on mean heart rate or its standard deviation.

2.6. Diffusion tensor imaging (DTI) acquisition

DTI was performed as the final scan in the session. Diffusion-weighted
volumes were acquired using a 64-direction protocol (64 slices, in-plane
resolution¼ 2� 2mm, slice thickness¼ 2mm, field of
view¼ 25.6� 25.6 cm, matrix size¼ 128� 128, TR¼ 9500ms,
TE¼ 103ms, b-value¼ 1000 mm2 s�1). Four non-diffusion weighted
images were also acquired (b-value¼ 0 mm2 s�1).
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2.7. Modelling of the current density

A computation model confirmed that the peak electric field strength
was over the rIFG. A finite element method (FEM) head model was
created using Simnibs (Windhoff et al., 2013; Thielscher et al., 2015).
This standard five compartment head model (WM, GM, CSF, skull and
skin) was further extended to include neck and shoulder parts. Conduc-
tivity values for various tissues were used as in (Opitz et al., 2015). The
electrode montage was modelled as described in the experimental sec-
tion. Simulations of the tDCS electric field were performed using Simnibs
v2.0.1.

2.8. fMRI preprocessing

Data pre-processing was performed using the FMRI Expert Analysis
Tool (FEAT) Version 6.00, from FMRIB's Software Library (FSL (Smith
et al., 2004; Jenkinson et al., 2012)). We performed motion correction
using MCFLIRT (Jenkinson et al., 2002), removal of low-frequency drifts
(high-pass filter of 0.01 Hz), spatial smoothing (Gaussian kernel filter
with a full width at half maximum of 6mm), brain extraction to remove
non-brain tissue (BET (Smith, 2002)), and co-registration using FMRIB's
Nonlinear Image Registration tool (FNIRT) to register the participant's
fMRI volumes to Montreal Neurological Institute (MNI) 152 standard
space using the T1-weighted scan as an intermediate.

Single-session ICA was performed for each run using Multivariate
Exploratory Linear Optimized Decomposition (MELODIC (Beckmann
et al., 2005)). The resulting components were automatically classified
into signal and noise using FMRIB's ICA-based Xnoiseifier (FIX (Griffanti
et al., 2015; Salimi-khorshidi et al., 2015)). FIX was previously trained in
an independent cohort of twenty individuals acquired in the same
scanner with the same imaging parameters. Classifications were manu-
ally inspected and adjusted when required. Independent components
classified as noise were subsequently removed from each voxel's time
series.

2.9. fMRI task analysis: activation analysis

The fMRI-TDCS SST was analysed with FSL's FMRI Expert Analysis
Tool (FEAT) (Smith et al., 2004; Jenkinson et al., 2012). Subject-level
general linear models (GLM) included 5 regressors of interest from the
task: Go Correct (trials in which correct responses were made to the go
signal), Go Incorrect (trials in which incorrect responses were made to
the go signal), Stop Correct (trials in which participants successfully
withheld a response to the stop signal), Stop Incorrect (trials in which
participants pressed a button despite the presentation of a stop signal)
and Feedback (presentations of the feedback screen). The GLM design
matrix consisted of those regressors of interest, their first temporal de-
rivatives and six movement regressors to account for movement-related
noise. The following contrasts of interest were investigated [Stop Cor-
rect>Go Correct] and [Stop Correct> Stop Incorrect], and the inverse
contrasts were also run.

A higher-level mixed effects (FLAME 1 þ 2) analysis of group effects
was performed to combine all participants for each stimulation condition
(anodal, cathodal and sham). A separate higher-level mixed effects
analysis was run to directly compare the stimulation conditions for the
contrasts of interest, using the ‘Triple T-test’ GLM set-up within FSL
FEAT, allowing direct comparison between stimulation conditions. The
final Z statistical images were thresholded using a Gaussian random field-
based cluster inference with a height determined by a threshold of
z > 3.1 and a corrected cluster significance threshold of p ¼ 0.05.

2.10. Diffusion tensor imaging analysis

Diffusion data were preprocessed within FSL and DTITK to build in-
dividual Fractional Anisotropy (FA) maps (SI Methods) (Smith, 2002;
Zhang et al., 2006, 2010). DTI data were corrected for head motion and
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Table 1
Behavioural measures for the Stop Signal Task. Figures shown are mean
values� standard deviation. Abbreviations: RT¼ reaction time,
ms¼milliseconds.

Anodal Cathodal Sham

Stop Signal RT (ms) 291.3� 58.4 295.1� 58.6 321.7� 48
Stop Signal Delay (ms) 253.7� 159.3 230.8� 105.7 200.8� 94.9
Incorrect stop RT (ms) 523.0� 104.7 495.8� 71.5 496.1� 75.1
Mean RT (ms) 545.1� 121.1 525.9� 87.6 522.6� 89.4
Go accuracy (%) 95.1� 7.2 96.1� 7.4 95.0� 7.6
Stop accuracy (%) 48.5� 4.9 48.3� 4.0 49.8� 3.7
Negative feedback 13.1� 10.6 11.4� 7.5 11.9� 9.5
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eddy current distortions, using linear transformations to register these
images to the b¼ 0 image. A brain mask was generated by brain
extracting the b¼ 0 image (FSL Brain extraction tool (Smith, 2002)). A
tensor model was then fitted to the data using FMRIB's Diffusion Toolbox
(FDT) in FSL, constrained by the brain mask. Applying this tensor model
generated voxelwise individual participant fractional anisotropy (FA)
maps. These maps were transformed into 1mm-resolution standard space
using DTI-TK (Zhang et al., 2006). An initial group based template was
generated through bootstrapping of the tensor-based maps together with
the predefined IXI aging standard template (Zhang et al., 2010). Indi-
vidual tensor-based images were then registered to the group template
using diffeomorphic transformations.

The average FA of the whole white matter skeleton was extracted. An
ROI approach was used to assess white matter structural connectivity in
the Salience and Default Mode Networks. FA values were extracted from
each participant from the following previously described tracts (Bonnelle
et al., 2012):

- RAI-dACC/preSMA (right anterior insula to the dorsal anterior
cingulate/pre-supplementary motor area) tract – to assess SN struc-
tural connectivity from the rAI.

- RIFG-dACC/preSMA (right inferior frontal gyrus to the dorsal ante-
rior cingulate/pre-supplementary motor area) tract – to assess SN
structural connectivity from the rIFG, the site of maximal current
density.

- mPFC-PCC/PRE (medial prefrontal cortex to posterior cingulate cor-
tex/precuneus) tract – to assess DMN structural connectivity.

We wanted to explore the idea of ultimately using FA as a criteria
selecting participants for inclusion in future cognitive TDCS studies.
Additionally, the distribution of FA in our group was non-normal, with a
rightward skew (Supplementary Data). There are no previous studies
suggesting a specific FA value to use as a cut-off. Therefore, participants
were stratified into two groups based on whether the tract FA was greater
(‘high structural connectivity’) or lower (‘low structural connectivity’)
than the median FA within that tract.

3. Results

3.1. Salience Network stimulation improves response inhibition

Anodal TDCS delivered to the right IFG during SST performance
caused a significant decrease in the Stop Signal Reaction Time (SSRT)
compared with sham TDCS (t (23)¼ 2.17, p¼ 0.04) (Table 1, Fig. 2A).
This effect was not seen for cathodal TDCS, although it approached sig-
nificance (t (23)¼ 1.87, p¼ 0.07). There was no significant difference in
SSRT between anodal and cathodal TDCS (t (23)¼ 0.25, p¼ 0.81). The
SSRT is a composite measure (mean reaction time – stop signal delay).
Anodal TDCS improved the stop signal delay (SSD), indicative of
improved response inhibition, rather than a change in the mean reaction
time (Fig. 2B and C). This indicates that the change in SSRT reflects
improved response inhibition rather than motor slowing. In addition, on
‘Stop’ trials where participants failed to inhibit their response (Stop
Incorrect trials), anodal TDCS also delayed the time taken to produce an
incorrect response, compared with both sham (t (23)¼ 2.32,p¼ 0.03)
and cathodal (t (23)¼ 2.15, p¼ 0.04) TDCS (Fig. 2d). There were no
effects of TDCS on other behavioural measures (Table 1).

Salience Network structural connectivity influences behavioural and
physiological responses to Anodal but not Cathodal TDCS.

We have previously shown that damage to the structural connectivity
within the SN strongly predicts how efficiently network activity is co-
ordinated during response inhibition (Bonnelle et al., 2012). Therefore,
we tested whether stratifying participants based on fractional anisotropy
(FA) of the SN influenced the response to TDCS. FA of the tract con-
necting the rAI and the dACC/preSMA nodes of the SN strongly predicted
response to anodal TDCS. Participants with high FA within the
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rAI-dACC/preSMA tract had significantly improved SST performance
under anodal TDCS compared with sham TDCS (t (10)¼ -3.97
p¼ 0.0026). Conversely, those with low FA within the SN showed no
improvement in performance under anodal TDCS compared with sham
TDCS ((t (10)¼ 0.18 p¼ 0.88) (Fig. 3a). The FA of this tract was nega-
tively correlated with the SSRT under anodal TDCS, reflecting better SST
performance with higher FA, though this correlation was not significant
(r¼�0.3, p¼ 0.17) (Supplementary Data).

The FA of the SN also influenced the effect of anodal TDCS on brain
activity during response inhibition. The contrast [Stop Correct>Go
Correct] denotes successfully witholding button presses to presentation
of the ‘stop’ signals, compared with correctly responding with button
presses to the arrows. This contrast demonstrates brain regions involved
in detecting and attending to the ‘stop’ signal, as well as inhibiting the
automatic ‘go’ response. In line with previous literature, this contrast
showed increased activity within the Salience Network (SN) and bilateral
superior parietal areas, along with deactivation in the Default Mode
Network (DMN) and primary sensorimotor regions (Fig. 4a).

The broad patterns of SN and frontoparietal activation and DMN
deactivation were preserved with the addition of anodal or cathodal
TDCS (Fig. 4). At a group level anodal TDCS did not significantly change
the pattern of brain responses for [Stop Correct>Go Correct] (Fig. 4B).
However, anodal TDCS produced greater activation in the right anterior
insula, an area already activated during this contrast, in participants with
‘high’ FA in the rAI-dACC/preSMA tract than in those with low FA
(Fig. 3B). The FA of this tract was significantly positively correlated with
BOLD response of the right anterior insula, reflecting a greater BOLD
response with higher FA (r¼ 0.53, p¼ 0.01) (Supplementary Data). This
effect was specific to successful response inhibition, as there were no
activation differences for the contrast [Stop Incorrect>Go Correct],
which additionally controls for the effect of ‘stop’ signal presentation,
between those with ‘high’ and ‘low’ tract FA.

The influence of rAI-dACC/preSMA tract FA on the physiological and
behavioural response to TDCS appeared to be specific to response to
anodal TDCS. There were no differences in behaviour or brain activation
between participants with ‘low’ or ‘high’ rAI-dACC/preSMA tract FA
under cathodal (Fig. 3C), or sham tDCS. Additionally, these effects were
also specific to FA of the rAI-dACC/preSMA tract of the Salience
Network. There were no physiological or behavioural differences be-
tween participants with ‘low’ or ‘high’ whole brain FA, the FA of the SN
tract linking the rIFG to the dACC/preSMA or the tracts linking the
ventromedial prefrontal cortex with the posterior cingulate cortex, the
two main nodes of the DMN.
3.2. Cathodal TDCS produces subcortical activation during response
inhibition

There was a group-level difference in brain activity with cathodal
TDCS compared to sham TDCS (Figs. 4c and 5). During response inhi-
bition, cathodal TDCS produced increased activation within the right
caudate, compared with sham (Fig. 5b). There were no group level dif-
ferences in activity patterns between anodal and cathodal TDCS, nor



Fig. 2. Stop Signal Task Performance measures. (A) Stop Signal Reaction Time, (B) Stop Signal Delay, (C) Reaction Time, and (D) mean Reaction Times for ‘stop’ trials
where there is failed response inhibition (‘stop incorrect’ trials) are presented for Anodal, Cathodal and Sham TDCS. Data points are mean values, error bars are SEMs.
* denotes p < 0.05.

Fig. 3. The effect of rAI-dACC/preSMA tract FA on
response to TDCS. (A) SSRT performance under
anodal TDCS, (B) brain activation under anodal TDCS
and (C) SSRT performance under cathodal TDCS were
compared between participants with high and partic-
ipants with low rAI-dACC/preSMA FA. Inset shows
the white matter tract mask used to extract FA values.
Error bars are S.E.M. *indicates p < 0.05, Bonferroni
corrected for multiple comparison. FMRI results are
superimposed on the MNI152 1 mm brain template.
Cluster corrected z ¼ 3.1, p < 0.05.
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were there any correlations between stimulation-induced changes in
BOLD activity and behaviour.
3.3. Current density distribution

Current density modelling confirmed that the peak of the electric field
distribution over the cortical surface was centred over the right inferior
frontal gyrus (Fig. 1c). Current spread into underlying structures,
including the right frontal operculum and right anterior insula. High
electric field strengths were also found within SN tracts connecting these
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areas to the dACC/preSMA. A more remote peak of current was seen
within the corpus callosum.
3.4. Control analysis: perception of TDCS

Participants were asked whether they thought they had real or sham
TDCS after the end of each run. Their accuracy rates were consistent with
chance (50% after anodal, 55.7% after cathodal and 46.1% after sham).
There were no differences between stimulation conditions in ratings of
perceived sensations during the run.



Fig. 4. Effect of TDCS on network activity. Overlay of areas of brain activation
(warm colours) and deactivation (cool colours) under sham, anodal and cath-
odal TDCS, during successful response inhibition (successfully withholding a
button press when a ‘stop’ signal is presented, compared with correctly
responding to arrows without a ‘stop’ signal). Results are superimposed on the
MNI152 1mm brain template. Cluster corrected z¼ 3.1, p< 0.05.
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4. Discussion

Our results support a causal influence of the Salience Network (SN) in
cognitive control. We show that anodal TDCS applied to the right inferior
frontal gyrus/anterior insula (rIFG/AI) node of the SN improves response
inhibition, as measured by the Stop Signal Task (SST). We targeted this
region aiming to influence the function of the Salience Network (SN),
since dynamic changes in rAI activity during SST performance causally
influences other parts of the SN and anti-correlated activity within the
Default Mode Network (DMN) (Sridharan et al., 2008; Menon and Uddin,
2010; Dosenbach et al., 2006). A previous study found that higher frac-
tional anisotropy (FA) within the rIFG and preSMA of children was
correlated with better SST performance, and we have previously found
that structural damage of the rAI-dACC/preSMA tract of the SN is a
strong predictor of the network interactions associated with worse
response inhibition (Bonnelle et al., 2012; Jilka et al., 2014). We now
extend these observations by showing how SN structure also influences
behavioural and physiological responses to brain stimulation over one
node of the SN. High FA within this tract was associated with both a
behavioural and physiological response to TDCS, effects not observed
with cathodal TDCS or for other key white matter tracts.

Two previous stroke studies showed a relationship between white
matter tract FA and the behavioural response to contralesional cathodal
TDCS (Rosso et al., 2014), (Bradnam et al., 2012). A recent healthy
participants study found a correlation between the analgesic effects of
anodal TDCS to the left dorsolateral prefrontal cortex and the structural
connectivity of its thalamic connections (Lin et al., 2017). We now show
a clear relationship between rAI-dACC/preSMA tract FA and the cogni-
tive and physiological effects of TDCS to the SN.

Several possibilities may explain why individual differences in white
matter FA within a network might influence its response to stimulation.
One possibility is that higher FA represents higher structural connectivity
between nodes of a network, allowing a stimulated cortical region to
exert stronger effects across the network. Individual variability in
structural connectivity influences network interactions (Boorman et al.,
2007; Honey et al., 2009; Horn et al., 2014). Thus, variation in the
structural connectivity from a stimulated region might influence the
network's response during task performance, and therefore the behav-
ioural effects of this stimulation. This may explain why we did not find an
influence of DMN structural connectivity on TDCS effects, because key
DMN nodes were not within the electrical field of stimulation.
Fig. 5. Effect of cathodal TDCS on brain BOLD
response. (A) Overlay of areas of brain activation
(warm colours) and deactivation (cool colours), across
all stimulation conditions, for [Stop Correct>Go
Correct] and [Stop Correct> Stop Incorrect]. (B)
Overlay of areas where brain activation (warm col-
ours) is greater under cathodal TDCS than sham TDCS
during successful stopping. Results are superimposed
on the MNI152 1mm brain template. Cluster cor-
rected z¼ 3.1, p< 0.05. Accompanying bar charts
show mean activation within the activated areas, and
demonstrate the change in Parameter Estimate with
each type of stimulation. Error bars denote S.E.M.
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Another possibility is that behavioural effects of TDCS are at least
partially mediated by axonal polarisation. TDCS studies to date have
generally targeted cortical structures in the belief that stimulation effects
mainly result from changes in soma polarisation. However, recent evi-
dence shows that polarisation effects can be stronger at axon terminals
than soma (Chakraborty et al., 2017). Our modelling also predicts peaks
of electric field strength in the SN white matter tracts. Hence, the effect of
TDCS might result from direct polarisation of axonal membranes within
white matter tracts connecting the SN nodes. Amongst other things,
white matter FA can reflect the mix of fibre orientations within a tract, in
part quantifying the variability of axonal orientation (Winston, 2012).
Axonal orientation has been shown to particularly influence the polar-
ising effect of TDCS (Arlotti et al., 2012; Kabakov et al., 2012). Therefore,
interindividual variability in tract FA may lead to variation in the
sensitivity of an individual's tract to the polarising effects of TDCS.

A third possibility is that the current density distribution is modulated
by variability in the FA of underlying tracts, with high FA perhaps
resulting in more focussed cortical stimulation. Computational modelling
studies suggest that the physiological effects of TDCS are likely to interact
with the properties of white matter tracts underlying stimulated cortex,
albeit to a small extent (Metwally et al., 2012; Shahid et al., 2012, 2014).
This is unlikely to be a major factor in explaining our findings since we
show an influence of FA variability of the rAI-dACC/preSMA tract spe-
cifically, but not of the overlying rIFG connections, where modelling
predicts high electric field strengths.

The particular anatomy of the rAI and its projections may make it
especially susceptible to the effect of TDCS. The rAI of great apes and
humans contain an unusual set of large bipolar projection neurons called
Von Economo neurons (VENs). They are thought to be specialised for
sending information rapidly, which may have evolved to facilitate the
fast signalling required for rapid behavioural changes in response to
environmental changes (von Economo, 1926; Seeley et al., 2012; Allman
et al., 2011). Large bipolar neurons are more sensitive to soma polar-
isation, possibly because they have a greater surface area of membrane
on which the current can act (Arlotti et al., 2012; Radman et al., 2009).
The large size and relatively simple dendritic structure may make VENs,
and thus the rAI, particularly sensitive to the effects of TDCS. An exten-
sion of our study would be to investigate whether focused stimulation of
the dACC/preSMA, where VENs are also found, replicates our findings.

The physiological response to anodal TDCS was also influenced by the
FA of the rAI-dACC/preSMA tract. Participants in the ‘high’ FA group
showed greater activation within the rAI, which is particularly important
for switching behaviour in general (Sridharan et al., 2008). This suggests
that the improved task performance in ‘high’ FA participants with anodal
TDCS may be mediated by more general processes involved in cognitive
control, rather than specific motor inhibition mechanisms. Our findings
raise the interesting question of whether there is a FA ‘threshold’
required for TDCS effectiveness. This is particularly important as patients
with low FA due to white matter injury may respond very differently to
stimulation compared to controls or patients with preserved white matter
FA. The influence of white matter structure on response to TDCS should
be further investigated in different patient groups, particularly to assess
whether sub-groups of patients can be defined on the basis of FA in key
stimulated tracts.

Our results also highlight that TDCS applied to a single key node can
produce effects in remote but connected brain regions. Cathodal TDCS
increased caudate activation even though the caudate is not predicted to
experience high electrical field strengths. The rIFG and caudate are con-
nected by white matter tracts, and TDCS of the motor cortex can modulate
functional connectivity betweenmotor association cortices and subcortical
structures, including the caudate (Polanía et al., 2012; Catani et al., 2011).
It is not completely clear how the physiological changes seenwith cathodal
TDCS relate to behaviour since there was no direct correlation between the
caudate activation and behavioural effects induced by cathodal TDCS.
However, subcortical structures are also known to make important con-
tributions to cognitive control, and further studies should investigate the
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extent towhichmodulation of fronto-subcortical circuits by cathodal TDCS
can modulate cognitive control (Aron and Poldrack, 2006; Jahfari et al.,
2012; Jahanshahi et al., 2015).

Our study supports the view that polarity, as applied to cognitive
functions, is more complex than an anodal-excitatory/cathodal-
inhibitory dichotomy. There were no significant behavioural differ-
ences between anodal and cathodal TDCS, though there were distinct
patterns of brain network activity with anodal and cathodal TDCS. The
behavioural and physiological effects of anodal TDCS were dependent on
SN tract FA, which is not observed for cathodal TDCS. Conversely,
cathodal TDCS increased subcortical activation during response inhibi-
tion, which anodal TDCS did not. Whilst our current study raises many
interesting questions about the relative effects of polarity, we can only
speculate about the mechanisms behind these observed differences in
polarity effects. In vitro studies suggest that anodal and cathodal TDCS
have opposing effects on neuronal excitability and inhibitory/excitatory
balance (Stagg and Nitsche, 2013), but how this translates to activity of
neuronal circuits, BOLD activity and then cognitive performance is far
less certain. The direction of current flow and the orientation of neuronal
processes within the electric field have both been shown to be important
determinants of soma and axonal polarisation (Arlotti et al., 2012; Rah-
man et al., 2013). Anodal and cathodal TDCS represent different current
flow directions. A speculative reason for polarity-dependent effects may
be the presence of neuronal subpopulations within the rIFG. For example,
if a particular subpopulation, with projections to the caudate, had
neuronal orientations that made them more responsive to the cathodal
current direction, it might explain why only cathodal TDCS produced
substantial subcortical activation. Much more work is required to fully
investigate the mechanisms of polarity-dependent network effects, and
their relationship to behavioural effects.

It is unlikely that the behavioural effects of TDCS result from non-
specific effects. First, post-stimulation questionnaires indicated that
participants were unaware of whether they received real or sham TDCS,
nor were there differences between stimulation conditions on perception
of possible TDCS-related sensations. Secondly, the polarity-specific ef-
fects on brain activation and on the influence of SN tract structure cannot
be wholly explained by non-specific effects.

The main limitation of our study is that we only investigated response
inhibition with the SST, so cannot comment on whether SN TDCS could
modulate other aspects of cognition, or whether rAI-dACC/preSMA tract
FA would be a relevant differentiator of TDCS responders. Given the
importance of the SN in coordinating cognitive network activity and role in
many different cognitive functions, we would hypothesis that our findings
could be replicated for other cognitive tasks.Wealso did not assesswhether
targeting the other main SN node, the dACC/pre-SMA, would have a
similar effect. Onepotential limitation relates to our sample size.We clearly
show an effect of rAI-dACC/pre-SMA tract FA on the behavioural and
functional imaging effects of anodal TDCS. These results survive stringent
multiple comparison correction. More generally, our sample is comparable
or bigger than other studies investigating the fMRI imaging correlates of
stimulation (Antal et al., 2011; Pe~na-G�omez et al., 2012; Kasahara et al.,
2013; Polanía et al., 2011; Sehm et al., 2012b). Although anodal and
cathodal TDCS produced distinct patterns of imaging results when related
to sham, we did not show clear differences between anodal and cathodal
stimulation in direct behavioural or imaging contrasts. This null result may
reflect a lack of power for this particular analysis, and further work will be
necessary to clarify this. Our findings highlight the need for further
research, ideally using multimodal approaches that enable simultaneous
investigation of multiple levels of polarity effects such as neuronal circuit
physiology and neurotransmitter changes, to fully elucidate the mecha-
nisms for differences in polarity effects in the cognitive domain.

5. Conclusions

Our study demonstrates that anodal TDCS applied to the SN can
improve response inhibition and alter patterns of SN activation, an effect
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dependent on the structural connectivity of the SN. We also show that SN
stimulation with cathodal TDCS can remotely modulate DMN functional
connectivity. These results extend our understanding of the role of the SN
in cognitive control, support SN stimulation as an attractive option for
cognitive enhancement, and highlight the importance of network struc-
tural connectivity as a modulator of the effects of stimulation.

Author contributions

LML, IV and DJS conceived the study and designed the experiments.
DC advised on experimental design. LML and IV acquired the data. AO
conducted the current density modelling. RL, AH and DM advised on data
analysis. LML wrote the first draft of the manuscript. All authors
reviewed and edited the final manuscript. DJS supervised the study.

Declaration of interests

The authors declare no competing interests.

Acknowledgements

LML is supported by a Wellcome Trust Clinical Research Training
Fellowship (103429/Z/13/Z). IV is supported by a Sir Henry Wellcome
Trust Fellowship (103045/Z/13/Z) and receives funding from the NIHR
Imperial BRC. AO is supported in parts by NIH grants MH110217 and
MH111439. DJS is supported by a National Institute for Health Research
(NIHR) Professorship (NIHR-RP-011-048). We would like to thank Dr
Jonathan Howard for tireless and insightful technical and methodolog-
ical assistance. The study was supported by the NIHR Imperial College
London Biomedical Research Centre, and the Imperial College Clinical
Imaging Facility.

Appendix A. Supplementary data

Supplementary data to this article can be found online at https://doi.
org/10.1016/j.neuroimage.2018.10.069.

References

Allman, J.M., Tetreault, N.A., Hakeem, A.Y., Manaye, K.F., Erwin, J.M., Park, S., et al.,
2011. The von Economo neurons in fronto-insular and anterior cingulate cortex. Ann.
N. Y. Acad. Sci. 1225, 59–71.

Amadi, U., Ilie, A., Johansen-Berg, H., Stagg, C.J., 2014. Polarity-specific effects of motor
transcranial direct current stimulation on fMRI resting state networks. Neuroimage
88, 155–161.

Antal, A., Polania, R., Schmidt-Samoa, C., Dechent, P., Paulus, W., 2011. Transcranial
direct current stimulation over the primary motor cortex during fMRI. Neuroimage
55 (2), 590–596.

Arlotti, M., Rahman, A., Minhas, P., Bikson, M., 2012. Axon terminal polarization induced
by weak uniform DC electric fields: a modeling study. Proc. Annu. Int. Conf. IEEE
Eng. Med. Biol. Soc. EMBS 2 (1), 4575–4578.

Aron, A.R., Poldrack, R.A., 2006. Cortical and subcortical contributions to stop signal
response Inhibition : role of the subthalamic nucleus. J. Neurosci. 26 (9), 2424–2433.

Aron, A.R., Robbins, T.W., Poldrack, R.A., 2014. Inhibition and the right inferior frontal
cortex: one decade on. Trends Cognit. Sci. 18 (4), 177–185.

Beckmann, C.F., Deluca, M., Devlin, J.T., Smith, S.M., Hospital, J.R., Ox, O., 2005.
Investigations into resting-state connectivity using independent component analysis.
Philos. Trans. R Soc. B 360 (May), 1001–1013.

Bonnelle, V., Ham, T.E., Leech, R., Kinnunen, K.M., Mehta, M.A., Greenwood, R.J., 2012.
Salience network integrity predicts default mode network function after traumatic
brain injury. Proc. Natl. Acad. Sci. Unit. States Am. 109 (12), 4690–4695.

Boorman, E.D., Shea, J.O., Sebastian, C., Rushworth, M.F.S., Johansen-berg, H., 2007.
Report individual differences in white-matter microstructure reflect variation in
functional connectivity during choice. Curr. Biol. 17 (16), 1426–1431.

Bradnam, L.V., Stinear, C.M., Barber, P.A., Byblow, W.D., 2012. Contralesional
hemisphere control of the proximal paretic upper limb following stroke. Cerebr.
Cortex 22 (11), 2662–2671.

Brainard, D.H., 1997. The psychophysics toolbox. Spatial Vis. 10, 433–436. https://
doi.org/10.1163/156856897X00357.

Callan, D.E., Falcone, B., Wada, A., Parasuraman, R., 2016. Simultaneous tDCS-fMRI
identifies resting state networks correlated with visual search enhancement. Front.
Hum. Neurosci. 10, 1–12.

Catani, M., Dell, F., Vergani, F., Malik, F., Hodge, H., Roy, P., et al., 2011. Short frontal
lobe connections of the human brain. Cortex 8 (48), 273–291.
432
Chakraborty, D., Truong, D.Q., Bikson, M., Kaphzan, H., 2017. Neuromodulation of axon
terminals. Cerebr. Cortex 24, 1–9.

Congdon, E., Mumford, J., Cohen, J., Galvan, A., Aron, A., Xue, G., et al., 2011.
Engagement of large-scale networks is related to individual differences in inhibitory
control. Neuroimage 53 (2), 653–663.

Dosenbach, N.U.F., Visscher, K.M., Palmer, E.D., Miezin, F.M., Wenger, K.K., Kang, H.C.,
et al., 2006. A core system for the implementation of task sets. Neuron 50 (5),
799–812.

Griffanti, L., Salimi-khorshidi, G., Beckmann, C.F., Auerbach, J., Douaud, G., Sexton, C.E.,
et al., 2015. ICA-based artefact removal and accelerated fMRI acquisition for
improved Resting State Network imaging. Neuroimage 95, 232–247.

Hampshire, A., Sharp, D.J., 2015. Contrasting network and modular perspectives on
inhibitory control. Trends Cognit. Sci. 19 (8), 445–452.

Hampshire, A., Chamberlain, S.R., Monti, M.M., Duncan, J., Owen, A.M., 2010. The role
of the right inferior frontal gyrus: inhibition and attentional control. Neuroimage 50
(3), 1313–1319.

Hone-Blanchet, A., Edden, R.A., Fecteau, S., 2015. Online effects of transcranial direct
current stimulation in real time on human prefrontal and striatal metabolites. Biol.
Psychiatry 80 (6), 432–438.

Honey, C.J., Sporns, O., Cammoun, L., Gigandet, X., Thiran, J.P., Meuli, R., et al., 2009.
Predicting human resting-state functional connectivity. Proc. Natl. Acad. Sci. Unit.
States Am. 106 (6), 2035–2040.

Horn, A., Ostwald, D., Reisert, M., Blankenburg, F., 2014. The structural – functional
connectome and the default mode network of the human brain. Neuroimage 102,
142–151.

Horvath, J.C., Forte, J.D., Carter, O., 2014. Evidence that transcranial direct current
stimulation (tDCS) generates little-to-no reliable neurophysiologic effect beyond MEP
amplitude modulation in healthy human subjects. Neuropsychologia 66, 213–236.

Horvath, J.C., Forte, J.D., Carter, O., Horvath, J.C., 2015. Quantitative review finds No
evidence of cognitive effects in healthy populations from single-session transcranial
direct current stimulation (tDCS). Brain Stimul 8 (3), 535–550.

Jacobson, L., Koslowsky, M., Lavidor, M., 2012. tDCS polarity effects in motor and
cognitive domains: a meta-analytical review. Exp. Brain Res. 216, 1–10.

Jahanshahi, M., Obeso, I., Rothwell, J.C., Obeso, J.A., 2015. A fronto – striato –

subthalamic – pallidal network for goal-directed and habitual inhibition. Nat. Rev.
Neurosci. 16 (12), 719–732.

Jahfari, S., Verbruggen, F., Frank, M.J., Waldorp, L.J., Colzato, L., Ridderinkhof, K.R.,
et al., 2012. How preparation changes the need for top – down control of the basal
ganglia when inhibiting premature actions. J. Neurosci. 32 (32), 10870–10878.

Jenkinson, M., Bannister, P., Brady, M., Smith, S., 2002. Improved optimization for the
robust and accurate linear registration and motion correction of brain images.
Neuroimage 841, 825–841.

Jenkinson, M., Beckmann, C.F., Behrens, T.E.J., Woolrich, M.W., Smith, S.M., 2012. FSL.
Neuroimage. 62, 782–790.

Jilka, S.R., Scott, G., Ham, T., Pickering, A., Bonnelle, V., Braga, R.M., et al., 2014.
Damage to the salience network and interactions with the default mode network.
J. Neurosci. 34 (33), 10798–10807.

Kabakov, A.Y., Muller, P.A., Pascual-leone, A., Jensen, F.E., Rotenberg, A., 2012.
Contribution of axonal orientation to pathway-dependent modulation of excitatory
transmission by direct current stimulation in isolated rat hippocampus.
J. Neurophysiol. 107, 1881–1889.

Kasahara, K., Tanaka, S., Hanakawa, T., Senoo, A., Honda, M., 2013. Lateralization of
activity in the parietal cortex predicts the effectiveness of bilateral transcranial direct
current stimulation on performance of a mental calculation task. Neurosci. Lett. 545,
86–90.

Kuo, M., Nitsche, M.A., 2012. Effects of Transcranial Electrical Stimulation on Cognition,
vol. 43, pp. 192–199, 3.

Li, C.R., Huang, C., Constable, R.T., Sinha, R., 2006. Imaging response inhibition in a stop-
signal Task : neural correlates independent of signal monitoring and post-response
processing. J. Neurosci. 26 (1), 186–192.

Li, L.M., Uehara, K., Hanakawa, T., 2015. The contribution of interindividual factors to
variability of response in transcranial direct current stimulation studies. Front. Cell.
Neurosci. 9, 1–19.

Lin, R.L., Douaud, G., Filippini, N., Okell, T.W., Stagg, C.J., Tracey, I., 2017. Structural
connectivity variances underlie functional and behavioral changes during pain relief
induced by neuromodulation. Sci. Rep. 7, 1–14.

Menon, V., Uddin, L.Q., 2010. Saliency, switching, attention and control: a network
model of insula function. Brain 214 (5–6), 655–667.

Metwally, M.K., Cho, Y.S., Park, H., Kim, T., 2012. Investigation of the electric field
components of tDCS via anisotropically conductive gyri - specific finite element head
models. Comput. Methods Progr. Biomed. 109, 5514–5517.

Opitz, A., Paulus, W., Will, A., Thielscher, A., 2015. Determinants of the electric field
during transcranial direct current stimulation. Neuroimage 109, 140–150.

Park, C., Hyuk, W., Park, J., Shin, Y., Tae, S., Kim, Y., 2013. Transcranial direct current
stimulation increases resting state interhemispheric connectivity. Neurosci. Lett. 28
(539), 2–5.

Pe~na-G�omez, C., Sala-Lonch, R., Junqu�e, C., Clemente, I.C., Vidal, D., Bargall�o, N.,
et al., 2012. Modulation of large-scale brain networks by transcranial direct
current stimulation evidenced by resting-state functional MRI. Brain Stimul 5,
252–263.

Polanía, R., Nitsche, M a, Paulus, W., 2011. Modulating functional connectivity patterns
and topological functional organization of the human brain with transcranial direct
current stimulation. Hum. Brain Mapp. 32 (8), 1236–1249.

Polanía, R., Paulus, W., Nitsche, M.A., 2012. Modulating cortico-striatal and thalamo-
cortical functional connectivity with transcranial direct current stimulation. Hum.
Brain Mapp. 33 (10), 2499–2508.

https://doi.org/10.1016/j.neuroimage.2018.10.069
https://doi.org/10.1016/j.neuroimage.2018.10.069
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref1
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref1
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref1
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref1
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref2
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref2
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref2
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref2
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref3
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref3
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref3
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref3
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref4
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref4
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref4
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref4
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref5
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref5
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref5
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref6
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref6
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref6
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref7
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref7
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref7
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref7
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref8
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref8
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref8
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref8
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref9
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref9
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref9
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref9
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref10
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref10
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref10
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref10
https://doi.org/10.1163/156856897X00357
https://doi.org/10.1163/156856897X00357
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref11
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref11
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref11
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref11
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref12
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref12
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref12
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref13
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref13
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref13
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref14
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref14
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref14
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref14
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref15
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref15
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref15
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref15
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref16
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref16
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref16
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref16
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref17
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref17
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref17
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref18
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref18
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref18
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref18
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref19
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref19
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref19
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref19
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref20
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref20
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref20
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref20
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref21
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref21
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref21
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref21
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref21
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref22
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref22
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref22
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref22
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref23
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref23
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref23
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref23
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref24
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref24
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref24
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref25
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref26
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref26
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref26
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref26
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref26
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref27
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref27
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref27
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref27
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref28
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref28
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref28
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref29
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref29
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref29
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref29
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref30
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref30
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref30
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref30
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref30
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref31
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref31
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref31
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref31
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref31
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref32
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref32
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref32
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref33
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref33
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref33
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref33
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref34
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref34
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref34
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref34
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref35
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref35
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref35
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref35
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref36
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref36
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref36
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref36
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref37
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref37
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref37
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref37
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref38
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref38
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref38
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref39
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref39
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref39
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref39
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref40
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref41
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref41
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref41
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref41
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref42
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref42
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref42
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref42


L.M. Li et al. NeuroImage 185 (2019) 425–433
Polania, R., Paulus, W., Nitsche, M.A., 2012. Reorganizing the intrinsic functional
architecture of the human primary motor cortex during rest with non- invasive
cortical stimulation. PloS One 7 (1), 1–10.

Purpura, D.P., Mcmurtry, J.G., 1965. Intracellular activities and evoked potential changes
during polarizaotion of motor cortex. J. Neurophysiol. 28, 166–185.

Radman, T., Ramos, R.L., Brumberg, J.C., Bikson, M., 2009. Role of cortical cell type and
morphology in sub- and suprathreshold uniform electrical field stimulation. Brain
Stimul 2 (4), 215–228.

Rahman, A., Reato, D., Arlotti, M., Gasca, F., Datta, A., Parra, L.C., et al., 2013. Cellular
effects of acute direct current stimulation: somatic and synaptic terminal effects.
J. Physiol. 591, 2563–2578.

Rosso, C., Valabregue, R., Arbizu, C., Ferrieux, S., Vargas, P., 2014. Connectivity between
right inferior frontal gyrus and supplementary motor area predicts after-effects of
right frontal cathodal tDCS on picture naming speed. Brain Stimul 7, 122–129.

Salimi-khorshidi, G., Douaud, G., Beckmann, C.F., Matthew, F., 2015. Automatic
denoising of functional MRI data: combining independent component analysis and
hierarchical fusion of classifiers. Neuroimage 90 (0), 449–468.

Sankarasubramanian, V., Cunningham, D., Potter, K., Beall, E., Roelle, S., Varnerin, N.,
et al., 2017. Transcranial direct current stimulation targeting primary motor versus
dorsolateral prefrontal cortices: proof-of-concept study investigating functional
connectivity of thalamo-cortical networks specific to sensory-affective information
processing. Brain Connect. 7 (3), 182–196.

Seeley, W.W., Menon, V., Schatzberg, A.F., Keller, J., Glover, G.H., Kenna, H., et al., 2007.
Dissociable intrinsic connectivity networks for salience processing and executive
control. J. Neurosci. 27 (9), 2349–2356.

Seeley, W.W., Merkle, F.T., Gaus, S.E., Craig, A.D.B., Allman, J.M., Hof, P.R., 2012.
Distinctive neurons of the anterior cingulate and frontoinsular Cortex : a historical
perspective. Cerebr. Cortex 22, 245–250.

Sehm, B., Sch€afer, A., Kipping, J., Margulies, D., Conde, V., Taubert, M., et al., 2012.
Dynamic modulation of intrinsic functional connectivity by transcranial direct
current stimulation. J. Neurophysiol. 108, 3253–3263.

Sehm, B., Sch€afer, A., Kipping, J., Margulies, D., Conde, V., Taubert, M., et al., 2012.
Dynamic modulation of intrinsic functional connectivity by transcranial direct
current stimulation. J. Neurophysiol. 108 (12), 3253–3263.

Sehm, B., Kipping, J., Sch€afer, A., Villringer, A., Ragert, P., 2013. A comparison between
uni- and bilateral tDCS effects on functional connectivity of the human motor cortex.
Front. Hum. Neurosci. 7, 183.

Shahid, S., Wen, P., Ahfock, T., 2012. Numerical investigation of white matter anisotropic
conductivity in defining current distribution under tDCS. Comput. Methods Progr.
Biomed. 109 (1), 48–64.
433
Shahid, S., Wen, P., Ahfock, T., 2014. Assessment of electric field distribution in
anisotropic cortical and subcortical regions under the influence of tDCS.
Bioelectromagnetics 35 (1), 41–57.

Sharp, D.J., Bonnelle, V., Boissezon, X De, Beckmann, C.F., James, S.G., Patel, M.C., et al.,
2010. Distinct frontal systems for response inhibition, attentional capture, and error
processing. Proc. Natl. Acad. Sci. Unit. States Am. 107 (13), 6106–6111.

Smith, S.M., 2002. Fast robust automated brain extraction. Hum. BrainMapp. 155, 143–155.
Smith, S.M., Jenkinson, M., Woolrich, M.W., Beckmann, C.F., Behrens, T.E.J., Johansen-

berg, H., et al., 2004. Advances in functional and structural MR image analysis and
implementation as FSL technical report TR04SS2. Neuroimage 23 (S1), 208–219.

Sridharan, D., Levitin, D.J., Menon, V., 2008. A critical role for the right fronto-insular
cortex in switching between central-executive and default-mode networks. Proc. Natl.
Acad. Sci. Unit. States Am. 105 (34), 12569–12574.

Stagg, C.J., Nitsche, M.A., 2013. Physiological basis of transcranial direct current
stimulation. Neuroscience 17 (1), 37–53.

Thielscher, A., Antunes, A., Saturnino, G.B., 2015. Field modeling for transcranial
magnetic stimulation: a useful tool to understand the physiological effects of TMS?
IEEE Trans. Biomed. Eng. 222–225.

Touroutoglou, A., Hollenbeck, M., Dickerson, B.C., Feldman Barrett, L., 2012. Dissociable
large-scale networks anchored in the right anterior insula subserve affective
experience and attention. Neuroimage 60 (4), 1947–1958.

Violante, I.R., Li, L.M., Carmichael, D.W., Lorenz, R., Leech, R., Hampshire, A., et al.,
2017. Externally induced frontoparietal synchronization modulates network
dynamics and enhances working memory performance. Elife 6, 1–22.

von Economo, C., 1926. Eine neue Art Spezialzellen des Lobus cinguli und Lobus insulae.
Zschr ges Neurol. Psychiat. 100, 706–712.

Weissman, D.H., Roberts, K.C., Visscher, K.M., Woldorff, M.G., 2006. The neural bases of
momentary lapses in attention. Nat. Neurosci. 9 (7), 971–978.

Windhoff, M., Opitz, A., Thielscher, A., 2013. Electric field calculations in brain
stimulation based on finite elements: an optimized processing pipeline for the
generation and usage of accurate individual head models. Hum. Brain Mapp. 34 (4),
923–935.

Winston, G.P., 2012. The physical and biological basis of quantitative parameters derived
from diffusion MRI. Quant. Imag. Med. Surg. 2 (4), 254–265.

Zhang, H., Yushkevich, P.A., Alexander, D.C., Gee, J.C., 2006. Deformable registration of
diffusion tensor MR images with explicit orientation optimization. Med. Image Anal.
10 (5), 764–785.

Zhang, H., Yushkevich, P.A., Rueckert, D., Gee, J.C., 2010. The computational aging DTI
template with support for tract-specific analysis. In: International Workshop on
Biomedical Image Registration, pp. 83–90.

http://refhub.elsevier.com/S1053-8119(18)32050-0/sref43
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref43
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref43
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref43
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref44
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref44
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref44
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref45
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref45
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref45
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref45
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref46
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref46
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref46
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref46
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref47
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref47
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref47
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref47
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref48
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref48
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref48
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref48
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref49
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref50
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref50
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref50
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref50
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref51
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref51
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref51
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref51
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref52
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref52
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref52
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref52
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref52
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref53
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref53
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref53
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref53
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref53
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref54
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref54
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref54
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref54
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref55
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref55
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref55
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref55
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref56
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref56
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref56
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref56
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref57
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref57
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref57
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref57
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref58
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref58
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref59
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref59
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref59
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref59
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref60
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref60
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref60
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref60
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref61
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref61
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref61
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref62
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref62
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref62
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref62
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref63
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref63
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref63
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref63
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref64
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref64
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref64
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref64
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref65
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref65
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref65
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref66
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref66
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref66
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref67
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref67
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref67
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref67
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref67
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref68
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref68
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref68
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref69
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref69
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref69
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref69
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref70
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref70
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref70
http://refhub.elsevier.com/S1053-8119(18)32050-0/sref70

	Cognitive enhancement with Salience Network electrical stimulation is influenced by network structural connectivity
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Experimental protocol and Stop Signal Task
	2.3. Analysis of behavioural results
	2.4. fMRI acquisition
	2.5. Delivery of transcranial direct current stimulation
	2.6. Diffusion tensor imaging (DTI) acquisition
	2.7. Modelling of the current density
	2.8. fMRI preprocessing
	2.9. fMRI task analysis: activation analysis
	2.10. Diffusion tensor imaging analysis

	3. Results
	3.1. Salience Network stimulation improves response inhibition
	3.2. Cathodal TDCS produces subcortical activation during response inhibition
	3.3. Current density distribution
	3.4. Control analysis: perception of TDCS

	4. Discussion
	5. Conclusions
	Author contributions
	Declaration of interests
	Acknowledgements
	Appendix A. Supplementary data
	References


