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Abstract 

Objective: We aimed to investigate whether the number of sessions delivered within 

one day influences the acute and long-term effects of transcranial random noise 

stimulation (tRNS) applied over the dorsolateral prefrontal cortex (DLPFC) on 

inhibitory control.  

Methods: Thirty-six healthy participants were randomly assigned to receive either (i) 

3 active (3A), (ii) 1 active and 2 sham (1A2S) or (iii) 3 sham (3S) tRNS sessions. The 

3 tRNS were delivered consecutively in the same half-day separated by 30 min with 

the anode over the right and the cathode over the left DLPFC. The effects of tRNS on 

inhibitory control were assessed 5 times using a Go/No Go task: at baseline (T0), after 

one tRNS session (T1), after the 3 sessions (T3), 1 (D1) and 8 (D8) days after. 

Results: As compared to sham, active tRNS did not acutely modulate accuracy in the 

Go/No Go task but decreased reaction times at Go trials. At D1, participants who 

received at least one active tRNS sessions (3A and 1A2S groups) were faster than 

those who received 3 sessions of sham. At D8, only the participants who received 3 

active tRNS sessions were faster to successfully respond to Go trials as compared to 

sham.  

Discussion: Three active tRNS sessions induced longer effects on reaction times than 

a single session of active tRNS, compared to sham. These findings suggested that 

delivering repeated tRNS sessions on the same day induces more sustained effects 

than delivering a single session. 

 

Keywords: dorsolateral prefrontal cortex; Go/No Go task; impulsive behavior; 

inhibitory control; noninvasive brain stimulation; transcranial random noise 

stimulation 
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Introduction  

Inhibitory control, a key component of impulsivity, is the capacity to inhibit 

inappropriate responses or actions by suppressing irrelevant information [1]. This 

process plays a major role in everyday activities and is known to be affected in 

several psychiatric conditions, such as obsessive compulsive disorder, schizophrenia, 

attention-deficit hyperactivity disorder as well as suicidal behaviors [1,4].  

Numerous neuroimaging studies have investigated brain correlates of inhibitory 

control. A consistent finding is that inhibitory control involved a mainly right 

lateralized network, including the inferior frontal gyrus, the anterior cingulate and the 

dorsolateral prefrontal cortex (DLPFC) as well as parietal and subcortical areas [e.g., 

8,13,17,20]. The involvement of the DLPFC in inhibitory control is also supported by 

studies showing that transcranial direct current stimulation (tDCS) applied over the 

right and/or the left DLPFC can transitorily modulate inhibitory control in healthy 

volunteers [5]. tDCS is a noninvasive technique known to modulate brain activity and 

connectivity in-vivo by applying a weak electrical current between two electrodes 

place over the scalp of the subject. Interestingly, tDCS has been used to study 

relationships between brain and functions. Regarding inhibitory control, Beeli et al. 

[3] showed that one session of tDCS applied with the cathode over the right DLPFC 

and the anode over the ipsilateral mastoid can increase the number of false alarms 

during a Go/No-go task as compared to sham and to anodal stimulation. Another 

study reported that tDCS applied with the cathode over the left DLPFC coupled with 

the anode over the right supraorbital region can significantly impair response 

inhibition in a Go/No Go task [19]. Thus, even if the electrode montage differed 

between studies, when taken together these studies highlight the crucial role of the 

DLPFC in inhibitory control and have raised interest in using tDCS over the DLPFC 
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in patients with psychiatric conditions, in order to increase their inhibitory control 

performance. In this way, Boggio et al. [6] reported that tDCS applied with the anode 

over the left DLPFC and the cathode over the right supraorbital area can increase 

accuracy at a Go/No-Go task in patients with major depressive disorder. Soltaninejad 

et al. [21] have showed that tDCS with the cathode over the left DPLFC and the 

anode over the right supraorbital area can increase inhibition accuracy in adolescents 

with ADHD symptoms. 

Thus, tDCS appears promising to modulate inhibitory control. However, little is 

known regarding the optimal stimulation parameters to apply in order to provide a 

therapeutic application with sustained beneficial effects. With that in mind, two 

augmentation strategies have been proposed: increasing the number of tDCS sessions 

and changing the shape of the current. The first strategy (i.e. increasing the number of 

sessions) is based on neurophysiological studies investigating the effects of tDCS 

applied over the motor cortex [15,18]. Namely, Monte-Silva et al. reported that 

delivering repeated sessions of tDCS in the same day increase the duration of the 

effect on motor excitability. Ho et al. [14] showed that applying a single tDCS session 

over consecutive days result in a cumulative effect on motor excitability. 

Interestingly, cumulative effects of tDCS were also observed on behavioral outcomes 

when tDCS was applied over the DLPFC [7]. However, some other studies found no 

additional effects of repeated sessions of tDCS [e.g., 22,25]. The second strategy (i.e. 

changing the shape of current) is based on studies comparing the neurophysiological 

effects of different shape of stimulation. Namely, some studies reported that 

transcranial Random Noise Stimulation (tRNS) can induce more intense effects on 

neural plasticity [16] and on behavioral outcomes than classical DC stimulation [11]. 

tRNS consists of delivering an oscillating current at random amplitude and 
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frequencies and is suggested to increase cortical excitability, especially when using 

high frequencies [23]. Comparing two methods of tRNS, Ho and colleagues reported 

that tRNS with a DC offset is more likely to lead increases in motor cortex 

excitability than tRNS with no DC offset [15]. However, these two augmentation 

strategies (i.e., repeating the number of sessions and applying tRNS) have not been 

tested on inhibitory control. 

Here, we aimed to investigate the acute and long-term effects of three 20-min 

consecutive repeated sessions of tRNS applied over the DLPFC on inhibitory control 

in healthy subjects. The 3 sessions of tRNS were delivered in the same day and 

separated by 30 min. We hypothesized that three sessions of active tRNS would 

induce longer beneficial effects on inhibitory control as compared with a single 

session of active tRNS and with sham tRNS. To measure inhibitory control processes, 

we used a Go/No-Go task, a commonly used paradigm in which subjects are required 

to respond as quickly as possible to frequent go trials and refrain from responding on 

non-frequent no-go trials.  

 

Methods 

Participants 

In a randomized double-blind 3-arm parallel study, 36 healthy participants (with no 

history of neurological or psychiatric condition, no psychotropic medication and no 

contraindication to tRNS) gave their written informed consent before receiving 3 

consecutive tRNS sessions separated by 30 minutes (figure 1A): either (i) 3 sessions 

of active tRNS (3A group), (ii) 1 session of active tRNS followed by 2 sessions of 

sham tRNS (1A2S group) or (iii) 3 sessions of sham tRNS (3S group). Three 

participants were excluded from the analyses (loss of data from 1 participant; 2 
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participants were outliers according to Dixon’s test). The final analyzed sample 

consisted of 33 participants, 12 in the 3A, 10 in the 1A2S and 11 in the 3S group 

(mean age: 24.72 years +/- standard deviation: 4.32; 17 women and 16 men, two left-

handed). The study was approved by the local ethics committee (CPP Sud Est 6, 

AU1222) and registered in ClinicalTrials.gov database (NCT02717260). Impulsivity 

was assessed at baseline using the Barratt Impulsive Scale (BIS-10, Table 1).  

 

Inhibitory control assessment 

Participants performed a standardized verbal Go/No-Go task 5 times: 1) before (T0), 

2) after the first tRNS session (T1), 3) after the third tRNS session (T3), 4) one day 

after (D1) and 5) 8 days after (D8) the three tRNS sessions. The Go/No-Go task was 

implemented in DMDX display software [12] and consisted of 60 trials (40 Go, 20 

No-Go). Trials were presented with a different randomized order in each of the 

sessions to avoid learning effect. Participants were instructed to respond as fast and 

accurately as possible to the Go stimulus (the letter ‘B’) by pressing a button, while 

inhibiting their response to the No-Go stimulus (‘E’). Each trial was presented on a 

17’ computer screen at 60 cm of the head and consisted of a fixation cross for 200 ms 

followed by a white screen for 200ms and a letter stimulus for 1500 ms terminating as 

soon as the participants responded. (figure 1B) 

To reflect accuracy, number of omission errors (incorrectly withholding a response on 

a go trial) and false alarms (incorrectly responding to a No-Go trial) were also 

measured. However, since none of the participants made omission errors, only false 

alarms were analyzed. For each participant, the mean reaction time for correct 

responses at Go trials was calculated. Trials with reaction times that differed from the 



7 

 

individual mean by ± 2 standard deviations were considered outliers and removed (< 

5% of trials).  

 

Transcranial Random Noise Stimulation (tRNS)  

High-frequency oscillatory direct current tRNS (100-500 Hz) set at 2mA intensity 

with a 1 mA offset was delivered for 20 min with a 30-second ramp up/ramp down 

periods between two sponge electrodes (7x5 cm) using the StarStim device 

(NeuroElectrics, Barcelona, Spain). The anode was placed over the right DLPFC (F4 

according to the 10/20 electrode placement EEG-system) and the cathode over the left 

DLPFC (F3). Sham tRNS consisted of the same ramp up/ramp down periods at the 

beginning of stimulation session but no actual stimulation was delivered during the 

rest of the stimulation period. Blinding integrity was assessed at T3 by asking 

participants to guess the nature of the received condition (3A, 1A2S or 3S group).  

 

Statistical analysis  

Statistical analyses were performed using SPSS-22 (Statistical Package for the Social 

Sciences) with a significance level of p < 0.05 (two-tailed). Sociodemographic and 

clinical characteristics were compared between groups using one-factor ANOVAs for 

quantitative data and Fisher’s exact tests for qualitative data. Changes in reaction 

times at Go trials (expressed as a ratio to baseline) were compared using a repeated 

measures ANOVA with group (3A, 3S, 1A2S) as a between-subjects factor and time 

(T0, T1, T3, D1, D8) as a within-subjects factor. In the case of significance, Fisher’s 

Least Significant Difference (LSD) post-hoc tests were performed for between-group 

comparisons (12 comparisons). 
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Results 

Participants 

There was no significant difference between groups regarding gender, age, 

educational level, and BIS-10 scores (see Table 1). 

 

***********************TABLE 1************************** 

 

Effects on accuracy (number of false alarms)  

Number of false alarms was very low at baseline (mean = 0.58 +/- 0.87) and 60% of 

the participants made no false alarms. The ANOVA on the number of false alarms 

revealed no significant main effect of Time (F = 1.59; p = 0.18; η2 = 0.05), Group (F 

= 1.04; p = 0.37; η2 = 0.06) and no significant interaction between Time and Group 

(F = 0.486; p = 0.86; η2 =0.03).  

 

Effects on reaction times  

The ANOVA on changes in reaction times at Go trials revealed a significant main 

effect of Time (F = 10.8; p < 0.001; η2 = 0.26), Group (F = 4.5; p = 0.019; η2 = 0.23) 

and a significant interaction between Time and Group (F = 2.13; p = 0.038; η2 = 0.12, 

figure 1c). Between-group post-hoc tests revealed that the participants from the 3A 

group responded significantly faster at Go trials than those from the 3S group at 

T1 (p = 0.007), D1 (p = 0.003) and D8 (p = 0.035) but not at T3 (p= 0.140).  

The 1A2S group significantly differed from the 3S group at T1 (p = 0.046) and D1 (p 

= 0.028) but not at T3, where only a trend toward significance was observed (p = 

0.053), and not at D8 (p = 0.217). Interestingly, there was no significant difference 
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between 3A and 1A2S at any times of measure (T1, p = 0.488; T3, p = 0.567; D1, p = 

0.465; D8, p = 0.392).  

When corrected for multiple comparisons using Bonferroni correction, only the 3A 

group remained significantly different from the 3S group at T1 (pcorr= 0.021) and D1 

(pcorr= 0.010). 

 

***********************FIGURE 1************************** 

 

Safety and integrity of blinding 

tRNS was well tolerated, none of the subjects reporting adverse effects during the 

follow-up period. All participants described a slight itching sensation under the 

electrodes during the first 30-second of stimulation. Regarding blinding, only 3 

participants correctly guessed their stimulation condition 2 in the 1A2S group and 1 in 

the 3A group. 

 

Discussion 

In the present study, we applied tRNS over the DLPFC to investigate whether random 

oscillatory currents in this region affect inhibitory control processes in healthy 

subjects. Moreover, we investigated whether delivering three repeated sessions of 

active tRNS in the same day separated by 30 min would induce longer effects on 

inhibitory control as compared to a single session of active tRNS, and to sham tRNS. 

We failed to demonstrate any beneficial or deleterious acute or long-term effects of 

tRNS on accuracy at the Go/NoGo task, suggesting no effect of tRNS on inhibitory 

control in healthy subjects. However, we found that tRNS can acutely decreased 
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reaction times at the Go trials as compared to sham suggesting an increased response 

execution after tRNS sessions. While no significant differences were observed 

between 1A2S and 3A groups, only the 3A group differed from the 3S group at 8-day 

follow-up. The absence of significant difference observed at T3 between participants 

who received at least one active session (3A and 1A2S) and 3S were unexpected 

results that could be explained by a lack of power of the study. In line with this, one 

can also hypothesized that a significant difference could also be observed between 3A 

and 1A2S and between 1A2S and 3S at D8 with a larger sample size. Taken together, 

our results suggested that tRNS can acutely and sustainably improve performances in 

the Go/ No Go task by modulating the speed/accuracy trade-off in healthy controls.  

The lack of effect of tRNS on accuracy in the Go/No Go task can be explained by 

several points. First, in our study, healthy subjects made very few false alarms and no 

omissions at baseline, raising the possibility that the Go/ No Go task was too easy 

(easily discriminable Go and NoGo stimuli and simple motor response) and that a 

floor effect contributed to the lack of significant effects of tRNS on Go/No-Go 

accuracy in healthy subjects without a default of inhibitory control. Second, this result 

is in accordance with numerous studies that reported no effect of tDCS on false 

alarms at the Go/No-Go task when targeting the DLPFC in healthy subjects [3,9] and 

with the review and meta-analysis of Dedoncker et al. [10] showing that healthy 

subjects preferentially decrease reaction time than increase accuracy during low level 

cognitive tasks.  

Regarding reaction times, we reported no significant difference between 3A and 1A2S 

throughout the study period and a significant longer lasting effect after 3A as 

compared to 3S, suggesting that repeating tRNS sessions with a 30-minute interval 

enhance the duration but not the magnitude of the effects of tRNS on response 



11 

 

execution. These findings are congruent with Monte-Silva et al.’s study [18] reporting 

that repeated tDCS sessions over the motor region induced prolonged and enhanced 

effects on motor cortex excitability with a short interval between sessions compared 

to a single session. The beneficial long-lasting effects after repeated sessions of 

stimulation were also in line with Bastani et al.’s study [2] showing that repeated 

tDCS sessions have long-lasting effects on corticospinal excitability and motor 

performance at D1 when the sessions are separated by 25-min intervals as compared 

to when they are delivered with shorter intervals.  

This study has several limits that should be acknowledged. The first limit is the small 

sample size of participants that led to undertake a rather underpowered statistical 

multi-comparison analysis given the between-subjects approach. Results of this pilot 

study should thus be taken with caution and further studies with larger sample size are 

needed to confirm present promising observations. A second limit of the study could 

be the level of impulsivity of participants at baseline that might have impact on 

performances at the Go/No Go task and then, in turn on tRNS effects on inhibitory 

control. To control for this bias, we measured impulsive behavior at baseline and 

reported no difference between groups using BIS10 scores. However, more recent 

scale such as the UPPS could help us to measure accurately impulsive behavior [24]. 

A third limit is that our study did not allow us to disentangle tRNS-induced effects on 

several cognitive functions such as planning, delay aversion or risk taking that are 

linked to DLPFC activity [5].  

In summary, repeated tRNS sessions applied over the DLPFCs was not efficient to 

induce effects on inhibitory control in healthy subjects but can induce long lasting 

effects on speed of execution as compared to sham tRNS and a single session active 
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session. Given the implication of inhibitory control in impulsive behaviors, repeated 

sessions of tRNS might show promise in patients with impulsive disorders.  
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Table 1: Sociodemographic and clinical characteristics of the 33 healthy participants 

included in the study. 

Group 3A 1A2S 3S p 

N (W/M) 12 (6/6) 10 (4/6) 11 (6/5) 0.83 a 

Age (years) 23.2 (3.5) 25.7 (4.9) 25.5 (4.5) 0.30 b 

Educational level (years) 15.0 (2.8) 16.3 (2.8) 16.5 (2.7) 0.36 b 

Impulsivity (BIS10 Barratt Scale scores) 65.3 (6.5) 70.9 (6.8) 65.3 (7.6) 0.13 b 

The results are given as the mean (+standard deviation). 3A group: participants 

received 3 active sessions; 1A2S: participants received 1 active and 2 sham sessions; 

3S: participants received 3 sham sessions. a Fisher Exact test; b One Way ANOVA. 
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Figure 1. A) Experimental design of the study. 33 participants were randomly 

assigned to receive either three 20-min sessions of active transcranial random noise 

stimulation (tRNS, 3A, n= 12), 1 active and 2 sham sessions of tRNS (1A2S, n=10) or 

3 sham tRNS sessions (3S, n=11). Sessions were delivered in the same day separated 

by 30 minutes. Accuracy and mean reaction times at the Go/No-Go task were 

assessed 5 times, at baseline (T0), after one and three tRNS sessions (T1, T3), one day 

(D1) and 8 days (D8) after tRNS; B) Example of the stimulus presentation sequence 

during the verbal Go/No-Go task. In this example, the letter ‘B’ is a Go stimulus that 

require a quick key-press response, whereas the letter ‘E’ is a No-Go stimulus that 

require the response to be withheld; C) Effects of transcranial random noise 

stimulation (tRNS) applied over the dorsolateral prefrontal cortex on reaction times in 

the Go trials in healthy subjects. At each time point, changes in mean reaction times 

are expressed as a ratio to baseline (T0) (+/-standard error of the mean). ns: not 

significant; *: significant p<0.05 
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