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Stimulating the brain with high frequency electrical noise can supersede the beneficial effects 

observed from transcranial direct current stimulation, either anodal or cathodal (as well as those 

observed from sham stimulation), in perceptual learning, as newly reported by Fertonani, Pirully & 

Miniussi in the Journal of Neuroscience. The authors suggest that transcranial random noise 

stimulation may work by preventing those neurophysiological homeostatic mechanisms that govern 

ion channel conductance from rebalancing the changes induced by prolonged practice on this 

perceptual learning task.

Over several experiments, a total of 99 subjects underwent transcranical random noise stimulation, 

consisting of an AC current of 1.5 mA intensity at random frequencies between 0.1 to 100 Hz (for 

low-frequency stimulation) or 100-640 Hz (for high frequency stimulation). Direct current stimuliation 

was similarly provided at 1.5mA. (In case you wanted to replicate this experiment at home, the 

company that sells the device used in this study has made it clear they’re perfectly fine with selling 

you one for your own personal use ["Unser Service für Sie persönliche Beratung"] – not that I’m 

recommending that!) At any rate, no artifactual visual perceptions were induced by these 

stimulations, and all women were tested during their follicular menstrual phase (at which point their 

cortical excitability is most similar to that of men). Stimulation was provided for approximately 4 

minutes over the occipital lobe (or vertex, for control stimulation conditions) during each block of a 

visual orientation discrimination task. Subjects simply had to say whether a given stimulus was tilted 

clockwise or counterclockwise relative to a preceding reference stimulus.

Over the course of five successive blocks of this task, subjects undergoing high frequency random 

electrical stimulation performed consistently better than subjects undergoing any other kind of 

stimulation, including low frequency random stimulation, cathodal or anodal direct current, control 

stimulation to the vertex, or sham stimulation. The rate of change in performance was also increased

in high frequency random stimulation relative to anodal direct current, which yielded no apparent 

learning effect – even though anodal direct current is typically thought to enhance neural activity 

and is in other domains helpful to performance. The authors even replicated these advantages of 

high frequency random stimulation (just relative to sham stimulation) in a second experiment.
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And in case you think these effects are driven by demand characteristics, note that participants 

failed to correctly guess whether they received actual stimulation or placebo (sham) stimulation – 

indicating these effects are unlikely to be driven by any explicit perception arising from electrical 

stimulation. Moreover, anodal and cathodal direct current stimulation was associated with an 

increased report of itchiness, irritation and burning than the other conditions. In no case did reported 

sensations during stimulation correlate with performance (absolute R values <.1), and random noise 

stimulation was never differentiable from sham stimulation, neither in terms of explicit report nor 

subject ratings of various subjective experiences like itching, burning, irritation, pain, heat, or "iron 

taste".

So, how on earth is this happening? Fertonani et al suggest that repeated random stimulation at a 

high frequency can actually support temporal summation of neural activity, whereas anodal direct 

current will induce a facilitation that is followed by homeostatic re-regulation of the ion channel 

conductances and thus ultimately reduce neuronal excitability. I think the authors are reasonably 

careful to acknowledge that this particular scenario may be highly dependent on a number of factors,

including the exact placement of reference electrodes, the exact stimulation parameters used, as 

well as possibly more interesting things like the cytoarchitectural features of the areas undergoing 

stimulation.

Nonetheless, Fertonani can't resist some speculations about another possible explanation for these 

effects: stochastic resonance. Stochastic resonance refers to the (apparently) paradoxical 

phenomenon by which the signal to noise ratio in a thresholded system can sometimes be enhanced

following the addition of broadband noise, which may provide additional excitation that allows 

nascent signals to reach a criterial threshold for experiencing positive feedback. Originally, stochastic

resonance was proposed as an explanation for the presence of ice ages throughout geological 

history, and has subsequently been (hypothesized to explain some neuropsychiatric phenomena; 

indeed, it has been observed in hippocampus, and a number of sensory regions). Fertonani et al 

carefully suggest that random noise stimulation could have beneficial effects by pushing the 

neuronal population “over the threshold” required for some form of positive feedback (perhaps due to

recurrent activation or perhaps thalamocortical in nature) or by preferentially recruiting additional 

subthreshold neurons to participate in such neuronal population coding.

This of course is not mutually exclusive with the idea that random noise stimulation eliminated 

homeostatic mechanisms for regulating ion channel conductances, but I do tend to prefer the 

stochastic resonance interpretation. It’s unclear to me why anodal direction current stimulation 

should ever benefit performance if these homeostatic mechanisms are so perniciously 

counterbalancing any changes that are being induced, unless such homeostatic mechanisms are 

simply more operative in visual cortex than over other regions.

An alternative explanation, unmentioned by Fertonani et al., is that their transcranial random noise 

stimulation effectively acted as a biological version of the simulated annealing process sometimes 
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used to improve learning in artificial neural networks. In simulated annealing, the injection of random 

noise during learning can bump the system out of local minima in the energy landscape and promote

better long-term performance. Although orientation discrimination is presumably a well-learned skill 

in the adults used in this experiment, there may be task-specific associative learning that is occurring

over the course of the experiment, and such learning could conceivably be enhanced through this 

kind of annealing process.

At the same time, there are new reports that random noise stimulation is not effective in improving 

performance in tasks relying crucially on more anterior cortical regions – including everyone’s 

favorite area, the DLPFC, in everyone’s favorite task, the n-back. It is difficult to integrate these 

failures with a weight-based interpretation of short-term synaptic facilitation demonstrated by Itskov 

et al to be important for stabilizing attractor states in the prefrontal cortex. Indeed, random noise 

stimulation may decrease motor-related BOLD responses even as it increases corticospinal 

excitability. These confusing and sometimes conflicting results pose a significant challenge to any 

explanation of random noise stimulation invoking stochastically resonant, or annealing-sensitive, 

neurobiological mechanisms.
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Introduction

Tinnitus is an auditory phantom phenomenon of a sound perception in the absence of an 
objective physical sound source (1). Tinnitus affects 5–15% of the western population and 
between 6 and 25% of the affected people report symptoms that are severely debilitating (2). 
Between 2 and 4% of the whole population suffers in the worst degree, leading to a 
noticeable decrease in the quality of life (3). Psychological complications such as lifestyle 
detriment, emotional difficulties, sleep deprivation, work hindrance, interference with social 
interaction, and decreased overall health have been attributed to tinnitus (4).

Analogous to phantom pain, tinnitus is also considered an auditory phantom percept related 
to plastic changes in the auditory cortex (5, 6), resulting from a filling-in mechanism 
associated with auditory deafferentation (7). Neuroimaging and electrophysiological studies 
indicate that excessive spontaneous activity in the central auditory nervous system and 
changes in the tonotopic map of the auditory cortex are associated with the presence of 
tinnitus (5, 8–11). These data are in accordance with the thalamo-cortical dysrhythmia model
that proposes that tinnitus is caused by an abnormal, spontaneous, and constantly coupled 
persisting theta/gamma band activity generated as a consequence of hyperpolarization of 
specific thalamic nuclei, in casu the medial geniculate body. In normal circumstances 
auditory stimuli increase thalamo-cortical rhythms to gamma band activity (12). In the 
deafferented state however, oscillatory activity decreases from alpha activity to theta band 
activity (13). As a result lateral inhibition is reduced inducing a surrounding gamma band 
activity known as the “edge effect” (14, 15). Indeed, a strong inverse relationship between 
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alpha and gamma power in tinnitus patients has been shown (16) and the perceived tinnitus 
loudness is correlated to increased gamma band activity in the auditory cortex (17). 
Furthermore, in a tinnitus patient with an implanted electrode overlaying the auditory cortex 
increased gamma (>30 Hz) and theta peaks (4–7 Hz) were measured, and the theta and 
gamma activity was coupled (18). Interestingly this mechanism is similar to neuropathic 
pain, including phantom limb pain, in which a neural lesion leads to increased thalamo-
cortical activity as supported by studies in neuropathic pain showing decreased intracortical 
inhibition (19, 20).

Given the mechanism of central maladaptive plasticity associated with sensory 
deafferentation, it has been proposed that interfering with this pathological thalamo-cortical 
activity is possible, both with invasive (18, 21, 22) and non-invasive neuromodulation 
(23, 24). Non-invasive neuromodulation techniques such as transcranial magnetic stimulation
(TMS) (23, 25–31) and transcranial direct current stimulation (tDCS) (27, 31–33) have 
emerged as interesting and promising techniques for modulating tinnitus related activity (23).
Recently, transcranial alternating current stimulation (tACS) and transcranial random noise 
stimulation (tRNS) have been developed as novel neuromodulatory devices. These three 
techniques can be considered as different forms of transcranial electrical stimulation (tES), 
each with a different working mechanism.

Depending on the polarity of the stimulation, tDCS can increase or decrease cortical 
excitability in the brain regions to which it is applied (34). Currently, tDCS is usually applied
through two surface electrodes, one serving as the anode and the other as the cathode, with 
the current flowing constantly from the anode to the cathode (35). Some of the applied 
current is shunted through scalp tissue and only a part of the applied current passes through 
the brain (36). Anodal tDCS typically exerts an excitatory effect on the local cerebral cortex 
by depolarizing neurons, while under the cathode hyperpolarization is induced; though the 
final effects of anodal and cathodal tDCS also depends on other parameters such as baseline 
cortical activity (37). These effects of tDCS typically outlast the stimulation by an hour or 
longer after a single treatment session of sufficiently long stimulation duration (38).

Another technique that has also been given more recent attention is tACS which also is 
potentially capable of interacting with rhythmic neuronal activity and has perceptual and 
behavioral consequences (39). This method relies on application of alternating currents 
through an electrode and is no longer sensitive to the direction of current flow. Electrical 
currents are applied constantly at low intensities over a period of time and allow 
manipulation of intrinsic cortical oscillations with externally applied electrical frequencies. 
As such, tACS is better suited to modulate functions that are closely related to brain 
oscillations at specific frequencies (40). For example, tACS strengthens the individual alpha 
frequency (IAF) of the stimulated area (40). Also, recent computer modeling data has shown 
that pulsed AC stimulation induces significant electrical fields in subcortical areas (41); thus 
potential differences between techniques of electrical stimulation may be due to differences 
in the induced electrical current fields.

Another method that has also been tested more is tRNS. This method includes a normally 
distributed random level of current generated with a frequency spectrum between 0.1 and 
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640 Hz at a sampling rate of 1280 samples per second with no overall DC offset. The 
frequency spectrum looks similar to the “white noise” characteristic. Research showed that 
tRNS has a consistent excitability increase lasting at least 60 min, both on physiological and 
behavioral measures (42). Long-term potentiation has been postulated as a likely mechanism 
underlying these effects (43). It was furthermore suggested that the mechanism of action of 
tRNS was based on repeated subthreshold stimulations, which may prevent homeostasis of 
the system and potentiate task-related neural activity (44).

Many groups have studied and reviewed the neurophysiological and clinical effects of tES 
with direct current in tinnitus (27, 31–33, 45–49). Less effort has been dedicated to the study 
of stimulation with alternating current stimulation or random noise stimulation. So far, no 
studies have examined the clinical effect of tACS and tRNS in tinnitus. As tACS can 
strengthen the IAF (40) and also has shown to increase intracortical inhibition (50), this 
could theoretically counteract the decreased alpha power that is associated with an increase 
of theta and gamma power (16, 18) in the auditory cortex according to the thalamo-cortical 
dysrhythmia model (51). By modulating the alpha frequency it should be possible to 
modulate the tinnitus percept. Applying tRNS might induce an improvement by potentially 
disrupting tinnitus related synchrony in the auditory cortex, analogous to what has been 
proposed by acoustic coordinated reset stimulation (52). In the present study we aim to test 
the efficacy of tACS as compared to other two different tES techniques on tinnitus – one that 
has shown significant effects (tDCS) and the other that also uses pulsed AC current but with 
different parameters of frequency arrangement in a head-to-head trial. We therefore 
compared the effects of tDCS, tACS, or tRNS applied bilaterally on the auditory cortex.
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Materials and Methods

Participants

One hundred and eleven tinnitus patients (N = 111; 77 females and 34 males) with a mean 
age of 49.46 (SD = 14.37 years) were selected from the multidisciplinary Tinnitus Research 
Initiative (TRI) Clinic of the University Hospital of Antwerp, Belgium. Patients had a mean 
tinnitus duration of 4.18 years (SD = 4.05 years). Table Table1  1 gives an overview of the 
demographics and tinnitus characteristics. Individuals with pulsatile tinnitus, Ménière 
disease, otosclerosis, chronic headache, neurological disorders such as brain tumors, and 
individuals being treated for mental disorders (i.e., neuropsychiatric diseases) were not 
included in the study in order to obtain a homogeneous sample. All patients had tinnitus for 
more than 1 year and have a tinnitus that is constantly present. No psychoactive 
neuropharmaca were added or removed during the trial period in the tDCS, tACS, and tRNS 
groups.
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Table 1

Patients’ demographics and tinnitus characteristics.

Participants were requested to refrain from alcohol consumption 24 h prior to recording and 
from caffeinated beverages on the day of recording.

This study was approved by the local ethical committee (Antwerp University Hospital) and 
was in accordance with the declaration of Helsinki. Patients signed a written informed 
consent before the procedure.

Transcranial electrical stimulation

For the three conditions of stimulation (tDCS, tACS, and tRNS), we used similar electrode 
size (35 cm2), parameters of stimulation (1.5 mA and 20 min) and location of stimulation (one
electrode in T3 and one electrode in T4). For most of subjects, 1.5 mA is under the sensory 
perception threshold; thus there were no clear differences in perception between these 
techniques. Subjects were informed that we were comparing three active conditions of tES.

Transcranial direct current stimulation

Direct current was transmitted by a saline-soaked pair of surface sponge (35 cm2) and 
delivered by specially developed, battery-driven, constant current stimulator with a 
maximum output of 10 mA (NeuroConn;http://www.neuroconn.de/). For 16 patients 
receiving tDCS, the cathode was placed over the left auditory cortex and the anode was 
placed on the right auditory cortex as determined by the International 10/20 
Electroencephalogram System, corresponding to T3 and T4 respectively. For 20 patients the 
cathode was placed over T4 and the anode over T3. The DC current was initially increased in
a ramp-like fashion over several seconds (10 s) until reaching 1.5 mA and stimulation was 
maintained for a total of 20 min.

Transcranial alternating current stimulation

To determine the frequency of stimulation, the IAF peak was identified according to 
literature guidelines (53). This IAF peak was defined as the frequency within the range of 6–
13 Hz range of the EEG spectrum showing maximum power for the electrodes T3 and T4.
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EEGs (Mitsar, Nova Tech EEG, Inc., Mesa) were obtained 1 week before the tACS 
stimulation in a fully lighted room with each participant sitting upright in a comfortable 
chair. The EEG was sampled with 19 electrodes (Fp1, Fp2, F7, F3, Fz, F4, F8, T7, C3, Cz, 
C4, T8, P7, P3, Pz, P4, P8, O1, O2) in the standard 10–20 International placements 
referenced to linked lobes and impedances were checked to remain below 5 kΩ. Data were 
collected for 100, 2-s epochs eyes closed, sampling rate = 1024 Hz, and band passed 0.15–
200 Hz. Data were resampled to 128 Hz, band-pass filtered (fast Fourier transform filter) to 
2–44 Hz. These data were transposed into Eureka! Software (Congedo, 2002),1 plotted and 
carefully inspected manually for artifact. All episodic artifacts including eye blinks, eye 
movements, teeth clenching, body movement, or ECG artifacts were removed from the 
stream of the EEG.

Alternating current was transmitted by a saline-soaked pair of surface sponge (35 cm2) and 
delivered by specially developed, battery-driven, constant current stimulator with a 
maximum output of 10 mA (NeuroConn;http://www.neuroconn.de/). For each patient 
receiving tACS, one electrode was placed on the T3 and one was placed on T4 as determined
by the International 10/20 Electroencephalogram System. The frequency of the tACS was set
to the IAF. In both real tACS and sham, the AC current was initially increased in a ramp-like 
fashion over several seconds (10 s) until reaching 1.5 mA. In tACS, stimulation was 
maintained for a total of 20 min.

Transcranial random noise stimulation

The tRNS consisted of an alternating current of 1.5 mA intensity with a 0-mA offset applied 
at random frequencies. The frequencies ranged from 0.1 to 100 Hz. Similar to tDCS or tACS 
the current was transmitted by a saline-soaked pair of surface sponge (35 cm2) and delivered 
by specially developed, battery-driven, constant current stimulator with a maximum output 
of 10 mA (NeuroConn; http://www.neuroconn.de/). For each patient receiving tRNS, one 
electrode was placed on the T3 and one was placed on T4 as determined by the International 
10/20 Electroencephalogram System. The AC current was initially increased in a ramp-like 
fashion over several seconds (10 s) until reaching 1.5 mA. In tRNS, stimulation was 
maintained for a total of 20 min.

Evaluation

Patients were randomly assigned to the tDCS, tACS, or tRNS treatment. Thirty-six patients 
underwent tDCS (20 anode left auditory cortex and 16 anode right auditory cortex), 37 tACS 
and 38 patients received tRNS. A numeric rating scale (NRS) for tinnitus intensity (“How 
loud is your tinnitus? 0 = no tinnitus and 10 = as loud as imaginable”) and tinnitus distress 
(“How annoying is your tinnitus? 0 = not annoying 10 = suicidal annoying”) was asked 
before (pre) and directly after (post) stimulation.
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Statistical analysis

Calculations were performed using SPSS software package

A repeated measure ANOVA was conducted with evaluation pre-NRS versus post-NRS as 
the within-subjects variable and type of stimulation (tDCS, tACS, and tRNS) as the between-
subjects variables for both distress and loudness in one model. We used simple contrast 
analyses as this method allows us to test the statistical significance of predicted specific 
differences in particular parts of our complex design.

To confirm our data we applied a multivariate ANOVA with the subtraction between pre- and
post-stimulation for respectively tinnitus loudness and tinnitus distress as dependent 
variables and the type of stimulation as independent variable.

Go to:

Results

A univariate analysis revealed that, for the pre-stimulation time point, there was no 
significant difference between the three stimulation types on both the tinnitus loudness 
(F(2,108) = 0.72, p = 0.49) and tinnitus distress (F(2,108) = 1.72, p = 0.18).

Difference between anodal and cathodal stimulation

To verify whether there was a difference between the two tDCS stimulation types (anode 
left/cathode right versus anode right/cathode left) we conducted a repeated measures 
ANOVA pre-RNS (NRS) versus post-RNS as the within-subjects variable and as the 
between-subjects variable for both distress and loudness in one model. This analysis 
demonstrated that there was no significant effect between both condition (F(2,33) = 0.43, p =
0.661) on both tinnitus loudness (F(1,34) = 0.04, p = 0.85) and tinnitus distress (F(1,34) =
0.15, p = 0.70). Hence we bring both groups together into one larger tDCS group.

Differences between tDCS, tACS, and tRNS

A repeated measure ANOVA was conducted with evaluation pre-NRS versus post-NRS as 
the within-subjects variable and type of stimulation (tDCS, tACS, and tRNS) as the between-
subjects variables for both distress and loudness in one model. A main significant effect was 
obtained between pre-stimulation and post-stimulation measurements (F(2,107) = 9.19, p =
0.0002) on the both tinnitus loudness (F(2,108) = 16.05, p = 0.0001) and tinnitus distress (F =
9.62, p = 0.002). That is, a significant decrease was obtained after stimulation on the tinnitus 
loudness (M = 6.39, SD = 1.83) in comparison with the tinnitus loudness before stimulation 
(M = 6.81, SD = 1.68). A similar effect was obtained for the tinnitus distress indicating a 
decrease the after stimulation (M = 6.31, SD = 1.95) in comparison to before stimulation (M =
6.61, SD = 1.77). However a closer look to the data indicates that this effect was moderated 
by the type of stimulation. That is, a significant interaction effect was demonstrated between 
the measurements and the type of stimulation (F(4,216) = 2.70, p = 0.03). A univariate 
analysis revealed that this interaction effect was for the tinnitus loudness (F(2,108) = 5.11, p
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= 0.008) as well as the tinnitus distress (F(2,108) = 4.18, p = 0.018). A simple contrast 
revealed that only for the tRNS condition tinnitus patients had a significant decrease on 
loudness (F(1,108) = 24.69, p = 0.000003) and distress (F(1,108) = 17.52, p = 0.00006) 
comparing post-stimulation to pre-stimulation (see Figure Figure1).  1). No significant 
differences were obtained between the pre- and post-stimulation measurements for the tDCS 
condition [loudness: F(1,108) = 0.75, p = 0.39; distress:F(1,108) = 0.55, p = 0.46] and tACS 
condition [loudness: F(1,108) = 1.35, p = 0.25; distress: F(1,108) = 0.24, p = 0.63] on both 
tinnitus loudness and tinnitus distress. In addition no significant main effect was obtained for
the between-subjects variable on the stimulation type (F(2,216 = 1.88, p = 0.14) for the 
tinnitus loudness (F(2,108) = 0.02, p = 0.98) and the tinnitus distress (F(2,108) = 1.49, p =
0.23) independent of pre- and post-stimulation. A overview can be found in Figure Figure1  1.

Figure 1

Pre- and post-stimulation numeric rating scales for tinnitus loudness (A) and tinnitus 
distress (B) for bilateral auditory cortex tDCS, tACS, and tRNS. Only tRNS exerts a 
suppressive effect both tinnitus loudness and tinnitus distress. (***p < 0.001). ...

An extra analysis on the difference scores between pre and post-stimulation for the three 
stimulation techniques using a multivariate ANOVA revealed a significance for the different 
stimulation techniques (F(2,216) = 2.70, p = 0.03). An univariate analysis revealed that this 
result was observed for both the loudness (F(2,108) = 5.11, p = 0.008) as well as the distress 
(F(2,108) = 4.18, p = 0.02) (see Figure Figure2).  2). After Bonferroni correction for multiple 
comparisons it was revealed that there was a significant difference for tRNS in comparison to
tDCS and tACS on both loudness and distress (p < 0.05). No significant differences were 
demonstrated between tDCS and tACS on both loudness and distress.

Figure 2

Amount of tinnitus suppression (pre – post-stimulation) for tinnitus loudness and tinnitus 
distress by bilateral auditory cortex tDCS, tACS, and tRNS. tRNS significantly improves both 
tinnitus loudness and tinnitus distress in comparison to tDCS ...
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Discussion

In the present study we tested the efficacy of different tES techniques, namely tDCS, tACS, 
and tRNS applied over the auditory cortex in tinnitus patients. Both loudness and distress can
be modulated in tinnitus patients, but only for the tRNS condition. For tDCS and tACS no 
significant differences were obtained, indicating that tRNS is a more effective single session 
method for the transient suppression of tinnitus.

The clinical differences obtained suggest that tRNS might have a different mechanism of 
action in comparison to tDCS and tACS.

Previous tRNS research on healthy subjects applied to the visual areas of the brain indicated 
an improvement on behavioral performance in comparison to tDCS (44). These results were 
interpreted as a potentiation of the activity of the neural populations involved in the specific 
cognitive task by facilitating brain plasticity by strengthening synaptic transmission between 
neurons via a stochastic resonance-like phenomenon (44). Based on the idea that tRNS 
strengthens synaptic transmission, an increase in synchronization could be expected, which 
might lead to increase in the tinnitus loudness. However, the results of this study 
demonstrated a suppressive effect on both tinnitus loudness and distress using tRNS. One 
possible explanation for this seeming contradiction might be related to a brain state 
dependent effect, i.e., the depending on the ongoing resting state activity, analogous to what 
has been demonstrated for tDCS. In tDCS it has been shown that different to opposite effects 
can be obtained in healthy subjects in comparison to patients with a mood disorders (54, 55). 
That is, in healthy subjects tDCS had no effect on different mood scales, while in depressive 
patients it exerted an improvement (54, 55).

It is known that for healthy subjects the resting state electrical brain activity is more like a 
noise like signal in the auditory cortex (56–58), while for tinnitus patients it has been 
proposed that hyper-synchronization is present within the auditory cortex (8–11, 17, 52, 59). 
Hence, a possibility is that adding noise to the ongoing hyper-synchronization might disrupt 
this synchronization, while adding random noise to spontaneous noisy activity in healthy 
subjects might result in an opposite or no effect. This effect may be similar to effects of TMS
and tDCS over the motor cortex for neuropathic pain; but interestingly here the effects of 
tRNS were larger than tDCS and tACS and in fact the only technique that induced significant
effects.

Our results showed that bilateral auditory tDCS results in a small and non-significant change 
in tinnitus symptoms. Given that single-sided anodal stimulation of auditory cortex with 
cathodal stimulation of the contralateral supra-orbital area yields a significant tinnitus 
suppressive effect (27, 45), three potential reasons may explain the different results. First, the
results of the current study may indicate that bilateral direct current stimulation of the 
auditory cortex may not be the optimal electrode montage for tinnitus modulation. Recent 
research has showed a differential effect on neural activity can be seen depending on the 
placement of the electrodes in tinnitus patients (60) and also on chronic pain (61). Second, 
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the small sample size may not have yielded enough power to detect significant differences 
especially considering that the tDCS group was divided in half according to the 
hemisphere/polarity of stimulation. Third, differences in patients’ characteristics may also 
have resulted smaller effect sizes induced by tDCS in our study. It has been shown for 
chronic pain that longer and more severe diseases are associated with smaller tDCS effects 
(62).

Furthermore, no effect was obtained by bilateral auditory cortex tACS stimulating at the IAF.
As tinnitus is associated with a decrease of alpha activity in the auditory cortex it can be 
expected that strengthening the IAF might reduce the tinnitus percept (16, 51). Several 
reasons can be proposed for the negative results obtained with tACS in this study. One 
possibility is that the strength of the current was too weak to induce an effect, as previous 
studies have used amplitudes up to 3 mA in tACS (39, 40). This can be tested by future 
research.

A weakness of this study is that no placebo-arm was included. However the obtained results 
are straightforward as the effect obtained by tRNS was clearly stronger than the effects after 
real tDCS and tACS even though patients do not feel a difference in sensation using the 
differ methods. Nevertheless, further research could benefit from using a placebo-arm as it 
may show that the small effects induced by tDCS and tACS may be different than placebo.

In conclusion, our findings show clear superiority effects of tRNS as compared to tACS or 
tDCS in suppressing tinnitus transiently when applying the electrodes over the auditory 
cortex bilaterally. The results of this study are important as it compares for the first time in 
head-to-head trial three different techniques of tES using weak currents.
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Electric shocks to the brain may help humans
solve math problems faster

By Ian Sample, The Guardian

Thursday, May 16, 2013 14:45 EDT

Topics: Brain stimulation ♦ Cohen Kadosh

 Psychologists find students do puzzles 27% faster after non-invasive procedure than those who had

no treatment

People who struggle with maths problems might fare better after a course of gentle electric shocks to 

the brain, scientists have claimed.

Psychologists at Oxford University found that students scored higher on mental arithmetic tasks 

after a five-day course of brain stimulation.

If future studies prove that it works – and is safe – the cheap and non-invasive procedure might be 

used routinely to boost the cognitive power of those who fall behind in maths, the scientists said. 

Researchers led by Roi Cohen Kadosh zapped students’ brains with a technique called transcranial 

random noise stimulation (TRNS) while they performed simple calculations, or tried to remember 

mathematical facts by rote learning.

http://www.rawstory.com/rs/tag/cohen-kadosh/
http://www.rawstory.com/rs/tag/brain-stimulation/


In the study published in Current Biology, 25 students had electrical pulses fired across their 

brains, while 26 others had a sham treatment, in which they thought they had brain stimulation, but 

the equipment was turned off.

In tests afterwards, the students who had their brains stimulated solved maths puzzles 27% faster 

than the control group, suggesting that their brains were working more efficiently.

“Our aim is to help those with poor numeracy, which is approximately 20% of the population,” 

Cohen Kadosh told the Guardian. “But we need to extend the results to the general population, and 

use more ecological settings, such as classrooms. There is of course more work to be done, but it is a 

promising direction.”

Cohen Kadosh said the improvement lasted for six months after the course of stimulation, but other 

scientists were dubious about the claim. The result was based on six students who received 

stimulation, and six controls, who returned to the lab six months later.

“The work is technically impressive and an elegant illustration of how brain stimulation can have 

immediate benefits for learning that are linked to changes in brain physiology,” said Chris Chambers,

a psychologist at Cardiff University.

“At the same time, I’m sceptical about the conclusion that TRNS boosted maths ability even six 

months after it was applied. The claim is based on a very small sample and a one-tailed statistical 

analysis that would have been non-significant using a standard test.

“My worry is that the six-month effect, as intriguing as it appears, could be a false discovery. I would 

love to see this effect replicated in a sample that is larger and well-powered, because if true it could 

have important implications for basic neuroscience and the treatment of various clinical conditions. 

But until such data appears, the six-month claim remains weak in my view.”

Jon Simons, a neuroscientist at Cambridge University, had similar concerns, adding that only six 

students who had TRNS were assessed six months later. “The findings here seem weaker to me,” he 

said.

Amanda Ellison, who studies brain stimulation for rehabilitating patients at Durham University, said

the procedure still looked promising.

“The next issue will be understanding the mechanism of this effect so that the technique can be 

applied to more functions. However, the impact for neuro-rehabilitation for example is hopeful,” she 

said.

http://dx.doi.org/10.1016/j.cub.2013.04.045
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