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Abstract 
Background and Aim: Tinnitus is an auditory 
phantom percept in the absence of any objective 
physical sound source. Although advances have 
been made in its treatment, there is very low 
percent of patients that report an elimination of 
their tinnitus. A novel approach using noninv-
asive neuromodulation has emerged as an inter-
esting and promising modality for tinnitus relief. 
Our aim in this review is to investigate the 
efficacy and the specific parameters of some 
types of noninvasive neuromodulation using 
transcranial electrical stimulation (TES) namely 
transcranial direct current stimulation (tDCS), 
transcranial alternative current stimulation 
(tACS), transcranial random noise stimulation 
(tRNS). Then we will correlate the outcomes 
with the findings of the most newly neurobiol-
ogic and neuroimaging researches. 
Recent Findings: Up to now, the optimal use 
of tDCS was to apply a current of 2 mA for 20 
minute over both auditory cortex or dorsolateral 
prefrontal cortex. The results were somewhat 
good but still need more optimization. While 

there is no effects of tACS; tRNS is shown to 
have the more suppressive effects among the 
three types of TES, so it would be a promising 
therapeutic tool for modulating tinnitus. In addi-
tion, recently many researches on tinnitus have 
shed light on the tinnitus generating network 
and it’s correlation to another functional brain 
networks. This article show how can the neuro-
modulation be optimized by using these new 
concepts. 
Conclusion: Although the different techniques 
introduced revealed promising results, further 
research is needed to better understand how they 
work and how the brain responds to neuro-
modulation. 
Keywords: Tinnitus; neuromodulation; 
transcranial direct current stimulation; 
transcranial random noise stimulation; 
transcranial alternative current stimulation; 
neuroimaging 
 
Introduction 
Tinnitus is an auditory phantom percept with a 
tone, hissing, or buzzing sound in the absence of 
any objective physical sound source [1]. It has 
been generally recognized that tinnitus is clini-
cally heterogeneous, with respect to its etiology, 
its perceptual characteristics and its accom-
panying symptoms. The constant awareness of 
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this phantom sound often causes a considerable 
amount of distress. Between 6% and 25% of the 
affected people report symptoms that are 
severely debilitating [2,3] and 2-4% of the 
whole tinnitus population suffers from the worst 
severity degree, leading to a noticeable decrease 
in the quality of life in this group [4]. 
Tinnitus is classified according to whether the 
perceived noise has its source within the 
patient’s body, known as objective tinnitus, or 
whether it is perceivable only to the patient and 
lacks a specific sound source, namely subjective 
tinnitus. Subjective tinnitus is by far the most 
common form. Tinnitus mechanisms involve 
both peripheral and central auditory systems. 
Damage to the cochlea causes hearing loss and 
often triggers tinnitus, but the central nervous 
system is likely to play a key part in chronic 
tinnitus. There are several theories for the  
way that tinnitus can be generated; one is the 

neuroplastic response to sensory deprivation [5]. 
Whereas other theories containing an increased 
spontaneous firing rate of neurons in the central 
auditory system and the neural synchrony  
[5]. Recently, a proposed model suggests that 
the tinnitus sensation might reach conscious 
awareness only when aberrant neuronal activity 
in the primary sensory cortex is connected to  
a broader cortical network involving frontal, 
parietal, and limbic brain regions forming the 
tinnitus network [6]. 
Neuroimaging and electroencephalograph 
(EEG) studies demonstrate that tinnitus gene-
rator is such like a network involving different 
dynamic overlapping brain networks, each 
representing a specific tinnitus characteristic 
[6], Fig. 1. The "awareness" and "salience" 
brain networks consisting of the inferior parietal 
cortex, the dorsolateral prefrontal cortex 
(DLPFC), the anterior cingulate cortex (ACC), 

Fig. 1. Brain networks involved in phantom perception. With courtesy from PNAS [6]. 
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anterior insula and the posterior cingulate cortex 
(PCC) [7]. The "distress" brain network 
consisting of the ACC, anterior insula and 
amygdala [8], lift and right DLPFC for mood 
and distress networks respectively [9]. In 
addition, memory mechanism can play a role in 
the persistence of the awareness of the phantom 
percept suggesting that the missing information 
triggers the brain to "pull it" from the auditory 
cortical neighborhood or from the parahi-
ppocampal memory and integrates it in a self-
perceptual network [10,11]. 
Available treatments for the management of 
tinnitus are diverse, but all of limited efficacy. 
These include counseling and cognitive beha-
vioral therapies, sound therapy; methods that 
attempt to increase input to the auditory system, 
such as hearing aids and cochlear implants. 
Pharmacological treatment is another choice 
with low benefits and recently neurobiofeed-
back and neuromodulation. The mechanisms of 
neuromodulation is based on the modification of 
neuronal activity intimately involved in the 
neural circuits responsible for tinnitus proce-
ssing and perception. Researchers believed that 
stimulation of the cerebral cortex either inhibits 
or interrupts and interferes with tinnitus signals 
that originate from the auditory central nervous 
system and other areas in the tinnitus network of 
the brain. Brain stimulation techniques can be 
non-invasive, e.g. transcranial magnetic stimu-
lation (TMS) or transcranial direct current 
stimulation (tDCS) or invasive, e.g. epidural or 
deep brain electrical stimulation. 
Here, we will review the principles and mecha-
nisms of noninvasive neuromodulation using 
TES namely: transcranial direct current stimu-
lation (tDCS), transcranial alternative current 
stimulation (tACS), transcranial random (elec-
trical) noise stimulation (tRNS), targeting audi-
tory cortex stimulation and dorsolateral pre-
frontal cortex (DLPFC) stimulation. This article 
will discuss the efficacy of each one of these 
methods; we will correlate the outcomes with 
the many previous researches, which had used 
repetitive transcranial magnetic stimulation 
(rTMS) and tDCS. Furthermore, our aim is to 
focus on the different parameters for each 

technique and then, we will try to correlate the 
findings to the results of the more recent 
neurobiological and neuroimaging researches. 
Transcranial electric stimulation (TES) consist 
of a) transcranial direct current stimulation 
(tDCS); b) transcranial alternative current stim-
ulation (tACS); c) transcranial random (elec-
trical) noise stimulation (tRNS). 
 
a) The transcranial direct current stimulation 
(tDCS) 
The transcranial direct current stimulation is a 
noninvasive method of brain stimulation usually 
applied through two surface electrodes, one 
serving as the anode and the other as the 
cathode Fig. 2. When tDCS is applied in hum-
ans, a relatively weak constant current (between 
0.5 and 2mA) is passed through the cerebral 
cortex via scalp electrodes. The tDCS can incr-
ease or decrease cortical excitability in the brain 
regions to which it is applied depending on the 
polarity of the stimulation [13]. Anodal tDCS 
typically has an excitatory effect on the under-
lying cerebral cortex by depolarizing neurons, 
while the opposite occurs under the cathode  
due to induced hyperpolarization. This effect of 
tDCS typically outlasts the stimulation by an 
hour or longer after a single treatment session of 
sufficiently long stimulation duration [14-15]. 
Some of the applied current is shunted through 
scalp tissue and only a part of it passes through 
the brain. 

 
b) The transcranial alternative current stimulation 
(tACS) 
The transcranial alternative current stimulation 
is potentially capable of interacting with rhyth-
mic neuronal activity and has perceptual and 
behavioral consequences [16]. This method reli-
es on application of alternating currents through 
an electrode and is not sensitive to the direction 
of current flow. Electrical currents are applied 
constantly at low intensities over a period and 
allow manipulation of intrinsic cortical oscilla-
tions with externally applied electrical frequen-
cies. As such, tACS is better suited to modulate 
functions that are closely related to brain oscill-
ations at specific frequencies [17]. For example, 
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tACS trengthens the individual alpha frequency 
(IAF) of the stimulated area [17]. In addition, 
recent computer modeling data has shown that 
pulsed AC stimulation induces significant elec-
trical fields in subcortical areas [18]. 
 
c) The transcranial random (electrical) noise 
stimulation (tRNS) 
This method has also been tested more and 
includes a normally distributed random level of 
current generated with a frequency spectrum 
between 0.1 and 640 Hz at a sampling rate  
of 1280 samples per second with no overall  
DC offset. The frequency spectrum looks simi-
lar to the “white noise” characteristic. Research 
showed that tRNS has a consistent excitability 
increase lasting at least 60 min, both on phy-
siological and behavioral measures [19]. Long-

term potentiation may be a likely mechanism 
underlying these effects [20]. It was furthermore 
suggested that the mechanism of action of tRNS 
was based on repeated subthreshold stimula-
tions, which may prevent homeostasis of the 
system and potentiate task-related neural acti-
vity [21]. 
 
Non-invasive neuromodulation of tinnitus 
In the last two decades several studies have 
focused on the use of tDCS and compared it`s 
effects to repetitive transcranial magnetic stimu-
lation (rTMS) effect. Based on the findings that 
tinnitus patients have an increased neural acti-
vity in the auditory cortex, researchers have 
investigated the suppressive effects of tDCS on 
tinnitus by applying the current on the auditory 
cortex (AC) and left temporoarietal area (LTA). 

Fig. 2. Noninvasive neuromodulation techniques: a. figure eight coil TMS; b. double-cone coil TMS; c. 
bifrontal tDCS; and d. TENS stimulation of the C2 nerve. With courtesy from Dr. Sven Vanneste [12]. 
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Single session tDCS with the anodal electrode 
applied over LTA and the cathodal electrode 
placed contralateral over the supraorbital area; 
resulted in a transient suppression of tinnitus. 
Whereas the single session with the cathodal 
applied over the LTA had no suppressive effects 
[22]. 
Soon after that, with the new insights into the 
neurobiology of tinnitus suggesting the involve-
ment of the non-auditory areas such as dorso-
lateral prefrontal cortex (DLPFC) in the patho-
logy of tinnitus [23], several studies used the 
tDCS applied on the DLPFC in order to modu-
late it`s activity [24-26]. Vanneste et al. study 
on 418 non-pulsatile tinnitus patients showed 
that with a single session of stimulation with the 
anode over the right DLPFC and the cathode 
over the left DLPFC, the tinnitus was supp-
ressed in 29.9% of the participants [24]. Repea-
ted bifrontal tDCS sessions with the cathode 
over left DLPFC reduced the tinnitus loudness 
and discomfort especially in female patients 
[27]. 
In order to optimize the use of tDCS, 
Schekhawat et al. studied the effects of intensity 
and duration of the current on the suppression of 
tinnitus; their results showed that current inten-
sity of 2 mA for 20 minute was the more effect-
ive stimulus parameters for anodal tDCS of 
LTA [28]. Then in a later step, they focused on 
the effect of high definition tDCS using 4x1 
electrodes, four cathodal electrodes and a cen-
tral anodal electrode, over the LTA and the 
DLPF. They replicated their previous results of 
intensity and duration and conducted a new 
technique in applying electrode, yet their results 
did not have any significant power in supressing 
tinnitus compared to traditional tDCS. Moreov-
er, they showed that the stimulation of LTA and 
DLPFC had the same amount of supression in 
tinnitus loudness and annoyance respectively 
[29]. 
More recently two innovative techniques of pul-
sed electrical stimulation namely tACS and 
tRNS have also shown significant neuromodu-
latory effects in the cortex. In one study on 111 
tinnitus patients, Vanneste et al. had conducted 
the first head to head comparison of three 

different types of transcranial stimulation TES 
that is, tDCS, tACS and tRNS over the auditory 
cortex and LTA. Their results demonstrated that 
tRNS has induced the larger amount of transient 
suppression of tinnitus loudness and tinnitus-
related distress as compared to the other two 
type being used. Furthermore, they did not 
obtain any suppression on tinnitus loudness by 
targeting the AC with tACS stimulating at the 
IAF, individual alpha frequency [30]. The use  
of multiple sessions of stimulation of tRNS  
had augmented the suppressive effect on tinni-
tus loudness but had no additional effect on 
tinnitus-related distress. In contrast to tRNS, 
tACS had no suppressive effects neither in one 
session nor in multiple session [31]. Later studi-
es focused on the differential effects of low fre-
quency (lf-tRNS; 0.1-100 Hz) versus high fre-
quency (hf-tRNS; 100-640 Hz) random noise 
stimulation in the modulation of tinnitus. There 
was a significant reduction in tinnitus loudness 
and tinnitus-related distress when low frequency 
tRNS had been used, whereas high frequency 
tRNS had it`s only suppressive effects on tinni-
tus loudness. Concerning the type of tinnitus, 
hftRNS was more effective in pure tone tinnitus 
compared to the narrow band noise type of 
tinnitus [32]. 
 
Discussion 
Neuromodulation of tinnitus with noninvasive 
and invasive electrical stimulation techniques 
have become one of the most common subjects 
in tinnitus research studies. Noninvasive techni-
ques such as TMS, rTMS, tDCS, TENS, neuro-
feedback and more recently tACS and tRNS, 
have been investigated for the treatment of tinn-
itus. Many review articles have discussed the 
effects of magnetic stimulation and compared it 
to tDCS [33-35]. Our aim in this article was to 
focus more on the three types of transcranial 
stimulation and to discuss the different para-
meters for each technique and then, try to relate 
the differential effects and individual differen-
ces in the various studies to the results of the 
more recent neurobiological and neuroimaging 
researches. 
Because tDCS is safe and does not cause pain, 
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there is an increased interest in using it to 
modulate somatosensory, motor, visual func-
tions and more recently tinnitus [36]. tDCS 
modulates cortical excitability in a polarity, 
stimulation intensity and duration dependent 
way; studies reported that anodal stimulation 
increases and the cathodal electrode decreases 
the levels of cortical excitability [37]. About the 
possible underlying mechanism of these neuro-
plastic effects, it was shown that the electrical 
field generated by tDCS is able to increase or 
reduce the membrane potential of neurons in a 
linear way [38] so it can increase or decrease the 
firing rate of the neuron respectively. tDCS also 
can change the neural plasticity by altering 
synaptic transmission through long term poten-
tiation (LTP) and long term depression (LTD), 
modifying intracellular cyclic adenosine mono-
phosphate (cAMP] and calcium levels [36] and 
modulating the neurotransmitter pathways such 
as N-Methyl-D-Aspartate (NMDA) [39]. 
Targeting the auditory cortex has been based on 
the findings of several neurobiologic, neuroima-
ging, animal models and neuromodulation studi-
es of tinnitus over the last three decades that 
have given complementary approaches for iden-
tifying the neural correlates of tinnitus. One of 
these findings is that tinnitus perception corre-
lates to a hyperactivity in the auditory pathway 
especially in the primary auditory cortex [40]. 
In addition, tinnitus is related to increased 
gamma band synchronous activity in the audi-
tory cortex [40]. In a 128- channel EEG study, 
Paul et al observed that attentional modulation 
of tinnitus was affected whether primary or non-
primary auditory cortex was engaged [41]. 
Likewise, neurofeedback studies have focused 
on the auditory cortex and regions in the tem-
poral lobe and have obtained some success in 
reducing tinnitus loudness [42]. Now it is belie-
ved that auditory cortex does not influence 
tinnitus-related distress by itself; rather it conne-
cts to and may influence (or being influenced 
by) both attention and emotion networks and as 
such may modulate tinnitus perception [43]. 
Depending on these findings, several later studi-
es have started to target the DLPFC area and the 
results came to prove the hypothesis. 

In one clinical study, Joos et al. focused on the 
polarity specific effects of a single tDCS session 
over the auditory cortex, their statistical analysis 
revealed that there is a significant main effect 
for tinnitus loudness regardless of polarity, whe-
reas for tinnitus-related annoyance the anodal 
stimulation had the more pronounced effect 
compared to the cathodal stimulation [44]. In 
order to interpret these findings we can suppose 
that the suppressive effect of tDCS on tinnitus 
loudness may be attributed to a disruption of 
ongoing neural hyperactivity, independent from 
the inhibitory or excitatory effects [45]. Wher-
eas the reduction of tinnitus –related annoyance 
is still need the contribution of the adjacent 
functionally connected brain areas involved in 
the tinnitus-related distress networks. For insta-
nce, the amount of annoyance correlates with an 
alpha network consisting of the amygdala, 
anterior cingulate cortex, insula, parahippocam-
pus (PHC) and DLPFC [25]. 
In contrast to LTA-tDCS, DLPFC-tDCS had 
polarity specific effects, that is switching the 
polarity of stimulation was able to suppress 
tinnitus, with some variations as the left anodal 
prefrontal tDCS predominately modulates the 
tinnitus-related depression, while the right ano-
dal prefrontal tDCS improved tinnitus-related 
anxiety [26]. These findings can be correlated to 
the lateralization of the prefrontal cortex. In 
anpther research, data has demonstrated some 
correlation of current density distribution with 
distress and depression scores, revealing a late-
ralization effect of depression versus distress. 
They indicated that distress is mainly correlated 
with alpha 2, beta 1 and beta 2 activities of the 
right frontopolar cortex and orbitofrontal cortex 
in combination with beta 2 activation of the 
anterior cingulate cortex. In contrast, the more 
permanent depressive alterations induced by tin-
nitus were associated with activity of alpha 2 
activities in the left frontopolar and orbitofrontal 
cortex. These specific neural circuits are embe-
dded in a greater neural network, with the para-
hippocampal region functioning as a crucial lin-
kage between both tinnitus related pathways [9]. 
With regard to sex differences, one study show-
ed that female tinnitus patients differ from 
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males in the activity of beta1 and beta 2 band of 
the orbitofrontal cortex (OFC) extending to the 
frontopolar cortex. The OFC, which has an imp-
ortant role in the emotional processing of soun-
ds, had an increased functional alpha connec-
tivity with the insula, subgenual anterior cingu-
late cortex (sgACC), PHC and the auditory cor-
tex in female tinnitus patients [46]. This incr-
eased functional connectivity between auditory 
cortex and the auditory emotion-related areas 
resulted in a more depressive state in females 
even though they had the same tinnitus intensity 
and tinnitus-related distress levels compared to 
the male tinnitus patients [46]. 
High definition tDCS over LTA does not seem 
to be more efficient than traditional tDCS, albeit 
it appears to be safe and more tolerated. It is 
probable that the distance of 3.5 cm between the 
anode and cathode electrodes had made the 
stimulated area more focal and a distance of  
7 cm radius might modulate the tinnitus more 
effectively [29]. These results give power to 
confirm the hypothetic tinnitus model that corr-
elates various cortical and subcortical networks 
with the auditory cortex. 
Two innovative techniques of stimulation nam-
ely tACS and tRNS has been used in nonin-
vasive modulation based on the findings of pre-
vious studies on the motor cortex. The clinical 
outcomes obtained suggest that tRNS might 
have a different mechanism of action in com-
parison to tDCS. Chaieb et al. had demonstrated 
the supposed mechanism underlying tRNS eff-
ect; based on the last studies on tDCS mecha-
nism supposing that it can affect the neuro-
plasticity depending on alterations in neurotran-
smission especially the NMDA-receptors [39], 
they showed that the neuroplasticity induced by 
tRNS is independent of NMDA-receptor but 
may be sodium channel blocker and benzo-
diazepines sensitive [47]. However, the neuro-
plasticity-inducing effects of oscillatory currents 
may affect ongoing cortical rhythmicity as obse-
rved on the behavioural level [21-48]. 
The tRNS is thought to induce increased excit-
ability in the auditory cortex in healthy partici-
pants [49]. In healthy subjects, the resting state 
electrical activity is predominantly a noise-like 

signal in the auditory cortex [50]. Since it is 
proposed that tinnitus patients have a hyper-
synchronization in the auditory cortex [51-54], 
it is possible that adding a noise to the existing 
hyper-synchronization will disrupt it, whereas it 
might have no effect in healthy patients [30]. 
The concept of using tACS for modulating tinn-
itus is based on the previous findings of associ-
ation of tinnitus with a decrease of alpha acti-
vity in the auditory cortex. Hence, tACS may 
reduce the tinnitus perception by strengthening 
the IAF [55]. Though the results showed no 
suppressive effect, it can be proposed that the 
intensity of the current was too weak to induce 
an effect depending on the reports of previous 
studies on motor cortex, which had used curr-
ents of larger intensities [16-17]. Therefore, it 
can be suggested that tACS at the IAF is not 
beneficial method for treating tinnitus when 
applied over neither the AC nor the DPLFC 
[31]; yet further studies are still needed. 
 
Conclusion 
We have had more than two decades of human 
brain imaging studies for tinnitus and several 
studies have shed light on various neural 
networks engaging in tinnitus perception. These 
studies have demonstrated that tinnitus per-
ception is related to functional alterations in 
multiple brain structures including auditory 
cortex, subgenual anterior and posterior cingu-
late cortex, DLPFC, insula, amygdala and para-
hippocampus. These findings are compatible 
with the brain stimulation studies that confirmed 
the suppressive effect of transcranial stimulation 
when applied over the auditory cortex and the 
prefrontal cortex. 
The high inter-individual variability of treat-
ment effects suggest that there might be some 
ambiguity in the pathophysiological models of 
tinnitus. Hence, when these models can be prop-
erly correlated with the neuroimaging and neur-
opathophysiologic research findings, the effi-
cacy of these modulating methods will reach to 
the optimal extent. Up to now, the optimal use 
of tDCS was to apply a current of 2 mA for 20 
minute over the LTA or the DLPFC. While the 
parameters of using tRNS is still need more 
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study, though we can say that the use of lf-tRNS 
over the auditory cortex have the more suppre-
ssive effects on tinnitus. In addition, tRNS has 
been shown to have a more suppressive effect 
among the three types of TES, and having less 
side effects compared to the sham stimulation 
[56], so it would be a promising therapeutic tool 
for modulating tinnitus. 
Yet, further development is needed for many of 
these approaches before they can be considered 
as an established or standard treatment for 
clinical use. In addition, new methodologies to 
analyze brain data might help to further explore 
the brain and help to target new brain areas or 
neural networks. For the next steps, we reco-
mmend the researchers to conduct new studies 
that compare the effects of TES especially tRNS  
and sham stimulations from the point of brain 
mapping before and after, so we can then find 
the right correlation of our methods to what 
have been mentioned about brain activity and 
tinnitus network. 
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