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Aphasia is an acquired language disorder resulting from damage to portions of the
brain which are responsible for language comprehension and formulation. This disorder
can involve different levels of language processing with impairments in both oral and
written comprehension and production. Over the last years, different rehabilitation and
therapeutic interventions have been developed, especially non-invasive brain stimulation
(NIBS) techniques. One of the most used NIBS techniques in aphasia rehabilitation is
the Transcranial Direct-Current Stimulation (tDCS). It has been proven to be effective
in promoting a successful recovery both in the short and the long term after a brain
injury. The main strength of tDCS is its feasibility associated with relatively minor side
effects, if safely and properly administered. TDCS requires two electrodes, an anode
and a cathode, which are generally placed on the scalp. The electrode montage can be
either unipolar or bipolar. The main aim of this review is to give an overview of the state
of the art of tDCS for the treatment of aphasia. The studies described included patients
with different types of language impairments, especially with non-fluent aphasia and in
several cases anomia. The effects of tDCS are variable and depend on several factors,
such as electrode size and montage, duration of the stimulation, current density and
characteristics of the brain tissue underneath the electrodes. Generally, tDCS has led to
promising results in rehabilitating patients with acquired aphasia, especially if combined
with different language and communication therapies. The selection of the appropriate
approach depends on the patients treated and their impaired language function. When
used in combination with treatments such as Speech and Language Therapy, Constraint
Induced Aphasia Therapy or Intensive Action Treatment, tDCS has generally promoted
a better recovery of the impaired functions. In addition to these rehabilitation protocols,
Action Observation Therapy, such as IMITAF, appeared to contribute to the reduction
of post-stroke anomia. The potential of combining such techniques with tDCS would
would therefore be a possibility for further improvement, also providing the clinician with
a new action and intervention tool. The association of a tDCS protocol with a dedicated
rehabilitation training would favor a generalized long-term improvement of the different
components of language.

Keywords: stroke, aphasia, post-stroke aphasia, transcranial direct current stimulation, neurorehabilitation,
language training, tDCS
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INTRODUCTION

Aphasia is an acquired language disorder resulting from damage
to the portions of the brain which are responsible for language
comprehension and formulation. The most common causes
of this disorder include vascular lesions, encephalic traumatic
injury, and brain tumors (Marangolo and Caltagirone, 2014),
with a prevalence of 250,000 cases in the United Kingdom and 1
million in the United States (Crinion, 2016). Aphasia may also be
associated with other degenerative, inflammatory, autoimmune
or parasitic disorders. About 0.7 to 3% of people presenting with
multiple sclerosis also show aphasic symptoms (Naro et al., 2021).

Although damages to specific brain areas and their
connections mainly occur in the left hemisphere, functional
magnetic resonance imaging (fMRI) studies such as the one
carried out by Thompson and den Ouden (2008) showed that in
some cases the dominant language areas can be located in the
right hemisphere.

Aphasia can involve different levels of language processing
with impairments in both oral and written comprehension
and production. Most patients who experience aphasia show
some degree of spontaneous recovery within the first two to
three months, due to a functional neural reactivation and
reorganization. The most important factors that determine
recovery are the lesion size and location, the type and severity
of aphasia, the treatment received and, to some extent, the nature
of early hemodynamic response (Watila and Balarabe, 2015).

From the second half of the twentieth century, different
rehabilitation perspectives and therapeutic interventions
for aphasia rehabilitation have been developed. The most
recommended treatment for this disorder is Speech and
Language Therapy (SLT). However, it is argued that SLT
would lead to moderate effects, even when administered at
high intensity. For this reason, over the last few years, new
strategies have been implemented to enhance the effects of
traditional rehabilitation.

These effects depend on the metaplasticity, which “refers to
activity-dependent changes in neural functions that modulate
subsequent synaptic plasticity such as long-term potentiation
(LTP) and long-term depression (LTD)” (Abraham and
Philpot, 2009). Changes in the pathomechanisms underlying
psychiatric and neurological disorders are possible by acting
on metaplasticity (Cantone et al., 2021). Non-Invasive Brain
Stimulation Techniques (NIBS) can be a beneficial tool to
transiently modulate cortical excitability and lead to lasting
changes after the stimulation time (Fisicaro et al., 2020).
Non-invasive brain stimulation techniques facilitate the
activation of single brain areas, or the inhibition of other ones
whose hyperactivation could have a maladaptive effect on
cognitive recovery (Simonetta-Moreau, 2014). One of the main
neuromodulation tools is Transcranial Magnetic Stimulation
(TMS), which generates magnetic field pulses under the scalp.
A single impulse leads to a short-term effect, while a sequence
of stimulation on the same region of interest can generate
long-term effects. These can either be inhibiting or excitatory,
depending on the stimulation frequency (Fisicaro et al., 2020).
For instance, repetitive TMS (rTMS) can successfully treat both

motor and non-motor symptoms in stroke patients, including
depression, which often affects the rehabilitation process after a
stroke (Fisicaro et al., 2019). Both for safety and cost issues, tDCS
is often preferred over TMS.

The main strength of tDCS is its feasibility associated with
relatively minor side effects, if safely and properly administered.
Another strength is that it shows promise as an effective and
versatile neurostimulation tool. It has the potential to be a
treatment for several conditions characterized by an alteration
of the cerebral cortex activation. Indeed, it has been proven to
have beneficial effects on both neuropsychiatric and neurological
disorders, such as mood disorders, substance abuse, Alzheimer’s
and Parkinson’s disease, multiple sclerosis, as well as post-
stroke motor and cognitive impairment (Lefaucheur et al., 2017).
Additionally, tDCS can be applied in sham mode, making it
easier to carry out a single-blind study (Nitsche et al., 2003).
Therefore, tDCS represents one of the most promising tools
for the treatment of aphasia (Biou et al., 2019). It does not
directly induce an action potential, but it delivers a continuous
current flow at a low intensity (1/2 mA) instead. Transcranial
Direct-Current Stimulation requires two electrodes, an anode
and a cathode, which are generally placed on the scalp.
Depending on the polarity and the consequent positioning of
the electrodes, the experimenter can obtain a depolarizing effect,
thus favoring neuronal firing (anodic tDCS), or a hyperpolarized
effect by decreasing the discharge rate (cathodic tDCS) (Liebetanz
et al., 2002). Because of the electrode size, tDCS allows the
stimulation of large cortical areas, with a consequent reduction
of stimulation focality. The effects of tDCS are variable and
depend on the stimulation duration, the current density, the
characteristics of the neuronal tissue involved and the current
flow direction, which can move from the anode to the cathode
or vice versa (Chase et al., 2020). Non-invasive brain stimulation
is an important resource in neuropsychological rehabilitation,
however, its application is not risk-free, as most non-invasive
current induction tools. The ultimate goal of applying tDCS
in rehabilitation is to re-establish an interhemispheric balance
by promoting functional brain reorganization and facilitating
relearning (Simonetta-Moreau, 2014).

To date, scientific literature offers a comprehensive overview
of the several therapeutic treatments used for the rehabilitation
of aphasia. Unfortunately, these many specific training methods
lead to moderate effects. Therefore, a number of techniques
have been implemented over the years in support of speech
therapy and neuropsychological rehabilitation to promote a faster
and more effective recovery. As tDCS is the most widely used
method in rehabilitation, this review aims at examining those
studies which associate rehabilitation with tDCS, and investigate
its effectiveness (Marangolo, 2017).

SUMMARY OF FINDINGS

Several articles were selected and analyzed for this review.
PubMed, PsycInfo and Cochrane were consulted for the
systematic search of the relevant articles. As for keywords,
different combinations of the terms “aphasia,” “speech
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impairment,” “Broca’s aphasia,” “non-fluent aphasia,” “tDCS,”
“transcranial direct current stimulation,” “non-invasive brain
stimulation,” “cognitive rehabilitation,” “neurorehabilitation,”
“aphasia training,” “cognitive training,” “language recovery” were
used. The whole research process started from an accurate
analysis of the most quoted and detailed reviews available on this
topic. Out of the 37 most relevant reviews and meta-analysis,
only 33 specifically analyzed tDCS studies on aphasic patients
with acquired cerebral lesions (Figure 1). The experimental
studies were subsequently extracted from these reviews. From
a total of 93 studies analyzed, 46 were considered the most
relevant. The main exclusion criterion was the type of aphasia:
only tDCS studies conducted on a sample of aphasic patients at
the chronic phase with an acquired cerebral lesion were included.
Studies on other types of aphasia (e.g., primary progressive
aphasia) or carried out earlier than six months from the damage
were excluded. Moreover, it was decided to include only studies
enrolling a minimum of three subjects, thus removing single-case
studies from the total count of papers. The conclusions drawn
from those studies could have been weak and not significant
enough for the purpose of this study. All experimental studies
using TMS or other brain stimulation techniques other than
tDCS were not included as well. Out of the 79 articles included
in this review, 26 were reviews, 7 meta-analysis and 46 were
experimental studies (Supplementary Table 1).

PATIENTS

The studies here described included patients with different types
of language impairments. Patients presented with both fluent
and non-fluent aphasia, and in several cases anomia (Vines
et al., 2009, 2011; Flöel et al., 2011; Fridriksson et al., 2011,
2018b; Richardson et al., 2015; Basat et al., 2016) or a deficit
in spontaneous speech production (Marangolo et al., 2014a;
Guillouët et al., 2020). Apraxia of speech was also often found
(Marangolo et al., 2011, 2013a; De Aguiar et al., 2015a).

In most research, with symptoms lasting at least six months
after stroke, aphasia was regarded as chronic. Although some
studies also enrolled patients with subacute damage, these were
not included in the final references. It is in fact suggested that
tDCS targeting perilesional areas in the acute or subacute phase
after stroke could lead to limited language improvements (Zeiler,
2019). In the first months after the onset, most patients can
in fact already exhibit a partial spontaneous recovery due to
specific neural mechanisms (Zeiler, 2019). This first spontaneous
recovery often involves some areas of the healthy hemisphere
(Saur et al., 2006; De Aguiar et al., 2015a). This occurrence is
in line with the theory of interhemispheric inhibition (Liepert
et al., 2000; Pascual-Leone et al., 2005), which claims that in the
intact human brain, each hemisphere can inhibit the other one
to keep an interhemispheric balance and to prevent an excessive
interference between the activity of both hemispheres (Pascual-
Leone et al., 2005). In the event of a brain damage, the ability
of the left hemisphere to inhibit the right one is limited, and
this could bring to an increase of the excitability of the healthy
hemisphere, together with an increase of the inhibitory signal

toward the damaged one (Saur et al., 2006). Only at a later stage of
recovery the healthy hemisphere would start sending excitatory
signals toward the damaged areas, allowing the perilesional tissue
to reactivate in a first attempt to restore the impaired functions
(Pascual-Leone et al., 2005). These spontaneous dynamics occur
in the first six months after injury, hence it is advisable the
application of tDCS in chronic aphasic post-stroke patients rather
than in the acute or subacute phase. At a chronic stage, it
would also be easier to understand which neural connections are
preserved and which areas are more active during the execution
of specific cognitive tasks (Lytton et al., 1999). Additionally, the
perilesional activity seems to be stronger and more stable after
six months (Cassidy and Cramer, 2017). For these reasons, tDCS
applied to perilesional areas on subjects with chronic aphasia
would bring to a better recovery (De Aguiar et al., 2015b).

However, there is also some evidence to suggest that patients
who managed to achieve a full language recovery and exclusively
showed an activity in the homologous language areas of the
right hemisphere (Thompson and den Ouden, 2008; Marini
et al., 2016). It is believed that this has a greater chance of
occurring in case of more severe left hemisphere damage leaving
little to no perilesional tissue left (Marini et al., 2016). In these
cases, the inhibitory signal toward the healthy hemisphere would
be missing and the right hemisphere would consequently be
hyperactive (Thompson and den Ouden, 2008). In case of more
severe damages, right anodal tDCS is in fact recommended
rather than cathodal montage. It must also be remembered
that language processing does not exclusively occur in the left
hemisphere. Hence, using fMRI to locate the areas that are
activated during specific tasks is generally suggested before
running tDCS trials (Marshall et al., 2000). In this way, it
would be easier to understand which connections could be
strengthened through tDCS. In chronic aphasia, the neural
connections stabilize after the first period of spontaneous
recovery. Performing a fMRI scan on a subject with chronic
aphasia would therefore guarantee a better picture of what the
spared language areas are. fMRI would allow a tailor-made
electrode montage with the purpose of enhancing the spared
connections specifically for the subject treated (Marshall et al.,
2000). Several studies relied on fMRI to detect the most active
perilesional areas, in order to set up a personalized perilesional
montage (Baker et al., 2010; Rosso et al., 2014; De Aguiar et al.,
2015a; Richardson et al., 2015; Darkow et al., 2017). These studies
showed significant improvements in patients’ conditions.

Although considered safe, tDCS requires a specific list of
exclusion criteria in order to remove high-risk patients from the
trials. Primarily, subjects with a history of epilepsy, psychiatric
or neurological conditions must be excluded. Drug consumption
and the use of medications are not considered safe if combined
with tDCS. Additionally, most tDCS studies also exclude people
with brain tumors from the sample. These generally have a
slow and gradual growth, which could already lead to a brain
reorganization before an eventual brain damage. Thus, the
reorganization of neural networks could follow a different path
compared to that pertaining to patients without brain tumors
(Schlaug et al., 2011). Enrolling patients and reaching a significant
sample size can therefore be a long process. Hence, amongst
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FIGURE 1 | Flowchart of data gathering procedure.

the studies here analyzed, the average sample size is 16/17
participants, with studies going from a minimum of 3 (Fiori et al.,
2011; Marangolo et al., 2011; Vestito et al., 2014) to a maximum
of 74 patients enrolled (Cramer, 2018; Fridriksson et al., 2018a,b).

MECHANISMS UNDERLYING A LEFT
HEMISPHERE DAMAGE

After a left hemisphere injury, two neural processes can occur.
In some cases, the spared tissue surrounding the lesion can
help recover the compromised functions, while in other cases
the homologous areas of the right hemisphere are responsible
for the recovery (Hamilton et al., 2011). To date, numerous
studies suggest that the activation of the healthy hemisphere
most likely occurs in the first months after stroke, and does
not lead to a satisfactory recovery of the impaired functions. It
is also suggested that the healthy hemisphere would intervene
in case of a greater loss of cerebral tissue. Conversely, a
perilesional neural activation would often occur in case of a
localized and less severe injury, and would contribute to a better
recovery (Schlaug et al., 2011; AlHarbi et al., 2017). After a
brain injury, the interhemispheric balance is compromised. In
the healthy brain, all functions work in harmony because of
the constant interhemispheric competition. This phenomenon
refers to the continuous inhibitory control between the two
hemispheres, mediated by transcallosal connections: an increase
in the activity of one of the hemispheres is therefore associated
to a stronger inhibition toward the homologous areas of the
opposite hemisphere (Bütefisch et al., 2008). The main goal of
the interhemispheric competition process is to avoid excessive
neural noise, which could disrupt the execution of cognitive tasks.
Thus, in case of an injury in the left hemisphere, this part of the

brain would decrease its activity and reduce its inhibitory signal
toward the right one. However, the healthy hemisphere could still
inhibit the impaired one, leading to its further hypoactivation and
to a stronger imbalance (Murase et al., 2004). The main goal of
most tDCS studies on aphasia is to prevent this imbalance, by
potentiating the healthy neural connections and safeguarding the
patients from a further decline of their impaired domains.

The role of the right hemisphere in language recovery is still
unclear and debated, and for years it had been considered as
dysfunctional. However, several studies underlined the potential
benefits of its activation after an injury of the left hemisphere
(Cheng et al., 2021). Starting from the nineteenth century,
Barlow (1877) first described the case of a ten-year-old child
who managed to recover his linguistic functions after a stroke;
however, he lost them again after a second injury located in
the right hemisphere. Further studies also showed that several
subjects who underwent a left hemispherectomy were then able
to restore their linguistic abilities, despite the removal of the left
hemisphere, dominant for the processing of language functions
(Vargha-Khadem et al., 1997). This would demonstrate the great
vicarious power of the brain and its ability to restore its functions
even after a significant loss of tissue.

Further evidence about the involvement of the right
hemisphere after a left stroke is provided by studies that
combined fMRI with language tasks. For instance, while
undergoing a fMRI scan, a group of patients who suffered from
a stroke in their left hemisphere showed both an activation
of their left frontotemporal regions and an activity of the
right homologous areas (Basso et al., 1989; Buckner et al.,
1996; Gold and Kertesz, 2000). However, these fMRI studies do
not provide a flawless explanation of the causal role between
language recovery and the activation of the right hemisphere
(Schlaug et al., 2011). This hypothesis was further investigated by
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implementing different NIBS techniques. Various studies using
right anodal tDCS in conjunction with treatments based on
Melodic Intonation Therapies (MIT) have in fact shown an
improvement of verbal fluency in a group of aphasic participants
whose lesions had severely affected their left hemisphere (Vines
et al., 2009, 2011). Thus, it is clear that the right hemisphere
could play a crucial role in language recovery after an acquired
brain damage. The remaining open question deriving from these
findings is in what circumstances would a right hemisphere
intervention be adaptive and advantageous to aphasic patients
(Crosson et al., 2007). Its benefit could in fact depend on several
factors, such as size and severity of the damage. The right
hemisphere is thought to play a bigger role in case of larger
tissue loss in the left one (Heiss and Thiel, 2006). However, it
is also important to know how lateralized the subject’s language
functions were before the injury (Hamilton et al., 2011). The
involvement of the right hemisphere would also vary depending
on the stage after onset: different patterns of cerebral activity
can be shown at different stages in the recovery process (Saur
et al., 2006). It is believed that after a few weeks from the onset,
the initial language improvements would be associated with a
stronger activity in the right inferior frontal gyrus, the insula and
the right supplementary motor area. After three months, the right
perilesional areas would then play a bigger role in the recovery
(Saur et al., 2006). The right hemisphere could therefore have a
facilitatory and adaptive role in the acute and subacute phases,
but be maladaptive at a chronic stage, since it would prevent the
perilesional spared tissue from activating and contributing to the
major recovery (Heiss and Thiel, 2006).

tDCS-INDUCED SYNAPTIC PLASTICITY

Generally, anodal stimulation (A-tDCS) facilitates the
depolarization of the membrane potential and increases
neuronal firing and cortical excitability. Cathodal stimulation
(C-tDCS) mostly leads to the hyperpolarization of the membrane
potential, thus decreasing neuronal firing and cortical excitability
(Nitsche et al., 2003).

Although changes in the membrane potential are transitory,
tDCS can help strengthen the synaptic connections by producing
long-lasting effects that persist after the cessation of stimulation
(Stagg and Nitsche, 2011). A prolonged stimulation can in fact
result in long-term potentiation (LTP). Hebb (2005) described
LTP as the strengthening of the neural connection between two
neurons that fire simultaneously. Likewise, long term depression
(LTD) refers to a lasting decrease in neuronal firing. These
two phenomena represent a strengthening and a weakening of
synaptic connections, respectively, essential for the acquisition
and preservation of new information.

Both neurotransmitters and neuromodulators determine
plasticity and tDCS can mediate their neuroregulation (Caumo
et al., 2012). For instance, anodal tDCS on the primary motor
cortex of healthy subjects generates a reduction in GABA
concentration, whereas a cathodal stimulation results in a
decrease of glutamate levels and consequently of GABA, as this
is synthesized by glutamate (Stagg et al., 2009).

Further authors highlighted the role of nitric oxide (NO)
as a new mediator of the effects of tDCS in promoting long-
term potentiation (Barbati et al., 2020). N-methyl-D-aspartate
(NMDA) receptors also appear to be involved in tDCS-induced
synaptic plasticity. Nitsche et al. (2003) observed that by
administering a NMDA receptor antagonist, tDCS seemed to
have no effects.

Additionally, serotonin and dopamine appear to play a
key role, facilitating excitatory and inhibitory stimulation,
respectively. However, their interaction with tDCS can be unclear
and new studies are needed to better understand their role
(Sandars et al., 2016). Another explanation of how tDCS can
elicit long-term changes in the brain has been given by Ardolino
et al. (2005), who hypothesized that such changes might result
from stimulation-induced non-synaptic mechanisms. According
to their study, axonal molecules could change their conformation
and function when exposed to direct current stimulation.

Plastic changes are also observed with different
neuromodulation techniques, such as low-frequency Repetitive
Transcranial Magnetic Stimulation (1-Hz rTMS) and Non-
invasive High Frequency Repetitive Transcranial Magnetic
Stimulation (HF-rTMS). In a study carried out by Cambiaghi
et al. (2021), the authors investigated the effects of these non-
invasive techniques after a stimulation of the primary motor
cortex of mice, thus observing an increase in the length of the
dendritic spines. The results of these stimulation techniques
relate to changes in dendritic complexity in the primary motor
cortex that can strengthen corticocortical connections by
increasing the integration of information across cortical areas
(Cambiaghi et al., 2020, 2021).

ELECTRODE MONTAGE

The electrode montage of tDCS can be either unipolar or
bipolar. In the first case, one electrode is positioned on the scalp
above the region of interest, while the reference is placed on
an extracephalic area, such as the deltoid muscle. A bipolar
montage, on the other hand, requires the positioning of both
electrodes on the scalp. Generally, in case of bi-hemispheric
stimulation studies, the anode is placed on one hemisphere and
the cathode on the homolog areas of the opposite hemisphere.
If only one active electrode is needed, this would be put above
the interested cerebral area, while the reference would be
placed on the supraorbital area of the opposite hemisphere
(Lefaucheur et al., 2017). The most frequently used stimulation
sites are portrayed in Figure 2.

As for the positioning of the reference, most studies using a
bipolar montage set it on the supraorbital area of the hemisphere
opposite to the stimulated one (Rosso et al., 2014; Meinzer et al.,
2016; Branscheidt et al., 2017; Darkow et al., 2017; Fridriksson
et al., 2018a,b; Pestalozzi et al., 2018; Spielmann et al., 2018;
Woodhead et al., 2018). Other studies chose an extracephalic
montage instead, by locating the reference on the deltoid,
contralaterally to the active electrode (Baker et al., 2010; Shah-
Basak et al., 2015; Marangolo et al., 2017; Norise et al., 2017; Zhao
et al., 2021). An extracephalic reference could, in fact, minimize
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FIGURE 2 | Most used stimulation sites. 1a: Broca’s Area; 2a: Wernicke’s Area; 3a: Left Temporoparietal Cortex; 4a: Left Primary Motor Cortex; 5a: Left Cerebellar
Hemisphere. 1b: Right Broca’s Homologous Areas; 2b: Right Wernicke’s Homologous Areas; 3b: Right Temporoparietal Cortex; 4b: Right Cerebellar Hemisphere.

the chance of inducing an involuntary current flow underneath
the electrode, which could lead to confounding effects about the
influence of tDCS on the eventual recovery (Baker et al., 2010).
On the other hand, the electric field force is thought to get weaker
when the electrodes are more distant (Biou et al., 2019). Hence,
placing the reference on an extracephalic spot (i.e., the deltoid)
would lead to a weaker current propagation underneath the active
electrode, and the beneficial role of tDCS could be less than
expected (Nitsche et al., 2007). To overcome this occurrence,
several studies located both electrodes on the scalp and increased
the reference size. By doing this, the current density propagated
by the inactive electrode would get lower, therefore reducing
the risk of generating an unintentional current flow below it
(Nitsche et al., 2007).

POLARITY AND SITE OF STIMULATION

In line with the interhemispheric competition model, most tDCS
studies on aphasic patients opted for anodal stimulation on the
spared areas of the left hemisphere in order to enhance its
cortical perilesional activity (Marangolo, 2017). Several studies
also used cathodal stimulation on the homologous language areas
of the right hemisphere to reduce the excitability of those areas
and to avoid an excessive inhibition of the spared perilesional
tissue (Fiori et al., 2019). Bi-hemispheric stimulation with left
anodal and right cathodal stimulation was also often used
(Lee et al., 2013).

As for anodal stimulation, Baker et al. (2010) reached
significant results after administering online perilesional A-tDCS
combined with a picture-matching task. The treatment lasted
for five consecutive days, in daily sessions of 20 min each. The
main improvement in the subjects’ performance was related to
the accuracy in object naming, and the progress persisted at the
follow-up, two weeks after the end of the sessions. Other studies
also obtained significant results by combining left frontal tDCS

and language tasks. Generally, subjects showed major progress in
articulation (Marangolo et al., 2011), naming accuracy (Vestito
et al., 2014), picture description and sentence building (Campana
et al., 2015). A-tDCS administered on Wernicke’s area showed
an improvement on naming accuracy and speed, too (Fiori
et al., 2011). Pestalozzi et al. (2018) specifically stimulated the
left dorsolateral prefrontal cortex (DLPFC) with A-tDCS, while
asking for naming and repetition tasks, and obtained a general
improvement in verbal fluency and naming of high-frequency
words. Few studies also chose to apply A-tDCS on areas not
directly connected to language, such as the primary motor
cortex (M1) (Meinzer et al., 2016; Branscheidt et al., 2017;
Darkow et al., 2017) or the tenth thoracic vertebra through
tsDCS (Marangolo et al., 2017). In the latter case, no significant
differences were detected between the experimental conditions. It
is, however, believed that spinal stimulation might contribute to
improvements on action naming (Marangolo et al., 2017).

Nevertheless, several authors debated that in some cases a
right hemisphere anodal stimulation might be beneficial at a
chronic stage (Vines et al., 2009, 2011). In their studies, right
frontal anodal tDCS, combined with MIT (Albert et al., 1973),
brought to a noteworthy improvement in verbal fluency in the
aphasic participants. Melodic intonation therapies is thought to
employ right frontal areas to facilitate speech, hence right anodal
tDCS might be advantageous if paired with melodic therapies
(Vines et al., 2011).

In contrast, C-tDCS studies mainly focused on the inhibition
of the homologous of Broca’s area on the right hemisphere. The
most relevant ones are those carried out by Kang et al. (2007,
2011), Jung et al. (2011), Rosso et al. (2014), and Fiori et al.
(2019). Although significant, Jung et al. (2011) did not provide
a control condition, making the correlation between tDCS and
linguistic improvement unclear. In a similar study, Kang et al.
(2011) provided a sham-controlled condition but did not show
a significant difference between sham and active tDCS. Rosso
et al. (2014) argued that right C-tDCS could have different effects
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depending on the size and location of the lesion. In their study,
patients with a focal lesion of Broca’s area benefited from a right
cathodal stimulation, while those with lesions adjacent to Broca’s
area did not show a significant improvement.

A bi-hemispheric montage was chosen by less researchers (Lee
et al., 2013; Marangolo et al., 2013a, 2014b, 2016; De Aguiar et al.,
2015a; Guillouët et al., 2020; Pisano et al., 2021), but often showed
a significant performance improvement after a simultaneous
right cathodal inhibition and left anodal stimulation, when paired
with naming and reading tasks (Lee et al., 2013; Marangolo
et al., 2013a, 2014a, 2016). A recent study tested the patients’
spontaneous speech after frontal bi-hemispheric tDCS, but
the authors could not report a significant difference in the
performances of the experimental group, when compared to the
sham group (Guillouët et al., 2020). With bi-hemispheric tDCS it
can be difficult to determine whether an eventual improvement
is primarily caused by the stimulation of left perilesional tissue
or by the inhibition of the right hemisphere (De Aguiar et al.,
2015b). Caution in drawing causal inferences from these studies
is therefore needed.

STIMULATION PARAMETERS

The effects of tDCS are variable and depend on several factors,
such as electrode montage and size, duration of the stimulation,
current density and characteristics of the brain tissue underneath
the electrodes. In all the studies analyzed, the electrodes area
always varied from 25 cm2 to 35-36 cm2. It is generally claimed
that the active electrode reduction would overcome tDCS biggest
limit, namely its low spatial resolution.

All studies used a stimulation intensity of either 1 mA (Baker
et al., 2010; Fridriksson, 2011; Rosso et al., 2014; Meinzer
et al., 2016; Cherney et al., 2021) or 2 mA (Kang et al., 2011;
Saidmanesh et al., 2012; Campana et al., 2015; Marangolo et al.,
2018; Woodhead et al., 2018; Guillouët et al., 2020). Few studies,
however, chose an intensity of 1.2 mA (Vines et al., 2009, 2011)
or 1.5 mA (Vestito et al., 2014).

Opting for higher intensities, such as 2 mA, might lead to a
stronger stimulation and guarantee a better outcome. However,
a stimulation higher than 2 mA is generally not recommended
for different reasons (De Aguiar et al., 2015b). Firstly, higher
stimulations might influence the neural activity of the brain tissue
adjacent to the region of interest (De Aguiar et al., 2015b). In
terms of safety, intensities higher than 2 mA could burn and
itch the scalp, thus they are not recommended (De Aguiar et al.,
2015b). Additionally, a high stimulation intensity might make
the subject perceive a feeling of discomfort while undergoing an
active-tDCS experimental condition. Hence, a higher amperage
can critically prejudice a sham controlled experimental study
(O’Connell et al., 2012). Batsikadze et al. (2013) also showed that a
15-min 2 mA cathodal stimulation administered on the primary
motor cortex increased the patients’ cortical excitability instead
of decreasing it. A subsequent experimental session run at 1 mA,
seemed to correctly inhibit the interested areas, as expected. It
was therefore argued that higher intensities might cause opposite
effects to those predicted (Batsikadze et al., 2013).

In all studies analyzed, tDCS was never used for more
than 30 min. On average, 20-min-session stimulations seemed
preferable (De Aguiar et al., 2015b). Protracted sessions might
in fact lead to excessive cortical excitability, which would worsen
the neurons’ activity in the long term, instead of improving it
(De Aguiar et al., 2015b).

The number of tDCS sessions generally varied from 1 to 30.
A review carried out by Rosso et al. (2018) indicated that repeated
sessions can lead to greater improvements, if compared with
studies that required less tDCS sessions. The authors claimed that
greater language improvements were shown in those studies that
used at least five tDCS sessions. Long-term improvements could
be in fact attributable to the short-term effects of multiple sessions
of transcranial stimulation, which might lead to a significant
result (Holland and Crinion, 2012).

It is therefore suggested that the effects of tDCS might be
dose-dependent (Rosso et al., 2018). However, it is necessary
to guarantee a sufficient time interval between sessions: two
subsequent sessions with a shorter interval in between might, in
fact, lead to opposite effects than those expected. For instance,
Fricke et al. (2011) revealed an inhibitory effect following two
subsequent anodal stimulations, and attributed this event to the
inadequate interval between sessions (only 3 min). As expected,
a following stimulation attempt with a 30-min-interval between
sessions showed an excitatory effect instead (Fricke et al., 2011).

Generally, it can be concluded that repeated tDCS sessions of
20 min each are advised, the intensity required should not differ
from 1 to 2 mA, and the active electrodes should preferably have
an area of 25 cm2.

APHASIA TREATMENTS

Choosing the right aphasia treatment and predicting its possible
outcome depend on several variables. According to the location
of the injury, different approaches can be chosen. Chapey (2008)
identified three main categories of rehabilitation approaches, i.e.,
traditional, cognitive and specialized (Chapey, 2008).

Amongst the traditional treatments, one of the most
important is the Schuell’s Stimulation Approach (Schuell et al.,
1964). This utilizes repetitive, controlled language auditory
stimuli to maximize the patients’ recovery. Schuell et al. (1964)
reported the efficacy of this traditional technique, with the
exception of patients with a severely impairing irreversible
aphasia. Two other common traditional exercises are those
pertaining to naming and picture description, such as the Picture
Naming Task (PNT) and the Picture Description Task (PDT)
(Galletta et al., 2016). Another widely used traditional treatment
is the Thematic Language Stimulation (TLS), a systematic
method that requires the practitioner to choose vocabulary items
and use them as stimuli in different contexts (i.e., in different
sentences or in response to a question). The goal of TLS is to
facilitate better language processing, thereby making it possible
for the patient to reach a more functional communication
(Schuell et al., 1964; Wepman, 1972).

Cognitive approaches, on the other hand, solely focus on
the patient’s impaired language domain. Thus, they require a
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precise identification of the levels affected. In this case, the
rehabilitation process is specifically directed toward the recovery
of one or few targeted functions. When a satisfactory recovery
of the functions is not feasible, compensatory communication
strategies can be thought of instead (Byng and Coltheart, 1986).
Psycholinguistic treatments, such as the Language Oriented
Treatment (LOT) (Helm-Estabrooks and Albert, 1991) can also
be considered as belonging to the cognitive approach category.
LOT is designed to provide a highly individualized and tailored
approach to treatment based on the language profile. LOT
major components are: stimulus, response, and reinforcement.
In contrast to operant conditioning, however, the goal is not
to learn specific stimulus–response connections, but to present
stimuli followed by responses with feedback enabling patients
to use language at appropriate levels. To improve the patients’
response, the complexity of the stimuli chosen and the demands
made can vary according to the individual’s condition and their
spared language abilities (Helm-Estabrooks and Albert, 1991).

Conversely, specialized treatments are usually addressed to
moderate-to-severe aphasia types. In most cases, treatments are
aimed at the compensation of the lost functions, for example
through specific strategies or the use of electronic devices
that can help to communicate. Augmentative and Alternative
Communication (AAC) (Beukelman, 1985) is a specialized
multimodal treatment addressed to people with severe speech
and hearing impairments. The main goal of AAC is to guarantee
an easy and accurate way to comprehend what an interlocutor
says (Garrett and Beukelman, 1998). Thus, the primary attention
is directed toward the receptive aspects of communication
rather than the expressive ones. The use of drawing, writing
of keywords, gestures, environmental contexts and prosody are
common compensatory strategies to help reach a satisfactory
level of communication with the patient (Garrett and Beukelman,
1998). Indeed, Conversational Therapy (CT) (Simmons-Mackie
et al., 2000) identifies aphasia as a communication impairment.
According to CT, in case of non-fluent aphasia, spontaneous
speech production in an ecological setting might lead to a better
use of communication skills, therefore helping communicate
with third parties. In CT, the main goal of the therapist is to start
a conversation with the aphasic patient, where both are actively
involved in the conversation (Basso, 2003). Both the patient and
the therapist are free to use every means to communicate at best,
and optimally exchange relevant information, which includes
the use of gestures, drawings, body language, phonological
or orthographic cues. The therapist is taught to accept all
information the patient is able to provide, and give them a
meaning inside the context (Galletta et al., 2016). Another
specialized treatment is the Melodic Intonation Therapy (MIT)
(Sparks, 2008), which is generally beneficial in case of non-fluent
aphasia types with limited outputs. Specifically, it uses melody
and prosody to facilitate the patient’s language production
(Galletta et al., 2016).

Speech and Language Therapy (SLT) and the Constraint
Induced Aphasia Therapy (CIAT) are amongst the most
widely used approaches (Chapey, 2008). The former defines a
rehabilitative approach that can include various exercises, chosen
by the therapist in line with the patient’s needs and abilities.

The latter, on the other hand, aims to minimize non-verbal
communication and discourage the use of compensatory
strategies, to solely focus on verbal production (Shah-Basak
et al., 2016; Norise et al., 2017). The main idea behind CIAT
is that patients with acquired aphasia might be inclined to use
compensatory strategies to avoid using their residual language
skills. Gestures, for instance, are broadly overused. CIAT focuses
on oral communication and forbids any other communication
channel and it is one of the most used group therapies
(Berube and Hillis, 2019).

Another common choice for group therapies is the Intensive
Action Treatment (IAT), which specifically works on action
observation and imitation. Its aim is to trigger both a frontal
and a parietal activity, and specifically the areas attributable
to the mirror neurons system. Observation with Intent To
Imitate (OTI) and Action Observation Therapy (AOT) are
two frequently used intensive treatments (Chapey, 2008).
Over the past 30 years, the systemic use of computers and
different softwares in the neurorehabilitation fields has allowed
an expansion of rehabilitative techniques, thus facilitating
both therapists and patients. As for conventional therapies,
the efficacy of rehabilitation in face-to-face settings depends
on numerous variables, both linguistic and non-linguistic,
also related to the therapy setting (Hillis, 1998). Conversely,
with computer-based individualized neuro-linguistic therapies
it is easier to control the variables relative to the setting
(Van de Sandt-Koenderman, 2011).

Three computer-based treatments, amongst others,
significantly help aphasic patients to improve their
communication skills. The first one is the Computer-Only
Treatment (COT), which allows the patients to practice on their
own, without the supervision of a therapist. Progresses and
results can be checked later with the therapist. For example, a
self-administered computerized treatment consisting of a spoken
word–picture matching task can be applied (Fridriksson et al.,
2011). Instead, Computer-Assisted Treatment (CAT) requires
the presence of a supervisor while presenting all tasks on the
computer. Lastly, computers can be used as an electronic pointing
device to share text, images, digital animations and speech
files between therapist and patient, so that both parties can
communicate together during therapy sessions (Chapey, 2008).
A significant improvement after the use of computer-based
therapies was often shown (Fridriksson et al., 2012, 2018b;
Richardson et al., 2015; Meinzer et al., 2016) and progresses
were often maintained at the follow-up, which varied from two
weeks (Fridriksson et al., 2011; Ihara et al., 2020) to three months
(Woodhead et al., 2018).

Normally, aphasia rehabilitation requires a face-to-face
setting, while telerehabilitation adopts a different paradigm. The
employment of digital tools gives the patient the chance to
perform rehabilitative tasks autonomously. In addition, the use
of devices in rehabilitation increases motivation, self-esteem and
adherence to treatment (Maresca et al., 2019).

Thanks to great technological progress, it is now possible
to start therapies – also called e-therapies – remotely, relying
on computers (Doogan et al., 2018; Maresca et al., 2019).
E-therapies are helpful, especially for patients with physical
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disabilities or a limited access to rehabilitation centers and are
therefore considered a great resource. Additionally, they allow
more people to benefit from an accessible form of rehabilitation
and they are thought to increase the compliance to therapy
(Brennan et al., 2004; Theodoros et al., 2008; Laver et al.,
2017). Among the aphasia rehabilitation protocols adopting
computerized tasks we have identified Power-Afa, an Italian
software composed of phonological, semantic, orthographic,
morphological and syntactic tasks of increasing complexity (De
Luca et al., 2018) and iReadMore, which uses a cross-modal and
lexical approach. The latter consists in pairing written, spoken
and images of words over multiple conditions, with increasing
levels of difficulty. The program aims at strengthening language
production, by improving the connections between the impaired
language domains involved (Woodhead et al., 2018). As a result
of studies using a mixed treatment approach, both individual
and group therapy have been found to be effective in improving
linguistic outcomes (Berube and Hillis, 2019).

APHASIA, TRANSCRANIAL
DIRECT-CURRENT STIMULATION AND
TREATMENT SELECTION

Over the last years, non-invasive brain stimulation techniques,
combined with different language and communication therapies,
have often led to promising results in rehabilitating aphasic
patients (Marangolo et al., 2017; Biou et al., 2019).

Transcranial Direct-Current Stimulation (tDCS) can be
administered both online or offline. Online tDCS is based
around the idea that cortical activity might increase if the
electrical stimulation is paired to specific language tasks. Offline
stimulation, on the other hand, might facilitate neuronal
boost of the stimulated areas, which can later help in
the execution of language tasks in a consequent treatment
(De Aguiar et al., 2015b).

A study carried out by Marangolo (2013) showed that
administering picture naming tasks after A-tDCS on Broca’s
area led to an improvement of the patients’ naming skills.
However, this did not happen if the anode was placed on
Wernicke’s area. This shows that a more satisfactory result can
be reached when the most appropriate electrical stimulation
task is chosen. This highlights the codependent relation between
task-dependent effects and stimulation site (Jacquemot et al.,
2012). The effects of tDCS can also depend on the signal-to-
noise ratio in the stimulated brain network. The use of A-tDCS
during easier tasks yields a high signal-noise ratio, since the
tasks might be more likely to involve an already consolidated
neural network. In this case, A-tDCS would mostly cause firing
in task-relevant neural areas. With practice, the signal-noise
ratio would increase, leading to performance improvements.
Conversely, in a more difficult task, the level of noise would
be higher. In this case, A-tDCS might increase both noise and
signal to a similar extent, thus hindering a facilitative effect.
A decrease in firing rates due to C-tDCS would also lead to
task-dependent behavioral consequences. With easier tasks, no
particular benefit would result from decreasing general noise.

However, with more complex tasks, C-tDCS may filter irrelevant
activations, hence increasing the signal-noise ratio, resulting in
performance facilitation (Miniussi et al., 2013).

Most tDCS studies on patients with acquired aphasia showed
significant results. However, results are generally heterogeneous
due to a number of variables such as sample size, aphasia type,
participants’ age, lesion location and size and, in few cases,
socio-cultural factors (Ulanov et al., 2019). Such heterogeneity
is likely also due to the lack of a physiological assessment of
patients, especially with regards to acute stress and post-stroke
depression. Stroke patients are known to be at risk of developing
anxiety, depression, negative thinking and post-traumatic stress
disorders (Loubinoux et al., 2012), which are thought to impair
the brain homeostasis and lead to a maladaptive plasticity. Several
studies showed how neuromodulation and brain plasticity can
be affected by underlying mental disorders (Kim and Diamond,
2002; Citri and Malenka, 2008; Khazen et al., 2018). According
to a study carried out by Infortuna et al. (2021) on a healthy
group of participants, changes can be seen in the motor
cortex neuroplasticity after a stress-inducing task. Likewise,
other studies suggested that stress might negatively interact
with synaptic plasticity (Concerto et al., 2017, 2018). As to
depression, a recent study performed by Mineo et al. (2018)
showed how cortical excitability might change depending on
positive or negative thinking. These studies confirmed that
tDCS interventions on stroke patients presenting with stress or
depressive symptoms could lead to unpredictable or unusual
results. Individual variability is therefore a crucial factor, which
can greatly influence the outcomes of a tDCS study.

Generally, it may be concluded that tDCS can be an
efficient tool to boost the recovery process after a major brain
damage, especially if compared with Speech and Language
Therapy, but it cannot be used as the exclusive treatment
(Bolognini and Miniussi, 2018).

COMBINING TRANSCRANIAL
STIMULATION WITH REHABILITATION
TECHNIQUES

A successful language recovery can be achieved by pairing
specific therapeutic approaches with tDCS. The selection of the
appropriate approach depends on the impaired language function
(Marangolo et al., 2013b, 2014b; Campana et al., 2015).

In this regard, numerous tDCS studies focused on coupling
stimulation techniques with SLT, mostly to improve anomia.
Among the many protocols, Kang et al. (2007) carried out a study
on patients who received a 5-day standardized speech training
coupled with active C-tDCS or sham stimulation. The main
outcome measure showed an improvement in the percentage
of correct responses and reaction time (RT) on a computerized
naming test, for each intervention.

Using the same stimulation protocol (Jung et al., 2011),
patients could perform speech therapy according to their aphasia
type, specific features, and various stimulation responses. The
speech therapy methods used were stimulation with auditory and
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visual sense, such as Melodic Intonation Therapy, Visual Action
Therapy, and Auditory Comprehension Training.

Other speech therapy methods were also used, such as
context and stimulation word-oriented therapy, therapy for
promoting aphasics’ communicative effectiveness to improve
communication skills, and practice sessions of speaking using
a cognitive therapeutic approach. AQ% (Aphasia Quotient)
improvement from pre- to post-therapy was greater in patients
with less severe, fluent types of aphasia who received treatment
30 days prior to stroke onset. On this note, speech therapy with
tDCS was established as a treatment tool for aphasic patients after
stroke. Lower initial severity was associated with better responses
(Jung et al., 2011).

Speech Therapy can also be combined with dual or bi-
hemispheric stimulation. Lee et al. (2013) administered picture
naming and reading tasks during the last 15 min of every
tDCS session. This protocol led to a significant improvement
in response times, with a significant interaction between time
and type of interventions, while no significant changes in verbal
fluency were observed after single or dual tDCS. Furthermore,
in a similar stimulation protocol (Marangolo et al., 2013a)
patients were administered all the standardized language tests
at the beginning (baseline; T0) and at the end (T10) of each
treatment condition, and 1 week after T10 (follow-up; F/U). The
therapy method, coupled with stimulation montage, was similar
for all patients. Before the treatment, 126 stimuli (syllables,
words and sentences) were auditorily presented, one at a time,
through an audiotape for three consecutive days. From T1 to
T10 the clinician and the patient were seated face-to-face so
that the patient could watch the articulatory movements of
the clinician and correctly reproduce it. Patients exhibited a
significant recovery not only in terms of better accuracy and
speed in articulating the treated stimuli, but also in other
language tasks (picture description, noun and verb naming,
word repetition, word reading) which persisted in the follow-
up session (Marangolo et al., 2013a). De Aguiar et al. (2015a)
administered bi-hemispheric stimulation on a group of chronic
aphasic patients, combined with ACTION, a training based on
Linguistically Motivated Language Therapy (Bastiaanse et al.,
1997). In this study, treatment was provided at the level of
simple, declarative sentences, and a task specifically designed to
address movement operations was not included. Since Italian
is a morphologically rich language, the Italian adaptation of
ACTION includes: lexical level (action naming), syntactic level
(sentence completion with infinitive), morphosyntactic level
(sentence completion with finite verb in three tenses) and
sentence construction with finite verb. Therapy was provided
over ten 1-h sessions in each phase, and lasted 2 weeks involving
treatment with two different tasks. The structured increasing cues
provided to each subject depended on whether the participant
produced retrieval errors or morphological errors. 10 healthy
volunteers were asked to build sentences that described the
picture stimuli. The results showed a significant improvement
in verbal production after 10 daily sessions, each lasting 1 h,
where the first 20 min were paired with real or sham tDCS. The
double-blind study specifically focused on verb inflection and
sentence construction.

In a recent study by Stahl et al. (2019), the subjects
received intensive SLT consisting of naming CAT and face-
to-face communicative-pragmatic therapy, after an extensive
baseline screening. These tasks included a variety of situations of
everyday life that required verbal and non-verbal skills in social
interaction. The treatment was administered in two daily sessions
over a period of three consecutive weeks (2 h of daily naming
therapy; 30 min of daily communicative-pragmatic therapy; total
weekly dosage: 12.5 h). Intensive SLT can relieve symptoms
in chronic post-stroke aphasia, but effect sizes are moderate
(Breitenstein et al., 2017). The results of the study indicate that
intensive SLT combined with A-tDCS on M1 benefits naming
and communication abilities in chronic post-stroke aphasia,
with medium-to-large effect sizes. Covering both utterance-
centered and communicative-pragmatic treatment strategies,
the selected SLT methods reflect best-practice guidelines in
aphasia rehabilitation.

There is yet no consensus about what could be considered the
most efficient language rehabilitation technique for an optimal
aphasia recovery (Brady et al., 2016). Guillouët et al. (2020)
evaluated the impact of bi-hemispheric tDCS combined with
SLT into clinical practice. Specifically, they assessed spontaneous
speech improvements in response to open questions in patients
with poststroke aphasia. The study did not find any significant
improvement. However, the small number of patients, even
if similar to most previous studies, and the limited time of
therapy, could have impacted the significance of the study
(Guillouët et al., 2020).

Several studies have shown tDCS paired with naming tasks
specifically designed to improve different linguistic domains,
such as verb or noun naming or word retrieval. Amongst the
studies administering naming tasks, the majority used pictures,
video-clips showing objects handling (Flöel et al., 2011; Fiori
et al., 2013; Marangolo et al., 2013b), or written words (Vestito
et al., 2014; Marangolo et al., 2017). It was then asked to
name each item correctly. For instance, in the study run by
Flöel et al. (2011), 12 patients with chronic anomia received
2 h of daily naming CAT across 3 consecutive days. Training
involved a decreasing cueing hierarchy with 5 difficulty levels
that have been shown to be highly effective to improve naming
difficulties. Results demonstrate that short-term high-frequency
anomia training has a large effect on naming ability in chronic
aphasia that was maintained for at least 2 weeks.

Furthermore, Marangolo et al. (2013b) implemented the use of
video-clips. For each subject, the selected items were subdivided
into three groups of 34 actions each, matched for frequency and
length. Each condition was performed in five consecutive daily
sessions over 3 weeks, with 6 days of intersession interval, while
the subjects underwent intensive language training to recover
their verb naming difficulties. The study suggests that A-tDCS
applied over the left frontal region, together with simultaneous
intensive language training, led to the greatest amount of verb
naming improvement.

The 2013 study conducted by Fiori and colleagues also showed
a significant improvement in naming after tDCS paired to
naming tasks, using both pictures of objects and video-clips of
actions. For each treatment, subjects were asked to name aloud
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each item that appeared on screen. Generally, the patients were
more accurate in the naming of objects. These results allow us to
affirm that the recovery in naming objects or actions was related
to the stimulation of distinct brain regions. The follow-up testing
showed recovery of the two categories at one and four weeks after
the end of treatment.

Marangolo et al. (2017) tested the use of written words as a
training. The items referred to action verbs and non-manipulable
objects. Nouns and actions were matched for number of letters,
surface frequency, imageability and age of acquisition. Both
imageability and age-of-acquisition ratings were collected by
asking volunteers to judge printed words. The outcomes showed
a significant improvement more in verbs than noun naming.

Performing word retrieval tasks during tDCS generally
seemed to improve picture naming in post-stroke aphasia
patients (Fiori et al., 2011). Kang et al. (2011) training consisted
of modules, such as answering dichotomic yes/no questions, cued
naming about target pictures, and word-picture matching tasks,
based on pictures sorted by category. Word-retrieval training
was performed while patients were being treated with tDCS
or sham stimulation. The main findings of this double blind,
sham controlled, crossover study show that this stimulation
protocol improved picture naming accuracy while performing
word-retrieval training, if compared with sham stimulation. Also,
PNT based studies focused on the individual variability resulting
from differences in electrode montage (Shah-Basak et al., 2015;
Norise et al., 2017). As described in the study from Shah-Basak
et al. (2016), during the 20-min active stimulation, subjects
completed a picture-naming task that was based on CILT, during
which non-verbal communication between subjects and the
experimenter was minimized (Pulvermüller et al., 2001; Maher
et al., 2006). Subjects with a more severe clinical picture showed
greater improvements in verbal fluidity. These improvements
were maintained at the 2-week follow-up. Still, picture-word
matching tasks were often used in the online tDCS studies (Baker
et al., 2010; Rosso et al., 2014; Darkow et al., 2017; Fridriksson
et al., 2018a; Pestalozzi et al., 2018).

In a recent study, the word-finding therapy protocol was
based on the Cueing Hierarchy Therapy (Linebaugh et al., 2005).
During picture naming, the therapist used cueing techniques
to help the participants retrieve and produce the target words
correctly. The cue of low stimulus power was presented first,
followed by increasingly powerful cues until the correct word was
retrieved and produced. As the relative power of the cues differed
across participants with aphasia, the exact cueing hierarchy was
personalized (Spielmann et al., 2018).

The implementation of domain-dependent tasks, combined
with tDCS, can also rely on repetition tasks. For instance,
a clinician can audibly present one stimulus at a time, and
for each stimulus, the treatment involves the use of four
different steps, which would progressively induce the patient
to correctly reproduce the items. Initially, presenting the entire
stimulus and asking the patient to repeat it. then presenting
the stimuli with a pause between syllables, prolonged vowel
sound and exaggerated articulatory gestures, to make the patient
repeat the item. The four steps become progressively more
difficult. If the patient is not able to articulate the stimulus

in the first step, the clinician would move on to the next
step and so on up to the last step. The potential of tDCS
combined with the intensive repetition training was investigated
(Marangolo et al., 2011, 2016). Evidence showed a beneficial
effect on the recovery of the aphasic subjects’ articulatory
disturbances and shorter RT. Moreover, the follow-up testing
revealed retention of the achieved improvement suggesting long-
term recovery of the subjects’ articulatory disturbances.

Only one study from our literature focused on investigating
motor cortex functional involvement in access to specific lexical-
semantic (object vs. action relatedness) information in post-
stroke aphasia (Branscheidt et al., 2017). Lexical decision is
known to tap into lexical and semantic information (Balota and
Chumbley, 1984) and shows very similar brain activation patterns
than naming (Carreiras et al., 2007). 130 pseudowords and
existing words (verbs related to hand actions and nouns related
to objects) were presented to the patients in random sequence on
a computer screen. Whereas no specific effects of tDCS on lexical
decision latencies were observed, the results showed that anodal
stimulation to the MC (Motor Cortex) of the language-dominant
hemisphere improved overall accuracy in a lexical decision task.
Importantly, improvement in decision accuracy depended on the
meaning of the words: lexical decisions were significantly more
accurate under anodal stimulation for action words and “action-
like” pseudowords (ALP), while object words and “object-like”
pseudowords (OLP) were not significantly affected by tDCS
(Branscheidt et al., 2017).

Non-invasive stimulation was also combined with CTA. In
a study conducted by Marangolo (2013), then replicated in
2014, patients were required to talk about a number of video
clips, shown while undergoing left transcranial stimulation.
Dialog and sentence production specifically improved more after
anodal tDCS on Broca’s area, if compared to Wernicke’s anodal
stimulation and the sham control condition. Progresses were
maintained at follow-up one month later.

An overlap of linguistic and vocal networks is shown both in
the right and the left hemisphere (Özdemir et al., 2006; Racette
et al., 2006). Singing and intonation can be meaningful resources
in case of a left-brain damage, and can help facilitate language
recovery by employing the healthy right hemisphere (Vines et al.,
2009). Melodic intonation therapy, by using prosody and melody,
might therefore be a valid alternative to classic tasks paired
with tDCS. It emphasizes the rhythmic and melodic elements
of language and it is based on clinical observations that showed
that several aphasic patients were often able to sing song lyrics
better than they could pronounce them. MIT uses simplified
prosody and the words are intoned slowly syllable by syllable.
Its validity might be related to speech-specific brain regions in
both hemispheres, but it is still not clear which areas drive the
therapeutic effect of MIT (Pani et al., 2016). It is thought that
the right posterior frontal gyrus may play a role in the recovery
process linked to melodic training (Vines et al., 2009). Vines et al.
(2011) in fact showed a significant improvement in verbal fluency
after right anodal stimulation paired with MIT. Cipollari et al.
(2015) showed similar results in their study.

However, given the wide clinical and neurological
variability among aphasic patients, it is unlikely that a single
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therapeutic procedure can be universally effective. Nevertheless,
interventions’ variety shows how many cortical and functional
networks can be exploited for linguistic rehabilitation.

ACTION OBSERVATION IN APHASIA
REHABILITATION

Gestures and action observation can be a powerful tool in
rehabilitation. Studies showed a meaningful relationship between
gestures and the processing of communicative intention (Krönke
et al., 2013). Combining gestures with verbal production as
a rehabilitation technique can have therapeutic effects on
aphasic patients (Hanlon et al., 1990). For instance, Richards
et al. (2002) argued that by using their non-dominant hand
to mimic a gesture, patients would enhance their linguistic
skills. Hence, action observation might be useful in improving
naming, especially verbs (Rodriguez et al., 2006). The hypothesis
underlying AOT is that the observation and imitation of a
gesture made by a third person may promote a faster and
more effective recovery of motor difficulties (Ertelt et al., 2007)
and of language deficits (Small and Llano, 2009; Rose, 2013;
Marangolo and Caltagirone, 2014). In this way, language is
strictly interconnected with gestures, based on the “motor
theory of speech perception” by Liberman and colleagues (1967);
Liberman and Mattingly (1985), which considered language in
terms of how it is produced, rather than how it sounds, so that
perceiving speech corresponds to perceiving vocal tract gestures.

Among the AOT studies, Marangolo and colleagues identified
intensive language treatment, based on action observation and
execution, as a leading approach to a significant increase in
verb production (Marangolo et al., 2010, 2012) and spontaneous
speech (Marangolo et al., 2014a). It is therefore possible to suggest
that the simple systematic and repeated observation of actions
can be an effective and alternative therapeutic strategy for the
recovery of words in aphasic subjects (Marangolo et al., 2012).

About the action imitation, Lee et al. (2010) developed a
computerized treatment for aphasia called IMITATE (Intensive
Mouth Imitation and Talking for Aphasia Therapeutic Effect),
based on the observation of “the act of speaking.” The therapeutic
protocol consists of a first phase characterized by the observation
of short video-clips of actors pronouncing words, verbs or
phrases aloud. This is followed by a second phase in which
subjects are asked to repeat what they have seen and heard in
the previous phase. The high-intensity training requires 90 min a
day for six weeks. IMITATE generates a gradual learning, enabled
by a progressive complexity of the presented stimuli. In fact, the
level of difficulty increases weekly, starting from monosyllabic
words, and then moving on to bisyllabic, trisyllabic and finally
to sentences. The effects of this treatment were investigated in a
RCT, and first results showed a significant increase in production
capacity in the experimental group. The study conducted by
Duncan and Small (2017) used IMITATE to investigate the effects
of an intensive treatment based on imitation on narrative ability.
After six weeks of intensive treatment, the results showed an
important increase of both measures considered and a substantial
improvement in narrative ability.

In 2018, Zettin and colleagues helped expand the AOT
literature by administering the IMITAF rehabilitation protocol,
referring to the work of Lee et al. (2010). Seven subjects with
chronic aphasia resulting from a brain injury were enrolled in
the study. The within-subject design protocol lasted three months
and included the administration of two treatments. Firstly, a
month of traditional SLT was planned (T0), then the IMITAF
training started. Each rehabilitation phase lasted 30 days and was
divided into three daily sessions per week. During every IMITAF
training session, each participant sat in front of a computer
screen, and was asked to observe six actors while pronouncing
different words or short sentences. After the observation of the
actors, participants were asked to repeat what they heard. Unlike
IMITATE (Lee et al., 2010), in which levels of difficulty are
progressive, during IMITAF the shift from one level to another
of the program is decided according to the subjects’ needs, their
response to the treatment and their speed of improvement. More
specifically, the transition to the next level could occur only
when the patient showed familiarity with the prior level. AOT
protocol requires playing an action video-clip on a computer
screen (Bonifazi et al., 2013). The patient can perform computer-
based treatments without the help of a therapist or caregiver
(Zettin et al., 2018). For these reasons, the treatment could be
performed at the rehabilitation center or at home, depending
on the patient’s needs. The results of the pilot study by Zettin
et al. (2018) showed a significant post-treatment decrease in
naming difficulties for the entire sample. Participants showed
improvements in retrieving words without phonemic or semantic
cues, a better repetition and naming ability.

As emerged from the outcomes of the study here mentioned,
the global coherence analysis represents a suitable measure to
be used in clinical practice. Taken together, treatment on action
imitation may contribute to the reduction of anomia following
aphasia, in accordance with previous research (Lee et al., 2010;
Marangolo et al., 2010, 2012; Bonifazi et al., 2013).

DISCUSSION

The main aim of this review is to give an overview of the state
of the art of tDCS treatments for aphasia. This brain stimulation
technique has been proven to be effective in promoting a
successful recovery in both the short and long term after
a brain injury. When used in combination with treatments
such as SLT, CIAT or Intensive Action Treatment, tDCS has
generally promoted a better recovery of the impaired functions,
if compared with offline tDCS (De Aguiar et al., 2015b; Berube
and Hillis, 2019). Furthermore, tDCS paired with naming tasks
specifically designed to improve different linguistic domains (i.e.,
verb/noun naming or word retrieval) have shown significant
results. The majority of the studies requiring domain-dependent
tasks used pictures, video-clips showing objects handling, or
written words (Flöel et al., 2011; Fiori et al., 2013; Marangolo
et al., 2013a,b). Both the task-induced synaptic activity and the
cortical activity generated by tDCS simultaneously contributed
to a better recovery (De Aguiar et al., 2015b). However, the tasks
paired with tDCS should not be too difficult, as the excessive
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neural noise could interfere with the rehabilitative process and
the training could be less beneficial (Miniussi et al., 2013). As an
alternative to classic tasks combined with tDCS, MIT appears to
be a promising tool to facilitate verbal fluency recovery by using
melody and prosody (Sparks, 2008; Vines et al., 2009; Cipollari
et al., 2015; Pani et al., 2016).

In addition to the traditional rehabilitation protocols, Action
Observation Therapy, such as IMITATE and its Italian adaptation
IMITAF, may contribute to the reduction of anomia following
post-stroke aphasia in clinical practice, by activating both frontal
and parietal brain regions and the mirror neurons systems
(Chapey, 2008; Lee et al., 2010; Duncan and Small, 2017; Zettin
et al., 2018). The potential of combining such techniques with
tDCS would therefore be a possibility of further improvement,
also providing the clinician with a new intervention tool. The
association of a tDCS protocol with a dedicated rehabilitation
training would favor a generalized long-term improvement of the
different components of language.

As for the electrode montage, the evidence would suggest a
better efficacy of perilesional anodal stimulation, especially in
cases of moderate damage and at a chronic stage (Schlaug et al.,
2011; De Aguiar et al., 2015b; Bucur and Papagno, 2019). Rather,
for more severe injuries, anodal stimulation of the homolog areas
of the healthy hemisphere is recommended (Schlaug et al., 2011;
AlHarbi et al., 2017). Right cathodal tDCS might be useful to
reduce the interference of the healthy hemisphere, when residual
perilesional activity is shown (Kang et al., 2011). In contrast,
it can be dysfunctional when the healthy hemisphere partially
takes over the impaired language functions to counterbalance the
damage (Rosso et al., 2014).

For both safety and methodological issues, as reported in
all tDCS studies examined, it is advisable to administer tDCS
for no longer than 30 min per session, at 1 or 2 mA (De
Aguiar et al., 2015b). It is also recommended to opt for 5 to
15 sessions of active stimulation. As for the aphasia treatments
paired with tDCS, it is advisable to perform them concurrently
with the stimulation. Since studies using modality-dependent
tasks instead of behavioral treatments showed the best results,
the implementation of these specific tasks should be encouraged
(Vines et al., 2011; Marangolo et al., 2013b; Biou et al.,
2019). However, maximal language gains could be obtained by
differentiating task, length, and number of sessions according
to patients’ condition and needs. Several studies included in
this review also comprehended a follow-up examination of the
patients’ progress, essential to detect the long-term effects of
tDCS (Fiori et al., 2011, 2013, 2019; Fridriksson et al., 2011;
Marangolo et al., 2013a,b; Cipollari et al., 2015; Shah-Basak et al.,
2015; Basat et al., 2016; Woodhead et al., 2018).

However, future studies should consider other crucial
elements, such as the necessity to include large randomized
controlled trials to monitor patients’ progresses over time. The
reduced sample size found in the majority of tDCS studies has
made it more difficult to draw more in-depth conclusions about
the efficacy of a stimulation parameter. In addition, as reported
by several authors (Miniussi et al., 2013; Rosso et al., 2014), while
using standardized tests for the assessment of patients’ language
abilities, it would be better to compare multiple samples at the

same time, thus reducing the heterogeneity of the outcomes. This
would also make it easier to replicate a study protocol. Several
studies identified valid tDCS protocols that, if implemented on
other samples, would likewise lead to significant improvements
in both the short and long term (Meinzer et al., 2016; Fridriksson
et al., 2018b; Woodhead et al., 2018; Stahl et al., 2019). A major
therapeutic goal is to prove that patients retain the acquired skills
over time, and that the treatment can work in real-world settings
too. Thus, standardized tests assessing daily communication skills
could be good indicators of a functional improvement after a
tDCS study (Miniussi et al., 2013). Using the same tests on
different samples would guarantee a clearer understanding of
different results.

Another aspect that requires further investigation is the
identification of the most suitable patients for this type of
intervention. Currently, the small size does not allow to clarify
this issue. Moreover, all tDCS studies here reported have
not compared groups of patients with different deficits (i.e.,
patients with both comprehension and production deficits vs
patients with only production deficits) and/or with different
severities of the same linguistic domains (i.e., patients with severe
comprehension deficits vs less severe patients). It should in fact be
considered that aphasia can occur in several different ways and
can lead to different impairment degrees. Additionally, patients
with the same initial deficit could still show different recovery
times and reactions to the same therapy (Ulanov et al., 2019).
Thus, finding a large homogeneous sample and drawing universal
conclusions from the outcome of a study can be complex and
often unfeasible.

As for the configuration of the brain injury, the right
parameters and stimulation site should ideally be selected
according to the patient’s individual characteristics (Vines
et al., 2009, 2011; Rosso et al., 2014). The implementation of
neuroimaging techniques, such as fMRI, help the clinicians to
better tailor the treatment. For example, functional neuroimaging
would help locate the exact area of the lesion for a better
positioning of the electrodes (Marshall et al., 2000; Baker
et al., 2010). Additionally, the areas of neural activity spared
by the damage during the execution of specific tasks would
be better identified. A tailored stimulation would therefore
optimize the patient’s recovery. However, it must be stated
that, although a better outcome is more likely, using functional
imaging would slow down the treatment process, consequently
increasing the cost of therapy. Therefore, this may not always
be appropriate or feasible in clinical practice where timing and
accessibility are essential. Since literature on this issue is lacking,
future experimental designs should contemplate personalized
rehabilitation protocols combining tDCS with IMITAF (Zettin
et al., 2018). Furthermore, the rehabilitation potential of
combining tDCS with IMITAF on patients with chronic aphasia
due to an acquired brain injury should be investigated in order to
ascertain whether long-term reduction in aphasic symptoms and
an improvement in naming would occur.

Based on the results of the studies here presented, a new
clinical trial for acquired chronic aphasia rehabilitation can
be suggested. According to our ongoing project, the enrolled
patients will be divided into two groups: experimental and

Frontiers in Human Neuroscience | www.frontiersin.org 13 December 2021 | Volume 15 | Article 742136

https://www.frontiersin.org/journals/human-neuroscience
https://www.frontiersin.org/
https://www.frontiersin.org/journals/human-neuroscience#articles


fnhum-15-742136 December 20, 2021 Time: 10:46 # 14

Zettin et al. tDCS and Acquired Aphasia: Review

control. The first group will undergo perilesional anodal
stimulation, while the second one will receive a sham stimulation.
The active anodal stimulation will be administered at 1.5 mA
for the first 20 min of each IMITAF rehabilitation session. The
IMITAF training will have a total duration of 6 weeks (5 days per
week, weekends off). The underlying idea is that the constant and
repetitive application of tDCS might favor a significant decrease
in aphasic symptoms if compared to traditional techniques.
Short-and long-term improvements are also expected in the
patients treated.
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