Neuroscience Letters 719 (2020) 133329

journal homepage: www.elsevier.com/locate/neulet

Neuroscience Letters

2% Neuroscience %

Contents lists available at ScienceDirect Lefters

Review article

The potential effects of transcranial direct current stimulation (tDCS) on
language functioning: Combining neuromodulation and behavioral

intervention in aphasia

Paola Marangolo

Universita Federico II, Napoli & IRCCS Fondazione Santa Lucia, Roma, Italy

Check for
updates

ARTICLE INFO ABSTRACT

Keywords:

Aphasia

Language rehabilitation

tDCS and aphasia
Neuromodulation and aphasia

Aphasia is a highly disabling language disorder usually caused by a left stroke brain damage. Even if traditional
language therapies have been proved to induce an adequate clinical recovery, a large percentage of patients are
left with chronic deficits at 6 months post-stroke. Therefore, new strategies to common speech therapies are
urgently needed in order to maximize the recovery from aphasia. The recent application of transcranial direct
current stimulation (tDCS) to language rehabilitation has already provided promising results. This brief review

gives an overview of the most important results achieved using this approach and discusses how the application
of this treatment might potentiate aphasia recovery.

1. Introduction

Aphasia is an acquired language disorder occuring in about 30% of
left stroke survivors [1]. Due to its drammatic impact on the patient’s
ability to verbally communicate, it represents one of the most devas-
tating consequence of stroke [2]. In order to accomplish to the language
and communication deficits that persons with aphasia encounter, in-
creasing support for the efficacy of Speech and Language Therapy (SLT)
has been proposed [3]. However, given that even specific- and deficit-
oriented therapy delivered with high intensity may result in moderate
treatment effect sizes [4], over the years, the need to explore new
strategies to optimize the effect of aphasia therapy has been suggested.
The application of non invasive stimulation techniques, such as tran-
scranial magnetic stimulation (TMS) and tDCS, has already considered
a promising new approach to enhance the effect of regular SLT in the
context of aphasia rehabilitation [5].

2. TMS vs. tDCS and the treatment of aphasic disorders

To date, two approaches have primarily been used in the application
of non invasive brain stimulation for language recovery: TMS and tDCS
[6,7]. Both approaches rely to the hypothesis that neuromodulation
may have a role in rebalancing the activity of both hemispheres after a
stroke. Indeed, it has been proposed that in patients with left hemi-
spheric damage, the homotopic contralateral right hemispheric areas
may be in a state of abnormally high activation and may exert an in-
hibitory effect over the left damaged hemisphere [8,9]. Thus, language
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recovery may be enhanced either by increasing the output of the
perilesional left hemisphere through excitatory stimulation [10-28] or
decreasing the inhibition from the intact right hemisphere over the left
hemispheric areas by applying inhibitory current over the contrale-
sional cortex [29-39]. Accordingly, during aphasia recovery, it has
been shown that, while in the acute stage there is a recruitment of right
hemisphere structures for language tasks, over time, for a number of
chronic patients at least, a redistribution of language processing back to
the left hemispheric perilesional areas is observed [40,41]. Inhibitory
stimulation of intact contralesional cortical areas may, thus, facilitate
increased recruitment of perilesional regions of the left hemisphere into
reorganized language networks by diminishing the impact of transcal-
losal inhibitory inputs to those areas [5]. Indeed, TMS studies have
already employed inhibitory stimulation of the right homologous lan-
guage areas with the goal of inhibiting the underlying neural activity in
order to potentiate the recovery process in the perilesional left language
areas [29,32-35]; while some others have investigated beneficial TMS
excitatory effects through stimulation over the perilesional left cortex
[10-13]. However, although it has not yet been clarified what form of
stimulation is the most effective and clinically appropriate, there are
some aspects which should be considered when employing TMS in
brain-damaged patients. Indeed, it has been observed that TMS might
induce seizures, especially in patients who are seizure prone [42], it
requires an expensive special equipment not easy to apply concurrently
with behavioral tasks and needs trained health professionals. Thus,
more recently, a growing body of evidence has suggested that tDCS
might be a reliable alternative to TMS, since it is quite safe with mild
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Table 1

Aphasia studies on tDCS combined with language treatments.

Articles

Number and type of patients

Target

Control
condition

Stimulation Duration and
polarity and number of
intensity sessions

Results

Norise et al. [52]

Marangolo et al.
[65]

Marangolo et al.
[66]

Meinzer et al.
[64]

Marangolo et al.
[51]

Wu et al. [28]

Shah-Basak et al.
[27]

Galletta & Vogel-
Eyny [19]

de Aguiar et al.
[50]

Cipollari et al.
[31]

Campana et al.
[15]

Vestito et al. [53]

Marangolo et al.
[23]

Marangolo et al.

[24]

Manenti et al.
[49]

9 (chronic stroke/non-fluent
aphasics: 8-116 months after
stroke)

12 (chronic stroke/non-fluent-
aphasics: 14-37 months after
stroke)

14 (chronic stroke/non-fluent-
aphasics: 18-103 months after
stroke)

26 (chronic stroke/non-fluent-
aphasics: 15-108 months after
stroke)

9 (chronic stroke/non-fluent
aphasics: 7-96 months after
stroke)

12 (post-subacute stroke/8 non-
fluent aphasics, 2 fluent aphasics
and 2 mixed aphasics: 3-6 months
after stroke)

5 (chronic stroke/non fluent
aphasics: 7-101months after
stroke)

1 (chronic stroke/fluent-anomic
aphasic: 20 months after stroke)

9 (chronic stroke/3 fluent aphasics
and 6 non fluent aphasics: 8 —92
months after stroke)

6 (chronic stroke/non-fluent
aphasics: 10-79 months after
stroke)

20 (chronic stroke/non-fluent
aphasics: 6-84 months after
stroke)

3 (chronic stroke/2 non-fluent
aphasics, 1 fluent anomic aphasic:
20-64 months after stroke)

7 (chronic stroke/non-fluent
aphasics: 10 —72 months after
stroke)

8 (chronic stroke/non-fluent-
aphasics: 6-84 months after
stroke)

1 (chronic stroke/non-fluent
aphasic: 8 months after stroke)

Anodal over the LIFG in 3 patients and
Cathodal over LIFG in 3 patients; Anodal
over the RIFG 1 patient and Cathodal over
the RIFG in 1 patient

Right cerebellar cortex (1 cm under and
4 cm lateral to the inion)

9th-10th thoracic spinal vertebrae

Left primary motor cortex (M1)

Bihemispheric tDCS: Anodal tDCS over

LIFG and Cathodal tDCS over RIFG

Left posterior perisylvian region (PPR),

including Wernicke’s area

Left DLPFC, Right DLPFC

LIFG

Bihemispheric, tDCS: stimulation site was
determined individually, based on MRI
scans.

RIFG

LIFG

LIFG

Bihemispheric, tDCS: Anodal tDCS over

LIFG and Cathodal tDCS over RIFG

Left IFG, Left Wernicke’s area

Bihemispheric, tDCS: Anodal tDCS over
LDLPFC and Cathodal tDCS over RDLPFC

sham

sham

sham

sham

sham

sham

sham

sham

sham

sham

sham

sham

sham

sham

no

Anodal, Cathodal,
2mA

Cathodal, 2 mA

Anodal, Cathodal,

2mA

Anodal, 1 mA

Anodal and

Cathodal, 2 mA

Anodal, 1.2mA

Anodal, Cathodal,
2mA

Anodal, 1 mA

Anodal and

Cathodal, 1 mA

Anodal, 2mA

Anodal, 2mA

Anodal, 1.5mA

Anodal and

Cathodal, 2 mA

Anodal, 1 mA

Anodal and
Cathodal, 2 mA

20 min, 10 sessions (during
picture naming task)

20 min, 5 sessions (during verb
generation and verb naming)

20 min, 5 sessions (during verb

and noun naming)

20 min, 8 sessions

(2 x 1.5h/day of computer-
assisted naming treatment)

20 min, 15 sessions (during
syllables and words repetition)

20 min, 20 sessions (during
picture naming and auditory
word-picture identification

tasks)

20 min, 10 sessions (during
picture naming task based on

CILT)

20 min, 10 sessions (during
noun and verb production in

sentence context).

20 min, 10 sessions (“ACTION”

therapy)

20 min, 15 sessions (during
Melodic Intonation Therapy)

20 min, 10 sessions (during
conversational therapy)

20 min, 10 sessions (during

picture naming)

20 min, 10 sessions (during
conversational therapy)

20 min, 10 sessions (during

conversational therapy)

25 min, 20 sessions (followed
by 25 min of verb naming task)

Improvement in fluency after real tDCS at 2
weeks follow up only for patients with severe
baseline

Improvement in verb generation accuracy after
C-tDCS at post-treatment and at 1 week follow-
up.

Improvement in verb naming after A-tsDCS at
post treatment and at 1 week follow up.

Improvement in noun naming for trained and
untrained items after A-tDCS at post treatment
and at 6 months follow up.

Improvement in repetition accuracy on trained
and untrained stimuli after bihemispheric tDCS
at post-treatment and at 1 week follow-up. rs-
fMRI results showed an increase of functional
connectivity after real stimulation in the left
hemisphere.

Improvement in picture naming and in auditory
word-picture identification after A-tDCS over
PPR at post-treatment. No follow up

Trend toward improvement in WAB-AQ after C-
tDCS over the left DLPFC at 2-weeks and a
significant improvement at 2-months
Improvement of verb retrieval after A-tDCS at
post treatment

Improvement in verbs production (on treated
and untreated items) after bihemispheric tDCS.
No follow up
Improvement in repetition accuracy for words
and sentences (on trained and untrained stimuli)
after A-tDCS at post-treatment and at 1 week
follow-up.
Improvement in picture description, noun and
verb naming after A-tDCS at post-treatment. No
follow up
Improvement of naming performance after A-
tDCS at post treatment and at 16 weeks follow
up.
Improvement in picture description, noun and
verb naming after bihemispheric tDCS at post-
treatment and at 1 week follow-up
Improvement in cohesive devices (pronouns,
ellipses, word repetitions, conjunctions) (on
treated and untreated stimuli) after A-tDCS over
LIFG. No follow-up
Improvement in verb naming accuracy (on
treated and untreated items) at post-treatment
and at 48 months follow-up.

(continued on next page)
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Table 1 (continued)

Articles Number and type of patients Target Control Stimulation Duration and Results
condition polarity and number of
intensity sessions
Polanowska et al. 24 (post-acute stroke/non-fluent LIFG sham Anodal 1 mA 10 min, 15 sessions (followed Improvement in naming accuracy and naming
[25] aphasics: 2-24 weeks after stroke) by 45 min of picture naming response time in both groups (A-tDCS and
task) Sham).
Polanowska et al. 37 (post-acute stroke/non-fluent LIFG sham Anodal 1 mA 10 min, 15 sessions (followed Improvement in the BDAE in both groups (A-
[26] aphasics: 2-24 weeks after stroke) by 45 min of picture naming tDCS and Sham) both at post-treatment and at 3
task) months follow-up.

Marangolo et al. 12 (chronic stroke/non-fluent LIFG Left Wernicke’s area sham Anodal, 1 mA 20 min, 10 sessions Improvement in content units, verbs and

[20] aphasics: 5-84 months after (during conversational sentences production after tDCS over LIFG at
stroke) therapy) post- treatment and at 1 month follow-up.

Marangolo et al. 12 (chronic stroke/non-fluent Bihemispheric, tDCS: Anodal tDCS over sham Anodal and 20 min, 10 sessions (during Improvement in repetition accuracy and

[21] aphasics: 6-74 months after LIFG and Cathodal tDCS over RIFG Cathodal, 2mA repetition task) response time for syllables, words and sentences
stroke) (on trained and untrained stimuli) after
bihemispheric tDCS at post-treatment and at 1
week follow-up.

Marangolo et al. 8 (chronic stroke/non-fluent LIFG Left Wernicke’s area sham Anodal, 1 mA 20 min, 5 sessions (during verb Improvement in verb naming after A- tDCS over

[22] aphasics: 12-84 months after naming) the LIFG at post-treatment and at 1 month
stroke) follow-up.

Lee et al. [48] 11 (chronic stroke/6 non-fluent Bihemispheric, tDCS: Anodal tDCS over no Anodal and 30 min, 1 session (during Improvement in naming response time in the
and 5 fluent aphasics: 8-180 LIFG and Cathodal tDCS over RIFG no Cathodal, 2mA picture naming task) BNT after bihemispheric
months after stroke) Single tDCS, LIFG Anodal, 2mA tDCS, no significant improvement after single

tDCS. Improvement in naming accuracy after
bihemispheric and single tDCS. No follow-up

Fiori et al. [17] 7 (chronic stroke/non-fluent LIFG, Left Wernicke’s area sham Anodal, 1 mA 20 min, 5 sessions Improvement in noun naming after A-tDCS over
aphasics: 9-84 months after (during noun and verb naming) left Wernicke’s and in verb naming after A-tDCS
stroke) over LIFG at post-treatment and at 1 and 4

weeks follow-up.

Cherney et al. 1 (chronic stroke/non-fluent Right Wernicke area no Cathodal, 1 mA 13 min, 30 sessions (during Improvement in WAB AQ and in auditory

[30] aphasic: 204 months after stroke) SLT) comprehension at post- treatment.

You et al. [37] 21 (post-acute stroke/non-fluent Left or right Wernicke’s area sham Anodal over left 30 min, 10 sessions (during Improvement in auditory verbal comprehension

aphasics: 16-38 days after stroke) Wernicke’s area SLT) after C-tDCS at post-treatment. No follow-up.
or cathodal right
Wernicke’s area,
2mA

Vines et al. [39] 6 (chronic stroke/non-fluent RIFG sham Anodal, 1.2 mA 20 min, 3 sessions Improvement in verbal fluency after A-tDCS at
aphasics: 15-120 months after (during MIT) post-treatment. No follow-up
stroke)

Marangolo et al. 3 (chronic stroke/non-fluent LIFG sham Anodal, 1 mA 20 min, 5 sessions (during Improvement in syllables and words repetition

[58] aphasics: 7-48 months after repetition task) after A- tDCS at post-treatment and at 2 months
stroke) follow-up Improvement in different language
subtests.

Jung et al. [38] 37 (post-acute/chronic stroke: RIFG no Cathodal, 1 mA 30 min, 10 sessions (during Improvement in the WAB AQ. No follow-up.
average 221 days after stroke) SLT)

Kang et al. [36] 10 (chronic stroke/8 non-fluent RIFG sham Cathodal, 2 mA 20 min, 5 session (during word- Improvement in naming accuracy in the BNT at
and 2 fluent aphasics: 6 —181 retrieval training) 1 h following the last C-tDCS session, no changes
months after stroke) after sham. No follow-up.

Fridriksson et al. 8 (chronic stroke/fluent aphasics:  Left posterior cortex sham Anodal, 1 mA 20 min, 5 sessions (during Improvement in naming accuracy after A-tDCS

[18] 10-150 months after stroke) picture naming) at post-treatment and at 3 weeks follow-up.

Floel et al. [67] 12 (chronic stroke/9 non-fluent Right temporo-parietal cortex sham Anodal, Cathodal, 20 min, 3 sessions (2 X 1h/day Improvement in naming accuracy after A-tDCS
aphasics and 3 fluent aphasics: 1mA of computer-assisted naming) at post-treatment and at 2 weeks follow-up.
14-260 months after stroke)

Fiori et al. [16] 3 (chronic stroke/non-fluent Left Wernicke’s area sham Anodal, 1 mA 20 min, 5 sessions (during SLT) Improvement in naming accuracy and response

aphasics: 21-71 months after
stroke)

time after A-tDCS at post-treatment and at 3
weeks follow-up.
(continued on next page)
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and transient side effects [7,43], easy to use and less expensive.
Therefore, although the employment of large electrodes (typically
5 X 7 or 5 X 5cm) with tDCS makes it difficult to precisely identify
which brain area or areas are being targeted, because tDCS electrodes
are simply secured to the scalp and leave the patient free to move, tDCS
is considered more suitable to deliver during rehabilitation (online
stimulation) compared to TMS. In the next paragraphs, a brief overview
of the most important tDCS aphasia treatment findings published in
these last years is reported together with some suggestions for chal-
lenges and future directions on the use of tDCS for language recovery.

3. tDCS and the treatment of aphasic disorders

and untreated items) at post-treatment and at 1

Improvement in naming accuracy (on treated
week follow-up.

Results

tDCS involves the application of small electrical currents (typically
1-2mA) to the scalp through a pair of surface electrodes over a long
period, usually in minutes (5-30 min), to achieve changes in cortical
excitability by influencing spontaneous neural activity. An active
electrode is placed on the site overlying the cortical target and a re-
ference electrode is usually placed over the contralateral supraorbital
area or in a non-cephalic region (i.e. the shoulder). tDCS induces long-
lasting changes in the brain and it can be used to manipulate brain
excitability via membrane polarisation: generally, the anode increases
cortical excitability when applied over the region of interest, whereas
the cathode decreases it, whereby the induced after-effects depend on
polarity, duration and intensity of the stimulation [44,45]. In line with
the model of interhemispheric competition outlined before, most tDCS
studies have promoted left perilesional recruitment through excitatory
current (anodal tDCS) [14-28] or inhibition of the right areas through
cathodal tDCS [29-39] with the reference electrode placed over the
contralateral supra-orbital region (see Table 1). Since the left inferior
frontal gyrus (IFG) has long been considered to play a key role for the
recovery of different language units (i.e. content words, verbs, sen-
tences, [46,47]) and can be easily and comfortably targeted with tDCS,
a large amount of studies has applied excitatory tDCS over this region
[14-24,27]1; while some other studies have applied inhibitory current
over its right homologue [27,36-39]

More recently, dual stimulation where both the left and the right
IFG are simultaneously targeted with anodal and cathodal tDCS re-
spectively, has been also utilized to improve language function in pa-
tients with post-stroke aphasia [21,23,49-51] (see Table 1).

In general, the experimental protocols in tDCS aphasia studies
published through 2017 used a crossover design whereby each parti-
cipant received at a minimum two different stimulation conditions: an
active condition which allowed researchers to explore the effect of
stimulation over the targeted area (e.g., IFG) and a placebo control
condition (the sham condition) in which the tDCS stimulator is turned
off after a few seconds. In both conditions, the participant and the
clinician are blind as to whether the participant is receiving real tDCS.
This design was implemented to ensure that the patient’s behavioral
changes are attributable to stimulation [5].

The fact that word-finding difficulty is the most common phenom-
enon observed in aphasia has influenced the literature on tDCS and
aphasia treatment. Indeed, predominantly, most of the studies choose
word-finding therapy as the behavioral treatment component to be
paired with tDCS [14,16-18,22,25-28,48,52,53]. The first use of tDCS
for anomia in aphasia was reported by Monti et al. [54] who explored
the immediate effects of a single tDCS session in eight chronic aphasic
patients on a picture-naming task immediately prior to and after com-
pletion of stimulation but with no additional language training prior to
or during the task. Since Monti et al.’s study [54], there has been an
increase in the number of published papers combining tDCS with be-
havioral anomia therapy [14,16-18,22,25-28,48,52,53]. Those studies
have suggested that lasting effects might be more easily obtained with
multiple stimulations sessions and coupling the stimulation with con-
current language treatments [14,16-18,22,25-28,48,52,53]. The hy-
pothesis underlying multiple-session studies is that the short-lasting

20 min, 5 session (during SLT)

Duration and
number of
sessions

polarity and
Anodal, 1 mA

Stimulation
intensity

Control
condition
sham

Left frontal cortex

Target

10 (chronic stroke/6 fluent and 4
non-fluent aphasics: 10-242

Number and type of patients
months after stroke)

Baker et al. [14]

Articles

WAB AQ: Western Aphasia Battery Aphasia Quotient.

BDAE: Boston Diagnostic Aphasia Examination.
SLT: Speech Language Therapy.

BNT: Boston Naming Test.
CILT: Constraint-Induced Language Therapy.

LIFG: Left inferior frontal gyrus.

RIFG: Right inferior frontal gyrus.
AAT: Aachen Aphasia Test.

DLPFC: Dorsolateral Prefrontal Cortex.

Table 1 (continued)



P. Marangolo

effects from a single session will accumulate with repeated sessions and
eventually lead to a permanent improvement in the treated function
[55]. Although is not yet clear how this approach might determine an
improvement of language over time, the hypothesis has been advanced
that multiple tDCS stimulation sessions induce a more effective re-
learning of language than with single session [55]. Indeed, irrespective
of electrode configurations (uni vs. bihemispheric), site of stimulation
(left anodal tDCS vs. right cathodal tDCS) and stimulation intensity
(1 mA vs. 2mA), all studies have pointed to an additional effect of tDCS
on word recovery, when combined with SLT in a multiple session
paradigm [see review 56]. However, these studies have some important
methodological limitations, among which the fact that the word re-
trieval training mainly employed a computerized naming task of a large
set of nouns and/or verbs [14,16-18,22], which has been considered an
ineffective training in the aphasia rehabilitation literature [57].

Since the aphasic symptoms are heterogeneous and differently affect
the language system, more recently, the application of tDCS to beha-
vioral treatment for aphasia has been extended beyond remediation of
word-finding difficulties, such as to the recovery of articulatory deficits
[21,51,58] and speech production [20,23,24][e.g., 20,23,24]. In a
preliminary study on a small sample of chronic patients, Marangolo
et al. [58] showed that repetitive anodal tDCS over the left IFG coupled
with language training helped patients to recover from their articu-
latory disturbances [58]. More recently, the same authors wondered if
similar results would be achieved using bihemispheric tDCS delivered
over the left and right IFG [21,51]. Results showed that only after the
real stimulation condition the number of correct syllables, words and
sentences significantly improved and significant changes persisted at
one week after the end of treatment. Moreover, the improvement
generalized also to other oral language tasks (picture description, noun
and verb naming, word repetition and reading) and it was still present
at one week after the therapy [21].

With regard to speech production, the Conversational Approach, a
well-known established method in the aphasia treatment literature
[59], was chosen in order to consider the relevance of combining a
pragmatic treatment approach with tDCS [15,20,23,24]. The under-
lying theoretical motivation in choosing this approach is that having a
verbal exchange in a natural context more easily prompts, in nonfluent
aphasics, the use of informative speech and, therefore, communication,
even if not always formally correct. The authors found that compared
with the placebo condition (the sham condition), the combined effects
of tDCS with conversational therapy led to the production of more in-
formative speech, which persisted at 1 month after the end of treatment
and generalized to materials that had been administered only at the
beginning and at the end of the therapy sessions [15,20,23,24].

In summary, all of the above studies indicate the possibility to de-
termine a wide spectrum of linguistic outcomes through short-term but
intensive treatment programms which make use of tDCS. Therefore, this
technique might be used as a supplementary treatment approach for
different language deficits in patients with chronic aphasia.

4. Future research

Although the tDCS results reported above are promising and have
already shown significant improvement in different language domains,
many aspects remain unclear and require further investigations. Crucial
elements to be considered in future studies are: 1) the necessity to in-
clude large randomized clinical controlled trials, 2) to monitor over
time the benefits obtained during the treatment (i.e. not all the above
cited studies included follow-ups) and 3) the inclusion of different
outcome measures, such as standardized tests of everyday commu-
nication abilities [60], to be administered before and after the treat-
ment. This in order to demonstrate that the results obtained are reliable
as replicable in larger sample sizes, are not temporary and they reflect
significant changes on the partecipants’ ability to use language in daily-
life situations. The inclusion of large sample size is important for

Neuroscience Letters 719 (2020) 133329

planning and interpreting treatment findings since the larger the re-
ference population the more representative the results limiting the in-
fluence of outliers and the risk of reporting false-negative findings. In
general, researchers agree on the fact that a sample size of 30 re-
spondents would provide a reasonable starting point [61]. Although, it
should be noted that it is not always easy to find such a large homo-
geneous sample of subjects in the aphasia population. This is the reason
why most of the already published studies have included small sample
sizes. It should also be observed that, most of the tDCS studies were
aimed at improving oral production [56,57], thus, we still don’t know if
the positive results already found might be extended to other aspects of
the aphasia syndrome, such as the improvement of comprehension
deficits and/or reading and writing disorders. Most importantly, when
choosing the behavioral treatment to be paired with tDCS, we must
verify if this treatment has already been proved to be useful in aphasia
rehabilitation and which patients are the most suitable for this type of
intervention [see 56 for review]. It has not also been yet established
which area of the brain (non-lesioned left language dominant or right
non dominant) and/or which type of stimulation (excitatory vs. in-
hibitory) and electrode configurations (uni vs. bihemispheric) are the
most suitable to be combined with the language therapy. Previous
evidence have suggested that targeting the left IFG through excitatory
tDCS leads to the recovery of different language deficits (i.e. articula-
tion disorders, non fluent speech, verb retrieval deficits) [5,56]. These
results have been further supported by studies with functional magnetic
resonance imaging (fMRI) [51] and computer modeling [62] which
showed that the application of anodal tDCS over the left IFG primarily
recruits the left perilesional regions [51] and focused the current path
into the left perilesional cortex [62]; structures which are considered to
be associate with the best recovery from language [40,41]. One inter-
esting growing area of research which should be promoted in the near
future for optimizing the electrode configuration (with respect to the
electric field magnitude over the target region) and, therefore, in re-
liably assessing the efficacy of tDCS in language rehabilitation, is the
use of small “high- definition” electrodes which allows to increase the
electric field strengths in the targeted cortex and, thus, to identify
precisely which brain area or areas are being affected [63]. Another
very recent new approach to the use of tDCS for aphasia treatment
relies to the hypothesis of modulating “less classical” language areas,
such as the motor cortex [64], the spinal cord [65] and the cerebellum
[66]. Indeed, it has been suggested that these structures, through their
connections to the sensory-motor system, might work as vicarious
systems in language recovery and, in particular, for those words made
up of sensory-motor semantic properties, such as action verbs [65,66].
Accordingly, tDCS over the spinal cord [65] or the cerebellum [66]
enhanced verb retrieval in different groups of post-stroke aphasics.
Since verbs are essential for sentence construction and speech fluency,
these findings, if replicated, would be extremely important for treat-
ment outcomes in persons with aphasia.

5. Conclusion

In conclusion, although for future approaches we need to address
several methodological issues outlined in this review (i.e.lack of large
sample sizes, the inclusion of evidence-based language treatments to be
paired with tDCS), overall the literature seems to suggest that tDCS is a
viable tool for language recovery in chronic stroke patients which can
be used in daily practice as an additional treatment option. Indeed,
since it is considered to be quite safe with mild and transient side ef-
fects, it could be even self-administered in the patient’s own home re-
sulting in an additional economical and practical treatment for lan-
guage rehabilitation.
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