
Abstract
Aphasia, an acquired language disorder, commonly results
from a stroke affecting network of cortical and subcortical
structures. Aphasia lacks effective standardised treatment.
Neuroimaging and behavioural research indicate that some
interventions promote neuroplasticity changes in aphasia.
Research has suggested that non-invasive brain stimulation
may be effective, causing functional reorganisation of
language areas between the two hemispheres. This
reorganisation evolves from different researches exploring
novel procedures, including transcranial magnetic
stimulation and intracranial direct current stimulation,
which may modulate cortical activity in aphasia. The
current narrative review was planned to assess these
techniques while examining the casual role of specific
regions of brain and the understanding of the underlying
mechanism for treatment effects of brain stimulation.
Literature was explored on search engines and databases,
like Medline, Web of Science and bibliography of published
studies. The key words used for the search were ‘non-
invasive brain stimulation’, ‘post-stroke aphasia’, ‘transcranial
magnetic stimulation’ and ‘transcranial direct current
stimulation’. Of the 175 publications downloaded, 40(23%)
full-text English publications were reviewed.
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Introduction
Language is the key to communication. The fundamental
role of all linguistic interactions in daily living involves
interpersonal communication for health-associated quality
of life (QOL). In the late 19th century, the study of aphasia
and the aetiology of its lesion were discussed that led to
insights about the neural organisation of many language
functions.1

Aphasia is an acquired language disorder that commonly
results from brain insult, mainly stroke, that usually involves
injury to an extended network of cortical and subcortical

structures supplied by the middle cerebral artery (MCA) in
the left hemisphere.2 Impairment is mostly seen in the four
primary areas, language comprehension, spoken language
expression, writing, and reading, thus leaving a person with
the loss of ability to use language as a tool for participation
in life, depending on a person’s unique set of symptoms.
Usually, the intact non-linguistic cognitive skills, like
memory and executive functioning, are intact and seen in
the aphasic individuals, but these may also be affected with
aphasia.3

A large European audit involving inpatient stroke cases
revealed 64% prevalence of communicational impairments
in post-stroke survivors, of whom 28% suffered both
aphasia and dysarthria, while 24% had aphasia alone.4 In
an Indian study, aphasia was diagnosed in 27.9% cases of
stroke, being Global in majority (33.33%), followed by
Broca’s aphasia (28.3%), motor transcortical aphasia
(13.33%), sensory trans-cortical aphasia (10%), Werneke’s
aphasia (8.33%), Anomic aphasia (5%) and Conduction
aphasia (1.67%).5 Aphasia is usually seen in older adults
compared to younger ones.6 The most common cause of
aphasia is stroke, which can be caused by ischaemia,
infection, traumatic or surgical brain injury, or progressive
neurological diseases, like dementia. Ischaemic strokes,
being the commonest, result from blockage of blood
supply to the brain areas, or it can be haemorrhagic, which
includes rupture of blood vessels that damage the
surrounding regions of brain tissues.

To address the specific area of need that are identified
during assessment, the goals of aphasia management are
specific for the patient as well as for caregivers or family
members, and treatment should be individualised. Keeping
in mind the World Health Organisation’s (WHO)
International Classification of Functioning (ICF) framework
guidelines 2001, the ultimate goals are to intervene with
the intent to facilitate the individual in achieving the
highest level of independent functioning for participation
in daily living activities.7 The management of aphasia must
be related to underlying structures and their functions that
impede the communication of patients across different
settings and partners. They must capitalise on the strengths
and weaknesses of each individual. By teaching new skills
and compensatory strategies to aphasic individuals as well
as their partners enhance the participation and activity
level. With the incorporation of Augmentative Alternate
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Communication (AAC) strategies, by modifying the
environmental factors, and taking into account the modern
focus on evidence-based practice (EBP), aphasia
management can improve.8 Most notably, spontaneous
recovery is usually seen during the first 2-3 months
following stroke, while many of them are left with some
chronic defects in which the recent rehabilitation treatment
is only marginally effective. However, long-term intense
therapies can have positive outcome in post-stroke
aphasia.9

Recent clinical practices state that therapy must be person-
centred or person-focussed and evidence-based. EBP is
basically the approach that incorporates the most recent
high-quality research evidence with the integration or of
practitioner expertise and client values and preferences,
while the evidence is evaluated on the basis of
generalisability. When the treatment decisions are taken,
the important things that should be kept in mind include
individual’s preferences, life circumstances, medical
records, coping strategies, behavioural, sensory and
psychological issues.10 Person-centred practice includes
valuing the patients’ rights and their individual needs,
thoroughly understanding their illness, healthcare
experiences and accepting them within effective
relationships. This will eventually enable a patient to
participate in clinical reasoning.11

Mostly, speech therapists are the persons who evaluate,
diagnose and manage the patients with post-stroke
language impairment on the basis of individual needs, and
then use integrations or combinations of strategies
according to the individual’s impairment profile. Currently,
no gold standard procedure or universally-accepted
methods are available for the management of aphasia
against which more experimental intervention can be
linked. Hence, the current narrative review was planned to
review the use of non-invasive brain stimulation
techniques while examining the casual role of specific
regions of brain during the recovery process and the
understanding of the underlying mechanism for treatment
effects of brain stimulation.

Methods and Results
The current narrative review comprised literature search in
major search engines, like Google and Google Scholar,
databases Medline and Web of Science, and bibliography
of published studies. The key words used were ‘non-
invasive brain stimulation’, ‘post-stroke aphasia’ and
‘aphasia’. There was no time-period limitation related to the
literature searched.

Articles that were duplicate and in languages other than
English were excluded.

Of the 175 articles downloaded, 135(77%) full-text English-
language publications were further skimmed for relevancy.
Finally, 40(52%) were used for comprehensive literature
review (Figure).

Discussion
The comprehensive understanding of language-related
functional neuroanatomy and relationships of brain
behaviours has been made possible by current
advancements in neuroimaging. Early in the 1980s, the
understanding of underlying functional neuroanatomy was
extended by positron emission tomography (PET),
functional magnetic resonance imaging (fMRI) and
magneto-encephalography. These techniques were
considered safe and non-invasive. These imaging
technologies discovered that language areas in the brain
extend far beyond Broca’s area and Wernicke’s area. Many
researches have concluded that there are some regions in
the brain which show activation mostly while performing
language tasks. However, in majority of neurologically
healthy individuals, the left hemisphere depicts more
activation. Moreover, some distant regions in the cortex,
like inferior cortex, anterior temporal cortex, cerebellum,
basal ganglia and thalamus, also show activation during
language-related tasks.12

The complexity and richness of language comprehension
and expression is also enhanced because of contemporary
models of functional neuroanatomy of language.
Increasingly, the interruption in the cognitive processes
that underlies language are usually seen in aphasia. It has
been known as the person-centred and EBP approaches to
the rehabilitation of aphasia patients. With the
advancement of understanding in neurobiology of
recovery, the treatment of aphasia is now more informed.
The early and intense therapy is supported by the
fundamentals and principles of neuroplasticity. The
functional importance of the concept ‘use it or lose it’ is
revealed by plasticity studies which also indicate that
neural changes and some beneficial behaviours are
effected through repetitive and intensive practice.13

Figure: Literature search schematic representation.
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It was emphasised in the finding of some investigational
studies that intensive treatment for short duration is far
better than the number of therapy sessions over a longer
time period. Recently, the intensity of therapy, not the
therapeutic approach used, are reported because they
exhibit similar outcomes regardless of whether stroke
survivors received conventional therapy or constraint-
induced movement therapy (CIMT).14 In the case of chronic
stroke, CIMT is more likely to enhance cortical
reorganisation through encouraging the verbal versus
nonverbal communication.15

The recovery from aphasia following a stroke is a dynamic
approach which includes variations of plasticity changes in
both hemispheres. It is supposed that the hierarchical
combinations of changes occur in the patients facing
language difficulties post-stroke. Current literature on the
temporal dynamics of post-stroke language recovery has
invoked differential involvement of both hemispheres with
the passage of time.16 There are various factors that seem
to have an impact on the recovery from aphasia, which
includes size and site of lesions, and history of prior
strokes.17 In individuals with extensive damage to the left
hemisphere, the reallocation of language functions in the
right hemispheres occur right after the stroke. Gradually
this phenomenon diminishes following a reorganisation of
the language processing function back to the left
hemisphere. However, this processes is considered to occur
mainly in individuals with smaller lesions.18

Non-invasive techniques, like transcranial magnetic
stimulation (TMS) and transcranial direct current
stimulation (tDCS), are techniques that are being explored
to provide an important adjunctive approach to
behavioural techniques19 due to their ability to modulate
cortical excitability and to induce plasticity.20 It has been
hypothesised that neuroplasticity is facilitated by these
non-invasive techniques by reactivating neuronal networks
and enlisting compensatory and perilesional areas.21

TMS is a non-invasive technique that creates variations in
brain activity pattern by generating varying magnetic fields
by employing the principles of electromagnetic induction.
For electromagnetic induction, the coil is held close to the
head of te patient and the magnetic field is applied and
allowed to penetrate the skull and the scalp. This results in
the induction of minor currents to the plane of the coil in
the brain. It generates the action potentials that are
sufficient to depolarise neuronal membranes. Different
combinations of intensities, pulse frequencies and
stimulation locations are employed in TMS paradigms. The
presentation of a series of pulses at a fixed or
predetermined frequency is known as repetitive TMS
(rTMS). It can generate the effects that outlast the

application of stimulation and is thought to induce
plasticity in the brain, though the mechanism of this is not
clear.22 Literature suggests that cortical excitability
decreases when rTMS is delivered at low frequencies, while
it increases when generated at high frequencies.23 To
examine the role of specific cortical regions for the
execution of particular linguistic functions, usually rTMS is
employed.24 Low-frequency rTMS, when applied over
inferior frontal gyrus, improves language recovery,25 while,
high-frequency rTMS on the damaged hemisphere also
improves language function.26

Further, tDCS is the application of small electric currents via
a pair of surface electrodes to the scalp. In this procedure,
the current flows through the cortex from the anode and
moves out via cathode. To modulate the resting membrane
potential of neurons, weak electric currents are used in
tDCS in contrast to TMS which involves sufficient
magnitude of current for the stimulation of action
potentials.27 The effectiveness of tDCS is totally dependent
on which electrode is applied to the scalp area. Because of
the hyperpolarisation of cortical neurons, less cortical
excitability is associated with the stimulation of cathode.
On the contrary, increased cortical excitability is linked with
stimulation of anode which is due to depolarisation. On the
basis of polarity, intensity and duration of stimulation, the
effects of these procedures last from minutes to hours.  A
study found that reduction of excitability in the unaffected
hemisphere by cathodal tDCS and increasing stimulation
of the affected hemisphere by anodal tDCS could improve
motor performance in patients.28

A study argued that TMS and tDCS can enhance language
recovery.29 Also, another study reported that after daily
therapy with anodic tDCS for 5 days, in which 1 mA anodic
tDCS was given over 20 minutes in each session as along
with sham stimulation on Wernicke’s area, long-term effect
on the recovery of anomic disturbance was detected.30

In contrast, other studies,31,32 following application of 15
consecutive 24-hour treatments of anodal tDCS with 1 mA
strength for 10 min, did not find any significant positive
improvement in language abilities.

While discussing the utility of these techniques, it is
important to keep in mind that they heavily rely on the
thorough understanding of anatomy and physiology of
neuronal networks that underlie the language areas, other
variables which have an impact on potential timing, and
structure’s functional reorganisation.19 A review article
highlighted the hierarchical model in connection with
aphasia recovery,29 stressing that in cases related to
recovering the language function post-stroke, a
hierarchical group of changes occur. When there is a very
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small lesion on the left hemisphere, almost full recovery is
achieved by restoring the normal activation pattern in
language network of the left hemisphere, but when the
lesion involves important centres, area around the lesion
in same hemisphere is associated with good recovery. But
in case of a severely affected left hemisphere network, the
right hemisphere assumes some language functions
facilitated by the release of left hemispheric inter-
hemispheric inhibition.29 Hence, post-stroke aphasia
recovery may occur by integration of left as well as right
hemisphere areas to a varying degree over time.33 For
aphasia recovery enhancement, some evidence favours
non-invasive cortical stimulation along with language or
other therapeutic options.34

TMS and tDCS techniques are non-invasive and safe as
enhance or induce neuroplasticity changes in the activities
of the brain. Recent evidence suggests that these non-
invasive brain stimulation techniques tend to have positive
impact in aphasia treatment post-stroke.  For the selection
of target area in non-invasive brain stimulation, it is
necessary for the resource person to have a thorough and
deep knowledge and understanding of all the underlying
mechanisms that favour spontaneous recovery post-stroke.
Recovery differs from person to person as there are some
other linked factors, like lesion size and site, severity of
syndrome, affected hemisphere and dominance of
hemispheres among all individuals. Likewise, the preferred
site for stimulation, adequate dosage of TMS and tDCS,
pharmacological treatments and behavioural experiences
also need detailed clarification.35

Though non-invasive brain stimulation techniques have a
very important role in aphasia recovery, they also shed light
on the right and left hemispheres’ role in the recovery of
aphasia by giving a wide range of experimental
manipulations. The integration of non-invasive brain
stimulation techniques with behavioural techniques helps
in facilitating the right hemisphere involvement in
language-related activities. By applying TMS to different
areas of the right hemisphere enhances specific linguistic
processes. They may further explicate the structure
function relationship in the reorganisation of language-
related networks. The recovery of language function is also
taken into account by stimulating the left and right
hemispheres at different time points that are related to the
onset of stroke.36

As has been discussed in the current narrative review, TMS
and tDCS are very promising techniques for advancement
in language functional recovery in individuals with aphasia.
It is also important to identify the effective method for the
treatment of aphasia post-stroke that also helps in further
treatment intervention and subsequent clinical decision-

making. However, it must be emphasised for patient safety
purposes that, like other therapeutic techniques, rTMS and
tDCS are not without adverse effects. Though rare, mild
symptoms can result post-rTMS, like temporary hearing
impairment, syncope, acute episode of psychiatric event,
ache and pain, paraesthesia or cognitive changes as well as
seizures.37 On its part, tDCS is often associated with itching
and tingling sensations.38

The current review has a limitation as data regarding brain
stimulation techniques only focussed on individuals with
frontal lobe lesions and non-fluent aphasia. There is a need
to explore brain stimulation procedure effects across all
types of aphasia and among a variety of lesion locations.

Conclusion
Advancements in neuroimaging techniques, recent
theories regarding language functions, and modifications
in clinical practices must be integrated to approach aphasia
management. This also necessitates the understanding of
language functional neuroanatomy, the underlying
cognitive process for language-related tasks, and the
recovery mechanism post-stroke. It is also important to
provide optimum care, standard rehabilitation and
counselling to patients’ families and caregivers to maximise
the recovery. Treatment methods must incorporate
evidence-based and person-focused approaches for
standard care. Additionally, combination of non-invasive
brain stimulation procedures with other behavioural
techniques can prove to be promising interventions to
facilitate the recovery of the language function in aphasia
cases post-stroke.
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