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INNOVATION IN
PROMOTING THE
RECOVERY OF LANGUAGE
AFTER STROKE

Stroke can impair a person’s ability to communicate, resulting in a

disorder known as aphasia. To facilitate recovery, scientists must
understand how language is processed normally as well as how a

stroke may impact the language system in the brain. Dr Cynthia K.
Thompson, Ralph and Jean Sundin Professor of Communication

Sciences and Disorders and Professor of Neurology at Northwestern

University, has been researching normal and disordered language

for over thirty years. Her focus is on understanding and supporting

the recovery of language processes when the brain has been

damaged.

The Complexity of Language and
the Brain

The uniguely human capacity for
language resides in the most complex
organ in the body, the brain. While
significant insights have been gained

in ascertaining the neurobiology of
language, the inherent complexity of the
brain, as well as language and linguistic
processes, means much is still to be
achieved. Damage to the brain can
occur through a wide range of different
diseases and injuries, and can have
severe consequences for the language
capabilities of an individual.

Aphasia Caused by Stroke Damage

One important cause of aphasia is
stroke, which affects over 15 million
people across the world. Stroke is a
life-threatening condition, in which
blood supply to areas of the brain is cut
off or significantly reduced. Reduced
blood supply to regions of the brain
that support language processing
renders those regions unable to process
language normally. It is estimated that

around one-third of stroke survivors
are left with aphasia, which affects the
ability to understand and formulate
language. This often has wide-reaching
effects on the ability to communicate,
which impacts social independence
and the quality of life and increases the
likelihood of social isolation.

Dr Cynthia K. Thompson at
Northwestern University works

to understand which areas of the

brain are responsible for language
processing — in particular, sentence
processing — in healthy individuals to
aid rehabilitation and recovery in those
with deficits. By mapping the neural
structures of sentence comprehension
and production in healthy volunteers,
her work is providing vital clues as

to how networks may be rebuilt,
potentially in different areas of the
brain - a phenomenon known as ‘brain
reorganisation’.

Many previous studies have used
neuroimaging techniques to record
the complexity of neural activity across
multiple brain regions when language
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is processed. Dr Thompson and her
colleagues published a review of
previous studies observing the neural
activity of people recovering from
aphasia and healthy individuals. They
found some important differences
between the two groups. Healthy
individuals typically displayed activity
primarily in the left hemisphere

of the brain when processing
complex sentences whereas those
recovering from aphasia were found
to display greater activity in the

right hemisphere. This observation
supports Dr Thompson’s conviction
that right hemisphere brain tissue
may be recruited to support sentence
processing in people with aphasia.




‘If we can find the parts of the brain that are the most likely candidates to be
recruited for recovery, then the next step is to push those parts of the language
network of the brain using non-invasive neurostimulation.

In further research, Dr Thompson has
effectively demonstrated that language
functions can indeed be regained with
training. Dr Thompson also maintains
that it isn’t just those who have recently
suffered a stroke that can recover
language skills. She has shown that
patients can demonstrate significant
brain reorganisation many years
poststroke, allowing the return of at
least some previous language skills and
functioning. Dr Thompson explains her
approach as follows: ‘If we can find the
parts of the brain that are the most likely
candidates to be recruited for recovery,
then the next step is to push those parts
of the language network of the brain
using non-invasive neurostimulation’

Neurocognitive Mechanisms Leading
to Agrammatism

Dr Thompson and her team investigated
the neurocognitive mechanisms that
lead to a specific deficit known as
agrammatism, a type of aphasia that
affects grammatical aspects of language
processing. Neurocognition refers to

the study of cognitive functions that are
closely linked to specific brain areas or
pathways.

Dr Thompson and colleagues found
that agrammatism is caused by damage
to frontal and temporal lobe regions

of the brain as well as the subcortical
white matter fibres which link them
(known as the dorsal pathway) in the left
hemisphere, which is associated with
language processing in the majority

of humans. More specifically, these
regions play an important role in using
and understanding verbs and verb-
argument structure within speech,
which are crucial for the production

and comprehension of grammatical
sentences. This suggests that damage
to regions within the dorsal language
system leads to sentence processing
errors.

The Success in the Rehabilitation
of Language

In addition to her focus on the
neurological impact of stroke, Dr
Thompson has directed much of her
research towards developing and
improving treatments. She is the
creator of a linguistic therapy called
the Treatment of Underlying Forms
(TUF), which helps to improve sentence
comprehension and processing in
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people with aphasia. The treatment

is based on Dr Thompson’s theory -
The Complexity Account of Treatment
Efficacy (CATE) - that using complex
rather than basic sentence structures
during rehabilitation improves
recovery. She explains, ‘Previously,
the common practice in language
rehabilitation therapies was to train
only simple sentences. We have found
that training people using linguistically
complex sentences results in greater
improvement on both simple and
complex sentences

Recently, Dr Thompson and her
colleagues demonstrated that TUF can
improve the real-time processing of
sentences in individuals with aphasia.
In this study, participants with aphasia
received a 12-week programme of

TUF which focused on the production
and comprehension of complex
sentences. Before and after the training,
eye movements were tracked whilst
performing a sentence and picture
matching task and brain processing
was mapped using functional magnetic
resonance imaging (fMRI). After
treatment, participants with aphasia
who received treatment were more




likely to respond correctly when processing complex and

basic sentences. Furthermore, they showed eye movements
comparable to those of healthy individuals, and recruited

brain tissue primarily within the right hemisphere of the brain.
Interestingly, the right hemisphere regions recruited in recovery
were also recruited by healthy people or were opposite to left
hemisphere regions that are typically engaged for sentence
processing.

These findings provide further evidence for the neural
reorganisation of language. They also complement earlier
research indicating a positive impact of TUF rehabilitation

by demonstrating the emergence of more normal sentence
comprehension and production processes following treatment.

The Influence of Language and Brain Variables on Recovery

Another important component of Dr Thompson’s work is the
identification of neurobehavioural markers of recovery which
can be used to inform treatment planning and prognosis.
Recovery of language abilities after a stroke typically depends
on multiple factors. For example, a patient’s specific language
impairment, how severe the impairment is, and factors related
to the stroke lesion can all influence the response to therapy
and recovery.

For example, smaller lesions, which cause less damage within
the brain, appear to be associated with a better prognosis,
presumably because the more brain tissue left intact, the easier
itis for language functions to be remapped. Conversely, larger
lesions are assumed to lead to a broader range of language
skills being disrupted.

Dr Thompson believes that the location of the lesion is also

fundamental, arguing that the location of the lesion site may

play a more important role than its size when predicting the
possible extent of language recovery. Her team used voxel-
based lesion symptom mapping to establish the relationship
between lesion location and the ability to produce and
comprehend sentences. They found that lesions in the
posterior temporal lobe were associated with the ability to

process complex sentences. Although a limited number of
studies have been conducted to date, this adds evidence to
suggest that the site of the damage influences how language
may be impacted and the possible level of recovery.

Resting state functional magnetic resonance imaging (rsfMRI)
allows us to see what is happening inside the brain when itis
not engaged in an explicit task (hence ‘resting’). rsfMRI has been
found to be particularly relevant to the study of aphasia, where
patients can be distinguished from healthy control participants
through differences in the functional connectivity of their
resting networks. Dr Thompson and her colleagues have
recently demonstrated that predictive models of individual
response to therapy incorporating rsfMRI connectivity are more
powerful than those relying solely on anatomical (e.g., location
of lesion) or behavioural (e.g., initial severity of language
impairment) measures.

In a further study, Dr Thompson and her colleagues
incorporated the assessment of white matter integrity (the
deep pathways of the brain that connect the cortical regions)
into the development of predictive models of patient response
to treatment in post-stroke aphasia. Again, rsfMRI connectivity
was identified as being particularly useful in predicting patient
response, with further benefits gained with the inclusion of
white matter integrity.

Dr Thompson believes that improving predictive models of
response to treatment and recovery by including a wider range
of brain-based assessments will lead us closer towards the
goal of personalised treatments for individuals with post-stroke
aphasia.

Neural Reorganisation Following Treatment:
Neuroplasticity

The recovery of language, even in the case of left hemisphere
damage, is possible due to neuroplasticity, in which neural
networks within the brain reorganise to make new connections
and regain function. Dr Thompson has provided direct evidence
of the right hemisphere adapting to rebuild language processes
- the opposite side of the brain to the damage causing aphasia
- with exciting implications for stroke treatment and recovery.

Dr Thompson and her team have recently focused on
understanding where specifically in the right hemisphere these
neural changes resulting from treatment for aphasia take place.
Understanding the specific locations where functions rebuild
can highlight where stimulation should be focused during
rehabilitation.

The wealth of research that has been undertaken by Dr
Thompson gives continued hope to those who have suffered
aphasia as a result of stroke or brain damage. Her ongoing
aim is to provide further evidence to enhance rehabilitation
techniques and support recovery.
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