
NeuroRehabilitation 49 (2021) 255–265
DOI:10.3233/NRE-218024
IOS Press

255

Neuropsychological rehabilitation,
neuroimaging and neuroplasticity:
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Abstract. Initial brain imaging studies on recovery of motor functioning after stroke suggested their potential prognostic
value in neurorehabilitation. However, the value of brain imaging in documenting brain changes associated with cognitive
and behavioral treatment effects seem less likely. Also, neuroimaging studies at that time seem to have little, if any, value
for treatment planning. Advances in neuroimaging technology are beginning to challenge these initial impressions. In this
clinical commentary, we propose that advances in the field of neuroimaging have relevance for the future development of
neuropsychological rehabilitation. Neuropsychological rehabilitation is entering a new era that involves collaboration with
neuroimaging and associated studies on neuroplasticity. We recognize that this may seem “aspirational” rather than practical
in most rehabilitation settings. However, we provide examples of how this can be achieved as illustrated by collaborative
efforts of clinicians and scientists in the SARAH Network of Rehabilitation Hospitals in Brazil. We also review selective
papers on neuroplasticity, spontaneous recovery and diaschisis that have relevance for research which will expand and further
develop the field of neuropsychological rehabilitation.
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1. Introduction

Efforts to help individuals with a history of brain
injury improve their neuropsychological functions
have a rather long history, as briefly summarized by
Newcombe (2002). While Kurt Goldstein was rightly
describe as the “great precursor” to neuropsychologi-
cal rehabilitation, many individuals have significantly
contributed to addressing the complex topic of how to
help patients improve or partially remediate impaired
higher integrative brain functions. They include such
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historical figures as Oliver Zangwill (1947) and A.R.
Luria (1948/1963). Newcombe (2002) also makes
the important observation that neuropsychological
rehabilitation has developed as a result of its col-
laboration with other disciplines of study, including
experimental psychology, cognitive neuropsychol-
ogy, and learning theory. One might also add that
holistic approaches to neuropsychological rehabilita-
tion have made substantial contributions (Ben-Yishay
& Diller, 2011).

The rehabilitation of persons with neuropsy-
chological impairments has remained, however, a
demanding task for at least two reasons. First, under-
standing the functional neuroconnectivity patterns of
activation/deactivation that underlie these difficult to
remediate impairments has remained a challenging
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task despite some impressive advances in the neuro-
sciences and neuroimaging of the brain (Siegel et al.,
2016; Warren et al., 2014). Second, having a method-
ology with associated technology to systematically
remediate such complicated higher brain functions
as attention, memory, working memory, and various
“executive functions” has been lacking. Several years
ago, Luria and his colleagues (Luria et al., 1969),
insightfully suggested that the process of restoring
higher integrative brain functions could be achieved
by systematic cognitive-behavioral efforts to “de-
inhibit” regions of neural activity that were rendered
temporally dysfunctional via the process of diaschi-
sis. This proved to be, however, a more demanding
task than was anticipated.

Due to this reality, teaching patients to compen-
sate for disabilities related to neuropsychological
impairments became the most practical approach
to helping them. This approach was again seen in
the early work of Goldstein (1942) and Zangwill
(1947). Nevertheless, the process of helping the
patient systematically use compensatory strategies
was not without difficulty. Patients wanted a return
to normal functioning (Prigatano, 1995). They were
understandably frustrated and discouraged when it
became clear this was not going to happen. Prob-
lems of depression, angry outbursts, and catastrophic
reactions made it clear to Goldstein (1954) that some
form of psychotherapy would be a necessary compo-
nent of neuropsychological rehabilitation for some
patients.

While the use of various forms of psychotherapy
is now a part of many programs aimed at neuropsy-
chological rehabilitation, the introduction of formal
psychotherapy activities into the rehabilitation of
persons with a brain disorder was approached with
caution. There were many negative experiences in
which the behavioral problems of persons with under-
lying brain dysfunction were erroneously interpreted
as due to underlying psychodynamic conflicts ver-
sus being a direct or indirect effect of the brain
disorder (Prigatano, 2008). Instead of utilizing tra-
ditional forms of psychotherapy, the development of
systematic and well thought out social group sup-
port activities was seen as a necessary and preferred
method of helping patients emotionally adjust to the
permanent effects of brain disorder. Thus the “milieu
approach” advocated by Ben Yen-Yishay and Diller
(2011) became the prototype for effective holistic-
oriented neuropsychological rehabilitation.

Neuropsychological rehabilitation after a brain
injury is now entering a new era. Besides studying

possible improvements on neuropsychological tests,
assessing the patients’ emotional and social adap-
tion, and determining if they return to a productive
life style, the “evidence” that meaningful changes in
brain function do occur as a result of rehabilitation
experiences requires direct observations of how the
person’s brain is responding to treatments (Nordvik
et al., 2014; Katz & Dwyer, 2021). Directly linking
behavioral and cognitive changes to brain changes
is one of the important next steps in the develop-
ment of neuropsychological rehabilitation. This is
a difficult step to achieve given the financial costs
and the need of collaborative efforts of many skilled
individuals working in the areas of neuroplasticity,
neuroimaging and neuropsychological rehabilitation.
However, achieving this goal of directly linking cog-
nitive and behavioral changes to changes in brain
function helps improve our scientific understanding
of the mechanisms that underlie complete versus par-
tial recovery of different higher brain functions. It
also provides potential evidence that more than com-
pensatory training may occur as a result of different
rehabilitation activities.

In this clinical commentary, we summarize the
clinical and research findings on neuroimaging
evidence of neuroplasticity for improved neuropsy-
chological functions as reported by the SARAH
Network of Rehabilitation Hospitals in Brazil, as
an example of what can be done. The findings
reported are encouraging and suggest that combining
well-orchestrated neuropsychological rehabilitation
activities with neuroimaging studies can reveal
evidence of meaningful changes attributed to neu-
roplasticity. In addition, we comment on a few
recent observations reported in the literature on the
phenomena of neuroplasticity, spontaneous recov-
ery and diaschisis that are relevant for advancing
the field of neuropsychological rehabilitation. We
begin, however, with a brief review of studies on neu-
roimaging correlates of motor recovery after stroke
that potentially provides a limited perspective on
the role of neuroimaging in neurorehabilitation. We
then review a definition of neuroplasticity and how it
may be related to spontaneous recovery after a brain
insult.

2. Initial studies of neuroimaging and motor
recovery

Corbetta (2008) summarized the various scien-
tific hurdles that need to be overcome when related
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neuroimaging changes to recovery of various neu-
rological functions, including motor functioning. In
summarizing early research in this area, he notes
that neuroimaging studies allow for “visualization
of neural mechanisms of recovery at the systems
level” (pg.163). Research at that time revealed two
important observations. First, different mechanisms
of recovery can be observed and frequently involve
the recruitment of bilateral brain regions not directly
connected to the motor system. This implied that
some form of behavioral (as well as neural) compen-
sation may underlie what appears to be “recovery”
of impaired motor functions. The second, and per-
haps the most important observation, was that a return
to normal brain activation patterns, when perform-
ing motor tasks, was always associated with the best
recovery. This suggested it was not neuroplasticity
per se that was occurring, but rather spontaneous
recovery of a once impaired motor network of the
brain. These findings led many to consider neu-
roimaging as a potential useful tool for prognosis,
but not in documenting neuroplasticity phenomena
much less aiding in treatment planning (Stinear &
Ward, 2013).

3. A definition of neuroplasticity and the
phenomenon of spontaneous recovery

A National Institutes of Health conference (Cramer
et al., 2011) proposed the following working def-
inition of neuroplasticity: “Neuroplasticity can be
broadly defined as the ability of the nervous sys-
tem to respond to intrinsic and extrinsic stimuli by
reorganizing its structure, function and connections;
can be described at many levels, from molecular to
cellular to systems to behavior; and can occur dur-
ing development, in response to the environment, in
support of learning, in response to disease or in rela-
tion to therapy” (p. 1592). The core feature of this
well thought out description is that the central ner-
vous system can be directly changed in its “structure,
function and connections” by naturally occurring bio-
logical changes and external stimulation or learning
experiences. It is important to note that neuroplastic-
ity does not refer to compensatory activities of the
brain (and associated neuropsychological functions),
but to some actual re-structuring or re-organization
that influences brain activity at multiple levels.

Including “intrinsic” stimuli as a modifying agent
suggests that some aspects of spontaneous recov-

ery may also reflect a neuroplasticity phenomenon.
Cassidy and Cramer (2017) note the recovery of neu-
rological (including neuropsychological) functions
often entails “the restitution of function in injured but
surviving neural matter” (pg.33). How this restitution
occurs has been studied at the cellular and molecu-
lar levels and appears to include such phenomena as
growth of synapses and dendrites, axonal remodel-
ing and increased expression of growth-related genes
and proteins to spontaneously enhance brain alter-
ations (see Cassidy and Cramer, 2017 for a more
detail discussion).

The classical “external” stimuli which promote
neuroplasticity are thought to include physical
and cognitive rehabilitation exercises that provide
learning experiences that aim at modifying brain
function and structure in response to damaged (not
undamaged) areas of the brain. With the advent
of pharmacological interventions and transcranial
magnetic stimulation (TMS), the potential list of
“external” stimuli is expanding in the field of
neurorehabilitation and ultimately will influence neu-
ropsychological rehabilitation (Cassidy and Cramer,
2017; Katz & Dwyer, 2021).

4. Neuroplasticity and neuroimaging

Starting in the 1980s, new techniques for brain
imaging and neurophysiology permitted a deeper
exploration of how daily life affects the human brain.
The development of advanced technologies such
as positron emission tomography (PET), functional
magnetic resonance imaging (fMRI), diffusion ten-
sor image (DTI), event-related potential (ERP), and
magnetoencephalography (MEG) have contributed
significantly to a growing scientific understanding
of how changes in brain structure and functional
connectivity are relevant to neuropsychological reha-
bilitation (Rios-Lago et al., 2004). These techniques
have been shown to help measure and monitor
the impact of rehabilitation interventions on neu-
roplasticity (Stinear & Ward, 2013; Nordvik et al.,
2014). With functional neuroimaging, visualizing
brain activity associated with various perceptive, cog-
nitive, emotional, and behavioral processes in both
normal subjects and those with brain injury is now
possible. Neuroimaging findings can be recorded
before, during, and after rehabilitation. As such, they
can help gauge the efficacy of rehabilitative exer-
cises and help design more personalized treatment
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programs while monitoring longitudinal structural
changes (Munos Cespedes, 2005; Strangman et al.,
2005; Hamaide, 2016; Heiss, 2017; Caeyenberghs
et al., 2018).

Studies on human neuroplasticity initially focused
on infancy and analyzed the process of brain mat-
uration, myelination, and changes in the brain due
to natural biological development. Subsequently,
brain imaging techniques began to illuminate neu-
roplasticity phenomena in different periods of life
and framed this in specific types of learning. More
recent investigations have revealed that the adult
brain can adaptively alter its structure (anatomic
plasticity/white matter) and functional organization
(functional plasticity/gray matter) in response to daily
experiences (Zatorre et al., 2013).

Despite being less flexible than during the initial
phases of development, cortical plasticity is evident
throughout adulthood, in terms of both structure and
function (Braga et al., 2017; De Schotten et al., 2014;
Dehaene et al., 2011). Neuroplasticity permits the
adult brain to acquire and retain memory in later
phases of life and to “remold” itself after cogni-
tive and physical training (Hamaide, 2016; Galetto
& Sacco, 2017).

5. Neuroimaging, neuroplasticity and literacy
training in normal adults at the SARAH
Network of Rehabilitation Hospitals

Turkeltaub et al. (2003) used fMRI to study sub-
jects between 6 and 22 years of age and showed
the brain’s capacity for reorganization after literacy
training. The brain evolves during literacy acquisition
in adulthood (Braga et al., 2017; Dehaene, Cohen,
Morais, & Kolinsky, 2015; Abutalebi et al., 2007).
Written language processing is, in most individuals,
located in the left hemisphere, but this lateralization
only occurs after training and proficiency in a given
skill. In childhood, before learning to read and write,
the child uses the area known as the visual word
form area (VWFA), located in the occipito-temporal
transition of the left hemisphere to recognize faces.
After learning to read, face recognition migrates to
the corresponding area in the right hemisphere, and
the VWFA, in the left hemisphere, is recycled and
used in the recognition of letters. This migration is
seen not only in children but also in individuals who
learned to read and write as adults (Dehaene et al.,
2010).

Illiteracy has a significant impact on cognitive
function and its regions in the brain (Ardila et al.,
2010; Castro-Caldas, Reis e Guerreiro, 1997). Con-
sequently, a comparative study of literate and illiterate
subjects that follows the literacy acquisition pro-
cess in illiterate adults was a unique opportunity to
explore the impact of the interaction between neuro-
biological factors and learning a specific proficiency.
The SARAH Network of Rehabilitation Hospitals,
which has nine hospitals in Brazil, has established
collaborative efforts with other international research
institutions in order to conduct comparative studies
of literate and illiterate subjects. One major goal was
to explore the impact that literacy acquisition has on
the brain of healthy illiterate adults, who for socio-
cultural reasons, were unable to learn to read and
write in childhood (Dehane et al., 2010). The results
obtained corroborated the finding that the adult brain
can adaptively change its structure (anatomical neu-
roplasticity) and functional organization (functional
neuroplasticity) in response to experiences that pro-
mote the enrichment of the environment in which they
live. Functional MRI was used to compare brain activ-
ity in literate adults (n = 31), illiterate adults (n = 10),
and unschooled subjects who learned to read and
write in adulthood (previously illiterate adults n = 22).
Brain activity in response to a series of stimuli (i.e.,
spoken and written phrases, spoken words and pseudo
words, and picture of faces, houses, objects, and
checkerboards) were obtained. It was noted that as lit-
eracy levels advanced, activation increased in the left
occipito-temporal lobe transition, evoked by writing,
in the VWFA and broadly increased visual responses
in the fusiform and occipital cortex, extending all the
way to the V1 area. Literacy also increased phono-
logical speech activation in the planum temporale and
permitted a top to bottom activation of orthography
from spoken entries. Most of these changes occurred
even when literacy was acquired in adulthood, under-
scoring the fact that schooling in childhood as well
as adulthood can profoundly alter cortical organi-
zation. The study added to previous research that
examines children before and after literacy acqui-
sition, but with the added advantage of excluding
the issue of childhood brain maturation. In the case
of illiterate adults, brain plasticity was enough to
allow literacy acquisition to provoke changes in func-
tional (Dehaene et al., 2010) and anatomical (De
Schotten et al., 2012) connections. Literacy, whether
acquired in childhood or adulthood, boosts the orga-
nization of visual cortices, particularly by inducing an
enhanced response to the known script at the VWFA
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Fig. 1. DTI images of the participant’s left arcuate fasciculus (a) before and b) after intervention. There was a significant increase in number
of fibers, volume, and length of the left arcuate fasciculus after literacy acquisition.

site in left occipito-temporal cortex and by augment-
ing early visual responses in the occipital cortex,
in a partially retino topic manner. It permits, prac-
tically, the entire left-hemispheric spoken language
network to be activated by written sentences and
refines spoken language processing by enhancing a
phonological region, the planum temporale, and by
making an orthographic code available in a top-down
manner.

Braga et al. (2017) demonstrated that adult plas-
ticity is sufficient for later acquisition of literacy, in
the absence of any schooling or literacy learning in
childhood. The authors evaluated the neurofunctional
changes associated with late literacy acquisition in
an illiterate adult who underwent 20 fMRI exams
over the course of two years, while progressing from
complete illiteracy to a level of alphabetic decoding.
Initially, the participant did not activate neural circuits
for reading when he was exposed to words; gradu-
ally, however, he began to present activation in the
left occipito-temporal cortex, at the visual word form
area. This increase was accompanied by a decrease
in face responses in the left VWFA and increase
in the right hemisphere. Reading-related responses
also emerged in language-related areas of the infe-
rior frontal gyrus and temporal lobe. Additional
activations in the superior parietal lobe, superior
frontal gyrus and posterior medial frontal cortex sug-
gested that reading remained dependent on effortful
executive attention and working memory processes.
Nevertheless, the results indicate that adult plastic-
ity can be sufficient to induce rapid changes in brain
responses to written words and faces in an unschooled

and illiterate adult. They also demonstrate that liter-
acy acquisition requires greater participation of the
right hemisphere during the initial stages as well as
activation of the frontal areas, which may be asso-
ciated with learning. This subject underwent a DTI
study of the tracts that interconnect the brain, and
a comparison of the fractional anisotropy (FA) from
before and then after literacy acquisition was done.
There was a significant increase in connectivity of the
arcuate fasciculus (AF), which connects the Broca
and Wernicke areas. Literacy promoted important
changes in white matter; the clinical intervention of
learning to read yielded neuroplasticity outcomes in
the AF (Fig. 1).

These results, which highlight increased brain
connectivity by enriching a subject’s environment
with interventions such as literacy acquisition, have
encouraged clinicians and researchers to study the
impact of neuropsychological rehabilitation on neu-
roplasticity.

6. Neuroimaging, neuroplasticity and
neuropsychological rehabilitation after
stroke: A case report from the SARAH
Rehabilitation Network in Brazil

The use of functional neuroimaging and tractogra-
phy has been increasingly applied to the evaluation of
rehabilitation outcomes in patients with stroke (Carey
& Seitz, 2007, Johansen-Berg, 2007; Gale & Pear-
son, 2012; Stinear & Ward, 2013; Heiss, 2017) and
TBI (Strangaman et al., 2005 Galetto & Sacco, 2017,
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Fig. 2. MRI images of TF ten months after injury, showing extensive lesion in the left cerebral hemisphere affecting brain areas responsible
for language. There was an important lesion in the left arcuate fasciculus.

Caeyenberghs et al., 2018). A frequent question is
whether neuroplasticity occurs only during the acute
phase of a brain injury, or whether, even in the chronic
stage, the brain can undergo functional and structural
changes as a result of neurorehabilitation. To further
explore this issue, neuropsychological rehabilitation
aimed at restoring language functions was attempted
with an adolescent who was in the chronic stage of
her post-stroke recovery.

TF was an 11-year-old bilingual
(Farsi/Portuguese) right-handed girl who suf-
fered from an acute stroke of the left middle cerebral
artery (MCA) due to embolism from an intracardiac
tumor in October 2016. An echocardiogram showed
a tumor (myxoma) in the left atrial cavity, which
was surgically removed 20 days later. She initially
presented with total paralysis of the right side,
anomic aphasia, and alexia. Restorative language
training was attempted 10 months post-onset of TF’s
stroke at the Brasilia unit of the SARAH Network of
Neurorehabilitation Hospitals. An MRI of the brain
showed a significant lesion affecting the left arcuate
fasciculus and, consequently, language and reading
(Fig. 2).

She presented at that time with superficial acquired
dyslexia with difficulties recognizing word forms.
Her speech impairments included occasional anomia,
semantic, phonemic and morphemic paraphasias, as
well as paralexias and paragraphias in Portuguese.
According to her family, she had even greater difficul-
ties with Farsi. Before the stroke, TF had been fluent
in the two languages and was able to speak, read, and
write well in both. Her academic performance was
good. She had returned to a Brazilian school three

months after the stroke but was unable to return to an
Iranian school. At that time, she presented with right
hemiplegia, community gait and mixed muscle tonus
with spasticity and involuntary movements.

TF’s linguistic performance, before and after inter-
vention, was assessed using the Montreal-Toulouse
Language Assessment Battery for Aphasia – Brazil-
ian Version (MTL-BR; Pagliarin et al., 2014) as
well as the Brazilian Naming Test for Children, an
adapted version of the Boston Naming Test (Miotto
et al., 2010). General cognitive abilities were assessed
using the Brazilian version of the Wechsler Intel-
ligence Scale – IV (Wechsler, 2013). MRI data
acquisition for the DTI was done with a 3T Siemens
Magnetom Trio Tim MRI system (Siemens AG;
Erlangen, Germany)

Neuropsychological rehabilitation lasted six
months and included holistic therapy (Braga et al.,
2012), as well as cognitive therapy that consisted of
three 60-minute sessions per week to train executive
functions such as working memory and cognitive
flexibility. Speech therapy was also included and
comprised two 60-minute sessions per week to target
lexical access strategies and the use of lexical means
for reading. The interventions were effective. In
particular, behavioral performance in dictation, nam-
ing pictures, written naming, number dictation and
written text comprehension increased significantly
as revealed by the MTL-BR and the BNTC. Before
the intervention, TF presented with a low average
score on the WISC-IV Processing Speed test; after
the intervention, she attained average performance
on the same test. Social communication and reading
improved significantly with normal or no-deficit



G.P. Prigatano et al. / Neuropsychological rehabilitation, neuroimaging and neuroplasticity 261

3

Fig. 3. DTI images of TF’s right cerebral hemisphere (a) before intervention and b) after intervention show a neurostructural increase in
white matter. There was a significant increase in number of fibers, volume, and length of the right arcuate fasciculus after intervention.

scores and reading performance was attained in
the final evaluation. The behavioral improvements
were accompanied by significant neurostructural
white matter changes in the arcuate fasciculus
(AF). From the beginning to the end of therapy, the
right-hemispheric AF showed increased FA values,
number of fibers, volume and length, with mean
diffusivity (MD) slightly decreasing accordingly
(Fig. 3). Such a pattern was not observed for the left
AF, in which only slight changes of the values were
observed.

These neuroimaging findings illustrate that a short-
term, but behaviorally effective training program can
result in significant increase of white matter strength
measures, which we used and which are reported
to reflect better structural connectivity and myelina-
tion of existing fiber tracts (Brodt et al., 2018; Sagi
et al., 2012). Specifically, the right-hemispheric AF
has also been reported to reflect the success of reha-
bilitation processes in an aphasic single-case (Zipse
et al., 2012). The authors reported that significantly
improved behavioral performance in speech and lan-
guage tasks was accompanied by an increased volume
of the right AF. These studies provided evidence
that neuropsychological rehabilitation activities can
induce structural changes in the contralateral fron-
totemporal network homologous to the lesioned
left-hemispheric language areas even in the chronic
phase after stroke.

It is also important to note that increased right-
hemisphere processing following a left-hemispheric
lesion has been interpreted by some investigators
as maladaptive and a consequence of disinhibition
(Naeser et al., 2005, Saur et al., 2006). However, in

TF’s case the strength of the right AF increased in
the context of continuous behavioral improvement,
suggesting adequate right-hemispheric adaptation
processes.

Providing evidence that neuropsychological reha-
bilitation after a brain injury results in measurable
changes in brain function/connectivity allows for tan-
gible, measurable evidence of meaningful biological
change that help patients and their families adhere
to a rehabilitation program protocol and is often
required for securing financial backing for research.
Present technology allows for visualizing the impact
of interventions on the brain and can avoid the risk
of creating a spiral of negative neuroplastic changes
deriving from the disuse of previously healthy neural
structures leading to accelerated aging, atrophy, and
white matter alterations. Thus neuropsychological
rehabilitation, coupled with neuroimaging evidence
of neuroplasticity, suggests that one cannot only help
remediate a disturbance in higher integrative brain
function (Gaketti & Saccio, 2017), but can avoid the
development of maladaptive mechanisms involved in
the recovery process.

7. Diaschisis and neuroplasticity

Influenced by the early work of von Monakow
(1914), Luria (1948/1963) reasoned that cognitive
impairments observed after traumatic brain injuries
and cerebral vascular accidents were a function of at
least two mechanisms. First, there was direct damage
to brain tissue that rendered complex cognitive func-
tions to be altered or impaired. Second, normal brain
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tissue not directly damaged may be rendered physio-
logically dysfunctional via the process of diaschisis.
Carrera & Tononi (2014) have reviewed historical and
contemporary definitions of the term diaschisis and
the research relating to it. A key concept of diaschi-
sis is that a focal brain lesion can render adjacent as
well as distal brain regions physiologically inactive.
This is theoretically produced by some “interruption
of the connections between the lesion and remote
areas” (pg. 2409). When the interruption resolves,
then normal neurophysiological activity resumes and
improvement or “recovery” of a cognitive function is
observed. Thus, the concept/phenomenon of diaschi-
sis, by definition, is also a form of neuroplasticity
and provides another model for understanding spon-
taneous recovery.

Luria et al. (1969) described several attempts
to “de-inhibit” or restore “temporary inactivation
of a functional system” (pg.370) in order to facil-
itate a return of “higher cortical functions.” As
noted earlier, this can be a very demanding task
and often even intense behavioral efforts to do
so produce minimal effects. Carrera & Tononi’s
(2014) review of the literature suggests that perhaps
different mechanisms underlie suppressed synaptic
activity for cortico-cortico diaschisis versus cortico-
subcortico diaschisis. Recent research relating lesion
location to functional outcome after stroke has high-
lighted the importance of cortical location and size
of a lesion as well as the disturbance of white
matter tracts. Neuroconnective disturbances were
considered strong contributors to neuropsychological
deficits (Siegel et al., 2016). The findings sug-
gest that both cortico-cortico and cortico-subcortico
synaptic disturbances are common even after rel-
ative focal brain lesions. Thus the complexity of
diaschisis disturbances appears greater than origi-
nally considered. This may help explain the relative
“resistance” of cortical mediated cognitive deficits
to behavioral efforts at “de-inhibition.” The fact
that some form of neuropsychological recovery is
often observed with time underscores the potential
of neuroplasticity in neurorehabilitation for the adult
brain, but it also reminds us of its present limita-
tions.

External electrical stimulation of assumed normal
surrounding neural tissue may permanently or tem-
porally reduce the effects of diaschisis on various
cognitive processes. In a recent meta-analysis and
review of the effectiveness of language training for
improving oral and written naming in patients with
Primary Progressive Aphasia, Cotelli et al. (2020)

noted, for example, that transcranial direct current
stimulation administered just prior to language train-
ing tasks resulted in improved naming performance.

Sarasso et al. (2020) noted that EEG slowing
is often observed in the “zone surrounding focal
lesions” (pg.1) (e.g., an ischemic stroke). These
investigators go on to demonstrate relatively dif-
ferent EEG slow wave activities in adjacent brain
regions associated with focal ischemic injuries to the
brain. Some of the EEG slowing patterns observed
resembled slow wave sleep, while others were more
compatible with the state of coma, and yet others
represented the awake state. Their major theoreti-
cal point was that “local sleep-like reactivity” could
be observed in the awake brain. However, there are
also important implications for neuropsychological
rehabilitation. First, the type of electrophysiologi-
cal inhibition (i.e. diaschisis) associated with focal
lesions may differ in the same person for differ-
ent neuropsychological functions. Second, different
“strengths” of diaschisis may be observed in dif-
ferent regions of the brain following different brain
disorders. Third, the degree to which one can de-
inhibit neuronal activation patterns from a “sleep
like pattern” to an awake pattern may correlate with
the ability of the person to become progressively
aware of a neuropsychological impairment that they
only partially experience. This represents the clas-
sic disturbance of impaired self-awareness, which is
a common barrier to successful neuropsychological
rehabilitation (Prigatano & Sherer, 2020).

8. Can neuroimaging studies help
individualize neuropsychological
rehabilitation programs?

While there is a growing consensus that neu-
roimaging studies before and after various forms
of neurorehabilitation are important to advance our
understanding of recovery or lack of recovery after a
stroke (e.g. Liew et al., 2019), can these neuroimaging
studies actually guide some aspects of neuropsy-
chological rehabilitation? Braga (2017) noted that
when training an illiterate adult to read, the student’s
progress was very slow and was associated with
delayed construction of new neuronal networks in the
reading area of the brain. Longitudinal neuroimag-
ing revealed more robust progress in brain regions
associated with phonetics, which led to changes in
the teaching approach from syllabic to a phonetic
method. This resulted in accelerated literacy acquisi-
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tion and was further associated with stronger neuronal
networks in the corresponding cerebral areas.

Another intriguing case example has been reported
by Errante et al. (2019). They described a prolonged
course of rehabilitation for a young woman who suf-
fered a severe traumatic brain injury (TBI). They
noted that functional and structural MRI studies
documented that there were preserved neural net-
works involved in motor and linguistic functioning
despite substantial neuronal and white matter dam-
age throughout the brain. The patient went on to
show more motor and language functional recovery
than was expected. They attribute that recovery to the
intact neural networks. They suggested that detailed
brain imaging may help clinicians determine what
networks may be functional and thereby help the
rehabilitationist direct rehabilitation activities toward
probably intact networks. Cassidy & Cramer (2017)
make the same point when discussing the importance
of “therapeutic-driven mechanisms of recovery.” (pg.
33).

9. Present realities and practical limitations

As exciting as neuroimaging studies may be for
neuropsychological and neurorehabilitation efforts,
researchers and clinicians involved in both areas of
study note the numerous limitations to our under-
standing of neuroplasticity and the interpretation of
neuroimaging findings. The most commonly recog-
nized problem is that most studies often involve few
subjects as noted above. Subject populations are also
notoriously heterogeneous. Intervention strategies
vary greatly across rehabilitation centers and detailed
descriptions of behavioral changes are often lacking.
Furthermore, the magnitude of correlation between
well-defined cognitive and behavioral changes with
well-defined neuroimaging changes across studies is
often lacking. It appears close to impossible to con-
trol for all of the variables that might influence the
interpretation of findings.

As great as this challenge is, the ENIGMA Stroke
Recovery Working Group (Liew et al., 2019) has
gone to some lengths to describe a methodology
for sharing neuroimaging and behavioral findings
across national and international studies to provide
“well-powered meta and mega-analytic approaches”
to the study of recovery following stroke. A careful
review of the methodological steps they are taking to
harmonize neuroimaging and behavioral data across
multiple national and international centers may help

neuropsychologists plan similar research efforts in
the future.

10. Conclusion

Traditionally holistic approaches to neuropsy-
chological rehabilitation after brain injury have
emphasized the importance of teaching patients to
compensate for residual cognitive and motor dif-
ficulties. In this context, working with patients to
emotionally adjust to permanent impairments was
very important. Likewise, guiding them into a pro-
ductive lifestyle with appropriate group support
was crucial. This clinical commentary attempts to
illustrate that we are now entering a new era in neu-
ropsychological rehabilitation in which incorporating
emerging scientific understanding of neuroplastic-
ity, spontaneous recovery and diaschisis is needed to
advance the field. In this regard, the active utilization
of advanced neuroimaging technologies may not only
help capture changes in brain structure, function and
connections underlying recovery, but may (in some
instances) help guide neuropsychological rehabilita-
tion efforts. Case reports suggest this may be achieved
by identifying neural networks that are only mini-
mally effected by a given brain insult and developing
neuropsychological interventions aimed at utilizing
those intact networks to foster greater restoration of
function. In this regard, techniques for reducing the
complex effects of diaschisis may hold much promise
as initially suggested by Luria (Luria, 1948/1963).
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