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Abstract

This review focuses on language deficits in post-stroke aphasia, their rehabilitation and potential
new developments based on current knowledge of human brain function. Language impairments
in post-stroke aphasia often become chronic and cause significant communicative difficulties for
patients. Though standard rehabilitation methods provide some language improvements, they are
usually moderate and often decay over a period of time. These traditional rehabilitation
approaches are usually based on existing conventions formed through decades of clinical practice,
whilst valuable, they are not often rooted in up-to-date neuroscientific knowledge. In recent
decades, human neuroscience has developed at a very high speed, not least due to the advent of
non-invasive brain imaging techniques. Currently, it has reached the stage where neuroscientific
knowledge can inform clinical practice, and help upgrade the traditional approaches using modern
neuroscience tools. Furthermore, traditional practices typically apply the same routines to
different patients, even though the nature of the individual deficit — and hence the care needed —
are never the same, For instance, aphasic patients demonstrate a massive variety of improvement
patterns during natural language recovery. This might be caused by individual differences in the
functioning of language neural networks and their dynamics after stroke. Although the problem
of individual variability in aphasia is well-known, there is still no comprehensive understanding
of all factors that impact this variability. As we highlight in this review, the issue is of high
importance for planning language therapy on individual basis. We also analyze neuroscientific
underpinnings and clinical efficiency of a language therapy, which is widely used for chronic
aphasia rehabilitation — constraint-induced aphasia therapy.
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Introduction

Aphasia is an acquired speech disorder caused by brain damage, such as trau-
matic injuries, neoplasms, neural infections, degenerative conditions and cere-
brovascular disorders or strokes (Ardilla, 2014). Stroke is the most common type
among aphasia etiologies. In turn, speech disorders are among the most common
consequences of a stroke. Post-stroke patients demonstrate difficulties in language
production, comprehension or both. The impairments vary greatly across subjects
according to their types and severities. This raises a complicated problem, both
clinically and scientifically. On the one hand, speech impairments in aphasia often
become chronic, hence patients with aphasia need speech rehabilitation. On the
other hand, there is still no complete understanding of relations between the neural
factors associated with aphasia and specific language impairments. The latter is
directly related to a lack of explanation of which neurophysiological processes
either in normal or in pathological conditions underpin different language func-
tions. Currently, a dominating idea is that language generation and comprehension
are served by distributed neural networks in the brain. These networks include
well-known “classical” language areas (Broca’s and Wernicke’s areas) as well as
variety of complementary brain areas activating in specific language tasks (Hicock
& Poeppel, 2007). However, these general frameworks have still not provided a
comprehensive and consistent view describing the processes of generation and per-
ception of speech, localization and temporal dynamics of activity subserving these
processes. Understanding the brain mechanisms underpinning the normal lan-
guage function is a key to understanding its impairments in aphasia and, conse-
quently, for choosing the effective rehabilitation strategies. In this review we
briefly summarize the contemporary data on language function and its recovery in
aphasic patients. We also analyze the results of application of one of the most prom-
ising recently developed strategies of speech rehabilitation: the so-called con-
straint-induced aphasia therapy, a novel therapy method based on current
neuroscientific knowledge and theoretical principles of neuroscience.

Neural mechanisms of the post-stroke aphasia recovery

Stroke itself is a neurological disorder characterized by a sudden disruption of
the blood supply of particular brain areas. The disruption of blood supply causes
morphological changes of the tissue in these regions and their functional loss. The
functioning of the perilesional and even more distant brain areas is usually affected
by stroke as well (Kiran, 2012). There are specific physiological mechanisms in the
brain for compensating the morphological and functional damage induced by
stroke. After a stroke the engagement of these mechanisms takes place even in the
absence of any therapy leading to natural (spontaneous) recovery. Natural recov-
ery results in a partial and in some cases even near-complete restoration of lan-
guage functions (Pedersen, Vinter, & Olsen, 2004).This recovery occurs in three
stages that often overlap (Anglade, Thiel, & Ansaldo, 2014):

* The acute stage: begins immediately after the stroke and lasts for ~7-18 days;
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* The sub-acute stage: follows the acute stage and lasts up to 4 months after the
stroke;

* The chronic stage: typically begins at 4 months after the stroke.

Each stage has specific physiological restoration mechanisms. The main mecha-
nism of the acute stage is reperfusion (Kiran, 2012). Reperfusion is a resumption of
the blood supply in the infarcted tissue. Typically, at this stage, an area called
penumbra surrounds the infarcted tissue (Olsen, Larsen, Herning, Skriver, &
Lassen, 1983). This area is dysfunctional due to low blood supply but it is not com-
pletely destroyed. If the reperfusion takes place successfully, then this area usually
recovers.

Physiological restoration continues at the sub-acute stage where it becomes
especially intense (Saur et al., 2006). Resolution of diaschisis and perilesional cel-
lular changes are the mechanisms that drive the recovery at this stage (Kiran,
2012). Diaschisis (von Monakow, 1906) is a dysfunction caused by the disinhibi-
tion of a distant brain area due to the hypometabolism in the damaged proximal
area. Resolution of diaschisis (restoration of physiological inhibition) usually
occurs after the restoration of metabolism in the perilesional areas and the emer-
gence of additional input from undamaged brain areas. This process is usually
accompanied by the second restoration mechanism: re-activation of the perilesion-
al areas due to intense neuronal growth processes in them (Carmichael, 2006;
Cramer, 2008; Komitova, Johansson, & Eriksson, 2006). These cellular processes
initiate neuroplastic change in the perilesional cortex that increases the inhibition
of the contralateral areas and help the resolution of diaschisis. These plastic alter-
ations are also supposed to underlie the functional reorganization of the whole
bilateral neural language network in the sub-acute stage (Kiran, 2012). The most
significant mark of this reorganization is the change in the language lateralization
after stroke, and the increased role of the right hemisphere. It is quite well-known
that patients recovered after a severe left-hemispheric stroke often loose language
function after a new right-hemispheric stroke (Levine & Mohr, 1979; Basso,
Gardelli, Grassi, & Mariotti, 1989). The other evidence comes from studies with
non-invasive brain stimulation, which show that suppression of the right hemi-
spheric language areas using, for example, Transcranial magnetic stimualtion, TMS
(Winhuisen et al., 2005) in patients with sub-acute aphasia, causes difficulties in
language processing. This can be interpreted as an evidence of reorganization of the
language neural networks and namely the shift of language dominance to the right
in these patients. This idea will be discussed further in more detail. Briefly, the sub-
acute stage is characterized by intensive plasticity processes, especially in perile-
sional cortical areas. These processes trigger the reorganization of the whole brain
language network with a change of the lateralization from the left to the right and
appearance of new patterns of language activation.

By the onset of the chronic stage the patterns of language activity observed in
patients usually stabilize. A meta-analysis of 12 neuroimaging studies (Turkeltaub,
Messing, Norise, & Hamilton, 2011) with different language tasks and paradigms,
including in total 104 aphasic patients and 129 control subjects, showed a bilateral
language activation pattern consistent across multiple studies. This pattern included
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spared parts of the left ventrolateral prefrontal cortex, left middle temporal gyrus
and their right-hemispheric homologues as well as areas in the left middle frontal
gyrus and in the right sensorymotor cortex. The stabilization of these newly formed
patterns means that processes of natural recovery driven by neural plasticity are
usually completed by the chronic stage. These new patterns are characterized by
the language lateralization shift to the right in most cases and the involvement of
additional areas, non-specific for the language processing in healthy subjects.

One question regarding the process of the natural recovery is the functional sig-
nificance of the physiological processes happening across the stages of this recov-
ery. In other words, what is the direct impact of these physiological changes onto
language abilities in aphasic patients and is it delivered? How are these physiolog-
ical changes and clinical improvements connected mechanistically?

There are several accounts of the impact that the reorganization of language
networks has on the post-stroke language recovery. These might be summarized as
three basic hypotheses (Hamilton, Chrysikou, & Coslett, 2011). According to the
perilesional hypothesis, language recovery is the result of the reactivation in spare
language areas adjacent to the lesion (Hillis et al., 2006; Meinzer et al.,, 2008;
Szaflarski, Allendorfer, Banks, Vannest, & Holland, 2013). The laterality-shift
hypothesis proposes that the main recovery mechanism is a shift of language func-
tions to the homotopic areas in the right hemisphere (Musso et al, 1999;
Winhuisen et al., 2005; Turkeltaub et al., 2012). On the contrary, the disinhibition
hypothesis postulates that post-stroke activity in the right hemisphere is caused by
the loss of transcallosal inhibition and might be even deleterious for language
recovery (Blank, Bird, Turkheimer, & Wise, 2003; Martin et al., 2004; Thiel et al.,
2006). This diversity of existing accounts, which are to a degree mutually exclu-
sive, shows that the exact roles of the left and the right hemispheres in the aphasia
recovery remain unclear. To understand their roles correctly, one needs to look for
some additional variables making an impact on the recovery process.

Anglade et al., 2014, attempted to sum up these hypotheses and to identify the
relationships between changes in the patterns of activation and clinical dynamics,
considering additional factors. In their review, these authors suggest that the right-
hemispheric recruitment is effective only in a critical time window during the
recovery after a left-hemispheric stroke, and the efficiency of this recruitment is
different depending on the extent of lesion. According to these parameters — the
stage and the lesion size — the authors identify three categories of patients with dif-
ferent patterns of recovery and different outcomes in the chronic stage. They con-
clude that the contributions of the left and right hemispheres depend on the initial
lesion severity. Namely, the right hemisphere’s involvement is more beneficial in
the most severe cases with extended left-hemispheric damages, whilst in mild-to-
moderate cases the main role in the recovery belongs to the left hemisphere.

The first important outcome of this analysis is that patients with aphasia
demonstrate a wide range of individual differences in the neural recovery potential.
Almost complete recovery happens when the left hemispheric language functions
are relatively intact. Hence, maintaining and restoring the left-hemispheric func-
tion seems to be most beneficial for successful language recovery in aphasia. The
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more functionally severe the damage in the left hemisphere is, the greater the
impact on the right hemisphere becomes, and the outcome of the recovery is worse.
In the most severe cases, the right hemisphere appears to be the only functional
resource for speech in such patients. These patients acquire strong chronic lan-
guage impairments that are difficult to overcome. They have a low recovery poten-
tial and neurorehabilitation techniques cannot be particularly effective in such
cases.

The second important outcome of this work is that there is a group of chronic
patients with partial functional recovery. These patients might have some spare
functional resources of the left hemisphere. These spare resources give an addition-
al recovery potential for these patients, which may not have been completely used
during the spontaneous natural recovery stage. Though these patients do not
demonstrate severe speech impairments, they still have mild-to-moderate language
difficulties. A potential reason for this is that the engagement of these intact left-
hemispheric resources requires an additional special cognitive effort from these
patients, which they are unable or unwilling to make. This leads to a so-called
learned non-use syndrome, when the ability is not completely lost, but a person
avoids using this ability because it is too demanding. This suggestion is based on
the data from many stroke patients for whom speech becomes a very effortful (but
not impossible) activity. They compensate for this difficulty by the active use of
non-verbal signals (e.g. gestures) and a conscious reduction of verbal communica-
tion (Croteau & Le Dorze, 2006). This group of patients appears to be the most
promising target group for successful language neurorehabilitation because of their
existing untapped recovery potential. However, for this rehabilitation to be effec-
tive, a special approach is needed, which would enable the reactivation of these
latent functional resources in the left hemisphere.

Constraint-induced aphasia therapy as a tool to promote language
recovery in the chronic stage

Constrained-induced approach to rehabilitation was initially developed for
motor deficits by Taub (Taub, 1994; Taub, Uswatte, & Mark, 2014). In his research
on forced-use neurorehabilitation, Taub observed a learned deficit in patients with
paralyzed limbs (Taub, 1994), and a special therapy was developed to overcome
this learned non-use by restricting the use of compensatory strategies and encour-
aging the recovery in the affected limb. This therapy was successfully applied for
restoring the patients’ motor functions. The main principles of this therapy are
specifically constrained afferentation and massed practice. These principles are
derived from the studies with animals paralyzed due to damaged somatosensory
tracts (Jenkins, Merzenich, Ochs, Allard, & Guic-Robles, 1990; Recanzone,
Merzenich, Jenkins, Grajski, & Dinse, 1992), which demonstrated that forced
intensive use of a damaged limb could cause an afferent flow rise. As a result of this
increase, cortical representation of the limb expanded. The same effect was discov-
ered in humans (Elbert et al.,, 1994; Braun, Schweizer, Elbert, Birbaumer, & Taub,
2000). These results mean that cortical reorganization occurs in response to specific
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constrained afferentation associated with the intensive use of the damaged part of
the body and restricted use of other parts (i.e. intact limb).

Other studies provide evidence that behavioral experience, such as exercise
and/or interaction with an enriched environment, increase neurogenesis. This
increase was shown, for example, by van Praag et al. (2000). In their experiment,
rats placed in an enriched environment (e.g. promoting more sensory and motor
experiences) demonstrated an increased neurogenesis in the hippocampus dentate
gyrus as opposed to those placed in a standard environment. This highlights a
direct interaction between behavioral experience and cortical reorganization. This
is directly linked with the principle of massed practice importance for rehabilita-
tion. In constraint-induced therapy this principle is applied in the following way:
the treatment is intense, it is carried out daily and includes different experience
modalities.

This treatment based on the forced-use model was further developed by
Pulvermtiller to specifically target language deficits, in an approach that became
known as Constraint-Induced Aphasia therapy (CIAT), or Intensive Language-
Action Therapy (ILAT). Patients receiving CIAT are placed in a situation of a
game. Two or three patients and a therapist take part in this game. All of them have
a part of a double set of cards with pictures of different objects. The goal of each
participant is to collect his or her own double set of cards as soon as possible. All
participants are seated around a table with visual barriers preventing them from
seeing each other’s cards and from using their hands to gesture. As a result, to reach
their target and to collect their set, they have to talk to each other asking for spe-
cific cards: the only way to win in the game is to use verbal communication. This is
how the principle of constrained afferentation works in this therapy. The principle
of massed practice is realized directly as well: patients undergo an intensive course
of therapy during 10 consecutive days with three hours sessions each day
(Pulvermiiller et al., 2001).

Since CIAT was first introduced, a number of studies assessed its effectiveness
in language recovery after stroke (Meinzer, Rodriguez, & Rothi, 2012). Most of
them used standard clinical assessment scales (such as Boston Diagnostic Aphasia
Examination — BDAE, Western Aphasia Battery — WAB, Aachen Aphasia Test —
AAT) and they showed a positive effect of CIAT on language recovery even in
chronic stage. For example, in the study by Pulvermiiller et al. (2001) the results
of moderate-to-severe patients after constraint-induced therapy and after standard
aphasia therapy were compared. The improvements were measured using Boston
aphasia testing. The results showed that there were improvements in the con-
straint-induced group in 3 of 4 tests: the Token test, (p = .04), the naming test (p = .02),
and the language comprehension test (p = .02) tests. In the standard therapy
group, however, improvements were observed only in one of the tests. The compar-
ison of the total scores of the two groups is also presented in the study, showing
greater improvement in the constraint-induced group, although the statistical sig-
nificance is not mentioned.

The other study by Maher et al. (2006), showed that constraint-induced thera-
py is at least as effective as another therapy with the same intensity, but without
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limitations onto means of communication. In this study two groups of chronic
aphasia patients underwent either constraint-induced or Promoting Aphasic
Communicative Effectiveness (PACE) therapy (Davis, 2005). The improvements
were measured using the standard Western aphasia battery test. The ANOVA
showed a significant change between pre- and post-treatment sessions (p = .004).
On the other hand, no significant effect of group was found suggesting that both
types of therapy are almost equally effective.

The samples in studies assessing CIAT efficiency are usually quite heteroge-
neous (Meinzer et al., 2012), implying that any group effects (particularly where
no statistical significance is available) might be driven by the results of just several
patients most successfully improved. These samples are usually relatively small,
and often lack control groups, which limits the possibility to generalize the results.

Long-term effects of CIAT were studied by Meinzer et al. (2005). In this study,
the standard constraint-induced therapy was compared with a modified CIAT pro-
cedure. This modified protocol involved additional exercises and daily home tasks
for patients. Although, the results did not show significant differences between the
two protocols, the study is interesting because of its rather detailed analysis of the
standard CIAT outcomes, both short- and long-term. In the standard protocol, 12
chronic patients with aphasias of different types and severity participated. The
outcome was a measurement using the standard Aachen Aphasia Test, which
includes 5 subscales: Token Test, picture naming test, repetition and comprehen-
sion tests and a written language assessment. The group profiles for each test were
collected before therapy, just after the therapy and at a 6-month follow-up. A gen-
eral improvement, defined as a weighted average of all the subscales, was compared.
The analysis showed significant general improvement (p = .0001). Individual sub-
scales were also analyzed, showing significant improvements as well. The compari-
son with the 6-months follow-up showed the stability of improvements for the
general improvement index and for all subscales. A total of 85% of the patients
improved after therapy. On the other hand, the sample was still quite heteroge-
neous, and the duration of aphasia, the age of participants and their individual vari-
ability need more precise analysis.

Unfortunately, there are very few studies investigating the functional effects of
CIAT and their underlying mechanisms. A more thorough functional assessment is
required to examine the plasticity mechanisms underlying the recovery after CIAT.
For instance, Pulvermiiller et al. (2005) investigated effects of CIAT using behav-
ioral and EEG data obtained in a sample of nine aphasia patients. All of them had
chronic aphasia of different types. Behavioral and EEG data were collected in two
sessions during a lexical decision task (LDT) held before and after therapy. The
participant’s task in LDT is to recognize visual stimuli such as words or pseudo-
words (64 words and 64 pseudowords were used in this study). Behavioral results
after the therapy showed decreased response times and faster response times for
words than for pseudowords. The EEG activity elicited by words and pseudowords
before and after CIAT showed a post-therapy increase in word-related evoked poten-
tials with latency 250300 ms and no change in pseudoword responses. Authors con-
clude that these changes refer to word-processing improvement, particularly to
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improvements in semantic memory processes. This result may also be explained by
achange in the level of attention to linguistic stimuli (note that attention processes
are accompanied by a well-known P3 potential, which coincides with the latency
above), which would suggest a significant role of domain-nonspecific (non-linguis-
tic) systems, such as attention and executive control, in language recovery. The
authors also reported a bilateral change of activity sources for words compared to
pseudowords, which corresponded to the improvement dynamics. The low-resolu-
tion EEG used, however, does not allow the precise localization of the sources, so
the suggestion about the role of the two hemispheres in language recovery needs
more examination.

However, another functional neuroimaging study by Richter et al., 2008
showed that a down-regulation of functional activity in the right hemisphere was
associated with post-therapeutic improvements. This study explored brain activa-
tion in right-hemispheric areas and left-hemispheric perilesional areas in response
to language tasks in chronic non-fluent aphasic patients before and after CIAT. For
functional assessment, the authors used two tasks: word reading and word-stem
completion. fMRI and behavioral data were acquired during these tasks in a group
of aphasics group and a healthy control group. They found that initially (before
therapy) aphasics showed greater activation than controls in the right inferior
frontal gyrus (IFG) and right insular cortex (IC) during the reading task.
Activation in precentral gyrus (PCG) was also greater in aphasics during the
word-stem completion task. The authors calculated correlations of behavioral
changes (pre- vs. post-therapy improvements) with activation changes. This analy-
sis showed significant correlations between behavioral improvements and the rela-
tive decrease of activation in right-hemispheric areas, including both IFG and IC.
Behavioral improvements also correlated with the initial activation in the right
IFG/IC. No significant correlations between left IFG/IC or perilesional frontal
regions and behavioral improvements were found, meaning that these results some-
what contradict the hypothesis about the crucial role of the left hemisphere in lan-
guage recovery. It is suggested in the review by Meinzer et al., 2012, that such
controversies may be explained by vastly different samples including patients with
different aphasia severity, lesion location and extent. This question therefore needs
more investigation, including the evaluation of the role of domain-general func-
tions such as cognitive control and attention. When these patients have to articu-
late something or listen to speech during CIAT therapy they need to exercise an
extra cognitive effort, which may be reflected by the activation of non-linguistic
networks, whose contribution should still be evaluated.

To obtain a strong evidence of the plastic changes following CIAT and its effi-
ciency for treatment of different types of post-stroke aphasia, more experimental
research is required. This future research should give answers to the questions
about the role of individual differences in therapy-related language improvements
and their sustainability. It should also provide evidence of network reorganization,
and address questions concerning a possible impact of different functional systems.
Long-term effects and their factors are also in need of more thorough investigation.
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Conclusions

Language rehabilitation in chronic post-stroke aphasia still needs a strong neu-
roscientific basis for choosing efficient treatment strategies. Neurophysiological
processes occurring in the brain after stroke still remain poorly understood.
Currently, natural plasticity mechanisms are considered to be the main driver of
spontaneous post-stroke recovery in aphasia. However, the efficacy of these mech-
anisms is limited, and their contribution is largely restricted to a relatively short
period of the sub-acute stage. As a result of this spontaneous recovery, language
functions may be restored almost completely in some cases, but in many cases only
a partial compensation of speech abilities takes place and aphasia becomes chronic.

The model of bilateral reorganization of language neural networks (Anglade et
al., 2014) provides a valuable insight into the underpinnings of such a variance in
the outcomes. Depending on many factors, but mainly on the severity of lesion in
the left hemisphere and the stage post-stroke, the pattern of language activation in
the brain changes in different ways. In mild cases, the language activation pattern
returns to normal after the subacute stage case. In moderate and sever cases the
right hemispheric activation still appears to play a significant functional role even
in the chronic stage. Better recovery, however, is associated with the left hemi-
spheric activity; in some cases, it is likely that this hemisphere holds some latent
functional resources contributing to recovery.

From this perspective, the following two issues seem crucial in language neu-
rorehabilitation. It appears necessary to stratify patients with aphasia into differ-
ent subtypes, which could be grouped according to the parameters of the relative
functional input of the left and the right hemisphere into recovery. Such a stratifi-
cation could be helpful for the precise evaluation of therapeutic effects and thus
customized individual therapy approaches. For this purpose, a thorough investiga-
tion of individual patient data is paramount. Efficient rehabilitation methods
should then promote recovery in those patients who still have an unused functional
recovery potential.

Constraint-induced aphasia therapy (CIAT), developed specifically for chronic
aphasics, applies the principles of forced use and massed practice that are believed
to activate this latent neuroplasticity potential in chronic patients. Although the
data shows its efficiency in most cases, some important questions remain open. Its
efficiency is comparable with standard language therapy methods with the same
amount of training, and the results vary greatly across subjects. It is important to
determine what initial features of neural language networks (common and individ-
ual) are associated with better improvements after this therapy. Long-term sustain-
ability of CIAT effects and their neural basis also need detailed exploration.

A possible direction for further fundamental and clinical research is to combine
this therapy with additional therapeutic means. For instance, non-invasive brain
stimulation might be one such way forward (Shah, Szaflarski, Allendorfer, &
Hamilton, 2013). Methods of non-invasive brain stimulation such as repetitive
transcranial magnetic stimulation (rTMS) or transcranial direct current stimula-
tion (tDCS) are believed to modulate cortical excitability of a stimulated brain



Language Rehabilitation in Chronic Post-Stroke Aphasia 241

region and probably of regions connected to it. This causes changes of cortical inhi-
bition or excitation, which might stimulate any dormant neuroplasticity resources
to use this naturally untapped potential for improved recovery that would not take
place spontaneously otherwise. As a result, for aphasic patients, the stimulation
might facilitate the effects provided by the speech therapy.

Further studies will also require more neuroimaging data on the recovery
process in poststroke aphasia, allowing a more direct assessment of the neural
dynamics underpinning the language function during the recovery process, either
natural or induced by different kinds of therapeutic interventions.

References

Anglade, C., Thiel, A, &Ansaldo, A. I. (2014). The complementary role of the cerebral hemispheres in
recovery from aphasia after stroke: a critical review of literature. Brain Injury, 28(2), 138—145.

Ardila, A. (2014). Aphasia handbook. Miami, FL: Florida International University.

Basso, A., Gardelli, M., Grassi, M. P, & Mariotti, M. (1989). The role of the right hemisphere in
recovery from aphasia. Two case studies. Cortex, 25(4), 555—566.

Blank, S. C,, Bird, H., Turkheimer, F, & Wise, R. J. (2003). Speech production after stroke: the role of
the right pars opercularis. Annals of Neurology, 54(3), 310—320.

Braun, C., Schweizer, R., Elbert, T., Birbaumer, N., & Taub, E. (2000). Differential activation in
somatosensory cortex for different discrimination tasks. Journal of Neuroscience, 20(1), 446—450.

Carmichael, S. T. (2006). Cellular and molecular mechanisms of neural repair after stroke: making
waves. Annals of Neurology, 59(5), 735-742.

Cramer, S. C. (2008). Repairing the human brain after stroke: I. Mechanisms of spontaneous recovery.
Annals of Neurology, 63(3), 272-287.

Croteau, C., & Le Dorze, G. (2006). Overprotection, “speaking for”, and conversational participation:
A study of couples with aphasia. Aphasiology, 20(02—04), 327-336.

Davis, G. A. (2005). PACE revisited. Aphasiology, 19(1), 21-38.

Elbert, T., Flor, H., Birbaumer, N., Knecht, S., Hampson, S., & Larbig, W. (1994). Extensive
reorganization of the somatosensory cortex in adult humans after nervous system injury.
Neuroreport, 5(18), 2593—-2597.

Hamilton, R. H., Chrysikou, E. G., & Coslett, B. (2011). Mechanisms of aphasia recovery after stroke
and the role of noninvasive brain stimulation. Brain and Language, 118(1-2), 40—50.

Hickok, G., & Poeppel, D. (2007).The cortical organization of speech processing. Nature Reviews
Neuroscience, 8(5), 393.

Hillis, A. E., Kleinman, J. T., Newhart, M., Heidler-Gary, J., Gottesman, R., Barker, P. B, ... Chaudhry, P.
(2006). Restoring cerebral blood flow reveals neural regions critical for naming. journal of
Neuroscience, 26(31), 8069-8073.

Jenkins, W. M., Merzenich, M. M., Ochs, M. T,, Allard, T., & Guic-Robles, E. (1990). Functional
reorganization of primary somatosensory cortex in adult owl monkeys after behaviorally
controlled tactile stimulation. Journal of Neurophysiology, 63(1), 82—104.

Kiran, S. (2012). What is the nature of post-stroke language recovery and reorganization? ISRN
Neurology, 2012, 786872. doi:10.5402/2012 /786872



242 M.A. Ulanow, T.A. Stroganova, Y.Y. Shtyrov

Komitova, M., Johansson, B. B., & Eriksson, P. S. (2006). On neural plasticity, new neurons and the
post-ischemic milieu: an integrated view on experimental rehabilitation. Experimental Neurology,
199(1), 42-55.

Levine, D. N., & Mohr, J. P. (1979). Language after bilateral cerebral infarctions Role of the minor
hemisphere in speech. Neurology, 29(7), 927-927.

Maher, L. M., Kendall, D., Swearengin, J. A., Rodriguez, A, Leon, S. A., Pingel, K., ... Rothi, L. J. G.
(2006). A pilot study of use-dependent learning in the context of constraint induced language
therapy. Journal of the Intemational Neuropsychological Society, 12(6), 843—852.

Martin, P. I, Naeser, M. A., Theoret, H., Tormos, J. M., Nicholas, M., Kurland.]., ... Pascual-Leone, A.
(2004). Transcranial magnetic stimulation as a complementary treatment for aphasia.Seminars in
Speech and Language, 25(2), 181-191.

Meinzer, M., Djundja, D., Barthel, G., Elbert, T., & Rockstroh, B. (2005). Long-term stability of
improved language functions in chronic aphasia after constraint-induced aphasia therapy. Stroke,
36(7), 14621466,

Meinzer, M., Flaisch, T., Breitenstein, C., Wienbruch, C., Elbert, T., & Rockstroh, B. (2008).
Functional re-recruitment of dysfunctional brain areas predicts language recovery in chronic
aphasia. NeuroImage, 39(4), 2038—2046.

Meinzer, M., Rodriguez, A. D., & Rothi, L. J. G. (2012). First decade of research on constrained-
induced treatment approaches for aphasia rehabilitation. Archives of Physical Medicine and
Rehabilitation, 93(1), S35—S45.

Musso, M., Weiller, C,, Kiebel, S., Miiller, S. P, Biilau, P, & Rijntjes, M. (1999). Training-induced
brain plasticity in aphasia. Brain, 122(9), 1781-1790.

Olsen, T. S., Larsen, B., Herning, M., Skriver, E. B., & Lassen, N. A. (1983). Blood flow and vascular
reactivity in collaterally perfused brain tissue. Evidence of an ischemic penumbra in patients with
acute stroke. Stroke, 14(3), 332-341.

Pedersen, P. M., Vinter, K., & Olsen, T. S. (2004). Aphasia after stroke: type, severity and prognosis.
Cerebrovascular Diseases, 17(1), 35-43.

Pulvermiiller, F, Hauk, O., Zohsel, K., Neininger, B., & Mohr, B. (2005). Therapy-related
reorganization of language in both hemispheres of patients with chronic aphasia. NeuroImage,
28(2), 481-489.

Pulvermiiller, F, Neininger, B., Elbert, T., Mohr, B., Rockstroh, B., Koebbel, P, & Taub, E. (2001).
Constraint-induced therapy of chronic aphasia after stroke. Stroke, 32(7), 1621-1626.

Recanzone, G. H., Merzenich, M. M,, Jenkins, W. M., Grajski, K. A.,, & Dinse, H. R. (1992).
Topographic reorganization of the hand representation in cortical area 3b owl monkeys trained in
a frequency-discrimination task. Journal of Neurophysiology, 67(5), 1031—-1056.

Richter, M., Miltner, W. H., & Straube, T. (2008). Association between therapy outcome and right-
hemispheric activation in chronic aphasia. Brain, 137(5), 1391-1401.

Saur, D., Lange, R., Baumgaertner, A., Schraknepper, V., Willmes, K., Rijntjes, M., & Weiller, C. (2006).
Dynamics of language reorganization after stroke. Brain, 129(6), 1371-1384.

Shah, P, Szaflarski, J. P, Allendorfer, J. B., & Hamilton, R. (2013). Induction of neuroplasticity and
recovery in post-stroke aphasia by non-invasive brain stimulation. Frontiers in Human
Neuroscience, 7, 888.

Szaflarski, J. P, Allendorfer, J. B., Banks, C., Vannest, J., & Holland, S. K. (2013). Recovered vs. not-
recovered from post-stroke aphasia: the contributions from the dominant and non-dominant
hemispheres. Restorative Neurology and Neuroscience, 31(4), 347—360.



Language Rehabilitation in Chronic Post-Stroke Aphasia 243

Taub, E. (1994). Overcoming learned nonuse a new approach to treatment in physical medicine. In
J. G. Carlson, A. R. Seifert, & N. Birbaumer (Eds.), Clinical applied psychophysiology (pp. 185-220).
Boston, MA: Springer.

Taub, E., Uswatte, G., & Mark, V. W. (2014).The functional significance of cortical reorganization and
the parallel development of CI therapy. Frontiers in Human Neuroscience, 8, 396.

Thiel, A., Habedank, B., Herholz, K., Kessler, J., Winhuisen, L., Haupt, W. F.,, & Heiss, W. D. (2006).
From the left to the right: How the brain compensates progressive loss of language function. Brain
and Language, 98(1), 57-65.

Turkeltaub, P. E,, Coslett, H. B,, Thomas, A. L., Faseyitan, O., Benson, ]J., Norise, C., & Hamilton, R. H.
(2012). The right hemisphere is not unitary in its role in aphasia recovery. Cortex, 48(9), 1179—
1186.

Turkeltaub, P. E., Messing, S., Norise, C., & Hamilton, R. H. (2011). Are networks for residual language
function and recovery consistent across aphasic patients? Neurology, 76(20), 1726—1734.

Van Praag, H., Kempermann, G., & Gage, E H. (2000). Neural consequences of enviromental
enrichment. Nature Reviews Neuroscience, 1(3), 191.

Von Monakow, C. (1906). Aphasie und diaschisis. Neurol. Zbl,, 25/22. Leipzig: Veit & Comp.

Winhuisen, L., Thiel, A., Schumacher, B., Kessler, J., Rudolf, J., Haupt, W. F,, & Heiss, W. D. (2005).
Role of the contralateral inferior frontal gyrus in recovery of language function in poststroke
aphasia: a combined repetitive transcranial magnetic stimulation and positron emission
tomography study. Stroke, 36(8), 1759-1763.

Maxim A. Ulanov — research intern, Centre for Cognition and Decision making, National
Research University Higher School of Economic; research assistant, MEG-Center, Moscow
State University of Psychology and Education.

Research area: neurocognitive research, neurolinguistics, neurovisulaization, laterality of langua-
ge functions, neurorehabilitaion, non-invasive brain stimulation.

E-mail: maxim.ulanov.report@gmail.com

Tatiana A. Stroganova — head of the MEG-Center, Moscow State University of Psychology
and Education; head of the Lab, Autism Research Lab, Moscow State University of Psychology
and Education, D.Sc.

Research area: cognitive neuropsychology, cognitive development, developmental psychopatho-
logy, autism spectrum disorders, developmental disabilities, neurodevelopmental disorders,
developmental cognitive neuroscience, developmental neuropsychology, pediatric neuropsycho-
logy, magnetoencephalography.

E-mail: stroganova56@mail.ru

Yury Y. Shtyrov — professor, Centre for Cognition and Decision making, National Research
University Higher School of Economics; head of the Lab, Centre for Functionally Integrative
Neuroscience (CFIN), Institute for Clinical Medicine, Aarhus University (Denmark), Ph.D.
Research area: cognitive neuroscience, neurophysiology, functional neuroimaging, EEG, psyc-
hophysiology, speech processing, psycholinguistics, brain mapping, magnetoencephalography.
E-mail: Yury.shtyrov@cfin.au.dk


mailto:maxim.ulanov.report@gmail.com
mailto:stroganova56@mail.ru
mailto:Yury.shtyrov@cfin.au.dk

244 M.A. Yranos, T A. Cmpozanosa, FO.IO. lImuipos

PeabuinTaiys peyd Npu XPOHHYECKOH MOCTUHCYIBTHO!H ada3un:
HEHPOHAYYHDIHA OAXO0]

M.A. Vaanos*’, T.A. Crporanosa®, 10.10. IlIteipos®

¢ Hauuonansuoiii uccredosamenvckuti ynusepcumem <«Buwicwas wxona sxonomuxus, 101000, Poccus,
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? Mocxosckuii zocyOapcmeeniiviii Ncuxonozo -nedazozuueckuti yuusepcumem, 127051, Poccus, Mockea,
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¢ [lenmp pyuxuyuonansio unmezpuposanivix netiponayx, Opxyccxuti ynusepcumem, Heppebpozade,
44-10, cmpoenue 10I, 8000 C, Opxyc, Hanus

Pesiome

Hacrostiiuit 0630p MOCBSIEH PeUeBbIM HAPYIIEHUSM IPH TOCTUHCYJIBTHOM adasuu, Mx
peabuuTAIUK, a TakkKe pa3paboTKe HOBBIX PeAbOUIMTAIIMOHHBIX TOAXOJO0B, OCHOBAHHBIX HA
COBPEMEHHBIX 3HAHUSIX O (GYHKIMOHMPOBAHUM MO3Ta 4esjoBeka. PeueBble HapyllleHUS TIpU
MOCTUHCYJALTHOH ada3uu  3aYacTyio XpOHUMUIMPYIOTCS U TNPUBOASIT K CepPhe3HBIM
KOMMYHUKATUBHBIM TTpoGeMaM y TanuenToB. CTaHAAPTHBIE TOAXOB K PEYEBOH PeabuInTaIuu
TOMOTAIOT B HEKOTOPOH CTETIEHH YIYUIIUTh PEUeBhIe CMTOCOGHOCTH Y TIAI[MEHTOB, OTHAKO 3aUaCTYIO
STH YJIyUIIIeHHST yMePEHHbIE U HEYCTONUMBEIe, TPaZHIHOHHBIE TOIXOMB K PEAbUINTAIIMH OOBITHO
OCHOBBIBAIOTCS HA KIMHUYECKUX TIPAKTUKAX, COOPMUPOBABIIMXCS HA TIPOTSLKEHUM  JIeCSTUIIETHIA.
[Ipu Bcefl X HeCOMHEHHOH IEHHOCTH, 3TU TIPAKTHKHM PEJKO OCHOBBIBAIOTCS HA COBPEMEHHBIX
HelPOGHOMOTHYECKHX SHAHUSX, B MOCTeHIe JAeCSTUIETHST PASBUTHE HEHPOHAYK IIIO C OYeHb
BBICOKOH CKOPOCTBIO, GOMBIINYIO POJb B 3TOM CBITPAJO TOSIBJIEHHE HEWHBA3WBHBIX METOOB
HelipoBU3ya/M3alyu. B HacTosIlee BpeMs pa3BUTHe HelipOHAYKH HAXOUTCS HA TOH CTaiuu, KOT/Ia
HAKOTIJIEHHBIE 3HAHMS MOTYT OOOTATHTH KJIWHHYECKYIO TPAKTUKY, OOHOBHUTH TPAAMI[UOHHBIE
TOMXOMBI K PeabUIUTAIUK 33 CUET WCTOJIb30BAHUSI COBPEMEHHOTO HAYUHOTO WHCTPYMEHTADHS.
BaskHO 0TMeTHUTD TaksKe, UTO B TPAAUIMOHHON KJIMHUYECKOHN ITPAKTHKE, KaK TPABUJIO, OJTHU U Te Ke
TIOZIXO/IBI TPUMEHSIOTCS K PA3HBIM TIAI[MeHTaM, HeCMOTPS Ha TO UTO XapaKTep peueBbIX HapylIeHu i
OUeHb WHAWBUIYAJEH, CIe0BATENBHO, U TOAXO K BOCCTAHOBIEHWIO HUKOTIA HE MOXKET OBITh
O/IMHAKOBBIM. B yacTHocTH, TmanueHTH ¢ adasuell AeMOHCTPUPYIOT OYeHb Pa3HYIO JAWHAMUKY
peueBBIX (BYHKIMIT B XO/e CIIOHTAHHOTO BOCCTAHOBJIEHHUS TIOCJE WHCYIBTA, JTO MOKET OBbITh
BBI3BAHO BBICOKOH CTelleHbI0 WHAMBUAYAILHBIX pa3auuuili B (YHKIMOHHPOBAHUU pPEUEBBHIX
Helipocerell y pasHbIX TalreHToB. [1po6iieMa HHANBUIY ATBHBIX PA3INYUH Y TTAIMEHTOB C acdasmeit
u3BecTHa 71aBHO. OJIHAKO IO CHX MOP HeT IOJHOTO TIOHMMAHUS (DaKTOPOB, BAUSIONIMX HA CTOJb
GOJIBINYIO CTelleHb MHAMBWAYATBHBIX pasnuunil, B HaieM o630pe gemaeTcst ocoOBI aKIEHT HA
TOM, YTO BOIPOC MHAWBHUAYATBHBIX DA3IWUYUN MMeeT OTPOMHOe 3HaueHHe /IS IJIaHMPOBAHUS
SI3BIKOBOI Tepanuu Ha MHAMBUAYAJIBLHOH OcHOBe. Takske MBI IIPOAHATIM3UPYEM C TOYKH 3DEHUS
HeHpOHAYYHOTO MoAX071a 3(hpEeKTUBHOCTD pevyeBoil Tepaliy, KOTOpast IIMPOKO UCTIONb3YeTCs [T
PeabUITUTAIINY TAIMEHTOB C XPOHUYECKOH adasuell, — orpaHHuMBAOIel peueBoil Teparmimn. Mbl
chopMyMpyeM BOIPOCH JIJIST IA/IbHEHIIeTO UCCe/IOBAaHMSL.

KmioueBbie ciroBa: adasiist, MHCYJIBT, HEFPOPeaGHIMTAIYS, HEMPOTMHTBUCTHKA, OT PAHUUMBAIOIIAST
peyeBast Teparnusl.
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