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Abstract

This report discusses the newest approaches to rehabilitation of post-stroke patients. Recent studies
have clinical implications for the treatment of stroke at all stages, and chronic aphasia.

Introduction and context
The studies conducted on post-stroke rehabilitation in
recent years can be divided into two groups. The first
group concerns neurorehabilitation in the acute period
of stroke, when beginning rehabilitation as early as
possible is still considered the most important element.
The second group deals with the possibilities of
neurorehabilitation in the subacute and chronic periods,
where it is currently considered most important to
correctly estimate the rehabilitation potential of the
patient.

Recent advances
The majority of modern movement rehabilitation
techniques are tested and recommended for chronic
stroke patients. Beginning rehabilitation interventions
within 3 months after stroke is considered the most
effective practice, but has certain restrictions. A recent
review by Cramer [1] suggested that such restrictions
include ‘clinical traditions’ and objective difficulties such
as a lack of facilities for early rehabilitation. At further
stages priority is given to ‘restorative’ therapies, among
which the author notes the use of growth factors, cell-
based therapies, electromagnetic stimulation, device-
based strategies, and task-oriented and repetitive train-
ing-based interventions [1].

The majority of these rehabilitation techniques are based
on the phenomenon of neural plasticity. There are many
recent studies devoted to fundamental research of this
phenomenon [2,3]. For instance, good neurological and
functional restoration was demonstrated in patients who

have suffered spinal trauma, even with remaining
damage to the cortico-spinal tract (determined using
motor and somato-sensory evoked potentials) [2].
Studies performed on monkeys in the late restoration
period of stroke have shown growth of the ventral and
dorsal premotor areas representing the paretic upper
limb, which correlated with the infarction volume and
the level of functional improvement [3].

Movement rehabilitation techniques that are aimed at
neural plasticity include task-specific techniques, based
not on training of separate movements, but of the
movement pattern as a whole: treadmills with body
weight support, robotic ortheses for upper and lower
limbs, virtual reality technologies, functional (pro-
grammed) electromyostimulation and electroneurosti-
mulation, and transcranial magnetic stimulation [1,4,5].

Recent studies in patients with acute stroke are still
concerned with beginning rehabilitation as early as
possible. Thus, they have shown the efficacy and safety
of getting stroke patients out of bed within the first 24
hours after onset [6]. The same authors have shown in a
comparative study, however, that this base requirement
is currently not carried out in all stroke units [7].

Another important problem in the acute period of stroke
remains the selection of candidates for further active
rehabilitation. The use of Activities of Daily Living (ADL)
scales (such as the Barthel Index, the Modified Rankin
Scale and the Rivermead Mobility Index), has been
previously recommended to assess functional status [8].
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Recently, new methods have been proposed for evaluat-
ing ‘reserve’ neural plasticity by means of hi-tech
techniques, including functional magnetic resonance
imaging (fMRI) and transcranial magnetic stimulation
[9]. The data obtained using these techniques show that
the period of active rehabilitation can exist for up to 3
years after stroke [9].

There are a small number of studies that have shown the
limitations of modern hi-tech task-specific techniques.
For example, robotic training devices and functional
electromyostimulation and electroneurostimulation
cannot provide natural patterns of muscular activity
[10–12]. Thus, many techniques are more effective in
combination: the robotic orthosis ‘Gait Trainer’ com-
bined with functional electromyostimulation, botuli-
num toxin injections combined with physiotherapy
exercises, as well as electromyo(neuro)stimulation and
cyclic training devices [13,14].

Training based on modern hi-tech techniques use
multiple repetitions of movements. To accommodate
this, simple and low-cost systems are being developed
that can be used by patients at home: robotic devices
such as the LokoHelp, which provides patients with a
walking type motion alone, functional electromyosti-
mulation, and virtual reality methods based on the Sony
PlayStation 2 [5].

There are still problems in neurorehabilitation that
concern the diagnosis and treatment of particular post-
stroke syndromes. A study by Polanowska et al.
estimated the efficacy of electrostimulation for correction
of left-sided visual-spatial neglect [15]. The work
demonstrated that the technique had a delayed, but
significant effect. The study by Spitzyna et al. demon-
strated that optokinetic therapy (involuntary saccades)
had a significant corrective effect on the problem of
hemianopic alexia [16]. Another recent study by
Alibiglou et al. found that the Modified Ashworth scale,
which is widely used in evaluating spasticity, is unreli-
able, and proposed a new method for differentiated
evaluation of neural and musculotendinous compo-
nents of spasticity [17].

In rehabilitation of speech disorders (aphasia) the most
widely used approach is still based on high intensity
training (prolonged and frequent exercises). The efficacy
of intense speech rehabilitation is supported by fMRI
data [18,19]. Based on fundamental neuroscience devel-
opments, Pulvermüller and Berthier have formulated
three main principles of aphasia rehabilitation: (1)
intensity of training, (2) behavioural and communica-
tional relevance of the tasks in relation to the patient,

(3) focus of the training on the communication needs and
capabilities of the patient [19]. The authors used these
three principles as a basis for ‘intensive language-action
therapy’ (ILAT), which was proven to be highly effective in
chronic aphasia rehabilitation [19]. For chronic aphasia
cases when restoration of speech is impossible, visual
communication aids are being developed. [20].

The efficacy of pharmacological agents in restoration
therapy, including rehabilitation of aphasia, remains a
subject of ongoing research. Currently glutamatergic,
monoaminergic and cholinergic agents are being stu-
died, but for the moment there is no clear evidence
showing their efficacy [21].

Implications for clinical practice
In summary, recent advances have suggested several
changes in the way we rehabilitate stroke patients. In the
acute phase, mobilization of stroke patients in the first
24 hours has been shown to be important [6], as has the
use of fMRI to select patients in the subacute and chronic
periods who may benefit from therapy. Recent studies
also suggest that using multiple rehabilitation techni-
ques in combination are generally more effective than
using a single technique [13,14]. Other clinical advances
include the demonstration that electrostimulation is
beneficial in left-sided visual-spatial neglect [15], and
that optokinetic therapy (involuntary saccades) can help
to correct hemianopic alexia.

In the rehabilitation of chronic aphasia, the new
principles of ‘intensive language-action therapy’ have
proven highly effective. We hope that ongoing intensive
research will continue to produce further clinical
advances.
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fMRI, functional magnetic resonance imaging.
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