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The Contribution of Imaging and Functional Diagnosis to the
Rehabilitation of Patients with Stroke
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The research conducted is based on the clinical evaluation through magnetic resonance and on functional
testing using the stabilometric platform, of a sample of 23 subjects with a stroke ischemic localised in the
area of the middle cerebral artery. With the help of magnetic resonance, the structural changes of the
ischaemic focus were determined. At the same time, the evolution in time of the ischaemia and the
alteration at the level of the ischaemic area were monitored. By using the stabilometric platform GPS 400,
the distribution of the load at the level of the lower limbs was analysed, as well as barycentre variations. The
results obtained after conducting the study highlight the high possibility of the functional re-education of the
subjects when brain lesions do not extend and no complications arise, elements underlined by imaging
exploration using magnetic resonance.
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Stroke represents an important problem of public health,
and in the recent years the incidence of this disease
increased dramatically, according to the statistics made
worldwide [1,2]. The causes of this disease are mainly
haemorrhagic and ischaemic, 85% f them being produced
by cerebral ischaemic lesions and only 15% being
determined by intracranial haemorrhages. As in case of
other pathologies, stroke is the result of the interaction
between genetic predisposition and the environmental
factors [3]. Despite the years of clinical trials focusing on
this phenomenon, stroke management remains
suboptimal, though the clinical trials that tested the new
treatments benefited from improvements over time, thus
becoming ever more complex. Nowadays, a series of new
promising treatments are part of ongoing trials, such as
the latest neuroprotective compounds [4-7], hypothermia
[8-10], oxygen therapy, brain stimulation and regenerative
therapy.

Contemporary medicine is in the point of identifying
therapies that may contribute decisively to the patients’
rehabilitation, because thus far it has gone through a long
period necessary for understanding this pathology.
Specialists underpin that the close future has the potential
of pointing out significant ways to optimise the
management of stroke. The imagining investigation
methods provide information regarding the type of brain
lesion (ischaemia or haemorrhage) and other underlying
causes for the onset of neuromotor deficit. At the same
time, neuroimaging provides information about the status
of the impaired brain tissue, which may help to decide on
the type of therapeutic approach and to differentiate the
irreversible damage from those with a chance to save the
affected tissue. A structural lesion resulting from a stroke
may perturb critically the complex balance of the
excitatory and inhibitory influences within the motor
network [11].

In the past years, successful treatment strategies have
been discovered for the treatment of ischaemic stroke;
they were found to be more effective when administered
within the first hours from the onset of symptoms.
Consequently, extremely fast diagnosis and initiation of
treatment are essential in order to avoid severe disabilities

or even death [12]. Modern imaging techniques are capable
of determining diagnosis in a highly accurate manner,
which leads to the possibility of starting treatment very
soon, thus not missing the therapeutic window. All patients
displaying specific symptoms must be examined with the
help of computed tomography without contrast agent or
of  magnetic resonance [13].

Nuclear magnetic resonance provides the possibility of
detecting the brain areas affected in a more precise way
through the increased sensitivity of the tissue contrast, thus
allowing to obtain detailed images at diverse levels. This
technology provides new perspectives that may contribute
to the improvement of the treatment of many patients [14].
The first images through nuclear magnetic resonance used
in general for the identification of an ischaemic stroke are
those on the weighted sequence T2 and DWI (diffusion-
weighted imaging). Nuclear magnetic resonance provides
better insight into the pathology of acute stroke that may
lead to the improvement of the treatment applied [15].

In case of a stroke, neurological deficits may be
summarised after having identified all nervous, articular
and muscular manifestations that may be included in the
clinical diagnosis of patients. Several evaluation scales
were developed to identify the severity of the sequelae
installed post-stroke; they became valid instruments and
reliable predictors of the outcomes of rehabilitation
programs. Within functional evaluations, there is a focus
on the quantitative evaluation of the quality of life of patients
with disabilities post-stroke [16].

Stabilometry performs an objective evaluation of the
posture and at the same time of the static and dynamic
balance, thus allowing the quantification of the normal and
pathological parameters, statistically validated, as
indicators of body stability disorders.

Currently, research focuses on the discovery and
implementation of new techniques and equipments for
the complex and objective evaluation of body balance in
the diverse pathologies. The new technologies of analysis
by interpreting the stabilometric signals are applied
successfully in neurological pathology and they represent
means of monitoring the evolution of the rehabilitation of
patients with disabilities. In order to increase the
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productivity of this evaluation equipment, an international
standardisation of stabilometry was proposed at several
meetings of the International Society of Posture and Gait
Research, in Bologna (2009), Akita (2013), Vancouver
(2014) and in 2015 in Seville [17].

International studies determined optimal models for the
healthcare of patients with a stroke, as the precocity of the
institution of the rehabilitation treatment represents the
key to success. Though there are doubts regarding the
optimal window for initiating the rehabilitation therapy, the
studies concerning the post-rehabilitation results
demonstrated that the fast adherence of the rehabilitation
programs leads to an improvement of the functional
recovery and to the decrease in the duration of therapy
[18].

Experimental part
Materials and methods

This research was conducted on a sample of 23 subjects
with an ischaemic stroke, localised deeply or superficially
at the level of the left or right middle cerebral artery (MCA)
(6 subjects with ischaemic stroke in the superficial area of
the right MCA, 2 subjects with ischaemic stroke in the deep
area of the right MCA, 2 subjects with ischaemic stroke in
the superficial area of the left MCA, 13 subjects with
ischaemic stroke in the deep area of the left MCA). The
subjects of the sample underwent imaging investigation
through magnetic resonance in the subacute stage of
stroke.

The imaging exploration protocol included the
sequences specific to T1 (fig. 1.A), T2 (fig 1.B), FLAIR (fig.
1.C), diffusion (DWI, fig. 1.D), the apparent diffusion
coefficient (ADC, fig. 1.E), on axial section.

The functional evaluation was conducted using the
stabilometric platform GPS 400 through which we assessed
the loading of the lower limbs, the variation and length of
the barycentre curve. The loading of the lower limbs was
shown in percentages, the speed of barycentre oscillations
within the support polygon was measured in mm/s, while
curve length in mm.

The testing method consisted in training the subjects
and it involved asking them to stand with eyes open on the
stabilometric platform with legs slightly apart, maintaining
the position for 20 s [19].

The imaging evaluation and the functional evaluation
were performed at the beginning of the study and after six

months, a period during which the subjects benefited from
medical rehabilitation programs.

The inclusion criteria concerned the type of stroke
(ischemic), the lesion localisation (middle cerebral artery),
limited function (the capacity to stand), the prescription
and possibility of magnetic resonance imaging, the stage
of stroke (subacute). The exclusion criteria concerned the
biomechanical modifications of the leg and of Achilles’
tendon, the severe gait impairment as a consequence of
associated pathologies, the presence of vital risk.

Results and discussions
The research conducted has analysed the comparative

results of the imaging and functional evaluation conducted
at the initial testing and after six months of rehabilitation
programs. The statistical analysis was performed using
Statistics version 7.0, to highlight the differences from the
initial testing to the final testing.

Following the magnetic resonance imaging evaluation,
modifications were found (fig. 2), which were divided into
two main categories (significant: reduced ischaemic focus
compared to the initial evaluation, without lesion expansion
and without the emergence of complications and
insignificant: without modifications of ischaemia size and
without the emergence of complications or of lesion
expansion).

As illustrated in figure 2, the frequency of significant
modifications has a value of 41.18% for the subjects with a
stroke in the superficial area of the middle cerebral artery
and a frequency of insignificant modifications accounting
for 33.33%. In what regards the deep area of the middle
cerebral artery at the final evaluation, the frequency of the
decrease in the ischaemic focus was 58.82%, compared
to the frequency of insignificant modifications (66.67%).
The tissue modifications occurring in the acute stage of
stroke - manifesting by inflammatory and oedematous
responses - may reflect in the subsequent evolution of the
ischaemic focus [20]. The size of ischaemic lesions has a
crucial importance, thus influencing the evolution of
recovery and of functional outcomes [21]. For the
emergence of the ischaemic area atrophy, between 30
and 90 days are necessary, this period leading at the same
time to an enlargement of the ventricle [22].

The preservation or decrease in the sizes as well as the
lack of complications or expansion of the ischaemic focus
favoured the rehabilitation process for the subjects, which

Fig. 1. Subacute ischaemic stroke, A
(sequence T1), B (sequence T2), C

(FLAIR), D (diffusion, DWI), E (apparent
diffusion coefficient, ADC)

Fig.2. Frequency of significant and
insignificant modifications by the

localisation of stroke
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reflected in the improvement of the functional parameters
assessed using the stabilometric platform. figure 3 and
figure 4 depict the graphic representation of average
loading percentages of the lower limbs (healthy and
plaegic) at the initial evaluation and at the final one, for the
stroke in the superficial area (fig 3) and in the deep area
(fig 4) of the middle cerebral artery.

As highlighted by figure 5, the speed of barycentre
oscillations decreased from an initial average value of 857.5
mm/s for impaired deep area and a value of 679.88 mm/s
for impaired superficial area to a mean final value of 519.93
mm/s for impaired deep area and 354 mm/s for the
superficial area of the middle cerebral artery, respectively.

The decrease in the level of barycentre oscillations
entails a better balance of the subjects. The improvement
of this parameter may be the result of the exercises meant
to stimulate the recovery and resposture responses, as well
as of the exercises meant to tone the lower limbs and to
stimulate plantar proprioception, activities that were guided
and dosed by the intensity of misbalances identified on the
stabilometric platform. In order to reduce postural
oscillations, one must take into account the stabilisation
of the pelvis and of the distal component of the plaegic
lower limb [25], because in time, muscle strength and
resistance decrease [26].

The values of curve length described by the barycentre
for the subjects with a stroke in the superficial and deep
area of the middle cerebral artery are illustrated in figure 6,
the values obtained at the final evaluation were not
statistically significant (p 0.06; n=23).

Figure 6 highlights the favourable evolution of barycentre
curve length, from the initial mean value of 3.72 mm for
impaired deep area and 2.85 mm for the superficial area
to the final average value of 1.45 mm for the deep area and
1.21 for the superficial area of the middle cerebral artery,
respectively. The improvement of this parameter reflects
in the increase in step length and walking speed, which
leads to the improvement of body balance, thus eliminating
the fear of falling and the dizziness. The fear of falling is
very common among individuals with disabilities post-
stroke, as very few of them manage to stand without help
after such a fall [27].

The optimal weight distribution at the level of the lower
limbs and the capacity of maintaining balance stance
should be trained by integrating daily movements of
patients, because it is necessary to make certain postural
adjustments that are not possible to make but during such
movements [28].

As shown in figures 3 and 4, the average weight
distribution at the level of the lower limbs improved, but
the values obtained were not statistically significant at the
final evaluation (p 0.55; n=23). The initial mean for the
plaegic lower limb in case of impaired superficial area of
the MCA was 32%, and the final value reached a mean
value of 44.38%. In what regards the impaired deep area
of the MCA, the initial mean value was 36.93%, in the end
reaching 45.6%. For the healthy lower limb, the mean
values improved from the initial value of 68% to the final
value of 55.62% for the superficial area of the MCA and
from 63.07% initially, to 54.4% finally, for the deep area of
the MCA.

The optimal loading of the lower limbs and especially of
the plaegic lower limb (which tends to be reduced),
represents an important component in preserving balance
and orthostatism and in preventing the onset of equines
foot, through the retraction of Achilles’ tendon. The lack of
plantar proprioception may be a cause of failing to attain
this desideratum [23], the stimulation of plantar
proprioceptors and the toning of muscles are the expertise
area of physical therapists. In this respect, experts may
also use vibrations in order to improve balance by reducing
spasticity at the level of the flexing muscles of talocrural
joint [24].

Figure 5 illustrates the mean values of the speed of
barycentre oscillations within the support polygon for the
patients with a stroke in the superficial and deep area of
the middle cerebral arter y. The average speed of
oscillations was not significantly different from a statistical
perspective by the localisation of stroke (p 0.30; n=23).

Fig 3. STROKE in the superficial area of the MCA, loading
percentage for the lower limbs (healthy and plaegic)

Fig 4. STROKE in the deep area of the MCA, loading percentage for
the lower limbs (healthy and plaegic)

Fig 5. The speed of barycentre oscillations within the support
polygon (mm/s)

Fig. 6 The length of the barycentre curve (mm).
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As clearly shown in figures 3-6, the balance of patients
improved after six months of rehabilitation programs, the
loading at the level of the plaegic lower limb improved for
the subjects who had suffered a stroke in the deep area
and in the superficial area of the middle cerebral artery.
The researches conducted confirm that balance re-
education is also necessary and useful in the chronic stage
of rehabilitation. This is possible through activities entailing
barycentre oscillation motions within various types of
exercises [29]. The movements and activities entailing the
modification of the barycentre may also be performed with
the help of stabilometric platforms leading to the
optimisation of balance [30]. For the improvement of swing
and of the biomechanical gait parameters, the treadmill
may also be used, with the possibility of re-educating the
transfer of barycentre outside the support polygon, an
essential factor in order to attain this objective being gait
intensity [31]. Nowadays, the robotic gait and balance re-
education methods available to patients with a stroke have
improved considerably; studies have underlined that they
may be useful in improving motor performances [32].

Conclusions
Imaging and functional diagnosis have a significant

contribution to the development, monitoring and
improvement of medical rehabilitation programs for
patients with a stroke. Stabilometric evaluation may
represent an important factor in choosing the right
exercises in order to improve weight distribution at the
level of the lower limbs as well as to optimise the
parameters of gait and of the static and dynamic balance.
The imaging re-evaluation through magnetic resonance
helps to orient the rehabilitation process, thus highlighting
the rehabilitation possibilities and limitations of an
individual by the lesion localisation, by the size of the
ischaemic focus and by the presence or absence of
complications.
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