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The present study is based on the paraclinical and functional evaluation of a sample of 66 subjects with
ischaemic stroke, to monitor the evolution of their functional parameters. The tests concerning the variation
of barycentre speed within the support polygon and the curve length were conducted using the GPS 400
Posturograph, which provided us with information related to the balance of the subjects in an orthostatic
stance with eyes open, with eyes closed, looking to the right, looking to the left, head tilted to the right, head
tilted to the left, head in extension. Our findings highlight the balance re-education capacity of the subjects
with ischaemic stroke through individualised physical therapy programs.

Keywords: rehabilitation, swing, functional parameters, testing

The stroke represents one of the main causes of mortality
and disability worldwide. This multifactor disorder involves
both modifiable risk factors (diabetes, hypertension,
smoking), and non-modifiable variables, such as age,
gender, family history [1].

An independent factor, extremely important, is obesity,
associated with high risk for cardiovascular diseases such
as ischaemic and haemorrhagic stroke. For each five-point
increase in body mass index, the risk of a stroke is
estimated to increase by up to 18% [2].

The risk of stroke relapse is high, and the secondary
prevention strategies depend on the etiopathology of the
disorder. Around a third of ischaemic strokes do not have a
clear cause; they may be the result of cardiovascular
conditions such as occult atrial fibrillation, aortic arch
atheroma, septal defect, genetic factors, etc [3].

Carotid atherosclerosis represents the third cause of
ischaemic stroke, as the internal and external carotids have
their origin in the common carotid aorta. Some studies
suggest that the bifurcation angle between the two arteries
may favour the emergence of atheroma, while other
studies deny such hypothesis [4].

Several studies within the last decade have shown that
the short-term and long-term effects of a stroke, in general,
have improved after thrombolysis and through a more
effective management of risk factors, before and after
stroke occurrence [5].

Studies on rehabilitation after acute stroke, have found
that the most important predictors of recovery are
represented by gender, age, severity, size and subtype of
stroke [6].

Reperfusion represents an important factor concerning
the subsequent result of recovery [7]. Perfusion refers to
blood circulation that carries nutrients and oxygen to the
tissue within the brain, usually quantified classically as
blood volume per unit of brain tissue, usually measured in
mL/100g/minute [8].

Computed tomography is still regarded as the best way
to diagnose a stroke; it is very efficient in making the
distinction between an ischaemic and a haemorrhagic
stroke [9, 10,11].

Magnetic resonance imaging is useful in the diagnosing
of an ischaemic stroke, thus enabling professional to find
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the optimal treatment strategies, but the long scanning
duration is a serious impediment compared to computed
tomography [12].

Postural deficiencies are common in case of strokes;
there is correlation between the asymmetry of barycentre
distribution and the severity of stroke. Most individuals who
suffer from this disorder distribute less weight on the plegic
lower limb in the standing position [13].

Many chronic survivors of stroke feature a high risk of
losing balance during gait. As it occurs for all people, the
loss of balance may be caused by external mechanical
disturbances, but stroke survivors are more prone to falls,
not because of environmental factors, but due to specific
balance control deficits [14,15].

Over 80% of the patients who suffer a first stroke have
stability deficits associated with a low recovery of self-
serving capacity and with high risk of falling [16].

Retrieving the symmetrical distribution of weight and
the ability to change the barycentre was mentioned as an
essential objective in the process of gait and balance
rehabilitation in case of patients with chronic stroke [17].

Taking into account the negative consequences of
balance deficits after the stroke and the long-term
consequences, it is critical to identify the gravity of this
problem [18].

It has been demonstrated that the asymmetry of
spatiotemporal parameters of gait lead to the reduction of
velocity [19] and to the decrease in the clinical scores for
balance assessment [20, 21].

Experimental part
Materials and methods

The study conducted was prospective and it comprised
a sample of 66 hemiplegic subjects, 31 female subjects
and 35 male subjects who suffered an ischaemic stroke.
The sample was selected within the Prof. dr. Nicolae Oblu
Clinical Emergency Hospital, lasi, as well as within the
Clinical Recovery Hospital lasi, and the study unfolded in
the period March 2016 - October 2018. From among the
subjects, 29 were right-side hemiplegic and 37 left-side
hemiplegic, all of them within the first 6 months after the
occurrence of a stroke.
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Besides the medical emergency management, the
neurological clinical examination and the imaging
evaluation using computed tomography, some of the
subjects also benefited from head MRIs to determine the
extent of the brain lesion and to identify the possible
structural anomalies. We have conducted the functional
assessment using the Posturograph at the beginning of
the rehabilitation program and a follow-up after six months,
during which they followed individualised physical therapy
programs, three times a week. Using the GPS 400
stabilometric platform within the Posturograph, which has
pressure sensors and tests bodyweight distribution on the
lower limbs [22], we have analysed at the same time the
speed of the oscillations and barycentre curve length,
providing information regarding the direction and range of
the body’s lack of balance. The principle of this device isto
analyse the variation of barycentre within the support
polygon in orthostatic position (fig 1). The evaluation was
conducted by taking into account several balance
parameters in various types of tests (with eyes open, with
eyes closed, looking to the right, looking to the left, head
tilted to the right head tilted to the left, head in extension).
The targeted parameters were the velocity of barycentre
oscillations within the support polygon, measured in mm/
s, and curve length, measured in mm (fig. 1).

Testing method

-the patients were explained the testing technique,
namely maintaining the bipodal orthostatic stance on the
stabilometric platform, without support.

-feet were placed in a parallel position, slightly apart,
with a natural, motionless body posture.

-the testing lasted for 20 s for each evaluation method:
with eyes open, with eyes closed, looking to the right,
Iookir'lgoto the left, head tilted to the right, head tilted to the
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left, head in extension, to prevent the onset of muscle
fatigue, which may lead to intense postural or balance
reactions or important deviations of the barycentre.

-the initial testing was conducted at the beginning of
the study and the final testing after six months of physical
therapy.

The inclusion criteria for the subjects within the study
were as follows:

-The stroke had to be ischaemic

-The stroke must have concerned the middle cerebral
artery area

-The subject has to be able to maintain the orthostatic
stance

-The localisation and the type of stroke must have been
proven via imaging examination

-The patient must be in the first six months post-stroke

The exclusion criteria were the following:

-Failure to meet the inclusion criteria

-Retractures of the Achilles tendon and varus and
equinus foot

-The patient’s refusal to return for the follow-up after the
recovery period

-Cerebellum disorders or balance disturbances due to
inner ear pathology.

Results and discussions

The research was represented by a prospective study of
comparative analysis of balance alterations after an
ischaemic stroke and its re-education through physical
therapy for 6 months. The results were analysed separately
for the right-side hemiplegic subjects and the left-side
ones, using the One-Way Anova test.

Within the initial and final evaluation of the speed of
barycentre oscillations within the support polygon, it is
worth noting the favourable evolution of the right-side
hemiplegic subjects, from the evaluation conducted at the

Fig 2. The speed of barycentre oscillations (mm/s), right-side
hemiplegia, initial evaluation with eyes open (EO_I) and final
(EQ_F), initial evaluation with eyes closed (EC_I) and final (EC_F),
initial evaluation face to the right (FR_I) and final (FR_F), initial
evaluation face to the left (FL_I) and final (FL_F), initial evaluation
head tilted to the right (TR_I) and final (TR_F), initial evaluation
head tilted to the left (TL_I) and final (TL_F), initial evaluation
head retroflexed (HR_I) and final (HR_F).
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beginning of the physical therapy program to the one held
upon ending the treatment and monitoring period (fig. 2).

As illustrated in figure 2, the speed of barycentre
oscillations within the support polygon decreased for right-
side hemiplegic subjects, which stands for an improvement
of balance and enhanced motor control (P<0.0001). From
a mean of 520.36 mm/s (standard deviation + 262.4;
n=29) at the initial evaluation within the evaluation with
eyes open, the subjects dropped at the end of the treatment
and monitoring period within the study to a mean of the
speed of barycentre oscillations of 222.21 mm/s (standard
deviation = 115.4; n=29).

For all types of testing, we have recorded improvements
of the speed of barycentre oscillations, thus dropping from
mean initial values of 551.92 mm/s with eyes closed
(standard deviation + 398.8; n=29), 519.52 mm/s
(standard deviation £ 270.7; n=29) face to the right, 524.45
mm/s (standard deviation * 252.4; n=29) face to the left,
563.16 mm/s (standard deviation + 361.1; n=29) head
tilted to the right, 538.65 mm/s (standard deviation = 357.4;
n=29) head tilted to the left, 556,03 mm/s (standard
deviation £387.3; n=29) head retroflexed, to considerably
lower mean final values of 311.14 mm/s (standard
deviation +258.9; n=29) with eyes closed, 295.18 mm/s
(standard deviation +88.82; n=29) face to the right, 218.38
mm/s (standard deviation £75.45; n=29) face to the left,
255.26 mm/s (standard deviation £157.2; n=29) head
tilted to the right, 270.24 mm/s (standard deviation £169.4;
n=29) head tilted to the left, 226.78 mm/s (standard
deviation £159.8; n=29) head retroflexed.

The reduced speed of barycentre oscillations is due to
the increase in plantar proprioception and in the muscle
tone of the plegic leg. According to several studies, the
difficulties related to balance re-education are closely
related to age, gender and localisation of the stroke [6].

In case of left-side hemiplegic patients, we have also
noted an improvement of balance (P<0.0001) through a
decrease in the speed of barycentre oscillations within the
support polygon from the initial evaluation to the final
evaluation (fig. 3).
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Fig 3. The speed of barycentre oscillations (mm/s), left-side
hemiplegia, initial evaluation with eyes open (EO_I) and final
(EQ_F), initial evaluation with eyes closed (EC_I) and final (EC_F),
initial evaluation face to the right (FR_I) and final (FR_F), initial
evaluation face to the left (FL_I) and final (FL_F), initial evaluation
head tilted to the right (TR_I) and final (TR_F), initial evaluation
head tilted to the left (TL_I) and final (TL_F), initial evaluation
head retroflexed (HR_I) and final (HR_F)

As illustrated in figure 3, the values of barycentre
oscillation speed within the support polygon decreased
from the initial average values of 514,07 mm/s (standard
deviation £ 289.6; n=37) with eyes open, 553.14 mm/s
(standard deviation + 459.3; n=37) with eyes closed,
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506,08 mm/s (standard deviation + 296.2; n=37) face to
the right, 517.76 mm/s (standard deviation £ 270.9; n=37)
face to the left, 555.47 mm/s (standard deviation =+ 345.7;
n=37) head tilted to the right, 589.27 mm/s (standard
deviation *+ 371.7; n=37) head tilted to the left, 595.56
mm/s (standard deviation = 364.3; n=37) head retroflexed,
to the mean final values of 218.72 mm/s (standard deviation
+ 123.7, n=37) with eyes open, 314.17 mm/s (standard
deviation £ 252.7; n=37) with eyes closed, 279.14 mm/s
(standard deviation = 199.9; n=37) face to the right, 221.18
mm/s (standard deviation = 130.6; n=37) face to the left,
244,56 mm/s (standard deviation + 155.6; n=37) head
tilted to the right, 276.02 mm/s (standard deviation + 179.4;
n=37) head tilted to the left, 244.74 mm/s (standard
deviation £ 156.2; n=37) head retroflexed. Mobility
exercises, accompanied by muscle toning exercises, finally
lead to an improvement of body balance in case of
ischaemic stroke. Other studies highlight that breathing
muscle toning may lead to an improvement of torso
stability among patients with stroke [16].

Within the initial and final evaluation of barycentre curve
length, we have also found a favourable evolution of
balance among right-side hemiplegic patients (p<0.0001),
from the initial evaluation to the final evaluation (fig. 4).

s

Lenght of curve (mm)

<3

0 ~ ™~

Lol .@-Q' R .\\.j 3

&

,‘_c\' é,‘,‘ é;\' {é‘.j QQ-\’ ﬁq.‘f .;‘v\’ Q\,‘f ‘,&\"
Fig 4. Barycentre curve length (mm), right-side hemiplegia, initial
evaluation with eyes open (EO_l) and final (EO_F), initial
evaluation with eyes closed (EC_I) and final (EC_F), initial
evaluation face to the right (FR_I) and final (FR_F), initial
evaluation face to the left (FL_I) and final (FL_F), initial evaluation
head tilted to the right (TR_I) and final (TR_F), initial evaluation
head tilted to the left (TL_I) and final (TL_F), initial evaluation
head retroflexed (HR_I) and final (HR_F)

According to figure 4, the initial average values ale of
barycentre curve length for the right-side hemiplegic
subjects were de 3.603 mm (standard deviation £ 1.332;
n=29) with eyes open, 4.037 mm (standard deviation +
1.412; n=29) with eyes closed, 3.694 mm (standard
deviation *x 1.140; n=29) face to the right, 3.659 mm
(standard deviation £ 1.321; n=29) face to the left, 3.582
mm (standard deviation = 1.160; n=29) head tilted to the
right, 3.669 mm (standard deviation = 1.311; n=29) head
tilted to the left, 3.916 mm (standard deviation + 1.088;
n=29) head retroflexed. To the final evaluation, the subjects
scored lower mean values of barycentre curve length,
namely 1.558 mm (standard deviation £ 0.4581; n=29)
with eyes open, 2.379 mm (standard deviation = 1.105;
n=29) with eyes closed, 2.471 mm (standard deviation +
0.5157; n=29) face to the right, 1.971 mm (standard
deviation = 1.170; n=29) face to the left, 2,013 mm
(standard deviation % 0.1.032; n=29) head tilted to the
right, 2.067 mm (standard deviation = 0.7379; n=29) head
tilted to the left, 1.798 mm (standard deviation £ 0.7275;
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n=29) head retroflexed. The asymmetry of balance linear
control caused by the impaired capacity of the plegic lower
limb concerning swing control leads to a decrease in gait
capacity [23]. Hence, balance and stability exercises must
target an efficient postural control and an optimisation of
the plegic lower limb swing.

A notable improvement of barycentre curve length is
also observed in case of left-side hemiplegic patients,
where we obtained values highlighting the improvement
of balance (P<0.0001) from the initial evaluation to the
final evaluation (fig. 5).
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Fig 5. Barycentre curve length (mm), left-side hemiplegia, initial
evaluation with eyes open (EO_l) and final (EO_F), initial
evaluation with eyes closed (EC_I) and final (EC_F), initial
evaluation face to the right (FR_I) and final (FR_F), initial

evaluation face to the left (FL_I) and final (FL_F), initial evaluation
head tilted to the right (TR_I) and final (TR_F), initial evaluation
head tilted to the left (TL_I) and final (TL_F), initial evaluation
head retroflexed (HR_I) and final (HR_F)

Figure 5illustrated that the average values of barycentre
curve length were initially 3.766 mm (standard deviation
+ 1.105; n=37) with eyes open, 4.004 mm (standard
deviation £ 1.093; n=37) with eyes closed, 3.733 mm
(standard deviation = 0.9683; n=37) face to the right,
3.679 mm (standard deviation x 1.053; n=37) face to the
left, 3.498 mm (standard deviation % 0.9438; n=37) head
tilted to the right, 3.597 mm (standard deviation + 1.317;
n=37) head tilted to the left, 3.896 mm (standard deviation
+ 1.066) head retroflexed, finally reaching improved values
of 1.496 mm (standard deviation = 0.3009; n=37) with
eyes open, 2.269 mm (standard deviation £ 0.5862; n=37)
with eyes closed, 1.988 mm (standard deviation % 0.5301;
n=37) face to the right, 1.934 mm (standard deviation +
0.5327; n=37) face to the left, 2.003 mm (standard
deviation = 0.7454; n=37) head tilted to the right, 1.962
mm (standard deviation =+ 0.9699; n=37) head tilted to
the left, 1.998 mm (standard deviation £ 0.8494; n=37)
head retroflexed.

According to our findings, the values of the speed of
barycentre oscillations (fig 2.3) and the values of barycentre
curve length (fig 4.5) have improved for both right-side
and left-side hemiplegic patients, after undergoing the
physical therapy programs. The optimisation of these
values of the parameters assessed was reflected in better
balance, increased motor control and improved gait speed
of the subjects.

Modern studies underpin that gait exercises on the
treadmill in front of a mirror may have effects on the lower
limb muscle toning and on voluntary motor capacities and
the gait speed, implicitly [24]. Furthermore, assisted robotic
therapy has positive effects on balance re-education [25].
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The patients with post-stroke sequelae use abnormal
compensatory movements to optimise gait, hence such
elements should be taken into account during rehabilitation
[13].

Gait ability is influenced by several factors, among which
body balance while standing, spatial coordination and
orientation, body balance while sitting. The analysis of shifts
in the pressure centre while sitting indicates increased
postural disturbances in patients with stroke. A platform
device, due to non-invasive, easy and quick measurements,
should be a great choice of a tool for the evaluation of
postural deficits. It may also be used to evaluate the process
of rehabilitation post-stroke [26]. Another study that used
the posturographic evaluation of the patients with stroke
has fond that balance re-education should also include
exercises on unstable surfaces while sitting, to tone the
torso muscles [27]. Specific training has led to an increase
in the speed and precision of the changing capacity
recorded by the barycentre, by reducing the duration of
bodyweight transfer between the lower limbs, in 12 weeks,
according to a study on a sample of 36 subjects with stroke
[28]. Another study that used the posturographic evaluation
indicates that, after a 30-day period of rehabilitation, the
speed of barycentre oscillations with eyes open and closed
reduced, which suggests the brain’s capacity of reacting
to external stimuli (physical therapy) [29]. The balance
rehabilitation activities through double-task training show
significant improvements of weight distribution index and
of plegic lower limb stability with eyes open [30].

Conclusions

The functional evaluation, along with the clinical and
paraclinical examination, plays a very important role in
the rehabilitation of balance in patients with ischaemic
stroke. By getting to know the postural dysfunctions
emerged upon the evaluation and monitoring of the speed
of barycentre oscillations within the support polygon and
of barycentre curve length lead to an orientation and
optimisation of medical rehabilitation programs.

The imaging evaluation is highly necessary to identify
focal lesions and to determine the impaired brain area.

Physical therapy represents an efficient body balance
re-education means, a fact reflected in a reduction of the
speed of barycentre oscillations and in a decrease of
oscillation curve length of the barycentre.

An extended monitoring of rehabilitation for the patients
with ischaemic stroke is necessary in order to adopt the
physical therapy plan to the necessities emerged
depending on the evolution of the remaining function
among the subjects.
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