Motor activity in patients with supratentorial unilateral stroke

Abstract

The aim of the study is to evaluate the effect of the specialized kinesitherapy methodology
(SKTM) on motor activity in patients with supratentorial unilateral stroke in the chronic period
(SUSChP).

Material and Methods

The study was conducted with 67 patients with SUSChP (56 patients are included in the
experimental group - 32 men and 24 women, with the duration of the disease 7.8 &+ 2.0 months,
and 11 patients in the control group - 9 men and 2 women, with the duration of the disease 7.3 +
1.5 months).

To evaluate the changes, the motor capabilities are tracked with a modified Chedoke-McMaster
test, and muscle tone with a modified Ashworth scale for upper and lower extremities that are
relevant metric to evaluate the motor activity of the patients. The experimental group was
conducted with a specialized 10-day KT treatment, which later continued to perform as an
adapted exercise program at home for a period of 1 month. Control patients are following a
conventional 10-day KT.

Results

After applying SKTM, the highest tendency towards improvement of motor activity is
established in the 1st month for upper and lower extremities, with a level of significance during
treatment p <0.001.

Conclusion

The applied SKTM to the experimental group, later continued as adapted exercise program at
home, which significantly improves the motor activity of patients with supratentorial unilateral
stroke in the chronic period compared with the usual kinesitherapeutic methodology applied in
the control group.
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Introduction

Motor activity is an essential part of complex therapy in patients suffering from stroke. It
has been shown that physically active people have a lower risk of stroke and fatal outcome than
those with low physical activity. This dependence is due to the positive effect of physical activity
on body weight, blood pressure, serum cholesterol, and glucose tolerance. Physical activity
performed during leisure time (3-4 times/week, on average 40 min) (Eckel et al., 2013; Kernan et
al., 2013) have a favorable short-term effect in patients with mild stroke (Katsiki et al., 2011;
Willey et al., 2011; Li, Siegrist, 2012). Modern neurorehabilitation and kinesitherapy (KT) have
principal differences in acute, suboptimal (up to the 6™ month of the accident) and chronic (after
6 months) restoration phase. While its application during the first 6 weeks after the stroke
stimulates and supports the spontaneous recovery of motor disorders, its role in the chronic
period is not the actual recovery of the motor deficit, but the use of compensatory behavioral
strategies to overcome it, which is associated with a bishhemistic reorganization. Unintentional
brain cells are trained to perform certain functions (Titianova et al., 2008; Peppen et al., 2004).
The recovery potential is increased by combining KT and pharmacotherapy (Krakauer, 2006;
Dobkin, 2010; Bersano et al., 2010). Newer concepts offer intensive therapy with motor-related
tasks that involve more functional skills. As a prognostic mark, the degree of damage to the
corticospinal pathway is considered. Patient's relatives are trained to assist and support the day-
to-day activities of the patient (Titianova, 2007; Lubenova, Titianova, 2012). It is known that
after the KT, the patients are more independent, their mood improved and their activity level
increased. There is a number of evidence that KT could be effective in motor control, but
systemic comparisons of effectiveness across different types of treatment programs are limited
(Duncan, 1997; Gordon et al., 2004; O’Sillivan, 2001). It has been shown that nearly 14% of
stroke survivors achieve almost complete recovery of motor skills, between 25% -50% need
support for daily activities, and other patients have permanent disability. Abnormal mobility is
common in stroke survivors, especially in the elderly (Roth, Harvey, 2000).

Purpose



To investigate the early (10 and the late (1% month) effect of the application of the specialized
KT method in patients with chronic hemiparesis, in comparison with the control group, which is
the usual KT, on the motor activity.
Material and methods

The study was conducted in 67 patients with supratentorial unilateral stroke in the
chronic period (56 patients in the experimental group (EG) - 32 males and 24 women with a
disease duration of 7.8 £+ 2.0 months and 11 patients in the control group (CG) - 9 men and 2
women with disease duration 7.3 = 1.5 months). The clinical characteristics of the contingent are
presented in Table 1. A modified Chedoke-McMaster scale was used to determine the gravity of
the phase that the 4™ and 5™ stage patients had a moderate degree of involvement, and the 6™ and
7" stages had a slight degree of involvement (Cowland et al., 1993; Wade, 1992). On this basis,
the patients were divided into two subgroups (moderate and mild).

Table 1. Clinical characteristics of the contingent at the start of the study

Parameters Patients Moderate degree Mild degree
Experimental group n=56 n=33 n=23
Age 63.248.8 63.947.1 62.3£10.9
Sex( men/ women ) 32124 22111 10/13
Limitation periods (months) 7.84£2.0 8.3£2.2 7.241.5
Localization ( left/ right) 26/30 16/17 1013
Control group n=11 n=5 n=6

Age 63.316.0 63.645.3 63.1£7.1
Sex (men / women) 9/2 5/0 412
Limitation periods (months) 7.3£1.5 7.6+1.8 7.041.2
Localization ( left / right) 5/6 2/3 313

X+SD - mean and standard deviation EG - the experimental group, KG - control group. The significance of the
intra-group changes is defined by the binominal test. Intergroup significance of sex and localization is determined
by U-criteria of Mann Whitney for independent samples, while for age and limitation period, a Student t-test for
independent samples is attached.

To evaluate the changes, the motion capabilities were tracked through a modified
Chedoke-McMaster test and muscle tone through Ashworth's modified upper and lower limb
scales, which are current informative indicators for motor performance assessment. Patients from
the EG were treated with a specialized 10-day KT, which was later performed as an adapted
home exercise program for a period of 1 month. It is based on the basic principles of modern
neurorehabilitation: to be individual, intensive and specifically oriented - tailored and focused on
the individual needs of the patient; To realize the active involvement of the patient and his / her
family during prolonged administration so as to ensure care that is tailored for the patient's needs



throughout his life to achieve recovery and influence of late complications of the disease
(Vasileva, Lubenova, 2014). A 10-day standard KT method with a 30 min duration was applied
to CG patients using traditional approaches to central motor neuron damage as outlined in the
"Medical Standard on Physical and Rehabilitative Medicine™ (Lubenova, Titianova, 2015). The
two KT methods used are different in their duration of treatment, structure and included postural
movements, walking, active upper limb movements and transfers).
Statistics

A set of statistical programs were used to quantify the received data. The Wilcoxon test
was used to compare non-parametric parameters during treatment, and the Mann-Whitney U-
criterion was used to determine the significance of differences between the groups. The Paired
Samples Test is applied to compare parametric parameters.
Results

Comparison of patients in two groups did not show significant differences in age, gender,
localization and disease duration. The evaluation was performed before KT, on the 10" day and
1%t month after the start of treatment. The results of the traceability indicators of the changes in
motor activity in patients with chronic ischemic stroke from the EG and CG as well as the
significance of changes in the course of treatment are presented in Table 2. The differences
between the obtained and the baseline values as well as the significance of the changes between
the two groups are presented in Fig. 1 and Fig. 2.

Table 2. Prospective comparative assessment of motor activity in the EG and CG

Parameters Groups At the beginning 10t day 1stmonth

EG (n=56) _ _ _

CG (n=11) X+SD X+SD X+SD
Chedoke-McMaster - EG 4.2+0.7 5.2+0.7 *** 5.7+0.4 ***
Upper limb (stage) CG 4.4+0.7 5.2+0.7* 4.7+0.9

P 0.390 0.884 0.000
Chedoke-McMaster - EG 4.8+0.6 5.7+0.5 *** 6.0+£0.3 ***
Lower limb (stage) CG 4.9+0.7 5.8+0.6 ¢ 5.4+0.9

P 0.693 0.600 0.001
Ashworth - Upper limb EG 1.640.6 0.8+0.7 *** 0.4+0.5 ***
(points) CG 1.440.5 0.9+0.6 * 1.24£0.5

P 0.419 0.972 0.000
Ashworth - Lower limb EG 1.1+0.6 0.5+0.6 *** 0.1£0.3**
(points) CG 1.240.3 0.6+0.6 * 0.9+0.5

P 0.912 0.925 0.000

X £ 8D - mean and standard deviation, *** p <0.001, * p <0.05 - significant change compared to baseline in the
course of treatment assessed by Wilcoxon Test; P <0.001 - significance of the change between the two groups
measured by U-criteria of Mann-Whitney Test.



It was found that at the beginning of the treatment both groups had decreased motor
activity. There are no significant differences in the baseline data between two groups. Compared
with the baseline data in the experimental group, there is a significant improvement in the upper
limb capabilities, as evidenced by the Chedoke-McMaster test. Similar are the changes in the
lower limb. In absolute terms, the positive change was most pronounced on the 1%t month, with a
level of significance p <0.001. The effect on motor restoration of the limbs is sustained and is
maintained until the first month of follow-up in the EG. It means that patients are restored to the
possibility of coordinated movements near normal. Unusual patterns of movement can occur
only in fast and complex action. Control patients have significant improvement in motor activity
that was observed on day 10, then the values decreased. Compared to the baseline, no change
was observed in the 1% month.

Similar are the results of tracking the muscle tone in the upper and lower limbs,
according to the Ashworth scale before and after the KT in the EG. An improvement is noted
between mild and missing spasticity. The effect of reducing the spontaneously increased muscle
tone of the affected limbs is sustained and is maintained until the first month of follow-up.

In the CG, the decrease in muscle tone was observed on day 10.
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Figure 1. Changes in motor recovery presented as the difference between the results obtained and the baseline
values in the two study groups, *** P <0.001 - Significant change between the two groups during treatment,
assessed by the U-criteria of the Mann-Whitney Test.

Similar changes in muscle tone are seen when compared between the two groups (Fig. 2).
The effect of specialized kinesitherapy methodology (SKTM) is significantly better than
standard KT at the 1 month of treatment (Fig. 2).
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Figure 2. Changes in muscle tone, presented as difference between results and baseline values in the two groups
studied, *** P <0.001 - Significant change between the two groups during the course of treatment as assessed by
the Mann-Whitney U-Criterion Test

Discussion
The lasting positive effect in the EG may be related to various mechanisms where the

applied targeted movements affect the functional capabilities of patients with chronic stroke in a
chronic period. These basically include: functional upper and lower limb movements, body and
pelvic control that normalize the control of the body's intact and affected parts, and the motor
response sequence. It is essential to include walking instruction in the methodology, which leads
to: normalizing the control of the lower limbs and facilitating the movement (Vasileva et al.,
2015; Vasileva et al., 2015; Vasileva et al., 2017; Lubenova et al., 2008). The improvement on
the 10" day of onset treatment in the two groups is probably due to the fact that the
methodologies used are moderate in intensity and are tailored to the patient's individual abilities.

Beneficial effect in patients in the EG remains significant in the one month follow-up, which
necessitates the need for a sustained KT use of at least 4 weeks and appropriate individual
training. Training in new methods, with the necessary length of time, changes the brain and
creates a new motor stereotype (Lubenova, Titianova, 2015). Improved locomotor activity on the
10" day in a hospital setting under the control of a therapist is maintained in the middle of life,
which has been linked to the positive influence of the surrounding and psychosocial factors
relevant to the performance of motor tasks. Apparently these home-based factors are beneficial
and provide an opportunity to generalize acquired skills (Dijoseph, 1982; Iwarsson, lIsacsson,
1997). Grigorova-Petrova K., (2014) confirms that the duration is essential for the recovery of
patients with stroke in an acute period with a 4-week KT program. There is a significant
improvement in everyday activities evaluated throughout the Barthel Index to moderate
dependence on day-to-day activities of the 1% month following the incident. The author



demonstrates the positive effect of the applied KT in an acute period after ischemic stroke and
the need for continuation of the KT to achieving patient independence in everyday life, which
has been reported for most follow-up activities of the FIM test in this study (Grigorova-Petrova,
2014). Differences in mild and moderate changes can be explained by the fact that functional
recovery involves more than the restitution of body functions. In particular, recent studies
exploring human kinematics show that improving fine movements and gait is largely based on
the use of compensatory motion strategies to help patients learn to cope with the existing
neurological deficit (Kwakkel et al., 2004). The use of specialized KT has a beneficial effect on
the functional mobility of patients with stroke in a chronic period. The effect is positive and
continues until the end of the intervention period in the EG (Indredavik et al., 1998; O’Sullivan,
2007; Pollock et al., 2014).
Conclusion

The presented data clearly underline the different tendency of the changes in the all
patients and the significant early and late effects of SKTM in patients with supratentorial
unilateral stroke in the chronic period. In the EG, a significant improvement was observed on the
1% month post-initiation of kinesitherapy, with a p <0.001 level of significance during treatment,
whereas in the controls the observed positive effect on day 10 decreased and patients regained

baseline. The applied short-term kinesitherapy has no long-lasting effect.
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