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Optimizing the Rehabilitation Treatment of Cognitive
Disorders in Children with Cerebral Palsy
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Abstract The article describes the efficacy of transcranial magnetic stimulation treatment of cognitive disorders in 102
children with cerebral palsy and the expression of the results in cognitive evoked potential P300 indicators.
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1. Introduction

Worldwide, cerebral palsy (CP) is not only the most
common and complex disease among all neuromotor
disorders in children, but also one of the most common
causes of physical disability in children in developed
countries, diagnosed in one out of every 500 children [3]. To
achieve the maximum values of the recovery process, it is
necessary to have a clear idea about the neurophysiological
and neurobiological aspects that implement these processes
[7]. Central and peripheral nervous systems have significant
compensatory capabilities [5,6,8]. Neuroplasticity is the
basis for the implementation of restorative and compensatory
processes that develop in response to an impact [1].

The use of TMS in children with cerebral palsy has made
it possible to diagnose many foci of pathology in the central
nervous system: the cerebral cortex, corticospinal pathways,
as well as the motor control system [9]. Pathology of
cortical neurons is often combined with dysfunction of
inhibitory-type GABA-dependent neurons in the central
nervous system, with an emphasis on motor-type cortical
adaptation-dependent ipselateral responses [2,8].

2. The Purpose of the Study

To evaluate the effectiveness of rehabilitation treatment
with memantine drug and transcranial magnetic stimulation
of motor function in children with cerebral palsy.

3. Research Material and Methods

The mean age of the patients was 9.3 = 3.3 years (95%
Cl: 8.6-9.9). All studied subjects were diagnosed with CCP
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(coding G80 according to KXT-10). All patients were then
divided into 5 groups based on ICD Among those studied,
spastic and quadriplegic (G80.0) TsF was found in 20.6%
of cases, which was 21 people, diplegia (G80.1) - in 24
people (23.5%), while at the same time spastic type TsF
and hemialegia (G80.2) occurred in 32.4% of cases
and accounted for 33 children, dyskinetic TsF (G80.3) - 13
children (12.7%) and ataxic cerebral palsy (G80.4) - 11
children (10, 8%) occurred in patients. In order to evaluate
the effectiveness of the therapy in children with cerebral
palsy, we analyzed all our patients based on the clinical data
of complaints, questionnaires and scales, and the results of
clinical-instrumental examination.

In order to evaluate the therapeutic effectiveness of
transcranial magnetic stimulation in children with cerebral
palsy, we used two courses of transcranial magnetic
stimulation for 3-4 months after treatment in the hospital, as
well as drug therapy: memantine in drops according to the
following scheme: 1 - a group of 28 patients was selected
who received 5 drops in the morning in the 2nd week, 5
drops in the morning and lunch in the 2nd week, 10 drops in
the morning and 5 drops in the lunch in the 3rd week, 10
drops in the morning and lunch in the 4th week for 3-4
months.

Neuro-MS/D apparatus equipped with a "butterfly"” type
inductor and with an inductance of 1.6 Tl was used for
TMS treatment. Before undergoing TMS, all patients were
screened for contraindications, and the safety of the
procedure was assessed.

The use of TMS was carried out according to the
following schemes: to reduce spasticity - high-frequency
stimulation, 10 Hz, 100 % Motor threshold (MT), 15 minutes,
spastic, contralateral to the arm and leg (or to both sides
in diplegia and quadriplegia) - 10 sessions, and in order
to improve cognitive disorders - F3 was stimulated (left
dorsolateral prefrontal cortex, DLPFC) '5 Hz (120 % MT) -
10 minutes - in total 10 sessions.

There were no differences between the groups in terms
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of duration and time of treatment in the methods of
inpatient treatment of children with cerebral palsy. The only
difference was that in the control group, TMS treatment was
additionally performed.

4. Research Results and Discussion

The data show that children with quadriplegia after the
treatment course have better pronunciation of sounds
and sound combinations, as well as intellectual abilities
in the form of an expansion of basic knowledge about
the surrounding world, enrichment of active and passive
vocabulary.

The analysis of the dynamics of psycho-speech
development in children with diplegia revealed excellent
results of this therapy with the recovery of almost 70% of the
lost functions, which was much higher than in the group with
traditional methods of treatment.

As can be seen from the table, children who have
problems with understanding the addressed speech, as well
as with impaired pronunciation of sounds, syllables and
complex sentences, and with problems with vocabulary, did
not complain about these problems.
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The study of the dynamics of psycho-speech development
in children with hemiparesis has its own characteristics,
because previously this contingent of patients had mild
psycho-speech disorders, and their motor skills were
sufficiently developed, in particular, in the undamaged limb.
Improvement of psycho-speech development in this group of
children occurred in 10 out of 13 patients, which was more
effective than patients treated with conventional methods,
who also showed a significant increase in motor abilities and
a decrease in spasticity, as well as an increase in the child's
psycho-speech development.

In conclusion, the combined rehabilitation therapy of
individuals with limited cognitive processes using new
methods, including TMS, not only gives positive dynamics
in motor abilities, but also increases the psycho-speech
potential of the child. The development of motor activity
served to stimulate the functions of the cortex, which served
to increase vocabulary and develop basic knowledge about
the universe. The obtained data do not contradict the results
of Simonova's research, which increased the motivation to
communicate by more than two times and the mental status
by 1.5 times.

Table 1. 1st advance Psycho-speech in children with cerebral palsy functions and dynamics
Quadriplegia Diplegia Hemiplegia
upto | after | upto | after | upto | after
Sound combination 375 | 125 | 286 | 143 7.7 0
Understanding addressed speech 375 25 14.3 0 7.7 0
Pronunciation of syllables 25 12.5 14.3 0 7.7 0
Shallow passive vocabulary 50 25 14.3 0 15.4 0
Telling complex sentences 375 25 14.3 0 154 7.7
Determine causality 50 375 | 28.6 14.3 15.4 7.7
Saying complex words 375 25 28.6 14.3 7.7 0
Lack of knowledge about the universe 75 50 429 143 | 231 7.7
C to tell the difference between plot and form 375 25 14.3 0 15.4 0
Mispronunciation of sounds 50 25 14.3 0 7.7 0
Shallow active vocabulary 100 75 85.7 286 | 69.2 15.4
110 .
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Figure 1. Dynamics of cognitive evoked potentials P300
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In order to study the dynamics of cognitive improvements
in more detail, the Luria test, Wechsler test and Raven test
were conducted according to the obtained results, and the
primary and secondary indicators of the test performance
in both groups were compared. Memory size A. R.
Psychological testing using Luria's 10-word recall method
showed that nearly all children had memory impairment,
with a mean Luria test score of 6.4 + 1.1 (95% ClI: 6.1-6.6).
The final test showed a statistically significant increase in the
Luria short-term memory capacity values in this group and
was 7.4 £ 0.9 points (95% CI: 6.9-7.6) (r < 0.001), which
was also higher than in conventionally treated children. At
the end of the memory study, it was found that the formation
of this function of cognitive type has a convincing result. The
final values can be justified by the fact that the formation of
memory takes place in attempts to memorize new action
processes. Memory training can be done in the process of
mastering the actions being performed, during the control
and correction of the actions.

Before conducting these trainings, two groups of
individuals with cerebral palsy were subjected to a
comprehensive Wechsler's examination of the values of the
formation of cognitive functions. In the image, the average
value of the general level of intelligence in quadriplegic
patients is 74.9 points; in patients with diplegia - 78.3; and in
the hemiplegic group it was 87.1 points.

Research aimed at studying the initial level of basic
cognitive functions made it possible to study not only the
general values of the development of the intellectual type,
but also the formation of the processes of thinking, attention,
perception, as well as visual-motor coordination and the
expression of the status of quick type memory. The
effectiveness of the implementation of certain test tasks
depends more on the current knowledge of the subject, as
well as the level of socialization of his judgments. The
lowest values were found on the Deciphering subtest, which
depends on the child's attention status, as well as perception,
visual-motor coordination, and motor skills. In 50% of cases,
there was a deficiency of the skills required to perform this
subtest.

A repeated test showed that the Wechsler mean values
of the general level of intelligence in children treated with
TMS were statistically significantly higher than in children
who underwent a traditional restorative treatment course
(p < 0.05). As we can see, the average score increased by 14
points in quadriplegic patients, 13 points in diplegic patients,
and 18 points in children with hemiparesis.

In addition, it should be noted that in this group, the
cognitive functions, which were isolated separately, had
a bright positive dynamic, because these elements were
responsible for the total value of intelligence.

Statistically significant changes for the better were
observed for all Wechsler test scales except for the
Arithmetic scale. It should be noted that the most significant
changes were observed in the intelligence level and the Koos
cube scale, while the most insignificant changes were
observed in the Encryption scale. At the end of the research

of the test results according to these methods, the calculation
of points for the mistakes made was carried out.

In conclusion, the presented tables show the positive
development in the formation of independent attention,
perception, as well as sensitive and dynamic coordination of
hands. Changes of statistical significance indicate an
increase in effectiveness in the formation of functions such
as perception, attention, memory, thinking and imagination
during the recovery course.

Table 2. Analysis of shifts in the values of test indicators for different
cognitive functions in the experimental group

Increase Depreciation .
R rating
value value
I level of intelligence 18 1 0.001
Ar |_fmet|k on 15 4 01
promissory notes
« Koos cubes » _ _ 16 3 0.01
" Similarity " 19 3 0.003
" Repeat numbers " 18 3 0.001
" Comprehensibility " 19 3 0.002
" Notice " 17 2 0.0007
" Missing details " _ 19 2 0.0005
" Encrypt " 20 2 0.00004
Machine 10 10 0.00002
proofreading test _

The Encrypting Scale, which includes courses that
increase attention, perception, and visual-motor coordination,
is the most complex test. Therefore, it can be concluded
that analytical aspects, as well as opportunities for logical
thinking, the volume and long-term memory, and the
formation of attention, were developed during the recovery
courses. A study of the development of intellectual abilities
of children with spastic cerebral palsy using the Raven test
revealed positive dynamics in the cognitive field. It should
be noted that the most striking changes in the intellectual
sphere were observed in persons with low intelligence, while
psychological status did not change significantly in persons
with an acceptable level of intelligence.

Curation was the most effective in increasing intellectual
values in hemiplegic individuals and was 19.1 and 50.3
percent, it should be noted that these values in diplegic
individuals were slightly lower, with an average increase of
28 points, and the least changes were found in quadriplegic
individuals, in which the increase was It was up to 23 points.

Clinical-type studies have also gained grounding in the
study of CEP values (P300).

In the background of the ongoing treatment, it was carried
out according to the data of CEP (P300). the study of
neurophysiological values ended with some changes. These
changes were in the shortening of the latent interval and
the reduction of R ratios. The results of the study confirm
the reduction of exchange processes in the brain cells of
children with cerebral palsy, and the clinic of this
condition is expressed both in the process of passing a
neuropsychological test and in terms of P300 peak values.
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Figure 3. Cognitive called potentials dynamics

The results of the work carried out indicate an increase
in metabolic processes in the brain of the studied
individuals, this improvement was recorded by the clinical
neuropsychological test and the results of CEP P300.

5. Conclusions

optimization of therapy with memantine drug and
transcranial magnetic stimulation (TMS) sessions most
effectively improved intellectual productivity in hemiplegic
patients (19.1% and 50.3%, respectively), slightly less in
children with spastic diplegia and quadriplegia, where the
increase was on average 28 points, and the smallest increase
in intellectual productivity was observed in quadriplegia,
where the increase was 23 points.
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