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Adaptation of voltage degree of regulatory
systems to active physical activity in children
with cerebral palsy
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Objective of the study was to study the level of adaptive capabilities of the body of children with cerebral palsy based on
the analysis of heart rate variability (HRV), determined before and after performing active physical exercises in a rehabilita-
tion session.

Methods and structure of the study. The scientific work involved 303 children aged 5 to 14 years with a diagnosis of ce-
rebral palsy and different levels of development of gross motor functions according to the international GMFCS scale. The
frequency of occurrence (in %) of indicators of activity of regulatory systems (IARS) and indicators of functional resources
in children before and after performing active physical activity was analyzed.

Results and conclusions. A low level of initial functional reserve and insufficient activity of the cardiovascular system were
revealed, which should be taken into account when conducting classes. Adaptive reactions in children with varying degrees
of disease severity are individual and are implemented in different ways. It was revealed that individually selected physical
activity increases the activation of regulatory systems and functional resources in children with cerebral palsy, especially
with severe motor impairments (level 4-5 of the GMFCS scale). To develop functional and physical abilities in children with
cerebral palsy, continuous physical rehabilitation is necessary, as a result of which the body’s capabilities gradually increase

and long-term adaptation is formed, associated with the activation and mobilization of functional resources.
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Introduction. Limited motor activity in children
with cerebral palsy reduces their adaptive capabilities
and leads to a decrease in the ability to adequately
respond not only to active physical activity in classes,
but also to everyday ones [2]. The ability to ensure
adaptation to physical stress is determined not only
by motor, but also by the functional capabilities of the
body, which depend on the interaction of control regu-
latory systems (control, regulation and management)
over the state of the whole organism [2, 5]. Assess-
ment of the functional reserves of the mechanisms of
autonomic regulation and various parts of the control
system of physiological functions can serve as diag-
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nostic and prognostic criteria in dynamic observations
of the body’s response to physical activity [1, 6, 7]. In
children with cerebral palsy, the body’s adaptation to
physical activity occurs differently depending on the
mental state, intensity and volume of the load, as well
as the presence of functional reserves. If the physical
activity used is inadequate, children with cerebral pal-
Sy may experience ambiguous reactions of the body
from the cardiovascular system, which lead to failure
of adaptation [4, 7]. Therefore, determining the level
of adaptive capabilities of the body of children with
cerebral palsy when performing physical activity is one
of the most important tasks of physical rehabilitation.
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Objective of the study was to assess the level of
adaptive capabilities of the body of children with cer-
ebral palsy based on HRV indicators obtained before
and after performing active physical exercises in a re-
habilitation session.

Methods and structure of the study. The work
used the method of cardiointervalometry - HRV using
the Varicard apparatus, which determines the degree
of activity of regulatory systems according to the in-
dicator of activity of regulatory systems with a differ-
entiated assessment according to ranges and indica-
tors of functional resources. The study involved 303
children diagnosed with cerebral palsy aged from 5
to 14 years and with different levels of development
of gross motor functions according to the interna-
tional GMFCS scale. Measurements of functional
status were carried out before and after rehabilitation
sessions with active physical exercises. The physical
activity of children of all levels consisted of general
developmental gymnastics, walking on a treadmill,
working on a MOTOmed, a bicycle ergometer and
other exercise equipment, and was selected individ-
ually taking into account the GMFCS levels and the
functional state of their body. Children of levels lll-
IV GMFCS trained in the “Gross Trainer” to maintain
a vertical position and provide a dosed load on the
musculoskeletal system.

The research consisted of a comparative analy-
sis of the frequency distribution (in %) of the degree
of tension of regulatory systems and functional state
according to IARS indicators in children with cerebral
palsy before and after performing physical activity at
each level of development of gross motor functions on
the GMFCS scale.

A physiological assessment of the state of regula-
tory systems was expressed in points: 0 points - nor-
mal, +1 or -1 indicated a moderate deviation from the
norm, with a score of +2 or -2 - a significant deviation
from the norm. IARS values, consisting of five ranges,
were assessed in points from 1to 10, where: the phys-
iological norm was from 1-2 points (the optimal level
of tension of regulatory systems), moderate functional
tension - 3-4 points, pronounced functional tension
- from 5- 6 points, overexertion - 7-8 points, the as-
sessment of failure of the body’s adaptation was 9-10
points.

Results of the study and discussion. The de-
gree of tension in regulatory systems in children
with cerebral palsy is realized in different ways,
changes and has a variable multidirectional func-

tional organization with the inclusion of different
levels of compensatory functions [2, 7]. The state
of regulatory systems before physical activity in the
majority of children (from 49 to 70%) of all five GM-
FCS levels was relatively balanced. Normal func-
tioning of the cardiovascular system (CVS) was
observed in 61% of children at GMFCS level | and
48% of children at level lll. In 55% of children of lev-
els V-V, severe tachycardia was observed, which
is characterized as an increased neuro-emotional
state or lack of sufficient functional reserves. The
majority (42-57%) of children experienced signifi-
cant tension in autonomic homeostasis. A common
characteristic of autonomic regulation of the initial
state was increased tone of the sympathetic part
of the autonomic nervous system in all groups.
The activity of the sympathetic vascular center was
normally observed in 50-70% of children of all lev-
els, pronounced sympathetic activity was observed
in 17-35% of children. The results of assessing the
state of regulatory systems before and after physi-
cal activity are shown in the table.

After physical exercise, the state of the regulatory
systems in all children, regardless of the level of GM-
FCS, was characterized by a decrease in the degree
of central control and autonomic homeostasis due to
increased autonomous regulation, that is, due to in-
creased breathing and the removal of stress during
physical exercise, which increases the activation of
regulatory systems and balancing various body sys-
tems with each other. The greatest improvement in
indicators was observed in children of levels IV-V of
the GMFCS scale, i.e. with severe motor impairments.
This confirms the fact of the positive effect of active
physical exercise on the functional state of children
with cerebral palsy.

According to the IARS indicators, it was revealed
that the initial state of a large number of children was
in the range of 4-6 points, which characterizes the
state of functional reserve. 5% of children belonging
to levels IV-V of the GMFCS scale were in the range
with high tension of regulatory systems - 8-9 points,
which was characterized by an increased risk of adap-
tation failure.

After the load, all children showed a transition of
the body state into the normal range or close to nor-
mal; this was more evident in children of levels V-V
GMFCS.

Thus, indicators of heart rate variability are inform-
ative for assessing the adaptation of children’s bod-
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Frequency distribution (in %) of the degree of tension of regulatory systems (in %) in children with cerebral

palsy before and after physical activity

Frequency of occurrence of the degree of tension of regulatory systems,
% in children with cerebral palsy
8 :D Functioning StabilitY of Vegetativet Activity of the sympathetic ) Pegree
I-El- 5:, level regulation homeostasis vascular center centralization of management
O| <|before | after | before | after | before after | before after before after
0 61 39 43 39 17 26 57 78 13 22
1 22 39 0 0 17 17 0 0
-1 0 17 17 39 4 13 4 17 30
3l 2] 13 4 0 0 13 17 0 0
E’ -2 4 0 39 22 57 48 4 0 70 48
0 33 31 24 31 16 18 62 58 18 22
1 24 13 16 7 9 13 27 31 9 4
-1 4 2 31 33 11 13 24 27
Sl 2] 38 | 53 2 4 22 22 0 7
E’ -2 0 0 27 24 42 33 49 40
0 48 43 38 32 15 20 50 53 27 17
1 22 17 3 3 15 13 35 30 3 S
-1 3 10 22 33 15 12 8 23 33
2l 2] 27 | 30 0 0 5 8 7 8 0 0
E’ -2 0 0 37 32 50 47 0 47 45
0 24 27 21 27 12 16 70 66 15 24
1 15 15 3 5 14 11 18 23 7 5
-1 6 5 36 31 13 15 7 8 23 24
I 2] 55 | 53 0 1 16 17 2 2
E’ -2 1 0 40 35 45 41 1 0 53 45
0 17 17 2 7 7 12 68 78 17 32
1 29 27 0 7 10 7 20 20 2 12
-1 0 5 34 24 10 7 10 2% 15% 10
L% 2 54 51 0 0 7 15 2 0% 2% 0
E’ -2 0 0 63 61 66 59 0 0% 63% 46

Note: ASRS* — Assessment of the state of regulatory systems.

ies to physical activity and can be used for dynamic
observations. With the help of individually selected ac-
tive physical exercises, real opportunities are opened
for increasing the functional reserve of the body and
physical abilities of children with cerebral palsy.
Conclusions. The initial functional state in chil-
dren with cerebral palsy is characterized by a low level
of functional reserve and insufficient activity of the
cardiovascular system, which should be taken into ac-
count when developing programs using active physi-
cal exercises. For the development of functional and
physical capabilities, children with cerebral palsy re-
quire continuous physical rehabilitation, as a result of
which a gradual functional restructuring of the body
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occurs: physiological capabilities increase, long-term
adaptation is formed, associated with the activation
and mobilization of the body’s functional resources.
Indicators of activity of regulatory systems and the
degree of tension of regulatory systems make it pos-
sible to assess the adaptive capabilities of the body of
children with cerebral palsy when performing active
physical exercises; they are informative indicators and
can be used in dynamic observations.

The work was carried out within the framework of
the state assignment of the Federal Scientific Center
VNIIFK No. 777-00036-23-01, subject code No. 001-
21/3.
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