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SUMMARY. Earlier we reported that in children with spastic forms of cerebral palsy (SFCP) after two-week course
of rehabilitation by Kozyavkin© method the hand function tests changed ambiguously (in 11 children out of 14 were
improved, but in 3 worsened), and these changes were accompanied by a variety changes in a number parameters of EEG,
HRV and gas-discharge visualization (GDV).

The aim of this study - to identify the peculiarities of changes in the parameters of EEG, HRV and GDV in children
with favorable and unfavorable changes in the parameters of the functions of the hands as well as to find out the
possibility of predicting the direction of changes in motor function of the hands on the set of initial parameters of the

organism.
Material and Methods. The object of observations were 14 children (6 girls and 8 boys) aged 8-15 years with SFCP.
State motor development at GMFCS was on II-IV level. Functional status of the hand with MACS was at II-lIl level. The

estimation of hand function carried out by Dynamometry (D), Box and Block Test (BB) and Nine Hole Peg Test (NHP). We
registered also components of muscle tone by device “NeuroFlexor” (Aggero MedTech AB, Sweden), HRV and EEG
parameters simultaneosly by hardware-software complex “Cardiolab+VSR” and “NeuroCom Standard” respectively
(KhAI Medica, Kharkiv, Ukraine) as well as GDV parameters by “GDV Chamber” (“Biotechprogress”, St-Pb, RF).

Results. Using the method of discriminant analysis, 18 parameters were identified, the totality of which the initial
state of children and their state after the various consequences of rehabilitation are significantly different from each
other. It was found that prognostication by gender, the MACS scale, the BB test of the left hand and the viscous
component of muscle tone, despite the uncertainty, is still not sufficiently reliable (the square of Mahalanobis distance
D?, between the clusters is 6,85; p=0,208). Instead, a discriminant model based on 7 parameters of the EEG and ULF
power band of HRV is quite reliable (D*,=116; p=0,011). Additional inclusion in the model the parameter of GDV leads to
afurtherincrease in the reliability of the forecast (D?,=222; p=0,011), which reaches the maximum with the consideration
of the BB test of the right hand (D?,=262; p=0,002).

Conclusion. The character of the changes in the parameters of the motor function of the hands due to the course
of rehabilitation by Kozyavkin© method is conditioned both by their initial level and by the set of parameters of EEG,
HRV and GDV and is subject to reliable prediction.

KEY WORDS: Cerebral palsy; Dynamometry; Box and Block Test; Nine Hole Peg Test; Neural; Elastic and Viscous
components of Muscle Tone; EEG; HRV; GDV; Intensive Neurophysiological Rehabilitation System by Kozyavkin© method.

Introduction. Earlier we reported that after two-
week course of Intensive Neurophysiological Reha-
bilitation System (INRS), officially recognized as
Kozyavkin® method [1-3], the parameters of the
functional tests of hands in 108 children with spastic
forms of cerebral palsy (SFCP) are significantly
improved. In total the effectiveness of the restoration
of functional parameters of hands by Kozyavkin®
method makes average (23,3+1,6) % versus (3,5+
1,4) % in control. However, the average values obscure
significant differences between individual children. In
particular, in 58 % of patients, changes are very
tangible, in 22 % moderate, while in 20 % are minor [4].

In another contingent of 29 children, we found that
reducing neural component of muscle tone (NCMT)
stated in 79.3% cases from (7,6+1,0) N to (1.6+0.5) N
(direct difference: (-6,0+0,8) N), while in 13,8 % cases
changes were not detected and in 2 children only
NCMT increased from 1.6 to 3.4 and from 4.6 to 6.1 N
respectively [5,6]. We have recently been shown that
changes in manual functional tests and NCMT are
determined by variety in parameters of EEG and HRV
as wellas GDV [7, 8].

In the last article [9] in a sample of 14 children,
we stated that in 11 children rehabilitation led to
favorable changes in the parameters of the function
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of the hands, while in 3 children they turned out to
be unfavorable. The method of discriminant analysis
revealed that unfavorable changes are accompanied by
adecrease in the asymmetry of the 6-and &-rhythms,
the spectral power density (SPD) of B-rhythm in loci
F8 and Fp1, instead, it increases in loci O1 and T3,
leading to left-sided lateralization of the B-rhythm.
At the same time, the SPD of the a-rhythm in locus
O1 and the 6-rhythm in locus F4 rises as well as its
Deviation.These changesin the EEG are accompanied
by a reduction in vagalis and an increase in sympa-
thetic tones. Among the GDVs parameters, an increase
in the area of the GD Image in the frontal projection,
coupled with a decrease in its Entropy in the frontal
and left projections, was found. Instead, favorable
changes in the parameters of the hand function are

accompanied by opposite changes in the listed EEGs,
HRVs and GDVs parameters or their absence.

In this study, we set the goal, firstly, to identify
the peculiarities of changes in the parameters of EEG,
HRV and GDV in children with favorable and unfavo-
rable changes in the parameters of the functions of
the hands, and secondly, to find out the possibility of
predicting the effect of rehabilitation by Kozyavkin®
method on a set of initial parameters of the body.

Material and Research Methods. The object of
observations were 14 children (6 girls and 8 boys)
aged 8+15 years with Spastic Forms of Cerebral
Palsy. Diagnose, Stage, Phase as well as Gross Motor
Function Classification System [10] and Manual
Ability Classification System [11] levels is given in
the Table 1.

Table 1. Clinical characteristics of the observed children

Child | Gender | Age Diagnose Stage Phase GMFCS | MACS
Girl 14 | G80.0 CCP: spastic tetraplegia movement by lying to the control 4 3
Hou L turning head
Boy 10 G80.1 CCP: spastic diplegia crawling on their | independent seat 4 3
Myk bellies
Girl 10 G80.1 CCP: spastic diplegia walking on the getting up at the 4 3
Pet knees support
HouD | Girl 14 G80.1 CCP: spastic diplegia walk with aids independent seat 3 3
Hav Boy 10 G80.1 CCP: spastic diplegia walk with aids rising support near 3 3
Pav Boy 9 G80.1 CCP: spastic diplegia walk with aids rising support near 3 2
Boj A Boy 15 G80.1 CCP: spastic diplegia walk with aids self-rising 2 2
Boj D Boy 15 G80.1 CCP: spastic diplegia |independent moves self-rising 2 2
Vor Boy 9 G80.1 CCP: spastic diplegia |independent moves self-rising 2 2
Boy 8 | G80.2 CCP: spastic hemiplegia | independent moves self-rising 2 2
Kry Left
Girl 12 | G80.2 CCP: spastic hemiplegia | independent moves | rising support near 2 2
Lan Left
Kul Girl 12 G80.1 CCP: spastic diplegia | alternative crawling | independent seat 4 3
Kuch Girl 13 G80.1 CCP: spastic diplegia walk with aids rising support near 3 3
Boy 12 | G80.2 CCP: spastic hemiplegia | independent moves self-rising 1 1
Str Left

The estimation of hand function carried out by
Dynamometry (D), Box and Block (BB) test and Nine
Hole Peg (NHP) test. To measure the strength of the
hand we used dynamometer of “Jamar” company
[12]. The essence of the BB test by V Mathiowetz et
al [13] is to determine the number of wooden cubes
that patient can shift from one box to the second in
a minute. The essence of NHP test [14,15] is to
determine how long the patient can turn each hand
insert and then remove wooden 9 pegs in 9 holes in
the wooden bar.

For each test we calculated Laterality Index (LI)
using the equation:

LI=100 %+(Right — Left)/0,5+(Right + Left)

We registered also Neural, Elastic and Viscous
componentsofMuscularTone bydevice “NeuroFlexor”

(Aggero MedTech AB, Sweden). Recent studies have
indicated that device is suitable for measurement
changes in spasticity during CP treatment [6, 16—19].

The next morning in a sitting position we recor-
ded during 7 min electrocardiogram in Il lead by hard-
ware-software complex "CardioLab+HRV" ("KhAl-
Medica", Kharkiv, Ukraine) to assess the parameters
of HRV as markers of vagal and sympathetic outflows.
For further analysis the following parameters HRV
were selected. Temporal parameters (Time Domain
Methods): the standart deviation of all NN intervals
(SDNN), coefficient of variation (C ), the square root
of the mean of the sum of the squares of differences
between adjacent NN intervals (RMSSD), the percent
of interval differences of successive NN intervals
greater then 50 ms (pNN, ), triangulary index (TINN);
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heart rate (HR). Spectral parameters (Frequency
Domain Methods): spectral power (SP) bands of HRV:
high-frequency (HF, range 0,4+0,15 Hz), low-frequency
(LF, range 0,15+0,04 Hz), very low-frequency (VLF,
range 0,04+0,015 Hz) and ultra low-frequency (ULF,
range 0,015+0,003 Hz). We calculated also relative SP
all bands as well as classical indexes: LF/HF and
LFnu=100%¢LF/(LF+HF) [20-22].

Simultaneosly with HRV we recorded EEG for
25 sec using hardware-software complex “NeuroCom
Standard” (KhAl Medica, Kharkiv, Ukraine) monopolar
in 16 loci (Fp1, Fp2, F3,F4,F7,F8,C3,C4,T3,T4, P3, P4,
T5,T6, 01, 02) by 10-20 international system, with the
reference electrodes A and Ref on the ears tassels.
Among the parameters considered the average EEG
amplitude (uV), average frequency (Hz), frequency
deviation (Hz), index (%), coefficient of asymmetry
(%) as well as absolute (uV?/Hz) and relative (%)
spectral power density (SPD) in the standard fre-
quency bands: B (35+13 Hz), a (13+8 Hz), 6 (8+4 Hz)
and & (4+0,5Hz) inallloci, according to the instructions
for the device. In addition, we calculated Laterality
Index (LI) for SPD each Rhythm using formula:

LI, % = X [200+(Right — Left)/(Right + Left)]/8

We calculated also for each locus the Entropy
(h) of normalized SPD using classical CE Shannon's
formula:

h=-[SPDa-log,SPDa+SPDpB+log,SPDB+SPDO*
+log,SPDB+SPD&+log,SPD6]/log,4

In 1996 KG Korotkov created a new scientific
approach, based on the digital videotechnics, modern
electronics and computer processing quantitative data,
called as method gas discharge visualization (GDV
bioelectrography). Parallel uses the terms Kirliano
graphy and Electrophotonics. Method of GDV, essence
of which consists in registration of photoelectronic
emission of skin, induced by high-frequency electro-

magnetic impulses, allows to estimate integrated
psycho-somatic state of organism. It is considered
that parameters of GDV, taken off without filter,
characterizes the current psychophysiological condi-
tion of organism while registered with a filter
characterizes vegetative regulation at the level of
stable physiological processes [23]. Since ambiguous
attitude to the method (between excellent and
fickle), previously we conducted the study on its
verification and have shown that GDV parameters are
correlated with HRV and EEG parameters as well as
can change with variation in other Ffunctional
parameters of the body [24, 25].

The Kirlianogram have been registered by the
method of GDV with the use the device “GDV
Chamber” (“Biotechprogress”, SPb, RF) [23].

After testing children within two weekes
received a classic course rehabilitation (a detailed
description is provided in the manual [3]), then
repeated the tests listed.

Digital material is treated by method discrimi-
nant analyses [26] with the use of package of soft-
wares "Statistica-5.5".

Results and Discussion. In the previous article
[9], treated children were divided into two clusters:
major (11 members) with favorable changes in
functional hand tests and minor (3 members) with
adverse changes. Proceeding from this, at the next
stage, using the method of discriminant analysis
(Forward stepwise), parameters were identified, the
totality of which the initial state of children and their
stateafterthevariousconsequencesofrehabilitation
are significantly different from each other. The
program selected 18 parameters, namely 3 hand
function parameters, 10 EEGs, 2 HRVs and 3 GDVs.
The hierarchy of parameters for their differentiation
ability, estimated by criterion A, is given in Table 2.

Table 2. Summary of Stepwise Analysis. The scale of ranks for variables

Variables currently in the model F to enter p-level A F-value p-level
1 2 3 4 5 6
LF HRV, sec2 59 ,008 ,681 59 ,008
LFnu HRV, % 56 ,010 ,464 5,6 103
6-rhythm Deviation. Hz 3,1 ,066 ,366 5,0 1073
B-rhythm Amplitude, pVv 3,5 ,047 277 5,0 103
F8-B SPD, pV2/Hz 2,1 ,148 1231 4,5 107
Entropy Right GDV 2,4 ,(119 ,186 4,4 1073
0-rhythm Deviation, Hz 2,0 ,168 ,155 4,2 103
01-6 SPD, yV2/Hz 1,9 ,184 ,128 4,0 103
02-6 SPD, % 2,3 ,129 ,101 41 103
B-rhythm Laterality, % 2,2 ,143 ,079 41 103
Area Frontal GDV, 103 pixels 3,0 ,082 ,057 4,4 103
F4-B SPD, pV2/Hz 3,6 ,056 ,037 4,9 10
F3-B SPD, % 1,8 ,204 ,029 4,8 104
Fp1-B SPD, yV2/Hz 3,1 ,084 ,019 53 104
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Table 2
1 2 3 4 5 6
Entropy Frontal (F) GDV 1,7 ,221 ,015 5.3 10+
Dynamometry Right, kG 6,8 ,014 ,006 7.3 104
9 Hole Peg Left, sec 2.3 ,157 ,004 7,7 104
Dynamometry Laterality, % 1,6 ,253 ,003 7.8 10

Next, the 18-dimensional space of discriminant
variables transforms into 2-dimensional space of a ca-
nonical discriminant roots, which is a linear combination
of discriminant variables. The discriminating (diffe-
rentiating) ability of the root characterizes the cano-
nical correlation coefficient (r*) as a measure of connec-
tion, the degree of dependence between groups and a
discriminant function. The Ffirst root contains 81 % dis-
criminant capacity, while the second root 19 % only.

Table 3 presents raw (actual) and standardized
(normalized) coefficients for discriminant variables.
The raw coefficient gives information on the absolute
contribution of this variable to the value of the discri-
minative function, whereas standardized coefficients
represent the relative contribution of a variable inde-
pendent of the unit of measurement. They make it
possible to identify those variables that make the lar-
gest contribution to the discriminatory function value.

Table 3. Standardized, Structural and Raw Coefficients and Constants for Canonical Variables

Variables currently in the model Standardized Structural Raw

Root 1 Root 2 Root 1 Root 2 Root 1 Root 2
B-rhythm Laterality, % -3,628 ,062 -,069 -,052 -,1449 ,0025
F4-B SPD, yV2/Hz -2,238 ,094 -,060 -,049 -,0304 ,0013
B-rhythm Amplitude, pv 4,151 1,839 -,039 ,015 ,8056 ,3569
01-0 SPD, pV2/Hz -5,090 -533 -,028 -013 -,0294 -,0031
Dynamometry Right, kG 3,595 ,154 ,041 ,012 ,4837 ,0207
02-0 SPD, % 5,150 ,261 ,025 -,018 ,8834 ,0447
LF HRV, sec2 -2,123 ,053 -,002 ,236 -,0029 ,0001
Area Frontal GDV, 103 pixels 4,189 1,177 ,005 ,126 1,7 0,5
Dynamometry Laterality, % -1,414 1,757 ,019 ,125 -,0658 ,0817
8-rhythm Deviation. Hz -1,239 1,205 ,007 ,123 -3,5178 3,4198
0-rhythm Deviation, Hz 3,605 1,665 ,019 ,120 5,2427 2,4220
F3-B SPD, % -4,591 -1,112 -,017 ,113 -,2940 -,0712
LFnu HRV, % -3,060 -,444 -,047 ,091 -,2132 -,0309
9 Hole Peg Left, sec -, 702 -1,333 -,003 ,045 -,0100 -,0190
Entropy Right GDV -,686 -1,398 ,044 -,135 -5,0259 -10,243
Fp1-B SPD, yV2/Hz -1,491 ,004 -,007 -,108 -,0245 ,0001
F8-B SPD, yV2/Hz 3,634 -,091 ,031 -,099 ,0514 -,0013
Entropy Frontal (F) GDV -5,125 -3,298 ,002 -,084 -27,67 -17,80
Eigenvalues 35,13 8,42 Constants 75,95 89,90

Discriminant Properties, % 81 19
r*,=0,986; Wilk's A=0,003; x2(36)=96; p<10°%
r*,=0,945; Wilk's A=0,106; x,,,,=37; p=0,003

The same is the Full structural coefficients, that
is, the coefficients of correlation between the dis-
criminant root and variables. The structural coeffi-
cient shows how closely variable and discriminant
functions are related, that is, what is the portio of
information about the discriminant function (root)
contained in this variable.

As you can see, the first root inversely reflects
the information on 4 EEGs parameters while direct-
ly on O1-8 SPD and Dynamometry of Right hand.
The second root represents directly 2 HRVs, 3 EEGs,

20

2 Functional hand parameters as well as one parame-
ter of GDV, while inversely reflects others 2 GDVs
and 2 EEGs parameters.

The sum of products of raw coefficients on the
value of discriminant variables together with the
constant gives the values of roots for each child and
allow their visualization (Figs. 1-5) as well as clusters
of children (Fig. 6).

Even at first glance it is possible to state a
drastically difference between clusters. The visual
impression is documented by calculating the square
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of Mahalanobis distance (D?). Between initial clus-
terand cluster with favorable consequences D? =143
(F=14,4; p<10?), with unfavorable changes: 209 (F=6,4;
p=0,006), while between two post-rehabilitated
clusters: 100 (F=3,0; p=0,06).

Localization of representative children's points
along the axis of the first root (Figs. 1 and 2) reflects,
firstly, significant changes under the influence of
rehabilitation in six parameters associated with the
roots (Table. 4), in particular, alignment of the right

lateralization of B-rhythm, reduction of its amplitude
and SPD in locus F4 as well as SPD of 6-rhythm in locus
O1 while increase it in locus O2 as well as increase
strength of the right hand and right-site lateralization
of dynamometry. At the same time, intercluster diffe-
rences for these parameters are insignificant, which is
documented as the average values of centroid clus-
ters (Fig. 6) and their displacements (+11,0£0,6) and
(+12,0£0,2) with favorable and unfavorable changes
of functions of hands, respectively, see Fig. 4).
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Fig. 1. Individual sizes of canonical discriminatory roots of children before rehabilitation (Baseline) and with its

favorable (F) and unfavorable U) consequences.
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Fig. 2. Individual sizes of first root of children before rehabilitation and with its favorable (F) and unfavorable (U)

consequences.
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Fig. 3. Individual sizes of second root of children before rehabilitation and with its Favorable (F) and unfavorable
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Fig. 4. Individual changes in first root of children with favorable (F) and unfavorable (U) consequences of
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Fig. 6. Means of canonical discriminatory roots of children before rehabilitation (Baseline) and with its Favorable (F)

and unfavorable (U) consequences.

Table 4. Discriminant Function Analysis Summary. Variables currently in the model

Step 18, N of vars in model: 18; Grouping: 3 grps
Wilks' Lambda: 0,0029; approx. F =7.8; p<10¢

(36,

Changes in Hand Function Partial | F-remove| p- Tole-

Variables Basal level | Favorable | Unfavorable | Wilks' A level | ranc
(n=11) (n=3) A (2,9) eve y

B-rhythm Laterality, % +18%7 +117 -12+12 ,0154 ,191 16,89 ,001 ,063
F4-B SPD, uV2/Hz 175125 132t16 9517 ,0075 ,393 6,17 ,024 124
B-rhythm Amplitude, pv 17,911,6 15,4%1,3 16,0£2,1 ,0066 447 4,96 ,040 ,028
01-6 SPD, pV?/Hz 157163 10627 83+24 ,0278 ,106 33,77 10+ ,035
02-0 SPD, % 10,4+1,7 12,3%1,6 11,4£3,0 ,0202 ,146 23,46 103 ,033
Dynamometry Right, kG 20,1+1,9 23,4+2,5 24,3+0,3 ,0052 ,562 3,12 ,100 | ,035
Dynamometry Laterality, % +9,5+6 +816 +34+7 ,0041 ,709 1,64 ,253 ,062
Area Frontal GDV, 103 pixels | 27,60,5 27,1+0,9 30,1+1,3 ,0202 ,145 23,55 103 ,047
Entropy Frontal (F) GDV 3,91+0,04 | 3,95+0,06 3,80+0,12 ,0132 ,223 13,97 ,003 ,022
Entropy Right GDV 3,86+0,04 | 3,96+0,04 | 3,79+0,02 ,0044 ,674 1,94 ,206 | ,148
&6-rhythm Deviation. Hz 0,65+0,11 | 0,59+0,06 1,00£0,29 ,0072 411 573 ,028 ,211
0-rhythm Deviation, Hz 1,08+0,13 | 1,05%0,27 1,83+0,44 ,0240 ,123 28,60 1073 ,058
F3-B SPD, % 274 2045 36+13 ,0136 ,216 14,51 ,002 ,036
F8-B SPD, uV2/Hz 12019 160+21 95+54 ,0145 ,203 15,69 ,002 | ,062
Fp1-B SPD, pV?/Hz 109114 119423 5614 ,0055 ,532 3,51 ,080 ,216
LF HRV, sec? 9741122 592136 2202+1177 ,0072 ,409 577 ,028 ,135
LFnu HRV, % 74,3+3,2 64,0+5,1 76,1+7,9 ,0072 ,406 5,84 ,027 ,064
9 Hole Peg Left, sec 110+19 101422 13148 ,0042 ,704 1,68 245 | 143

The clear separation of clusters occurs along
the axis of the second root, herewith the centroids
of the post-rehabilitation clusters shift relative to
the initial in opposite directions (Figs. 1, 3 and 5). In
particular, unfavorable changes in the functions of
the hands are accompanied by an: 1) extension of
the GDV area in the frontal projection, coupled with
adecreasein its entropy in the same place andin the
right projection; 2) increase in volatility of 6- and
O-rhythms as well as in SPD of B-rhythm in locus F3
while decrease its in loci F8 and Fp1; 3) increase in
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power of LF band of HRV as marker of sympathetic
tone. On the other hand, favorable functional chan-
ges are accompanied by opposite changes in GDVs,
EEGs and HRVs parameters or no changes in relation
to the initial levels.

Despite the fact that the program did not in-
clude most of the parameters of the functions of the
hands in a discriminant model, as well as a number of
GDVs, EEGs and HRVs parameters, we consider it
necessary to bring them in a separate table 5, as
they are quite worthy of attention.
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Table 5. Discriminant Function Analysis Summary. Variables currently not in the model

. Basal Changes in Hand Function Wilks' | Partial Fto Tole-
Variables level Favorable |Unfavorable A A enter | p-level .
(11) 3) (2,7)

Area Left GDV, 10° pixels 26,710,4 25,710,5 30,0+2,2 ,0013 ,857 ,58 ,584 ,168
Shape Coefficient Left GDV | 13,2+0,6 14,1%1,1 12,8+1,9 ,0013 ,840 67 ,544 218
Shape Coeff. Frontal (F) GDV | 13,2+0,5 13,910,8 12,84£0,1 ,0014 ,887 ,45 ,657 ,168
T3-B SPD, % 2915 2114 4618 ,0013 ,885 ,45 ,653 ,036
0O1-a SPD, pV?/Hz 23286 223174 309+168 ,0014 917 ,32 , 738 137
Entropy SPD in F4 EEG 0,85+0,04 | 0,76%0,06 0,86+0,05 ,0015 ,987 ,04 ,957 477
F4-6 SPD, % 13,4+£2,0 12,2+£2,4 13,4%£1,0 ,0015 ,963 14 ,875 ,266
C3-6 SPD, yV?/Hz 301+117 542+276 170+106 ,0015 ,954 7 ,849 ,323
P3-6 SPD, yV?/Hz 332114 9141497 2251223 ,0013 ,871 ,52 ,616 ,363
T4-a SPD, pV3/Hz 154434 150£36 91147 ,0012 ,811 ,82 ,480 ,040
0-rhythm Amplitude, pv 14,4+2,2 14,2%1,9 10,212,2 ,0014 ,920 ,30 , 748 ,072
HF HRV, % 14,7421 21,0+4,5 12,413,6 ,0014 ,932 ,25 , 782 ,070
Box&Block Right, block/min | 18,8+2,0 18,412,4 13,711 ,0014 ,932 ,26 , 781 122
Box&Block Left, blocks/min | 14,8+1,4 | 16,7+1,7 13,840,7 ,0013 ,862 ,56 ,594 ,143
Dynamometry Left, kG 17,7+1,0 20,7%1,2 17,4+1,4 ,0014 ,949 ,19 ,834 ,010
9 Hole Peg Right, sec 11618 105420 132+2 ,0015 ,972 ,10 ,906 ,095
9 Hole Peg Laterality, % +619 +7+11 +115 ,0014 ,909 ,35 , 716 ,304
Box&Bloks Laterality, % +243 +716 -1+4 ,0013 ,837 ,68 ,536 ,339
C3-a SPD, % 3212 2715 3043 ,0015 ,954 A7 ,849 ,265
Neural CMT, Neutons 16,0£2,7 11,84£2,5 13,843,3 ,0015 ,987 14 ,875 ,266

It can be seen that the deterioration of the func-
tional tests of both hands, in particular the decrease
of the number of transferred blocks per minute and
the extension of the time of insertion of the pegs
into the holes, in the absence of changes in the
strength of the left hand and the neural component
of muscle tone, is accompanied by: 1) an increase in
the area of GD Image in the left projection in com-
bined with a decrease in the coefficient of its form
(vertex of the contour of the image) in both the left
and the frontal projections; 2) decrease in power of
HF band of HRV as marker of parasympathetic tone
as well as amplitude of 8-rhythm, SPD of a-rhythm in
locus T4 and &-rhythm in loci P3 and C3 while in-
crease in SPD of a-rhythm in locus O1 and B-rhythm

in locus T3 in the absence of changes in SPD of
a-rhythm in locus C3 and 6-rhythm in locus F4 as well
as Entropy of SPD in this locus. On the other hand,
reduction of spasticity of the left hand, increase of
its strength and improvement of abilities is accom-
panied by opposite changes of the mentioned pa-
rameters GDV, HRV and EEG, as well as reduction of
SPD of a-rhythm in locus C3 and 6-rhythm in locus F4
as well as Entropy of SPD in this locus.

The same discriminant parameters can be used
to identify (classify) the belonging of one or another
child to original as well as unfavorable or favorable
group. This purpose of discriminant analysis is
realized with the help of classifying (discriminant)
functions (Table 6).

Table 6. Coefficients and Constants for Classification Functions

. . Baseline Favorable Unfavorable
Variables currently in the model 0=,500 0=393 02107
1 2 3 4

LF HRV, sec? ,362 ,330 ,329
LFnu HRV, % 25,42 23,12 22,73
&6-rhythm Deviation. Hz 37,89 -8,520 22,16
B-rhythm Amplitude, pVv -136,9 -128,7 -125,0
F8-B SPD, uV2/Hz -3,153 -2,580 -2,568
Entropy Right GDV 2568 2535 2436
0-rhythm Deviation, Hz -697,7 -644,8 -619,5
01-6 SPD, pV?/Hz 2,814 2,494 2,452
02-6 SPD, % -88,95 -79,24 -78,41
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Table 6
1 2 3 4
B-rhythm Laterality, % 12,97 11,35 11,31
Area Frontal GDV, 10° pixels -181 -163 -158
F4-B SPD, pV?/Hz 2,487 2,147 2,145
F3-B SPD, % 39,41 36,30 35,49
Fp1-B SPD, pV?/Hz 1,582 1,310 1,299
Entropy Frontal (F) GDV 5054 4785 4605
Dynamometry Right, kG -64,81 -59,49 -59,07
9 Hole Peg Left, sec 2,324 2,254 2,071
Dynamometry Laterality, % 1,555 ,649 1,390
Constants -11867 -11220 -10364

These functions are special linear combinations
that maximize differences between groups and mini-
mize dispersion within groups. The coefficients of the
classifying functions are not standardized, therefore
they are not interpreted. An object belongs to a
group with the maximum value of a function calcu-
lated by summing the products of the values of the
variables by the coefficients of the classifying func-
tions plus the constant. In this case, we can retrospec-

tively recognize members of all groups unmistakably.
Now let's move on to the realization of the main goal
of the study, namely the retrospective prediction of
the effect of rehabilitation of motor function of the
hands. The same method of discriminant analysis is
applied. At the first stage, only demographic and
functional parameters were taken as predictors. The
program included four initial parameters in the
prognostic model (Table 7-9).

Table 7. Discriminant Function Analysis Summary for parameters of Hand function

Step 4, N of vars in model: 4; Grouping: 2 grps

Wilks' Lambda: ,5040; approx. Fus=2:2;p=0,148
Var_iables currently Unfavorable Favorable Wilks' Partial | F-remove -level | Toleranc
in the model changes (3) | changes (11) A A (1,9) P y
Viscous CMT, N 0,13+0,05 -0,26%0,11 ,594 ,848 1,6 ,236 ,710
B&B Left, blocks/min 18,7+0,8 13,8+1,6 ,569 ,886 1,2 ,310 ,626
Sex Index (B=0; G=1) 0,67+0,33 0,36%0,15 ,749 ,673 4,4 ,066 ,452
MACS, points 2,33+0,67 2,451£0,16 ,580 ,869 1,4 274 ,593
Varia!:les currently Wilks' Partial | F to enter level | Toleranc
not in the model A A (1,8) P y
GMFCS, points 2,67+0,88 2,8210,26 ,503 ,998 ,02 ,901 ,199
Age, years 12,310,3 11,41£0,8 ,499 ,990 ,08 779 , 743
B&B Right, blocks/min 18,812,0 14,3+1,8 ,482 ,956 37 ,560 ,113
D Right, kG 21,2+3,5 19,812,3 ,503 ,998 ,02 ,902 ,624
D Left, kG 17,81,5 17,71,2 ,481 ,954 ,39 ,551 ,498
D Laterality, % +15+£11 +8+8 ,503 ,998 ,01 911 172
Neural CMT, N 12,11£3,3 17,1£3,3 ,483 ,959 ,34 ,575 ,674
Elastic CMT, N 3,1£0,8 3,51£0,8 ,502 ,997 ,03 ,874 ,298
NHP Right, sec 72123 129122 ,487 ,967 ,28 ,614 217
NHP Left, sec 64114 122123 ,480 ,952 ,41 ,541 ,073
B&B Laterality, % -1x7 +2+3 ,467 ,927 ,63 ,449 ,895
NHP Laterality, % +1+25 +8+10 ,493 ,979 A7 ,688 476
Table 8. Summary of Stepwise Analysis for parameters of Hand function
Variables currently in the model F to enter p-level A F-va-lue p-level
Viscous CMT, N 3,52 ,085 773 3,5 ,085
Sex Index (B=0; G=1) 1,98 ,187 ,655 2,9 ,098
MACS, points 1,52 ,246 ,569 2,5 ,116
B&B Left, blocks/min 1,16 ,310 ,504 2,2 ,148
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Table 9. Standardized, Structural and Raw Coefficients and Constant for parameters of Hand function

Variables currently in the model Standardized Structural Raw
Viscous CMT, Newtons -,657 -,546 -2,050
Sex Index (B=0; G=1) -1,207 -,449 -2,332
MACS, points ,668 -,262 ,996
B&B Left, blocks/min -,605 ,081 -124
Eigenvalue ,984 Constant ,054

r*=0,704; Wilk's A=0,504; x>, =6,9; p=0,144

(4)

Squared Mahalanobis Distance=5,85; F=1,83; p=0,208

Figure 7 shows that the roots in which the informa-
tion about predictors is condensed, in all eleven chil-
dren with beneficial effects of rehabilitation are higher

Root MF

than those in all three children with beneficial effects,
that is, the prediction is unmistakable. However, statis-
tics show its insecure reliability (p=0,144 and 0,208).

Fig. 7. Individual values of functional predictors of unfavorable and fFavorable effects of rehabilitation.

Nevertheless, we give

(Table 10).

coefficients
constants for prediction of the consequences of
rehabilitation for a given set of initial parameters

and Instead, seven EEGs parameters as well as the
ULF power band of HRV (Tables 11-14, Fig. 8), taken
together, provide an opportunity to predict the

result of rehabilitation completely reliably.

Table 10. Coefficients and Constants for Classification Functions for parameters of Hand function

Variables currently in the model Unfavorable changes (3) Favorable changes (11)
Viscous CMT, Newtons -6,65 -11,24
Sex Index (B=0; G=1) 2,91 -2,31
MACS, points 5,70 7,93
B&B Left, blocks/min 1,32 1,04
Constants -21,07 -18,22

Table 11. Summary of Stepwise Analysis for EEGs and HRVs parameters
Variables currently in the model F to enter p-level A F-value p-level

0-rhythm Asymmetry, % 13,0 ,004 ,480 13,0 ,004
ULF HRV, % 3,1 ,104 ,373 9,2 ,004
F7-B SPD, pV?/Hz 1,2 ,307 ,335 6,6 ,010
01-B SPD, pV2/Hz 1,7 ,226 ,282 5,7 ,014
T5-6 SPD, % 4,3 ,073 ,184 71 ,008
&8-rhythm Asymmetry, % 5,0 ,061 ,108 9,7 ,004
F7-a SPD, pV?/Hz 2,1 ,193 ,079 10,0 ,006
B-rhythm Laterality, % 3,1 137 ,049 12,2 ,007
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Table 12. Discriminant Function Analysis Summary for EEGs and HRVs parameters

Step 8, N of vars in model: 8; Grouping: 2 grps
Wilks' Lambda: ,0487; approx. Fes=12,2; p=0,0068.

Var;:l:l:: :_:)::F tly l.‘l::;a:‘\;oersa?;)e c::r‘:;:b(l:ﬂ Wilks' A | Partial A | F-remove | p-level |Tolerancy
0-rhythm Asymmetry, % 51+11 20+4 ,052 ,929 4 ,564 ,248
ULF HRV, % 0,3%0,2 3,711 ,376 ,129 33,7 ,002 ,070
F7-B SPD, uV?/Hz 51+14 138127 ,268 ,182 22,5 ,005 ,027
O1-B SPD, pV?/Hz 88+17 172431 ,279 75 23,6 ,005 ,015
T5-6 SPD, % 1516 3919 ,186 ,261 14,1 ,013 ,060
&6-rhythm Asymmetry, % 7417 3916 147 ,331 10,1 ,025 ,085
F7-a SPD, pV?/Hz 52122 109+20 ,(107 ,457 6,0 ,059 ,082
B-rhythm Laterality, % +43116 +11+7 ,079 ,615 3,1 137 ,145

Table 13. Standardized, Structural and Raw Coefficients and Constant for EEGs and HRVs parameters

Variables currently in the model Standardized Structural Raw
0-rhythm Asymmetry, % -,547 ,235 -,042
&6-rhythm Asymmetry, % 2,883 ,193 ,161
B-rhythm Laterality, % 1,671 ,134 ,070
F7-B SPD, yV?/Hz -5,695 -,108 -,072
ULF HRV, % -3,613 -,097 -1,043
F7-a SPD, pV?/Hz 2,641 -,092 ,043
01-B SPD, pV?/Hz 7,592 -,091 ,084
T5-6 SPD, % -3,604 -,087 - 136
Eigenvalue 19,54 Constant -8,539

r¥=0,975; Wilk's A=0,0487; x2m=24,2; p=0,0021

Squared Mahalanobis Distance=116; F=10,1; p=0,0105

Table 14. Coefficients and Constants for Classification Functions for EEGs and HRVs parameters

Variables currently in the model Unfavorable changes (3) Favorable changes (11)
0-rhythm Asymmetry, % -1,045 -,624
ULF HRV, % -16,84 -6,435
F7-B SPD, pV?/Hz -1,228 -511
01-B SPD, pV?/Hz 1,444 ,610
T5-6 SPD, % -2,261 -,906
&-rhythm Asymmetry, % 2,955 1,352
F7-a SPD, pV2/Hz ,805 ,372
B-rhythm Laterality, % 1,355 ,657
Constants -147,4 -32,46

Root EEG&HRV
hbhdbNvioanvwhroo~N®©
L]

Fig. 8. Individual values of EEGs and HRV predictors of unfavorable and Favorable effects of rehabilitation.
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It was found out (Table 12) that the anxiety of the
theta- and delta-rhythms is pronounced and the right-
hand side of the beta-rhythm lateralization against the
background of its low SPD in the left loci, as well as the
power of the ULF band of the HRV close to zero.

The following two combinations of predictors
make the forecast even more reliable, judging by the
increase of D?, from 116 to 189 (Tables 15-18 and
Figure 9) and 222 (Tables 19-22 and Figure 10).

Table 15. Summary of Stepwise Analysis for Hand function, HRVs and GDVs parameters

Variables currently in the model F to enter p-level A F-value p-level
Entropy Left (F) GDV 17,9 ,001 ,401 17,9 ,001
BB Right, blocks/min 4,0 ,069 ,293 13,2 ,001
NHP Left, sec 4,5 ,060 ,202 13,1 <1073
Area Right GDV (F), kPixels 6,2 ,035 ,120 16,5 <1073
BB Left, blocks/min 53 ,051 ,073 20,4 <1073
ULF HRV, % 2,1 ,190 ,056 19,7 <103
Viscous CMT, Newtons 3,1 ,131 ,037 22,3 <103
ULF HRV, msec? 1,1 ,352 ,031 19,8 ,002

Table 16. Discriminant Function Analysis Summary for Hand function, HRVs and GDVs parameters
Step 8, N of vars in model: 8; Grouping: 2 grps
Wilks' Lambda: ,0305; approx. Fe5=19,8; p=0,002.
Variables currently Unfavorable Favorable Wilks' | Partial | F-remove _level Tole-
in the model changes (3) changes (11) A A (1,9) p-ieve rancy
Entropy Left (F) GDV 4,10+0,06 3,82+0,03 ,383 ,080 57,6 <103 ,080
BB Right, blocks/min 18,812,0 14,3%1,8 ,308 ,099 45,4 ,001 ,004
NHP Left, sec 64114 122123 ,071 ,431 6,6 ,050 ,020
Area Right GDV (F), kpixels 32,3%1,6 28,1+0,8 ,048 ,634 2,9 ,150 ,242
BB Left, blocks/min 18,71£0,8 13,8%£1,6 ,101 ,301 11,6 ,019 ,007
ULF HRV, % 0,3+0,2 3,7£1,1 ,051 ,598 3,4 ,126 ,029
Viscous CMT, Newtons 0,13+0,05 -0,26+0,11 ,055 ,551 4.1 ,099 ,199
ULF HRV, msec? 813 76129 ,037 ,826 1,1 ,352 ,070

Table 17. Standardized, Structural and Raw Coefficients and Constant for Hand function, HRVs and GDVs parameters

Variables currently in the model Standardized Structural Raw

Entropy Left () GDV 3,452 217 33,58
Area Right GDV (F), kPixels 1,249 ,126 ,5

Viscous CMT, Newtons 1,528 ,096 4,772
BB Left, blocks/min -9,891 ,079 -2,032
BB Right, blocks/min 14,527 ,061 2,532
ULF HRV, % -3,768 -,076 -1,088
ULF HRV, msec? 1,604 -,062 ,0185
NHP Left, sec 5,455 -,064 ,0767
Eigenvalue 31,76 Constant -157,9

r*=0,985; Wilk’s A=0,0305; X2 ,=217,9; p=0,0005

Squared Mahalanobis Distance=189; F=16,4; p=0,0035

Table 18. Coefficients and Constants for Classification Functions for Hand function, HRVs and GDVs parameters

Variables currently in the model Unfavorable changes (3) Favorable changes (11)

Entropy Left (F) GDV 5686 5259

BB Right, blocks/min 430,5 398,3

NHP Left, sec 13,93 12,96

Area Right GDV (f), kPixels 86 79

BB Left, blocks/min -325,0 -299,2

ULF HRV, % -159,7 -145,9
Viscous CMT, Newtons 697,1 636,4

ULF HRV, msec? 2,581 2,346
Constants -14516 -12461
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Root MF,GDV,HRV
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Fig.9.Individual values of functional. GDVs and HRVs predictors of unfavorable and Favorable effects of rehabilitation.

Table 19. Summary of Stepwise Analysis for EEGs, HRVs and GDVs parameters

Variables currently in the model F to enter p-level A F-value p-level
Entropy Left (F) GDV 17,9 ,001 401 17,9 ,001
0-rhythm Frequency, Hz 41 ,067 ,292 13,3 ,001
ULF HRV, % 1,5 ,245 ,253 9,8 ,003
F7-a SPD, pV?/Hz 1,8 ,208 ,210 8,4 ,004
01-B SPD, pV?/Hz 2,7 141 ,158 8,5 ,005
ULF HRV, msec? 2,3 ,(170 ,118 8,7 ,006
&-rhythm Asymmetry, % 6,5 ,044 ,057 14,2 ,002
Fp1-6 SPD, % 3,0 ,141 ,035 171 ,003
F7-0 SPD, % 1,4 ,298 ,026 16,6 ,008

Table 20. Discriminant Function Analysis Summary for EEGs, HRVs and GDVs parameters

Step 9, N of vars in model: 9; Grouping: 2 grps

Wilks' Lambda:,0260; approx. F, ,=16,6; p=0,0079.

Var;:l;lhees ::)::Ftly l::;?‘vgoersa:);)e d'::x;:b(ﬁ) Wilks' A | Partial A | F-remove | p-level |Tolerancy
Entropy Left (F) GDV 4,10+0,06 3,82+0,03 ,210 ,124 28,30 ,006 ,017
0-rhythm Frequency, Hz 7,33+0,17 6,30+0,42 ,087 ,300 9,31 ,038 ,038
ULF HRV, % 0,31£0,2 3,7+1,1 172 ,151 22,45 ,009 ,005
F7-a SPD, uyV?/Hz 52122 109+20 ,133 ,196 16,42 ,015 ,055
01-B SPD, pV?/Hz 88+17 172431 ,163 ,160 21,03 ,010 ,028
ULF HRV, msec? 813 76129 ,134 ,195 16,52 ,015 ,005
&6-rhythm Asymmetry, % 74+7 39+6 111 ,235 12,99 ,023 ,015
Fp1-6 SPD, % 1416 3318 ,057 ,459 4,72 ,096 ,021
F7-0 SPD, % 2043 1312 ,035 , 737 1,43 ,298 173

Table 21. Standardized, Structural and Raw Coefficients and Constant for EEGs, HRVs and GDVs parameters

Variables currently in the model Standardized Structural Raw
Entropy Left (F) GDV 7,347 ,200 71,48
8-rhythm Asymmetry, % -7,150 ,139 -,398
F7-0 SPD, % -1,249 ,093 -213
0-rhythm Frequency, Hz 4,331 ,061 3,605
ULF HRV, % -13,28 -,070 -3,833
F7-a SPD, pV3/Hz -3,861 -,066 -,064
0O1-B SPD, pV?/Hz 5,579 -,066 ,061
ULF HRV, msec? 12,52 -,057 144
Fp1-6 SPD, % -5,117 -,054 -,207
Eigenvalue 37,42 Constant -273,8

r*=0,987; Wilk's A=0,0260; x* ,=27,4; p=0,0012

Squared Mahalanobis Distance=222; F=13,7; p=0,0113
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Table 22. Coefficients and Constants for Classification Functions for EEGs, HRVs and GDVs parameters

Variables currently in the model Unfavorable changes (3) Favorable changes (11)

Entropy Left () GDV 22266 21279
0-rhythm Frequency, Hz 1088 1038

ULF HRV, % -1173 -1120
F7-a SPD, yV2/Hz -18,00 -17,13
01-B SPD, pV?/Hz 18,02 17,17

ULF HRV, msec? 45,22 43,23

&6-rhythm Asymmetry, % -129,8 -124,3
Fp1-6 SPD, % -67,01 -64,15
F7-0 SPD, % -78,40 -75,45
Constants -43852 -40017
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Root EEG,HRV,GDV
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Fig. 10. Individual values of EEGs, HRVs and GDV predictors of unfavorable and favorable effects of rehabilitation.

The set of eight predictors, which includes
representatives of all research methods (Table 23),
was the most reliable in forecasting. The most
informative, judging by the A and Structural
coefficient, was the Entropy of the gas-discharge
image (filmed with the filter) in the left projection

(Table 23 and 24). It, as well as the frequency of
theta-rhythm, were significantly higher in children
with an unfavorable effect of rehabilitation. Instead,
the SPD beta- and alpha-rhythms in the two left loci
of these children, as well as the power of the ULF
band of the HRV, were significantly lower (Table 25).

Table 23. Summary of Stepwise Analysis for optimal set of parameters. The scale of ranks for variables

Variables currently in the model F to enter p-level A F-value p-level
Entropy Left (F) GDV 17,9 ,001 ,401 17,9 ,0012
0-rhythm Frequency, Hz 41 ,067 ,292 13,3 ,0012
B&B Right, blocks/min 8,4 ,016 ,159 17,6 ,0003
F7-a SPD, pyV?/Hz 2,4 ,159 ,126 15,6 ,0004
01-B SPD, pV?/Hz 5,5 ,047 ,075 19,9 ,0003
ULF HRV, % 1,7 ,236 ,060 18,2 ,0006
ULF HRV, msec? 2,7 ,154 ,042 19,7 ,0010
F7-B SPD, pV?/Hz 4,4 ,090 ,022 27,5 ,0010

Table 24. Standardized, Structural and Raw Coefficients and Constant for optimal set of parameters

Variables currently in the model Standardized Structural Raw
1 2 3 4
Entropy Left () GDV 2,871 ,184 27,93
0-rhythm Frequency, Hz 4,210 ,056 3,505
B&B Right, blocks/min 1,868 ,052 ,326
F7-B SPD, pV?/Hz -2,003 -,072 -,025
ULF HRV, % -6,490 -,064 -1,873
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Table 24
2 3 4

F7-a SPD, pV3/Hz -2,593 -,061 -,043

O1-B SPD, pV?/Hz 5,350 -,060 ,059

ULF HRV, msec? 4,937 -,053 ,057
Eigenvalue 44,06 Constant -136,1
r*=0,989; Wilk's A=0,0222; x2®=30,5; p=0,0002

Squared Mahalanobis Distance=262; F=22,7; p=0,0016

Table 25. Discriminant Function Analysis Summary for optimal set of parameters

Step 8, N of vars in model: 8; Grouping: 2 grps

Wilks' Lambda:,0222; approx. F,,=27,5; p=0,0010.

Va"i?‘btl:: ;u;;zrlltly l::ie:‘vgoersag)e cr'::r‘:;;asb(!ﬁ) Wilks' A | Partial A | F-remove p-level |Tolerancy
Entropy Left (F) GDV 4,10+0,06 3,82+0,03 ,367 ,061 78 <1073 117
0-rhythm Frequency, Hz 7,3310,17 6,30+0,42 212 ,105 43 ,001 ,052
B&B Right, blocks/min 18,812,0 14,3%£1,8 ,071 ,313 11 ,021 ,201
F7-a SPD, pyV?/Hz 52122 109+20 ,076 ,291 12 ,017 ,108
O1-B SPD, pV?/Hz 88117 172131 17 ,189 21 ,006 ,029
ULF HRV, % 0,31£0,2 3,7£1,1 ,069 ,321 11 ,023 ,016
ULF HRV, msec? 8+3 76129 ,057 ,391 8 ,038 ,026
F7-B SPD, uV?/Hz 51+14 138127 ,042 ,532 4 ,090 ,119

The maximum difference between clusters by
the combination of these predictors is illustrated in

Figure 11.

The forecast is realized by the coefficients and
constants given in Table 26.

Root total

S Ao Nvd O ®
N

Fig. 11. Individual values of optimal set of predctors of unfavorable and favorable effects of rehabilitation.

Table 26. Coefficients and Constants for Classification Functions for optimal set of parameters

Variables currently in the model Unfavorable changes (3) Favorable changes (11)

Entropy Left (F) GDV 4242 3824
0-rhythm Frequency, Hz 515,9 463,4
B&B Right, blocks/min 49,41 44,53
F7-a SPD, pyV?/Hz -6,20 -5,56
01-B SPD, pV?/Hz 8,53 7,65

ULF HRV, % -265,0 -236,9
ULF HRV, msec? 8,15 7,30

F7-B SPD, uV?/Hz -3,48 -3,10
Constants -11168 -9064
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Conclusion. Despite the small contingent of the
observed children with spastic form of cerebral palsy,
we have proved that the differently directed changes
in the parameters of manual tests caused by two-week
rehabilitation course by Kozyavkin® method are due
to differently directed changes in parameters of EEG,
HRV as well as GDV. The character of the changesin the
parameters of the motor function of the hands is con-
ditioned both by their initial level and by the set of pa-
rameters of EEG, HRV and GDV and is subject to reliable
prediction. Increasing the effectiveness of rehabili-
tation, perhaps, is possible through additional electro-
stimulation of the vagus nerve and/or certain scalp
loci. GDV is a completely suitable non-invasive me-
thod for assessing the effectiveness of rehabilitation.
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NMPOrHO3YBAHHSA 3MIH MOTOPHOI ®YHKLLIi PYK BHACJ110,0K 3ACTOCYBAHHSl METO LY
KO3AIBKIHA® Y AITEMN 13 CMNACTUYHOO ®OPMOIO LLEPEEPAJIbBHOI O MAPAJTIYY
3A IX MTOYATKOBWUM PIBHEM, MOKA3HUKAMM EJIEKTPOEHLLE®AJIOrPAMM,
BAPIABEJIbHOCTI CEPLLEBOIO PUTMY TA FA30PO3PS,4HOI BI3YANI3ALLIT
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MixcHapooHa Kninika peabinimauii, Tpyckaseyb'
CaHamopit «Mosdosa», Tpyckaseuyn?
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PE3FOME. PaHile M1 NoBigoMAAAN, WO Y AiTen i3 cnactnyHoto popmoto LepebpanbHoro napanivy (COLM) nicna
OBOTMXXHEBOro Kypcy peabinitauii Metogom Ko3saBkiHa© TeCTM Ha MOTOPHY YHKLiO pyK 3MiHIOBAINCA HEOAHO3HAYHO
(y 11 i3 14 noninwyBannck, NpoTe y 3 NoripwyBanncs), i Taki 3MiHM CynpoBOAKYBAINCA Pi3HOCMPAMOBAHMMWN 3MiHaAMM
HU3KM napameTpis EET, BapiabenbHocTi putMy cepua (BPC) Ta rasopopsaHoi Bisyanisau,ii (TPB).

MeTa gocnip>keHHs — BUSBUMTN 0c06/1MBOCTI 3MiH napameTpis EEl, BPC i TPBy fiten 3i cnpuaTIMBUMU | HeCnpuAaT-
JIMBMMK 3MiHAMWM NapaMeTpiB MOTOPHOI PYHKUIT pyK, a TakoX 3'ACyBaTU MOX/MBICTb nepeabaynTy xapakTep 3MiH
MOTOPHOI PYHKLIT pyK 3@ CYKYMHICTIO NOYaTKOBMX NapaMeTpiB OpraHiamy.

MarTepian i MeTogu. O6'ekTOM criocTepexkeHHs byno 14 giten (6 AiByaTok Ta 8 xJionyukiB) y Bii 8—15 pokis 3 COLIM.

CTaH MOTOPHOIO PO3BUTKY 3a LKasioto GMFCS 6yB Ha piBHi ll+1V. ®yHKLiOHaIbHWI CTaH pyK 3a WKasioto MACS 6yB Ha piBHi
[1=111. OujiHKa dyHKUiT pyK 34iMcHIOBanaca 3a gonomMoroto anHamomeTpii (D), TecTy «<kopobka i 6;10kn» (BB) Ta TecTy «aeB'aTb
NYHOK i KisikiB» (NHP). Mu peecTpyBasiv TakKo) KOMMOHEHTU M'A30BOro TOHYCY 33 AONOMOroto npuctpoto «NeuroFlexor»
(Aggero MedTech AB, LUBeuisa), napametpu BPC Ta EEl ogHOYacHO 3a AOMOMOroH anapaTHO-NMPOrpaMHMX KOMIMJIEKCiB
«Cardiolab + VSR» Ta «NeuroCom Standard» (XAl Megawvka, XapkiB, YKpaiHa), a TakoxX napameTtpu 'PB «GDV Chamber»
(«Biotechprogress», Cr6, P®).

Pe3ynbTaTn. MeTO0OM ANCKPMMIHAHTHOMO aHai3y 3'ACOBAHO, LLLO MPOrHO3YBaHHSA JIMLLE 33 CTATTHO, WKanoto MACS,
BB TecToM NiBOi pyKM i B'A3KOK KOMMOHEHTOI M'A30BOr0 TOHYCY, Nonpu 6€3MoMUIKOBICTb, BCE XX HEOCTAaTHLO HaAiHe
(kBagpat Bigaani Mahalanobis D2M Mix knactepamu 6,85; p=0,208). HaToMicTb AUCKPMMIHAaHTHA MOJeJib Ha OCHOBI
7 napameTpis EEl i ULF cmyrv BPC Bxe wifikoM HaginHa (D?,=116; p=0,011). loaaTkoBe BKJIOYEHHA Y MOJie/Ib NapaMeTpa
I'PB Befie 0 NOAaNbLIOIO NiABULLEEHHA HaZinHOCTI nporHo3y (D?,=222; p=0,011), KOTpa cAra€e MakCcMMyMy Npy BpaxyBaHHi
BB TecTy npasoi pyku (D?,=262; p=0,002).

BUCHOBOK. XapaKTep 3MiH NapaMeTpiB MOTOPHOI PpyHKLIT pyK BHAaCNifoK Kypcy peabiniTauii MmeTogom KosaBkiHa®©
KOHAMLIOHYETbCA SIK iX MOYATKOBMM piBHEM, TaK i CyKymnHicTio napameTpis EE, BPC i 'PB i niagaetbca HaginHOMy
NPOrHO3yBaHHIO.
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KJ1IFOYOBI CJIOBA: uepebpasibH1I Napasiy; AMHAMOMETPIS; TeCTU «KOPOobKa i 6/10KM» Ta «AeB'ATb JIYHOK i KifKiB»;
HEepBOBMI, €NaCTUYHWUIA | B'A3KMI KOMMOHEHTWM M'SI30BOr0 TOHYCY; enekTpoeHuedanorpaMma, BapiabenbHicTb pUtmy
cepus, razopo3psiHa Bisyanisauif, cncteMa iHTEHCMBHOT HepododisionoriyHoi peabiniTauii Ko3aBkiHa®.

NMPOrHO3UPOBAHWE U3SMEHEHWU MOTOPHON ®YHKLUW PYK B PE3Y/IbTATE
NMPUMEHEHMSA METOAA KO3IBKWHA® Y AETEN CO CMACTUYECKON ®OPMOM
LLEPEBPAJIbHOIO NMAPAJIMYA MO NX HAYAJIbHOMY YPOBHIO, MOKA3ATEJIAIM
3JIEKTPO3HLLE®AIOr PAMMBI, BAPUABEJIbHOCTW CEPAEYHOIO PUTMA U
FA30PA3PSIJHOMN BU3YAJIN3ALLNKN
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MeixxdyHapodHas KAuHuKa peabuaumayuu, Tpyckasey'
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PE3KOME. PaHee Mbl cO06LLaNN, 4TO Yy AeTen co cnactmyeckon popmoin uepebpanbHoro napasamya (COLM) nocne
ABYXHeAesIbHOro Kypca peabunamTauum no metony Ko3sBKMHA® TecTbl HA MOTOPHYIO GYHKLNIO PYK MEHSASIUCb HEOLHO-
3HayHo (y 11 13 14 yAyyLWanmcb, OAHAKO Y 3 YXYALIAANCE), N TaKMe N3MEHEHNSI CONMPOBOXAA/IMCb PA3HOHANPaBAEHHbIMM
M3MeHeHnssMK psaa NnapaMmeTpoB 33T, BapnabenbHocTM puTMa cepaua (BPC) n rasopo3psaHon Busyannsaumm (FPB).

Lenb nccnenoBaHUA — BbISIBUTb 0COOEHHOCTN M3MeHeHMI NnapameTpoB 331, BPC n TPBy aeTei ¢ 61aronpusTHol-
MU 1 HEBTAroNpUATHLIMN U3MEHEHMAMM MAPAMETPOB MOTOPHON PYHKLMKN PYK, @ TAKXKE BbIACHUTb BO3MOXHOCTb Npej-
CKa3aTb XapaKTep M3MEHEHNIN MOTOPHOM GYHKLMM PYK NO COBOKYMHOCTM HaYasibHbIX MAapaMeTPOB OpraHmn3ma.

MaTtepuan u Metogbl. O6bekTOM HabntoaeHus 6bi1o 14 peTen (6 AeBoYek 1 8 MaNbYMKOB) B BO3pacTe 8—15 feT ¢
Coun. CoctosiHMe MOTOPHOTO Pa3BUTKMSA Mo wkase GMFCS 6b110 Ha ypoBHe Il + IV. DYHKLMOHAaIbHOE COCTOAHWNE PYK NO
wkane MACS 6b110 Ha ypoBHe Il + lIl. OueHKa GyHKLUMM PYK OCYLLECTB/IAMIACh C MOMOLLbIO AnHamomeTpum (D), TecTa «Ko-
pobka n 610km» (BB) 1 TecTa «AeBATb JIYHOK M KonbeB» (NHP). Mbl perucTpmpoBanmn Tak)Ke KOMMOHEHTbI MbILLEYHOrO
TOHYCa c noMoLbto ycTporcTea «NeuroFlexor» (Aggero MedTech AB, LLiBeuus), napameTpbl BPC v EE ogHOBpeMeHHO ¢
NMOMOLLbIO annapaTHO-NporpaMMHoro Kommnekca «Cardiolab + VSR» n «NeuroCom Standard» (XA Megmka, XapbKos,
YKpanHa), a Takxe napameTpbl IPB «GDV Chamber» («Biotechprogress», CM6, PO).

Pe3ynbTaTbl. MeTOAOM AMCKPUMWHAHTHOIO aHA/IN3a BbISICHEHO, YTO NMPOrHO3MPOBaHWE TOJIbKO MO NOJly, LWKane
MACS, BB TeCTOM /1eBOM PYyKM1 1 BSA3KON KOMMOHEHTOM MbILLIEYHOIO TOHYC3, HECMOTPA HA 6e30WnB0YHOCTD, BCE Xe He-
[IOCTaTOYHO HafexHoe (KBaapaT pacctoaHma Mahalanobis D%, mexay knactepamu 6,85; p=0,208). 3aT0 AMCKPUMMUHAHT-
Has MoAeslb Ha ocHoBe 7 napameTpos 33T 1 ULF nonockl BPC yxe BrosiHe HagexHa (D?,=116; p=0,011). [lononHutenb-
HOe BKJ/IlOYeHMe B Mojesib napameTtpa MPB BedeT K AasfibHeilieMy MOBbILIEHNIO HAAEXHOCTU nporHosa (D%,=222;
p=0,011), KoTopas AoCTUraeT MakcMyMma npu yyeTe BB Tecta npason pyku (D?,=262; p=0,002).

BbiBoA,. XapakTep M3MEHEHW NAapaMeTPOB MOTOPHOM GYHKLMM PYK B pe3ysibTaTe Kypca peabnantaumm no metomy
Ko3ABKMHA® KOHAMLMOHMPYETCA KaK MX HaYaibHbIM YPOBHEM, TaK M COBOKYMHOCTbIO NapameTpos 33, BPCn I'PB n noa-
BepraeTca HafleXXHOMY NPOrHO3NPOBAHMIO.

KJIKOYEBbBIE CJIOBA: LiepebpasibHblili Mapanny; AMHAMOMETPUSA; TeCTbl «<KOPobKa U 610KN» 1 «4eBATb JIYHOK U
KOIbEB»; HEPBHbIW, 31AaCTUYHBIN U BA3KWIA KOMMOHEHTbI MbILLEYHOrO TOHYCA, 3/1IeKTpo3HUedanorpaMma, Bapmabesib-
HOCTb PUTMa CEPALA, ra30p0o3pALHasa BM3YaM3aumsa, CMCTEMA MHTEHCUBHON Hepoduanonornieckon peabunmtaumm
Ko3aBKMHAO.
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