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AHHOTAUNA

BsedeHnue. 0pHOWM M3 caMbIX YacTbiX MPUYMH OrpPaHWYEHUN KU3HELEATENbHOCTU Y [eTei ABMAETCA OETCKUM
uepebpanbHbln napanud (OLUM). B MeauumHckon peabunutaumm geteit ¢ [UM KpaliHe BaKHO MMETb KIMHMYECKME
MHCTPYMEHTbI, C MOMOLLBI0 KOTOPbIX MOXKHO NPOrHO3MpOBaTh pe3ynbTar. HecMoTpA Ha To, UTO B HAcTOALlee BpeMs
aKTMBHO UCCNERYITCA KIMHWYECKME U COLMANbHO-3KOHOMMYECKMe (aKTopbl, OnpedenAwLimMe NporHo3 peabunutauum
W panbHeWwen coumanbHoW aganTtaumm naumentoB ¢ [UM, go cux mop He BbiABEHbI NMPeauKTOpbI, NO3BOAALLLME
npeAckasatb 3QGEKTUBHOCTb MEAULIMHCKUI peabunmnTaLMoHHbIX MEPONPUATUIA.

Llens. Onpefenutb npeauKkTopbl 3GAEKTUBHOCTU MeauUUMHCKoW peabunutaumm y geten ¢ OUM ¢ ncnonb3osaHuem
AaHHbIX aHaMHe3a, LUKan 1 0MPOCHUKOB.

Mamepuanel u Memodbi. B nccnegosanue BrlodeHo 29 peten (cpegHui Bo3pacT 5,4 + 1,1 roga) ¢ pas3fMyHbIMK
dopmamm [IUM, KoTopble Ha NpoTAxeHWM 12 Mec. NPOXOAMNM MeOMLMHCKYK peabunutaumio B yCNoBMAX CTalMoHapa
Y NOAMKIUHUKK. []o 1 nocne peabunmTaLmoHHbIX MEPONPUATUI BCEM NaLMEHTaM, MTOMMMO 06LL,ECOMATUYECKOT 0 U KITMHUKO-
HEBPO/IOrNYeCKoro 0bcnejoBaHWsA, NPOBOAMIM TECTUPOBAHUE C MPUMEHEHMEM CMELMANU3MPOBaHHbIX ONPOCHUKOB U LLKan,
a TaKKe OLEHKY C MCMoNb30BaHWEM KpaTKoro 6a3oBoro Habopa MerkayHapoaHoW KnaccudmKaumm ¢yHKLMOHUPOBAHUA,
OrpaHUYeHUn Ku3HedesTenbHocTM U 3a0poBbA (MK®) ona peten m nogpoctkoB ¢ [UIM. PacnpepeneHve naumeHToB
Mo rpynnam npou3BOAMnach B 3aBUCMMOCTU OT HaNWYMA YIYYLWEHWA C WCMONb30BaHWEM pa3paboTaHHOro Hamu
KpUTEPUA: CHUMKEHME YPOBHA ONpeaenuTens K KOMNoHeHTaM Knaccupurkaumm MKO «dyHKLmMM», «aKTUBHOCTb U y4acTue»,
KaK MUHUMYM, Ha 1 bann He MeHee YeM B 3 oMeHax. [InA U3y4YeHWA NPOrHOCTUYECKOM 3HAYMMOCTM AaHHbIX aHaMHe3a,
LIKan M OMPOCHWMKOB 6ObIIM MPUMEHEHbI Pa3fiUYHbIE OJHO- M MyNbTUBApPUAHTHbIE MOLENM NOTMCTUYECKON pPerpeccum.
[nAa onpeneneHnA noporoBbIX YPOBHEM KONMMYECTBEHHBIX MOKa3aTefnel, ONTUMAsbHBIX [JIA MPOrHO3a TOr0 WM MHOr0
1CX0Aa NleyeHus, BbINOAHANOCh noctpoeHne ROC-KpuBoi.

Pesynemameoi. OnpepeneHo, 4TO oueHKa no wKane GMFM-88 (wkana oueHKM rnobanbHbIX MOTOPHBIX (YHKLMIA)
bonee 82,1% po npoBefeHWA peabUNUTALMOHHBIX MEPONPUATAIA CBUAETENBCTBYET O MONOKUTENBHOM peabunuTaLoHHOM
nporHose. [JomeHbl MKO b760 «KoHTponb Npou3BONbHBIX QYHKUMW», d415 «nopnepaHue nonoreHua Tena» u d710
«ba3nCHblE MEMIMYHOCTHBIE OTHOLLEHUA» ABAAIOTCA NPeaMKTopamMmn spdeKTMBHOCTY peabunutaumm y naumentos ¢ JLUIM
C ypoBHeM onpegenutend < 1.

3aknoyenue. [pogeMoHCTPMPOBaHO, YTO Bonee BbICOKME MOKa3aTeny ABUraTesibHbIX M KOOPAMHATOPHbIX GYHKLUN,
a TaKKe 6oniee BLICOKMI YPOBEHb MEMITMYHOCTHBIX B3aMMOOTHOLEHMI aeTer ¢ [LM ABnAlTCA 3HaUMMBIMM NPeMKTOpaMm
30 ($eKTUBHOCTM peabunutaumm.
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Predictors of the Effectiveness of Medical Rehabilitation
of Patients with Cerebral Palsy

Gennadiy E. Sheyko™, Anna N. Belova

Privolzhsky Research Medical University, Nizhny Novgorod, Russian Federation

ABSTRACT

INTRODUCTION: Cerebral palsy (CP) is one of the most common causes of disability in children. The use of clinical
tools that will allow the prediction of results is necessary for the medical rehabilitation of children with CP. Although clinical
and socio-economic factors that determine the prognosis of rehabilitation and further social adaptation of patients with CP
are being actively investigated, predictors that help predict the effectiveness of medical rehabilitation measures are not yet
identified.

AIM: To determine the predictors of the effectiveness of medical rehabilitation in children with CP using anamnesis,
scales, and questionnaire data.

MATERIALS AND METHODS: The study involved 29 children (average age, 5.4 + 1.1 years) with various forms of CP
who underwent medical rehabilitation in inpatient and outpatient conditions within 12 months. Before and after rehabilitation
courses, all patients, apart from general somatic-clinical and neurological examinations, underwent tests that use specialized
guestionnaires and scales and evaluation using the International Classification of Functioning, Disability and Health (ICF) Core
Sets for children and adolescence with cerebral palsy. The patients were arranged into groups depending on the presence
of improvement determined using the author-developed criterion: reduction of the determinant level relative to “function”
and “activity and participation” components of ICF by a minimum of at least one point in three domains. Various uni- and
multivariate logistic regression models were used to evaluate the prognostic significance of history, scales, and questionnaire
data. Receiver operating characteristic curves were constructed to determine the threshold values of quantitative parameters
optimal for predicting a certain treatment outcome.

RESULTS: The Gross Motor Function Measure 88 score of >82.1% before the rehabilitation measures indicated a positive
rehabilitation prognosis. ICF domains b760 “control of voluntary movement functions”, d415 “maintaining a body position”, and
d710 “basic interpersonal relations” are predictors of the effectiveness of rehabilitation in patients with a CP with determinant
level < 1.

CONCLUSION: The results demonstrated that higher parameters of motor and coordination functions and higher levels of
interpersonal interactions of children with ICP are significant predictors of the effectiveness of rehabilitation.

Keywords: infantile cerebral palsy; medical rehabilitation; efficiency; predictors; rehabilitation prognosis; international
classification of functioning; ICF
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LIST OF ABBREVIATIONS

VAS — Visual Analog Scale
Cl — Confidence Interval
CP — Cerebral Palsy

INTRODUCTION

Cerebral palsy (CP) is one of the most common
causes of disability in children. The disease is defined
as a group of permanent disorders in the development of
movement and posture that result from a nonprogressive
damage to the developing brain of the fetus or infant
[1, 2]. The prevalence of CP in the Russian Federation
corresponds to the global epidemiological situation
and ranges, according to different data, from 2.0 to 3.0
cases per 1,000 newborns [3, 4]. In addition to motor
disorders, the clinical presentation of CP includes
problems with speech, mental retardation, epilepsy, and
other abnormalities that limit the vital activity of a little
patient [5, 6]. Thus, the rehabilitation of children with
CP should include clinical tools that allow the prediction
of results [7]. Although the clinical and socioeconomic
factors determining the prognosis of rehabilitation and
further social adaptation of patients with CP are being
actively investigated [8, 9], predictors that help forecast
the effectiveness of medical rehabilitation measures
have not yet been identified.

This study aimed to determine predictors of the
effectiveness of medical rehabilitation in children with
CP using data of anamnesis, scales, and questionnaires.
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ICF — International Classification of Functioning, Disability, and Health
for Children and Youth with Cerebral Palsy

OR — 0Odds Ratio

GMFCS — Global Motor Function Classification System

GMFM-88 — Gross Motor Function Measure 88

MACS — Manual Ability Classification System

MATERIALS AND METHODS

The prospective study was performed on the base of
Clinic of Privolzhsk Research Medical University (PRMU)
in 2017-2019 and was approved by the Local Ethic
Committee of PRMU (Protocol No. 4 of March 29, 2017).

The study included patients with different forms
of CP in accordance with the International Statistical
Classification of Diseases and Related Health Problems
of the 10th revision (spastic diplegia, G80.1; hemiplegia,
G80.2; ataxic CP, G80.4; and mixed form, G80.8).
Participants received detailed information about the
study and its voluntary character. Informed consent
was signed by the parents of children with CP and by a
doctor-researcher.

Inclusion criteria: diagnosis of CP and age 4-8
years.

Exclusion criteria: alternative diagnosis associated
with disorders in the movement and maintenance of
posture, concomitant disease that according to the
doctor-researcher might have affected the quality
of patient’s life, and a serious mental disorder (e.qg.,
bipolar).

According to the international Global Motor
Function Classification System (GMFCS), the level of
motor disorders in patients with CP was 1.83 + 0.50
points. The initial characteristics of the patients are
given in Table 1.

Table 1. Initial Clinical and Demographic Data of the Patients (n = 29)

Characteristic Result
Age, years 540+ 1.05
Male gender, n (%) 20 (69%)
GMFCS, level 1.83+05
Mother's age in the pregnancy period, years 27453
Father's age in the pregnancy period, years 31581
Sequential number of mother's pregnancy 19701;2]
Term of delivery, weeks 345+ 4.6
Apgar scale 1 min after birth, point 63+20
Apgar scale 5 min after birth, point 74+18
Newborn's weight, g 2547.6 +1012.1

The functioning profile and life limitations of all
patients were evaluated before and 12 months after
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the rehabilitation measures based on the complaints
and anamnestic data, results of general somatic and
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clinical neurologic tests, and use of a short core set of  2). This short core set is used to evaluate the dynamics
the International Classification of Functioning, Disability, of a child’s condition from age 0 to 18 years or for
and Health (ICF) for children and youth with CP (Table epidemiological research and includes 25 categories [10].

Table 2. Short Core Set of the International Classification of Functioning, Disability, and Health for Children and Adolescents
with Cerebral Palsy [10]

Domain Parameters
Organism Functions
b117 Intelligent functions
b134 Sleep functions
b167 Mental functions of speech
b210 Vision functions
b280 Feeling of pain
b710 Joint mobility functions
b735 Muscle tone functions
b760 Control of voluntary motor functions
Organism Structures
s110 Brain structure
Activity and Participation
da15 Maintenance of body position
d4s0 Use of precise hand movements
d4s0 Walking
d460 Movement in different places
d530 Bladder and bowel functions
d550 Food intake
d710 Basic interpersonal relations
d760 Family relations
Environmental Factors
el15 Products and technologies for personal everyday use
e120 Products and technologies for personal movement and transportation in-doors and out-of-doors
el125 Communication means and technologies
el150 Design, projecting, construction, and equipment of buildings for public use
e310 Family and close relatives
e320 Friends
el60 Public attitudes
580 Healthcare services, administrative systems, and policy
Personal Factors*
pf Emotionality
pf Activity in behavior and actions

Note: * Personal factor (Pf) component has not been assigned the categories of the International Classification of Functioning, Disability, and
Health; thus, some examples representing PFs are given

To set the determinants, various graded assessment  children with CP.

methods were used, including specialized scales and o Visual analog scale (VAS).

questionnaires: To identify anatomic and structural damages to
« Gross Motor Function Measure 88 (GMFM-88). the brain, all patients underwent magnetic resonance
o Modified Ashworth Scale. brain tomography [3]. Parameters for the assessment of

« Manual Ability Classification System (MACS) for  values of different codes are given in Table 3.
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Table 3. Parameters for the Assessment of the Domains of the International Classification of Functioning, Disability, and Health

in Patients with Cerebral Palsy

Domain Parameters Assessment
b280 Feeling of pain Visual analog scale
b710 Joint mobility functions
Ashworth scale
b735 Muscle tone functions
b760 Control of voluntary functions
d415 Maintenance of body position
Gross Mator Function Measure 88
ds50 Walking
d460 Movement in different places
s110 Brain structure Magnetic resonance brain tomography
das0 Use of precise wrist movements Manual Ability Classification System for children with cerebral palsy

Based on the analysis of complaints and anamnestic
data and on the results of physical and neuroimaging
examinations of the patient, an assessment sheet was filled
out where the categories of the ICF Core Sets for children and
youth with CP were specified [10-12]. The assessment sheet
provided a detailed description of the patient’s functional
profile including relevant contextual factors.

The results of medical rehabilitation were
characterized using the criterion we have proposed.
According to this criterion, an improvement was
considered a reduction of the level of determinant to
“functions” and “activity and participation” components
of ICF classification of at least 1 point in at least in three
domains. The sensitivity and specificity of this criterion,
according to results of a previous study, were 89% and
91%, respectively [7].

Rehabilitation measures were conducted
throughout 1 year in the inpatient, outpatient, and home
conditions. In a hospital setting, rehabilitation included
mechanotherapy, therapeutic exercise, massage,
physiotherapy, reflexology, and pharmacotherapy as
needed. Courses (14 days) of inpatient rehabilitation
were conducted two times a year. The outpatient
rehabilitation supposed 2-3 massage courses of 10-
day duration and botulinum therapy. In home conditions,
rehabilitation included doing daily physical exercises
recommended by the doctor. In addition, consultations
were held for the patient’s parents to identify “barrier”
environmental factors and modify them into “facilitating”
factors, according to the ICF terminology.

Statistical processing of the results was conducted
using MedCalc Statistical Software and Microsoft Office
Excel (2010). The following statistical methods were
used: the Shapiro—Wilk test was used to check the
character of the distribution of quantitative parameters.
The selected parameters were as follows: Me, median;
Q1, lower quartile; @3, upper quartile; mean, arithmetic
mean; SD, standard deviation; n, volume of the analyzed
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group; and p, significance value of the differences.
Statistical comparison of the mean values in the group
was performed using parametric and nonparametric
statistical methods, namely, Student paired t-test and
Wilcoxon test, respectively, for related samples, and
Student t-test and Mann-Whitney test, respectively,
for unrelated samples. To test the hypothesis of the
dependence of qualitative and order characteristics,
Pearson y2 criterion for contingency tables was used.
In the case of risk of bias of the results obtained using
Pearson 2 criterion for contingency tables, Fisher's
exact test was used to test the null hypothesis by
pairwise comparison of data of the analyzed groups
in four-field tables, taking into account Bonferroni
correction for multiple comparisons. Parameters with
significant difference in the subgroups according to the
single-factor analysis were introduced into the logistic
regression procedure. To assess the predictive value
of a predictor, the sensitivity, specificity, and predictive
values of positive and negative results were calculated.
To determine the threshold levels of quantitative
parameters optimal for predicting a particular outcome
of treatment, the receive operating characteristic curve
was constructed, demonstrating the dependence of the
number of true-positive cases on the number of false-
negative cases of classification based on predictors. The
threshold value of the quantitative predictor (e.g., result
on the GMFM-88 scale) was the one for which the area
under the receiver operating characteristic (ROC) curve
was the largest, as such a curve corresponds to the
optimal combination of sensitivity and specificity of the
predictor. The critical value of the significance level was
assumed to be 5% (p < 0.05).

RESULTS

Within 12 months after the rehabilitation procedures,
an improvement was achieved in 18 patients (62%) with
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CP (group 1), and 11 patients (38%) had no improvement
(group 2). In group 1, there was a decrease in the
intensity of pain syndrome, increased joint mobility
and control of voluntary movements, and improved
maintenance of body position, walking, and precise hand
movements. There was also a decrease in spasticity in
barriers restricting life activity and an improvement
in the quality of life. An improvement in gross motor
functions on the GMFM-88 scale (p<0.0001), a decrease
in spasticity level on the Ashworth scale (p = 0.0005),
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an improvement in manual abilities on the MACS scale
(p = 0.0078), and a decrease in pain syndrome on VAS
(p=0.0001) were found. In group 2, no significant change
in clinical manifestations and no significant change in the
parameters on the above scales were noted. The level of
motor functions on the GMFCS scale remained the same
in patients in both groups.

In Table 4, the number of patients in samples with
different extent of severity of disorders in different ICF
domains before and after rehabilitation measures is given.

Table 4. Number of Patients with Cerebral Palsy in Groups with Different Degrees of Severity of Disorders Before and After

Rehabilitation Measures

Extent of Severity of Disorders
1 2 3 A
Mild (5%-24%) Moderate (25%-49%) Severe (50%-95%) Absolute (96%-100%)
Domain/P: t
omain/Parameter Group with | Group with no Group with Group with no Group with Group with no Group with Group with no
improvement, | improvement, | improvement, | improvement, | improvement, | improvement, | improvement, | improvement,
n n n n n n n n

before after before after before after before after before after before after before after before after
b117 — intelligent functions 3 3 4 A - - 2 2 - - - - - - - -
b134 — sleep functions 10 - 4 5 - - 1 - - - - - - - - -
b167 — mental functions of 5 5 3 3 _ _ B B _ N B N _ N _ _
speech
b210 — vision functions 2 2 4 A - - - - - - - - - - - -
b280 — feeling of pain 12 - 7 9 3 - 2 - - - 1 - - - - -
b710 — joint mobility functions | 6 16 - - 10 - 2 2 - - 9 9 - - - -
b735 — muscle tone functions 6 16 - - 10 - 2 2 - - 9 9 - - - -
b760 — cohtrol of voluntary 13 9 ) ) 5 B 4 6 _ B 5 3 _ B _ _
motor functions
dal ,5._ maintenance of body " 5 ! 3 3 _ 8 7 _ _ 7 1 B _ _ _
position
d440 — use of precise hand 6 1% 4 2 8 _ 1 1 _ _ 5 5 B _ _ _
movements
d450 — walking 8 6 - 3 9 - 5 A - - 5 3 - - 1 1
d460 — movement in different 7 " _ 9 10 B 4 4 _ _ 7 5 _ _ _ _
places
d530 — bladder and bowel _ B _ _ _ B _ _ _ _ _ B _ _ _ _
functions
d550 — food intake 5 - 5 5 - - - - - - - - - - - -
d71 U‘— basic interpersonal " 5 6 7 _ _ 4 3 _ N B N _ N _ _
relations
d760 — family relations 8 2 7 7 - - 1 1 - - - - - - - -

Patients with improvement showed significant
reduction of the determinant score (according to the
criterion we have proposed [7]) in domain b134 “sleep
functions” (p = 0.0020), b280 “feeling of pain” (p =
0.0001), b710 “joint mobility functions” (p = 0.0020), b735
“muscle tone functions” (p = 0.0020), b760 “control of
voluntary functions” (p = 0.0001), d415 “maintenance of
body position” (p = 0.0002), d440 “use of precise hand
movements” (p = 0.0078), d450 “walking” (p < 0.0001),

DOl https://doi.org/10

d460 “movement in different places” (p < 0.0001), d710
“basic interpersonal relations” (p = 0.0039), d760 “family
relations” (p = 0.0313). In patients without improvement,
no reliable changes in the determinant levels were
observed in any domain.

As possible predictors of the effectiveness of
rehabilitation, the results of the assessment on the
Ashworth scale, MACS, VAS, and GMFM-88 were
considered. Comparison of groups of patients with and
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without improvement showed that the groups before
rehabilitation measures showed significant differences
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on the GMFCS scale (p = 0.0083), GMFM-88 (p = 0.001),
Ashworth scale (p = 0.0001), and VAS (p = 0.0357, Table 5).

Table 5. Parameters of Questionnaires and Scales in Patients with Cerebral Palsy before Rehabilitation Depending on the Results

of Subsequent Rehabilitation

Mean Value of Parameter
Scale/Questionnaire Patients with Improvement, Patients without Improvement, p
n=18 n=11
GMFCS 2[1;2] 212;2] 0.0083**
GMFM-88 888+35 4+113 0.001*
Ashworth scale 3[1;3] 4 [4; 4) 0.0001**
MACS 101;2] 2101;3] 0.1056**
VAS 2(1;2] 2(2,5] 0.0357**

Note: * Student’s t-test, ** Mann—Whitney test

Further, the levels of determinants of ICF domains
characterizing pain syndrome, motor and coordination
function disorders, and interpersonal relations and
relations of the child were compared between the groups.
Analysis of unrelated samples showed that before
rehabilitation measures, patients with improvement
have on average more optimal parameters in the

following ICF domains: b710 “joint mobility functions”
(p<0.0001), b735 “muscle tone functions” (p < 0.0001), b760
“control of voluntary functions” (p = 0.0014), d&15
“maintaining body position” (p = 0.0002), d450 “walking”
(p = 0.0001), d460 “movement in different places”
(p = 0.0002) and d710 “basic interpersonal relations”
(p = 0.0105, Table 6).

Table 6. Level of Determinants of Domains of the International Classification of Functioning, Disability, and Health in Patients
with Cerebral Palsy before Rehabilitation, Depending on the Results of Subsequent Rehabilitation

Domain Patients with Improvement Patients without Improvement, o
n=18 n=11
b280 10111 11;2] 0.2258
b710 2[1;2] 3[3;3] <0.0001
b735 2[1;2] 3[3;3] <0.0001
b760 11;2] 2(2;3] 0.0014
da15 ;1] 2(2;2) 0.0002
da4o 112 2(1;3] 0.1056
d450 1501;2] 3(2,3] 0.0001
da60 2[1;2] 3(2;3] 0.0002
d710 100; 1] 111;2] 0.0105
d760 01[0; 1] 110,25 1] 0.1117

Note: * Mann—Whitney test

Among the anamnestic data, the following
parameters were considered possible predictors of the
effectiveness of rehabilitation: mother’s and father’s
age at the time of pregnancy, sequential number of the
mother’s pregnancy, term of delivery, newborn’s weight,
child’s gender, Apgar scale score 1 and 5 min after birth,
and child’s age at the time he was diagnosed with CP.
None of the anamnestic parameters demonstrated a
significant difference in the groups of patients with and
without improvement and thus cannot be introduced
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in the binary logistic regression procedure for the
determination of the predictive capacity.

The parameters of scales and ICF domains that
showed significant differences in groups of patients with
and without improvement were introduced in the binary
logistic regression procedure to determine predictors of
rehabilitation effectiveness with the highest predictive
value. Initially, univariate regression analysis was
conducted to evaluate the influence of each independent
variable on the result. The univariate analysis showed
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that the more significant predictors of the effectiveness
of rehabilitation are GMFM-88 score (p = 0.0127) and
the level of determinant in the following ICF domains
(Table 7):
» b760 “control of voluntary functions” (p = 0.0050)
o d415 “maintenance of body position” (p = 0.0040)
» d710 “basic interpersonal relations” (p = 0.0266)
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Each model is recognized as adequately describing
the influence of predictors on the rehabilitation outcome
(improvement or its absence). This is evidenced by a high
significance level of the 2 parameter, which tests the
hypothesis of a zero significance of the evaluation of
the parameter for predictor (i.e., the hypothesis that the
predictor influences the outcome of rehabilitation).

Table 7. Predictors of Effectiveness of Rehabilitation in Patients with Cerebral Palsy: Results of the Univariate Logistic Regression

Predictor Wald 2 p OR 95% Cl
Global Motor Function Classification System 0.000005340 0.9982 5.27x 1010 -
Gross Motor Function Measure 88 6.2169 0.0127 1.5280 1.0949-2.1323
Ashworth scale 0.000007970 0.9977 1.24x1010 -
Visual analog scale 1.4183 0.2337 0.7256 0.4280-1.2301
b760 “control of voluntary motor functions” 7.8974 0.0050 0.1029 0.0211-0.5026
d415 “maintenance of body position” 8.2805 0.0040 0.0316 0.0030-0.3324
d710 “basic interpersonal relations” 4.9145 0.0266 0.0975 0.0125-0.7636

Note: OR, odds ratio; Cl, confidence interval

When performing multivariate logistic regression
with various models that included several variables
(GMFM-88, b760, d415, and d710), no significant
predictors were identified. No model has shown that a
combination of several variables can be a predictor of
a positive outcome of rehabilitation. Thus, each factor
can be used as a predictor of the effectiveness of
rehabilitation only separately.

The sensitivity and specificity of the threshold value of
all predictors of rehabilitation effectiveness were analyzed
by constructing a ROC curve. The area under the ROC

curve for the GMFM-88 scale was 0.937 (p < 0.001), which
corresponds to a high quality of the prognosis (Figure 1).
Patients with the GMFM-88 score before rehabilitation
procedures > 82.1% have a positive prognosis for
rehabilitation. IFC domains b760 “control of voluntary
functions” (area below the ROC curve, 0.833; p < 0.001),
d415 “maintenance of body position” (area under the ROC
curve, 0.896; p < 0.001), and d710 “basic interpersonal
relations” (area under the ROC curve, 0.760; p = 0.001) are
predictors of the effectiveness of rehabilitation in patients
with CP with the determinant level <1 (Figues 2-4).
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Fig. 1. Receiver operating characteristics curve for the evaluation on the
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Fig. 2. Receiver operating characteristics curve for the evaluation by domain b760 “control of voluntary movement functions”.
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Fig. 3. Receiver operating characteristics curve for the evaluation by domain d415 “maintaining body position”.
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Fig. 4. Receiver operating characteristics curve for the evaluation by domain d710 “basic interpersonal relations”.

scales, and ICF core set for children and adolescents

DISCUSSION with CP, which can predict the effectiveness of medical
In the given work, clinical and neurologic examination  rehabilitation of children with CP. The significant
results were evaluated using specialized questionnaires,  predictors of the effectiveness of medical rehabilitation
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of children with CP were GMFM-88 score >82.1% and
determinant level <1 in the following ICF domains: b760
“control of voluntary functions,” d415 “maintenance of
body position,” and d710 “basic interpersonal relations”.

GMFM-88 is used for quantifying gross motor
function [13]. This scale was proposed by Dianne Russell
(CanChild Center for Childhood Disability Research,
McMaster University, Institute of Applied Medical
Sciences). GMFM-88 was designed to evaluate the
change in the gross motor function over time in children
with cortical paralysis. GMFM-88 is characterized by
grouping the tasks according to the initial position when
performing them: lying on hands and knees, sitting,
standing, walking, running, and jumping. Complete
GMFM-88 evaluation takes approximately 40 min. For
most positions, there are special descriptions for each
score. Thus, it is important to use the descriptions given
in the manual for GMFM-88 [3].

ICF is used in both scientific research and clinical
practice [7,10]. These aspects are especially important
for such a nosological form as CP, as currently
numerous treatment methods for this pathology are
proposed without sufficient proof of their effectiveness
[11]. The efforts of parents, children, and medical
personnel are directed to the selection of effective and
safe therapeutic interventions [14], and ICF is the tool
that helps identify the actual problems of a child with
CP and determine aims and objectives of rehabilitation,
plan and control treatment, and measure the achieved
results [7,14,15]. However, certain problems impede
the practical application of ICF, such as the bulkiness of
this classification (it includes >1,600 categories) [12,16].
This problem is solved by the use of the condensed
classification version with a set of informative signs
for a particular disease (so-called core sets or basic
sets) [14]. ICF core sets are developed by a group of
international experts of the World Health Organization
and present a list of categories used as the international
standard for the description of functions of particular
nosological forms [17]. Consensus on the ICF core sets
in the application to CP was achieved not so long ago,
and the results of the work of the expert group were
published in 2015 [10]. A short core set including 25
categories is convenient either for the evaluation of the
dynamics of a child’s condition from 0 to 18 years or for
epidemiological research [10,11]. Detailed instruction on
the selection and use of the core set are available in the
open press [10].

GMFM-88 and the ICF basic set for children
and adolescents are actively used in planning
and implementation of medical rehabilitation in patients
with CP [7,10,18]. These clinical tools are very well
known to the doctors, scientists, and other specialists
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involved in the rehabilitation of children with CP.
Knowledge of the threshold values of GMFM-88 and
short ICF core set for children and adolescents
with CP, which can predict the effectiveness of
rehabilitation measures, plays an important role in
planning medical rehabilitation and determination of
rehabilitation potential of children with CP.

Despite the results obtained, the determination
of the predictors of the effectiveness of medical
rehabilitation of children with CP remains relevant [19].
Studies involving numerous patients and longer follow-
up period are required. In the future, the identification of
predictors of the effectiveness of medical rehabilitation
will allow to more correctly determine the rehabilitation
potential of a patient with CP and select the necessary
complex of rehabilitation measures.

CONCLUSION

This study revealed the predictors of rehabilitation
effectiveness and their threshold values, which can help
in the development of medical rehabilitation programs
for patients with CP. Higher parameters of motor and
coordination functions and a higher level of interpersonal
relationships of patients with CP are significant predictors
of the effectiveness of rehabilitation. The results indicate
the need to use the ICF and quantitative assessment of
the GMFM-88 when planning rehabilitation activities for
patients with CP.
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OuHaHcupoBaHme. ViccnefjoBaHve BbINOJHEHO B pamMKax peanvi3aumu
nporpaMmbl  CTpaTernyeckoro akapemuyeckoro nupepcrsa  «[lpuopw-
TeT-2030.

KoH$nMKT nHTepecoB. ABTOPbI 3aABNADT 06 OTCYTCTBIW KOH(NMKTA MHTEPECOB.
Bknap aBTopos: Lllelio I. E. — nu3aitH vccnefoBaHus, cbop v obpa-
boTKa MaTepuana, cTaTucTuyeckan 0bpaboTka, HanvcaHue TeKcTa; be-
1080 A. H. — KoHUenuuA v On3aiH uccnefoBaHua, pefakTUpPOBaHKe.
Bce aBTOpbI NOTBEPHAAIOT COOTBETCTBME CBOEM0 aBTOPCTBA MEHK/yHa-
poaHbIM Kputepmam ICMJE (Bce aBTOpbI BHECAM CYLLECTBEHHBIN BKNag
B pa3paboTKy KoHLenuuu, NpoBefeHue 1ccnesoBaHUA U NOArOTOBKY
cTaTby, NPOYU M 0A0BPUAN GUHANBHYI0 Bepcuio nepes nybnuKaumen).
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