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Analysis of the use of technical means for rehabilitation of patients
with spastic types of cerebral palsy depending on the level of patient’ motor function
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Introduction Spastic types of cerebral palsy are around 80 % of all CP cases diagnosed. They feature early secondary
orthopedic complications, for the prevention of which, within the framework of comprehensive rehabilitation treatment,
technical means of rehabilitation (TMR) have been widely used, and first of all, individual and model orthoses. Currently,
there are no clear indications for their application. Aim To determine the variants of orthoses and their distribution depending
on the level of motor activity of patients with spastic types of cerebral palsy according to the GMFCS classification. Materials
and methods A retrospective analysis of 662 patients with spastic types of cerebral palsy aged from two to 17 years for
the period from 2007 to 2017 was conducted. All the patients were divided into 5 groups according to the levels of motor
activity by GMFCS classification. Statistical data processing was performed using Statistica 10 and Excel software packages.
Results Analysis showed that patients used 15 TMR types, of which 14 were orthoses of different designs. Inter-group
differences in the spectrum of applied TMR were statistically confirmed. Statistically significant differences were found in
pairwise comparison of all groups of patients with at least one type of means; maximum differences in 8 types of TMR were
found in pairs of groups GMFCS 2 and 4, and GMFCS 2 and 5. Conclusion Technical means of rehabilitation are widely
used by patients with spastic types of cerebral palsy for complex medical rehabilitation. The variability of the number and
scope of TMR was found and depended on the level of motor activity. Given the above, it is important to further study the
role of technical means in the medical rehabilitation of patients with cerebral palsy, including the development of guidelines
for their application.

Keywords: cerebral palsy, orthoses, spasticity, contractures, level of motor activity, rehabilitation, GMFCS, technical
means of rehabilitation

INTRODUCTION

The incidence of cerebral palsy (CP), according means of rehabilitation (TMR) and, in particular,
to the latest world literature, is from two to 3

children per 1,000 newborns [1-3]. Spastic types

orthoses.
A wide range of available TMR, especially given

of the disease occur in at least 80 % of all patients
and are characterized by early development of
secondary orthopedic complications, including
contractures and deformities [4-6]. Given the
severity, multiplicity and tendency to progression
of these complications, early and regular
orthopaedic monitoring is an important component
of the comprehensive medical rehabilitation of CP
children [7], which enables prevention or timely
correction of deformities and motor disorders.
One of the essential components of the orthopedic
management of children with disabilities due

to spastic types of cerebral palsy is technical

the complex nature of the pathology and the variety
of clinical manifestations, makes the choice difficult
for a clinician. The analysis of the use of TMR and,
in particular, of individual or standard orthoses, the
determination of the principles of use and, as a result,
the development of an algorithm for TMR indication
is a relevant task.

The purpose of the study was to determine the
options of technical means used for rehabilitation,
primarily individual and standard orthoses, in
patients with spastic types of cerebral palsy and their
dependence on the level of motor activity according
to the GMFCS classification.

MATERIAL AND METHODS

Medical histories of 662 patients with spastic CP
types, aged from two to 17 years, who were treated at
the hospital of the Federal Albrecht Scientific Centre

for Rehabilitation of the Disabled Children between
2007 and 2017 were retrospectively analysed.
Statistical analysis was conducted for 596 patients as
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the information on TMR of 93 patients was unavailable
in their medical records. The disabled children were
enrolled into five groups according to Gross Motor
Function Classification System (GMFCS) [8-10].
Statistical analysis of quantitative findings was
conducted with the non-parametric Kruskal-Wallis
test. To describe the quantitative indicators, the
mean value and standard deviation "M #* S" were
calculated. On all diagrams of quantitative variables,
the arithmetic mean is indicated by a dot, the median
is indicated by a horizontal segment, the intraquartile

range is indicated by a rectangle, the minimum and
maximum values are indicated by vertical segments.
The statistical significance of various values for binary
and nominal indicators was determined using the Chi-
square Pearson criterion. Statistical significance is
fixed at the error probability level p < 0.05. Statistical
data processing was performed using Statistica 10
and Excel application software packages.

The study was approved by the ethics board of
the institution and conducted in accordance with the
ethical standards set forth in the Helsinki Declaration.

RESULTS

Patients were ranked according to the severity of
the disease into five GMFCS groups (Fig. 1).

Number of patients in the group

213
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- #] H:

GMFC5-1 GMFCS-2 GMFCS-3 GMFC5-4 GMFCS-5

Level of motor activity

Fig. 1 Distribution of the patients according to the
severity of the disease by GMFCS level

To determine the statistically significant
difference in gender distribution in the groups, the
Pearson Chi-square test was used. The result of this
analysis showed that the distribution by gender was
homogeneous (p = 0.7973) (Table 1).

To check the distribution of patients by age in the
groups, the database was analyzed using the Kruskal-
Wallis test, and there was a minimal difference
between the groups (p = 0.0402) (Fig. 2).

To identify the spectrum of the TMR used and
their distribution by the levels of motor activity, a
frequency analysis of the data was performed on the
groups (Table 2).

The result of the frequency analysis of the patient
database showed that 15 variants of TMRs were used
(Fig. 3).

Separately, patients with predominantly GMFCS
motor activity levels 4 and 5 were identified, in the
medical records of which there was a lack of TMR.
Their number (50 subjects, 8.4 %) was unexpectedly
significant given the severity of motor impairment.

The leading place in the structure of the TMRs
applied took various variants of braces for the lower
limb (444 patients, 74.5 %) (Table 2), among which
there was a predominance of the braces for the entire
lower limb (Fig. 4). An ankle brace was used much
less frequently, and a knee bracing was extremely
rare. Patients of all the groups studied useB braces.
Braces were used less commonly in patients with
the GMFCS level 1. As the condition of children
aggravated, an increase in the number of patients
using braces of different designs was observed, with a
maximum number in the GMFCS 4 group. In patients
of the GMFCS level 5 group, ankle braces were used
twice less. Analysis of the distribution of braces for
the knee joint in groups was not relevant due to their
small numbers.

According to the data in Table 2, high rates of
using orthopedic shoes were noted (399 people,
67.0 %). An analysis of the frequency of using
orthopedic shoes showed a maximum in the GMFCS
2 group (86.9 %), and declined as the patients’ motor
activity impaired, with a minimum in patients with
GMFCS 5 motor activity level (53.9 %) (Fig. 4).

Table 1

Patients’ gender distribution

Level of motor activity

Pearson Chi-square test.
Level p (df = 4)

0.7973

Gender | GMFCS1 | GMFCS2 | GMFCS3 | GMFCS4 | GMECSS5
Female | 22 (47.8%) | 67 (51.5%) | 42 (46.2 %) | 111 (52.1 %) | 41 (46.1 %)
Male 24 (52,2 %) | 63(48,5%) | 49 (53,8 %) | 102 (47,9 %) | 48 (53,9 %)
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Fig. 2 Quartile charts: distribution
GMFCS-1 GMF(S-2 GMFCS-3 GMFCS-4 GMFCS-5 of patients by age
Levels of motor activity (GMFCS)
Table 2
Frequency of TMR use in patients with spastic types of cerebral palsy according to GMFCS levels
Levels of motor activity Total
Variable (TMR) GMFCS 1 GMFCS2 GMEFCS 3 GMEFCS 4 GMEFCS 5 TMR
(n = 46) (n =130) (n=91) (n=213) (n=89)

No orthopaedic means 4 (8.7 %) 7 (5.4 %) 3(3.3%) 15 (7.0 %) 21 (23.6 %) 50
Orthopaedic shoes 34 (73.9 %) | 113(86.9 %) | 68 (74.7 %) | 136 (63.8 %) | 48 (53.9 %) 399
Brace for ankle joint 8 (17.4 %) 24 (18.5%) | 17 (18.7 %) | 40 (18.8 %) 7(7.9 %) 96
Brace for knee joint 2 (4.3 %) 2 (1.5 %) 5(5.5 %) 7 (3.3 %) 0 (0.0 %) 16
Brace for lower limb 16 (34.8 %) | 55(42.3%) | 49(53.8 %) | 133(62.4 %) | 50 (56.2 %) 303
Apparatus for ankle joint 0 (0.0 %) 8 (6.2 %) 7 (7.7 %) 9 (4.2 %) 2 (2.2 %) 26
Apparatus for the lower limb | 3 (6.5 %) 11 (8.5 %) 22 (24.2 %) | 44 (20.7 %) | 17 (19.1 %) 97
ﬁ;‘fipfrﬁf forthe lower limb | 500y | 00.0%) | 5G.5%) | 23108%) | 11(124%) | 39
Apparatus for hip joint 2 (4.3 %) 3(2.3%) 10 (11.0 %) | 36 (16.9 %) 7(7.9 %) 58
Brace for upper limb 3(6.5 %) 2 (1.5 %) 1 (1.1 %) 1(0.5 %) 3(3.4%) 10
Brace for wrist joint 1(2.2%) 1 (0.8 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 2
Semi-rigid brace and/or o o o o o

reclinatgr 3(6.5%) 8 (6.2 %) 17 (18.7 %) | 34(16.0%) | 17 (19.1 %) 79
Rigid brace 1(2.2 %) 1 (0.8 %) 0 (0.0 %) 1(0.5 %) 3(3.4%) 6
Cheneau brace 1(2.2%) 1 (0.8 %) 3(3.3%) 52.3%) 6 (6.7 %) 16
Support for standing 0 (0.0 %) 0 (0.0 %) 3(3.3%) 22 (10.3 %) 9 (10.1 %) 34
Vilenski brace 1(2.2%) 2(1.5%) 5(5.5%) 18 (8.5 %) 3(3.4%) 29

Fig. 3 TMR types: a - orthopedic shoes; b - brace for the ankle joint; ¢ - apparatus for ankle joints; d - apparatus for the hip joints;
e - apparatus for the entire lower limb; f - apparatus for the entire lower limb and trunk; g - support for standing verticalizer)
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Fig. 4 Distribution and dynamics of changes in the braces and

orthopedic shoes depending on the level of motor activity

A significant number of patients (220 patients,
36.9 %) used various designs of functional orthoses
on the lower extremities or apparatuses of various
designs (Table 2, Fig. 5). The apparatus most often
used was for the entire lower limb (44.1 %), the
most rarely used was the apparatus for the ankle
joint (11.8 %). When analyzing the distribution of
functional orthoses according to the severity of the
patient’s condition, it was revealed that the devices
for the entire lower limb were used by patients of all
groups with the maximum in the GMFCS 3 group
and the minimum in the GMFCS 5 group. Hip joint
devices were used by patients with any level of global
motor dysfunction, but more frequently in groups of
GMFCS 3-4. An analysis of the devices for the entire
lower limb and trunk demonstrated the application
of these orthoses for comprehensive rehabilitation
of patients in GMFCS 3-5 groups with an increase
in the rate of their use as motor activity decreased,
with a maximum in the GMFCS level 5 group. Ankle
devices were relevant for patients starting from the
second level of motor activity, the highest rate of their

use was GMFCS 3 group (7.7 %), with a subsequent
decrease as the limitations of motor activity and
minimum in GMFCS group 5 (2.2 %).
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Fig. 5 Distribution and dynamics of changes in the

spectrum of functional devices depending on the level

of motor activity

According to the data presented in Table 2, the
verticalizers (supports for standing) were used mainly
by patients with levels of motor activity GMFCS 3 to 5
(3.3-10.3 %). An extremely low use of orthoses for the
upper limbs was noted, which primarily included braces
for the entire upper limb (10 patients, 1.7 %), and braces
for the wrist joint in separate patients (2 patients).

Orthoses on the trunk were a semi-rigid brace
and/or a reclinator (79 patients, 13.3 %), less often a
functional correction brace of the Cheneau type (16
patients, 2.7 %); rigid fixation braces were rarely used.

In order to statistically confirm the above data on
the relationship between the levels of motor activity
and the spectrum of the TMRs used, a pairwise
comparison was performed, for which the Chi-square
Pearson method was used which demonstrated
intergroup differences (Table 3).

Table 3
Group Difference Analysis Results (Pearson Chi-Square Method with GMFCS Grouping Variable)
Multiple pair comparison, p level
Variables (TMR) GMFCS-1 -|GMFCS-1 -|GMFCS-1 -| GMFCS-1 -|GMFCS-2 -|GMFCS-2 -|GMFCS-2 -|GMFCS-3 -| GMFCS-3 -| GMFCS-4 -
GMFCS-2 | GMFCS-3 | GMFCS4 | GMFCS-5 | GMFCS-3 | GMFCS—4 | GMFCS-5 | GMFCS—4 | GMFCS-5 | GMFCS-5

No orthopaedic means | 0.4253 | 0.1753 | 0.6965 | 00347 | 04624 | 05433 | <0.0001 | 0.2051 | <0.0001 | <0.0001
Orthopaedic shoes 0.0409 | 0918 | 0.1925 | 0.0242 | 00205 | <0.0001 | <0.0001 | 0.0646 | 00036 | 0.1073
Brace for ankle joint 0.8715 | 0.8535 | 0.8261 | 0.0951 | 0967 | 09416 | 00271 | 0984 | 00328 | 00171
Brace for knee joint 02719 | 0.7735 | 0.7215 | 0.0475 | 00984 | 03258 | 02398 | 03652 | 00249 | 0.0836
Brace for lower limb 03713 | 0.0348 | 0.0006 | 0.0184 | 0.0908 | 00003 | 00436 | 0.1615 | 0.753 0.31
f)l.l’lftarams for ankle 0.0851 | 00535 | 01559 | 03057 | 0.6545 | 04247 | 01737 | 02151 | 00938 | 0.4028
apparatus forthe lower | g g7¢ | 00115 | 00241 | 00512 | 00015 | 00028 | 00206 | 04956 | 04087 | 0.7588
Apparatus for the lower 1 0.1053 | 0019 | 00128 | 00069 | 00001 | <0.0001 | 0.1431 | 0.1056 | 0.6955
imb and trunk
Apparatus for hip joint | 04741 | 0.1941 | 00291 | 04374 | 00069 | <0.0001 | 0.053 | 0.1877 | 04737 | 0.0405
Brace for upper limb 0.0804 | 0075 | 0.0025 | 03998 | 0.7811 | 03023 | 03726 | 05342 | 03012 | 0.0444
Brace for wrist joint 04398 | 0158 | 0.0311 | 0.1627 | 04017 | 01999 | 04069 1 1 1
Brace reclinator 0.9294 0.057 0.097 0.0512 0.0038 0.0072 0.0031 0.5612 0.9426 0.5068
Semi-rigidbraceand/or | ¢ 4398 | 0158 | 02311 | 06975 | 04017 | 07235 | 01579 | 05127 | 00774 | 0.0444
Cheneau brace 04398 | 0.7124 | 09434 | 02566 | 0.1654 | 0.2794 | 00136 | 06358 | 0289 | 0.0631
Support for standing 1 02131 | 0.0227 | 0.0256 | 0.0371 | 0.0002 | 0.0002 | 0041 | 00668 | 0.955
Vilenski brace 0.7748 | 03698 | 0.1387 | 0.6975 | 0.0984 | 0008 | 03726 | 03721 | 04894 | 0.1136
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Table 3
differences (p < 0.05) were revealed in the following

shows that statistically significant

pairs compared with the maximum differences:
“GMFCS 1 - GMFCS 4”; “GMFCS 1 - GMFCS 5"
"GMFCS 2 -GMFCS 3";“GMFCS 2 - GMFCS 4";
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"GMFCS 2 - GMFCS 5". Thus, a significant

increase in intergroup differences in the
number and variants of used TMRs was noted
with an increase in the severity of motor

disorders.

DISCUSSION

A retrospective study showed the widespread use
of technical means of rehabilitation in the complex
treatment of children with spastic types of cerebral
palsy with all GMFCS levels. None of technical
means of rehabilitation was reported in 8.4 % of
patients, mainly with levels of motor activity GMFCS
4 and 5; given the prevalence of cerebral palsy, the
number of such children was unexpectedly high.
The reasons for this phenomenon, from our point of
view, include factors such as insufficient awareness
of parents or legal representatives about the need/
possibility of using TMRs; difficulties in obtaining
funding for the manufacture of orthoses; untimely
visits of patients to specialists such as a neurologist
or orthopaedic traumatologist; refusal to use technical
means of rehabilitation due to an extremely negative
reaction of the child due to the severity of his/her
condition or incorrect indications, manufacture or
fitting of products.

The paucity of scientific publications devoted to
the study of the TMR role in the medical rehabilitation
of patients with cerebral palsy, and, as a result, the
lack of clinical recommendations, lead to insufficient
awareness of primary care medical personnel who are
faced with such a problem. We found publications,
primarily in foreign periodicals, devoted to the study
of the effects of certain types of orthoses, but we did
not find any work containing a statistical analysis of
the frequency of their use and the entire spectrum of
TMRs used [11].

Frequency analysis of the distribution of orthoses
showed that braces of various designs were most
often used on the lower extremities, among which
there was a significant predominance of braces used
“on the entire limb”(68.2 %). The result is consistent
with the views of a number of foreign researchers (G.
Molenaers et al., 2001; JR Gage, 2004; K. Desloovere
et al., 2007), reporting the widespread use of braces
in complex medical rehabilitation of patients, despite
the lack of evidence [12-14]. Our analysis of the
literature, conducted with the keywords in the search
engines PEDro, Scopus, PubMed, eLibrary, also

Original Article

showed that the efficiency of this type of orthosis
in children with spastic types of cerebral palsy was
little investigated. The first report on the efficacy
of an ankle brace is attributed to C. Tardieu et al.
[15], despite the limited design of their study (only
2 patients; lack of a control group, etc.). In a recent
study by J.C. Maas et al. [16], an analysis of the effect
of the entire lower limb splint is presented, both its
separate use and in combination with devices on the
ankle joint (66 patients).

High rates of orthopedic shoes use (67.0 %) in
the groups of the patients studied is explained by the
fact that pathological positions and deformities of
the foot occur early and are the leading disorders of
the musculoskeletal system in patients with spastic
types of cerebral palsy [17-19]. At the same time, the
study of the publications found showed a discrepancy
between the rates of orthopaedic footwear use and
its description in the literature. The available works
are devoted to studying the footwear design features
[20-21].

We did not find any clinical studies that
objectively substantiate the need for orthopedic
shoes in children with spastic types of cerebral palsy,
including the effect of orthopaedic shoes on support
and motion function, the factors that parents and/or
children themselves first pay attention to. The uneven
distribution of the using orthopaedic footwear in the
groups, with a maximum in patients with GMFCS
2 level of motor activity, is due to the fact that
patients with more severe disorders are characterized
by multilevel lesions and rigidity of deformities
of the locomotor apparatus, in order to prevent the
development and correction of which functional
orthoses are more often used, devices on the lower
limb of various designs. The lowest use of orthopedic
shoes in patients with GMFCS level 5 is associated
primarily with the severity of the underlying disease
and, as a consequence, a change in priorities in
patient management. So, one of the main tasks of
an orthopedic surgeon in the treatment of patients of
this group is postural management aimed at correct
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orthopedic positioning, including verticalization of
the patient and ensuring the possibility of a sitting
position. To achieve these goals, supports for standing
supports for seating (orthopedic
chairs, wheelchairs), etc. are used.

(verticalizers),

The analysis of the use of functional orthoses
showed a clear prevalence of “high” devices (for
the entire lower limb, on the lower limbs and the
trunk), 44.1 %, and 17.8 %, respectively, especially
in patients with significant impairments. The
argumentation of specialists for indications of such
orthoses is multi-level lesions in children of GMFCS
3-5 groups and, therefore, the need to gain the
ability to control (fixation, defixation, stabilization,
correction) at all levels due to the technical means
used [22]. However, in both domestic and world
literature, we did not find significant studies on the
role of TMR in the management of patients with
cerebral palsy. Moreover, our results clearly differ
from the data presented in foreign literature, the
majority of publications in which are devoted to
the study of the efficacy of the use of orthoses for
ankle joints of various designs (AFO, GRAFO,
leaf-spring AFO, etc.) as the most used in clinical
practice [23, 24].

The analysis of world literature over the past
10 years has revealed an increase in the number of
publications devoted to the role of devices for hip

“SWASH
orthosis”) in the management of patients with

joints (“Hip abductor brace/orthosis”

cerebral palsy. The high rate of using these devices in
the structure of functional orthoses was also revealed
by our study (26.4 %). The main subject in the foreign
studies found was the effect of these orthoses on the
condition of the hip joints both used when separately
and in combination with surgical treatment and/or
botulinum therapy [25-26]. There are practically no
publications covering the effect of hip orthoses on the
general statodynamic function, the stereotype of the
patient’s motion, while this aspect seems to us primary,
taking into account such a common manifestation of
spasticity as adduction or contracture of the joints of
the lower extremities.

The results of this study on the use of verticalizers
(supports for standing) are consistent with the world
data. According to a number of foreign authors (R]
Palisano et al., 2009; S. Hill et al., 2009; TE Pountney
et al., 2009), the use of verticalizers as an element
of postural control is advisable in children with
cerebral palsy with GMFCS levels of motor activity
4-5 [27-29]. According to J. Goodwin et al., despite
the low evidence on the efficiency of verticalizers,
their indication for patients with cerebral palsy with
impaired GMFCS levels 4 and 5 as part of postural
management is a common practice abroad (in
particular in England) [ 3].

CONCLUSION

1. Technical means of rehabilitation have been
widely for comprehensive medical rehabilitation of
children with spastic types of cerebral palsy.

2. Rates and spectrum of the technical means of
rehabilitation used depend on the patients’ level of
motor activity.

3. The main orthoses used in children with cerebral
palsy are braces and devices for the lower extremities
of various designs, orthopedic shoes.

4. Factors such as the absence of orthopedic
supplies, the discrepancy between the data obtained
by us on the use of certain types of orthoses and
the world literature, the ambiguity of the results of
previously published studies require further study
of a prospective group of patients with the aim of
developing an algorithm for prescribing rehabilitation
means for children with spastic types of cerebral
palsy.
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