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Abstract. Influence of motivated walking with partial body weight supporting on the gross motor functions in
children with cerebral palsy. Nekhanevych O.B., Bakuridze-Manina V.B., Smirnova O.L., Byoung-Yul. Y.,
Kosynskyi O.V. The aim of the work is to increase the effectiveness of physical therapy of gross motor functions
impairments in children with spastic cerebral palsy by using a therapeutic exercises program with partial body weight
supporting and motivated walking on the device for the rehabilitation of people with impaired functions of the
musculoskeletal system. The study included 30 children 6 to 11 years old with a spastic form of cerebral palsy. All
patients were divided into 2 groups.: in group I, in addition to the standard complex of physical therapy, walking
according to the dynamic method was prescribed, in group Il — according to the static method with partial body weight
supporting. The duration of the program was 6 weeks. The survey was carried out before the start, at 2, 4 and 6 weeks
of therapy. We studied the spatial-temporal characteristics of walking and activities of daily living indicators. The use
of the developed program with the rehabilitation device positively influenced the spatial-temporal indicators of walking
in both groups. The stride length, walking speed and the length of the covered distance has increased statistically
significantly. A significant increase in the volume of performed activities of daily living in the first group was found. At
the same time, an increase in this indicator was also observed in group II, but it did not reach statistical significance.
The use of the developed program of therapeutic exercises, including walking with motivated movement and partial
body weight supporting on the developed rehabilitation device positively influenced the static and dynamic
characteristics of walking, which improved the performance of activities important for children with cerebral palsy,
especially walking and running. The optimal time for increasing the length of one cycle of walking is a 4-week program,
for the development of general endurance and speed — a 6-week program of therapeutic training.

Pedepar. Bansinue MOTHBHPOBAHHON XO0AbOBI ¢ YACTHYHOW Pa3rpy3Koil Beca Tejia Ha 00JIbIIHME MOTOPHBIE
¢ynkuuu y gereii ¢ uepedpansubiM napaiudem. Hexanesuu O.b., Bakypuaze-Manuna B.b., Cmupnosna E.JL.,
Broun-HMoas 10., Kocuncknii A.B. IJens pabomui — nosvicums 3¢hhexmusnocms usuueckoli mepanuu Hapyuenui
OONBUUX MOMOPHBIX DYHKYUL Yy Oemell CO CHACMUYECKOU (DopMol YepedparbHO20 Napaiuia nymem npumMeHeHus
NPOSPAMMbBL MEPANESMULECKUX MPEHUPOBOK ¢ YACTUUHOU PA32pY3KOll 8eca mena u MOMUSUPOSAHHbLIM nepemMeljeHueM
Ha paspabomanHom ycmpoucmee O peaburumayuu ar00ed ¢ HapyuleHUusmu QYHKYuti ONnopHo-08UcamenbHO20
annapama. B uccnedosanue Ovino exarouero 30 demeil om 6 0o 11 nem co cnacmuueckoil ¢hopmoil yepedpairbHO20o
napanuya. Bee nayuenmul Ovinu pazoenenvt Ha 2 epynnvi: ¢ epynne I OONOIHUMENbHO K CHAHOADIMHOMY KOMNJLEKCY
Qusuueckoll mepanuu HA3HAYAIU X00bOY NO OUHAMUYECKOU Memoouke, 6 epynne Il — no cmamuyeckou memoouxe ¢
yacmuyHou pasepyskoi eeca mena. JnumenbHOCMb NPUMEHEHUs Npoepammsl cocmasuna 6 nedenv. Obcredosarue
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nposodunu 00 Hauana, na 2, 4 u 6 Hedersix mpenupogox. Mzyuaiu npocmpancmeenno-8peMeHHble XapaKmepucmuKu
X00bbbl U NOKaAzamenu aKMuBHOCMU NOBCEOHEeGHOU JicusHu. I[lpumenenue pazpaboOmanHol npocpammvl ¢
UCHONb30BAHUEM — PeabUNUMAYUOHHO20 YCMPOUCMEA NOZUMUGHO NOGIUSNO0 HA  NPOCPAHCHBEHHO-6DEMEHHbIE
nokasamenu x00vbvl 8 obeux epynnax Habnodenus. Cmamucmuiecku 3HAYUMO YBeIUYUNACH ONUHA OOHO20 YUKILA
X00b0bl, CKOPOCMb X00b0Obl U ONUHA NPOUOEHHOU OUCMAHYUU. YCMAaHOBIeHO 3HAYUMETbHBIU NPUpocm 00vemda
BbINOJIHEHHBIX AKMUBHOCHEL NO0GCeOHesHOU dcusnu 6 1 epynne nabmodenus. Ilpu smom eo Il epynne maxoice
HaOI00anoCh yeenuyenue OAHHO20 NOKA3AMeNs, HO OHO He 00CMU2NIO CIAMUCmu4ecKkol snavyumocmu. Ilpumenenue
paspabomanHol nPOSPAMMbl MEPANESMULECKUX YAPANCHEHUL, SKTIOUAIOUel 8bINOIHEHUE X00bObl ¢ MOMUBUPOBAHHBIM
nepemeweHueM U NAPYUATLHOU pa3epy3Kou eeca meid HA papabomaHHOM peabuiumayuoHHOM YCmpolcmee,
NO3UMUGHO NOGIUAIO HA CMAMUKO-OUHAMUYECKUE XAPAKMEPUCMUKU XOO0bObL, YMO VIYYUULO GLINOTHEHUE BAICHBIX OISl
demell ¢ YepedPANLHBIM NAPATUYOM AKMUBHOCHEU, 0COOeHHO X00b0bl u 6Oeca. OnmumanbHbiMu Ccpoxamu OJisd
yeenuueHUs: ONUHbL 00HO20 YUKIA X0O0b0ObL A8IAEmMCA 4-HedelbHas Npospammad, 01 paszeumus oouell 8bIHOCIUBOCMU U

cKkopocmu — 6-HedenbHAsl NPO2paMMA MepanesmuyecKux mpeHUpo8ox.

In cerebral palsy (CP) one of the most difficult
and common problems for physical therapy is to
restrict patients from performing voluntary
movements. This is associated with impaired motor
function (muscle contractures, spasticity, decreased
muscle strength, dystonia, discoordination and
muscle weakness) [11]. Despite the non-progressive
nature of neurological disorders in CP, without
proper therapy there is an increase in the severity of
motor disorders and as a consequence — the limi-
tation of wvital activity gradually progressively
increases with age [14]. This significantly disrupts
the daily activity of patients, in particular at the
expense of the ability to move freely in space [7].
Especially important is the impairment of gross
motor functions (ability to run, walk, stand, sit) [9].

The results of leading studies in recent years
indicate that motor skills training does not occur
while using traditional methods of rehabilitation
based on the mechanical repetition of passive move-
ments, [2]. Leading specialists pay special attention
to the need to use as a therapeutic means of active
performance of patient-specific tasks and activities,
in particular in the wusual conditions of the
environment. This is the basis of neuroplasticity in
the cerebral cortex [13]. In particular, training of
functional walking to perform an important task for
the patient is the key to successful acquisition of the
necessary walking skills, it improves the spatio-
temporal performance of walking and stereotype of
walking, which increases its independence and
degree of involvement in everyday life [15].

There is no consensus among experts on the need
to use technical means for partial weight loss of the
patient during training. Earlier works prove the
effectiveness of such interventions [10]. However,
the results of further studies indicate the lack of a
positive effect on motor functions of partial support
during training [12]. There are also works that
emphasize the negative impact of rigid partial support
on the ability to maintain balance while walking [16].
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In the professional environment of specialists
there are discussions about the type, frequency,
intensity, duration of therapeutic interventions and
the number of repetitions of exercises for the best
mastering of the necessary motor skills. There is also
no scientifically substantiated protocol of physiothe-
rapeutic management of CP patients with static-
dynamic disorders of walking [8].

Despite the achievements of modern medicine,
one in three patients with CP is unable to walk [14].
This indicates the imperfection of modern
approaches to the rehabilitation of such patients and
requires generalization and the search for new
methods of physical therapy.

The aim of the study was to increase the
effectiveness of physical therapy of disorders of
gross motor functions in children with spastic
form of cerebral palsy by using a program of
therapeutic training with partial weight loss and
motivated movement on a developed device for
rehabilitation of people with dysfunction of
musculoskeletal system.

MATERIALS AND METHODS OF RESEARCH

The study involved 30 children aged 6 to 11
years (mean age was 8.6+1.3 years) with spastic
diplegia due to CP, of which girls — 14 (46.7%) and
boys — 16 (53.3%). According to the classification
system of gross motor functions (GMFCS) [11],
patients were distributed according to the severity of
CP manifestations. Thus, 1 group of CP severity
included 7 people (23.3%), 2 — 12 people (40.0%),
up to 3-11 people (36.7%).

Criteria for inclusion in the study were age from
6 to 12 years, clinical form (bilateral spastic dip-
legia), severity of CP by GMFCS I-III degrees, the
ability to stand independently, actively walk, the
state of intellectual functions (ability to follow
instructions), written consent to participate in the
study. The exclusion criteria were: age up to 6 or
more 12 years, significant visual disorders, history
of epileptic seizures, surgery during the last
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12 months, use of botulinum toxin A for the last
6 months, flexion contractures in the hip joint more
than 30°, knee joint - more than 20 ° and ankle
joint — more than 15°, others forms of CP.

Patients who participated in the study performed
a standard set of physical therapy, which included
passive and active exercises to increase the
amplitude of movements in the joints, exercises to
increase  flexibility (postisometric  relaxation),
exercises to develop muscle strength of the torso and
limbs, exercises for the development of balance on
dynamic and static platforms, exercises for the
development of coordination (in the sensory pool)
and differentiated massage.

Randomization was performed using the
STATISTICA 6.1 program, all patients were divided
into two study groups. In addition to the standard
rehabilitation program, all patients were prescribed
therapeutic walking training using a device for
rehabilitation of people with musculoskeletal
disorders (Rehabilitation device) (Patent for inven-
tion 201 a201710595) [3]. The rehabilitation device
comprises a foot platform installed between two
horizontal supports, a vertical support stand with
hand pillars, horizontal supports have front and back
parts, equipped with wheels and connected by a
perpendicular supporting frame. At the back of the
frame there is a functional stand between the drive
wheels which is connected with a headrest stand, a
back with a lower and upper frame for placing the
patient and an abductor-lift, which are installed with
the ability to move and fix in a vertical plane. The
functional stand contains a spring that is connected
to the upper frame for placing the patient. The hand
pillars are located in the front of the frame and are
combined with a support stand and a crank
mechanism with a foot platform and paired drive
wheels. The front horizontal support has a control
stand. The drive wheel has holes for adjusting the
length and width of the patient's stride. Patients of
the first group (n=14, mean age — 8.6+1.0 years) in
addition to the standard complex of physical therapy
were prescribed gait training using a Rehabilitation
device according to the dynamic method (with
motivated movement in the gym and partial unstable
support of the pelvis with abductor-lift of the
Rehabilitation device moving along the vertical
axis). The latter included training once a day for
30 minutes: 5 minutes — preparatory part (per-
forming passive and active exercises to increase the
amplitude of movements), 20 min. — the main part
(performing exercises on the Rehabilitation device
in dynamic mode (with motivated movement),
Smin. — the final part (exercises for flexibility).
Patients of the second group (n=16, average age —
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8.6£1.5 years) in addition to the standard complex of
physical therapy were prescribed gait training using
the Rehabilitation device according to the static
method (without movement) and with partial
unloading of body weight at the expense of stable
(fixed) support of the pelvis with abductor-lift of the
Rehabilitation device. The duration of the developed
physical therapy program was 6 weeks, the total
number of trainings was 30. During the exercise on
the Rehabilitation device stride frequency was
selected taking into account the patient's comfort (at
the level of 10-12 points by a subjective scale of
loading (Borg scale)). The length and width of the
stride were determined during the analysis of the
spatio-temporal characteristics of the walking.
Under conditions of increasing stride length and
width set during the subsequent tests, at the 2nd and
4th weeks of the training program stride length and
width on the Rehabilitation device were changed.

Examinations were performed before, at 2, 4 and
6 weeks of therapeutic training. Spatial-temporal
indicators of walking (length of one cycle (LC) of
walking, stride length) were studied by means of
video recording and anthropometry with a cen-
timeter tape, indicators of activity of daily life were
investigated by the scale of measurement of gross
motor functions (GMFM-66), the E scale was used
to assess walking, running and jumping [6],
functional walking performance was studied by
standardized functional tests (walking speed (WS)
was determined by a 10-meter walking test,
endurance — by a 6-minute walking test) [5]. The
STATISTICA licensed software package was used
for statistical processing of the obtained data (6.1,
serial number AGAR909E415822FA). The type of
data distribution was determined using the W-test
Shapiro-Wilk. Significance of differences between
indicators was determined taking into account the
type of distribution using Student's t-test, Mann-
Whitney U-test and Pearson's chi-square test.
ANOVA/MANOVA analysis of variance was per-
formed to determine the influence of factors. The
threshold level of statistical significance of the
obtained results was chosen at p<0.05. The results
are presented as M+m for quantitative indicators and
as a percentage for qualitative indicators [1].

The study was conducted in accordance with the
principles of the Helsinki Declaration of the World
Medical Association "Ethical principles of medical
research concerning human subjects" (amended in
October 2013). Permission to conduct research was
obtained by the FEthics Committee of the State
Establishment "Dnipropetrovsk Medical Academy
of Health Ministry of Ukraine". Written informed
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consent was obtained from all parents of patients
who participated in the study.

This work was performed in accordance with the
research plan "Medical and pedagogical support of
physical rehabilitation, sports and health training"
(N of state registration 0116U004468, 2017-2021) of
the Department of Physical Rehabilitation, Sports
Medicine and Valeology of SE "DMA".

RESULTS AND DISCUSSION

The application of the developed technique with
the use of the Rehabilitation device had a positive
effect on the spatial-temporal indicators of walking
in both groups of observation. Thus, the LC
increased significantly from 64.6+4.0cm to
73.144.1 cm in group I and from 68.0+4.1 cm to
75.94£3.9 cm in group II (p<0.05). At the same time,
no statistically significant difference between I and

II comparison groups in LC indicator was found at
the end of the study (Table 1).

According to Table 1, there is a significant increase
in LC in both observation groups in the first two weeks
of training, with a relatively stable LC in the future.
Thus, during the first two weeks of rehabilitation in
group I there was an increase in LC by 6.57+0.42 cm,
which was statistically significantly greater than the
value of the growth of this indicator at 4 and 6 weeks
of application of the developed program (p<0.05),
where they were 1.21£0.09 cm and 0.65+0.06 cm,
respectively. Similar changes were observed in the
second group of observations, where after two weeks
of rehabilitation 1-C increased by 6.50+0.41 cm, while
during subsequent observations at 4 and 6 weeks the
dynamics was recorded at 0.56+0.05cm and
0.8120.07 cm, respectively.

Table 1

Dynamics of spatial-temporal indicators in the process of physical therapy (M+m)

Research phase

Length of cycle, cm

Walking speed, m/s

Group I Group II Group I Group II

Screening 64.6+4.0 68.0+4.1 0.46+0.04 0.52+0.04

2 week Abs. 71.24+4.2 74.5+4.0 0.50+0.05 0.55+0.04

A 6.57+0.42 6.50+0.41 0.04+0.01 0.03+0.01

4 week Abs. 72.4+4.1 75.1+£4.0 0.53+0.05 0.59+0.04
A 1.21+0.09 0.56+0.05 0.03+0.004 0.03+0.006

6 week Abs. 73.1+4.1 75.9£3.9 0.62+0.05 0.63+0.04
A 0.65+0.06 0.81+0.07 0.10+0.010 0.04:+0.004*

A total 8.43+0.56 7.88+0.35 0.16+0.01 0.11+0.01*

Notes: * — p<0.05 by the indicator between I and II groups of observation; Abs. — the absolute value of the indicator; A — the difference between the
indicators in the corresponding week and the previous week of observation; A total — the difference between the indicators before and after the
application of the program of therapeutic interventions; data are presented in M+m format.

The developed training program also had a
positive effect on WS (Table 1). Thus, according to
the 10-meter walking test, a statistically significant
increase in WS was found both in the first
observation group — by 34.8%, and in the second
group — by 21.2% (p<0.05), in the absence of a dif-
ference between groups in absolute value. The
analysis of growth dynamics revealed the largest
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increase in WS in the first group of observation from
5™ to 6™ weeks of training (p<0.05). Similar dyna-
mics was observed in the second group of obser-
vations but the value of the increase in WS did not
reach a statistically significant level (p>0.05).

In addition, during the application of the developed
program of therapeutic interventions, an improvement
in aerobic endurance was observed in both observation
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MEJINYHI IIEPCIIEKTUBH / MEDICNI PERSPEKTIVI

groups (Table 2). The greatest increase in aerobic
endurance was achieved in the last two weeks of
training in both I and II groups (p<0.05). However, the

increase in endurance in group [ was statistically
significantly greater than in group II (p<0.05).

Table 2

Dynamics of endurance indicators by a 6-minute walking test (M+m)

Research phase

6-minute walking test, m

Group I Group II
Screening 216.7+£23.3 231.1+£21.2
2 week Abs. 228.1+24.7 238.8+21.4
A 11.4+3.7 7.6+1.1
4 week Abs. 234.1+24.9 248.5+22.7
A 6.1+1.2 9.8+3.0
6 week Abs. 264.0+26.7 268.2+21.5
A 29.9+3.1 19.7+2.7
A total 47.3+4.2 37.1+£3.1*

Notes: * — p <0.05 by the indicator between I and II groups of observation; Abs. - the absolute value of the indicator; A — the difference between the
indicators in the corresponding week and the previous week of observation; A total — the difference between the indicators before and after the
application of the program of therapeutic interventions; data are presented in M+m format.

Of particular interest are the data on the
dynamics of gross motor functions by the scale
GMFM-66 (Table 3). Thus, a significant increase in
the percentage of functions performed in the first
observation group was observed. At the same time,
in group II there was also an increase in GMFM-66,
but it did not become statistically significant. In a
detailed analysis of the components of the increase,
it was found that in the first group of observations it
was statistically significantly better (p<0.05),
therewith the largest increase was achieved in
running and jumping indicators. In contrast, in the
second group of observations the statistical signi-
ficance occurred only in indicators that characterize
the dynamics of walking.

The study confirmed the results of Verschuren O.
et al., 2016 [14] on the positive therapeutic effect of
functional walking on static-dynamic motor
performance, including walking speed and length of
one walking cycle and overall endurance in children

with CP, at the same time they experienced the
greatest dynamics during training with the use of
motivated movement without stable fixation.

In contrast to the position of Willoughby KL,
Dodd KJ, Shields NA, 2009 [16], which proved the
negative impact of with training partial support, the
results of this study show an improvement in both
spatial-temporal walking and overall endurance
during such trainings. However, it was therapeutic
training without support that contributed to more
positive changes, which confirms the data of Swe
N.N. etal., 2015 [12].

Of particular attention are the data on the positive
impact of cyclic therapeutic trainings without stable
partial support on overall endurance, which, in our
opinion, led to an increase in the percentage of
performeding grosss motor functions in the group
where the program of therapeutic training was used
through motivated movement without stable fixation
on the developed Rehabilitation device.

20/ Vol. XXV/ 4
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Table 3

Dynamics of indicators of gross motor functions on the GMFM-66 scale (E scale) (M+m)

Research phase

GMFM-66 (E scale),%

Group I Group II
Screening 50.2+5.6 52.3+4.8
2 week Abs. 53.7£5.6 53.1+4.8
A 3.5+0.5 0.8+0.2*
4 week Abs. 55.4+5.6 53.6+4.8
A 1.7+0.2 0.5+0.1*
6 week Abs. 56.6+5.6 54.1+4.8
A 1.3+0.2 0.52+0.07*
A general 6.4+0.6 1.8+0.2%

Notes: * — p<0.05 by the indicator between I and II groups of observation; Abs. - the absolute value of the indicator; A — the difference between the
indicators in the corresponding week and the previous week of observation; A total — the difference between the indicators before and after the
application of the program of therapeutic interventions; data are presented in M£+SD format.

CONCLUSIONS

1. The application of the proposed program of
therapeutic exercises which included walking with
motivated movement and partial body weight
supporting on the developed Rehabilitation device
for persons with musculoskeletal disorders
positively effected on the static and dynamic
characteristics of walking. This improved perfor-
mance of activities important for a child with
cerebral palsy, including walking and running.

2. The optimal time to increase the length of one
cycle of walking is a 4-week program, for the
development of general endurance and speed — a 6-

week program of therapeutic training. Imple-
mentation of this program using the developed
Rehabilitation device for persons with muscu-
loskeletal disorders with the possibility of moving
and applying the technique of performing exercises
with partial unstable pelvic support by an abductor-
lift moving along the vertical axis, caused a positive
effect on gross motor functions (walking, running
and jumping) in children with spastic form of
cerebral palsy.

Conflict of interest. The authors declare no
conflict of interest.
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