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This study is based on the results of surgical treatment of 718 patients with musculoskeletal disorders against the back-
ground of spastic cerebral palsy. Of these 718 patients, 242 constituted study group 1 (a retrospective study), in which the
treatment approach was based on the general principles of orthopedics. Study group 2 comprised 476 children (a prospec-
tive study), in which a personalized treatment approach was applied based on the prediction of motor development. The
observation period ranged from 6 months to 10 years. Based on a comparative assessment of the Gillette Functional Assess-
ment Questionnaire and data from a gait video analysis, there was an improvement in the results of surgical treatment and a
reduction in the length of postoperative rehabilitation in children with musculoskeletal disorders of the lower limbs in spastic
forms of cerebral palsy.
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VMiccnepoBaHve OCHOBAHO Ha aHanv3e pes3ysibTaToB OMepaTtMBHOMO fevyeHns 718 naunmeHToB ¢ ONOPHO-ABUraTesbHbI-
MU HapyLleHusamm Ha GpoHe cnactudeckux gopm ALM. N3 HMx 242 naumeHTa cocTaBunu uccnegyemyto rpynny 1 (petpo-
CMEeKTMBHOE UCCNefoBaHne), Mnoaxon K NIe4eHUI0 KOTopbiX Obll OCHOBaH Ha ob6LWMX NpuHumMnax optonenun. Mccnenye-
Myio rpynny 2 coctaBunu 476 neTen (NPpoCnekTMBHOE UCCNeaoBaHNE), NeveHne KOTopbIX ObiI0 OCHOBAHO Ha NPUMEHEHUN
nepcoHNdULMPOBAHHOIO NoAXo4a Ha OCHOBaHUM MPOrHO3a ABUraTeNlbHOro passuTus. lNepuon HabnaeHUs cocTaBu
oT 6 mecsaues 0o 10 net. Ha ocHoBaHWM cpaBHUTENbHOW oLeHkM no Gillette FAQ n gaHHbIX BUaeoaHanmaa rnoxoaku otMmeya-
JIOCb YINy4LLEHNE PE3YNbTAaTOB ONEePaTUBHOIO JIEYEHUS N COKPALLLEHME NMPOLAOIKUTENBHOCTM CPOKOB NMOCE0NePauIOHHOMN
peabunuTaunmn y geten ¢ onopHO-aABMUraTeslbHbIMU HapyLUEHUSMU HUXHUX KOHEYHOCTEM npu cnactuydeckmnx dopmax LN,
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Cerebral palsy (CP) is a disease caused by a modern approaches to complex treatment, CP is still
nonprogressive lesion of the central nervous system the main cause of pediatric neurological disabilities
in the perinatal period or abnormal development worldwide [2]. According to epidemiological data,
of the brain with gradual formation of secondary the average incidence of CP is 2.5 per 1000 children
orthopedic disorders as the child grows [1]. Despite [3]. The frequency of CP is higher among premature
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and underweight children, ranging from 1 % to
10 % [4]. Despite the nonprogressive course of the
disease, children with CP require continuous dynamic
observation, conservative treatment, and timely
orthopedic treatment because of their neurological
symptoms and concomitant secondary disorders of
the musculoskeletal system (e. g., joint contracture,
joint dislocation, bone torsion, and changes in the
ligamentous apparatus) in the ontogenesis of motor
development [5, 6]. The following main groups of
therapeutic effects have been distinguished by the
European Consensus for the treatment of CP: oral
antispastic pharmacotherapy, orthopedic surgery,
botulinum therapy, intrathecal baclofen, orthotics,
and functional therapy (including physiotherapy) [7].
Orthopedic surgery is necessary for the treatment of
secondary joint contracture and skeletal deformities
in patients with CP [8]. With the accumulation of
global experience in orthopedic correction of lower
extremity musculoskeletal disorders in such patients,
a gradual transition of tactics from multistage
surgical treatment to so-called simultaneous single-
stage multilevel interventions (i.e., single-event
multilevel orthopedic surgery) has occurred, allowing
treatment to be performed in one surgical session
[9]. One of the most difficult problems of surgery
for CP is the prompt treatment of spinal deformities.
According to the literature, the highest frequency of
spinal deformities (up to 70 %) is observed in patients
with the spastic form of CP. Impaired frontal and
sagittal balance of the body significantly reduces the
stability of the patient’s posture and can lead to back
pain, which decreases the quality of life among these
patients because of a forced decrease in physical
activity [10].

Thus, when discussing the main modern approaches
to the treatment of CP, we must consider several complex
and unresolved issues relating to the radical modernization
of tactics, methods of conservative and surgical treatment,
and changes in the postsurgical rehabilitation strategy of
children with the spastic form of CP.

This studywas performedtoincrease the effectiveness
of surgical treatment of children with musculoskeletal
disorders of the lower extremities caused by spastic
CP by introducing a personalized approach, taking
the prognosis of the patient’s motor development into
account.

Material and Methods. This study is based
on analysis of the results of surgical treatment of
718 patients with musculoskeletal disorders against the
background of spastic CP. Surgical treatment was carried
out in the neuro-orthopedic department of the FSAU
«NMITS of Children’s Health» of the Ministry of Health
of Russia. Of the 718 patients who underwent surgical
treatment, 290 had spastic instability of the hip joints,
147 had contractures or axial deformities of the lower
limbs at the level of the knee joints, 245 had neurogenic
deformities of the feet, and 36 had deformities of the
thoracolumbar spine. Of all 718 patients, 495 (68.94 %)
had spastic diplegia, 119 (16.57 %) had hemiplegia, and
104 (14.49 %) had spastic tetraparesis. The average age
of the patients was 7.4 years (range, 2—-18 years).

The development of orthopedic surgery for children
with musculoskeletal disorders on the background
of CP began with the creation of a traumatology and
orthopedic department at the Scientific and Research
Institute of Pediatrics of the FSAU «NMITS of Children’s
Health» of the Ministry of Health of Russia in 2008. The
development of this orthopedic surgery center was
divided into two stages. In the first stage (2008-2012),
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the approach to the surgical treatment of this category
of patients was based on the general principles of
orthopedics. The ideology of this approach to surgical
treatment was correction of the severity of the clinical
symptoms of the patient’s musculoskeletal disorder,
the phasing of operational benefits, and conservative
treatment if several operations were necessary. At that
time, this was dictated by the need to reduce surgical
«aggression» in relation to a patient with somatically
severe CP. Patients who received surgical care in the first
stage constituted study group 1 (a retrospective study).
This group comprised 242 children. Data from the
patients’ medical records (orthopedic and neurological
status of the patient as well as data from medical
records, outpatient records, and medical reports) were
retrospectively analyzed.

Patients with CP-related musculoskeletal disorders
who underwent operations in the second stage using
a personalized approach based on prediction of the
child’s motor development comprised study group 2 (a
prospective study). This group contained 476 children
treated in the neuro-orthopedic department of FSAU
«NMITS of Children’s Health» of the Ministry of Health
of Russia from 2013 to 2018 (after the restructuring of
the traumatologic-orthopedic department in 2013).
Treatment involved a personalized approach to the
surgical correction of neurogenic musculoskeletal
disorders based on the prediction of motor development.
The main criterion for the prediction of motor
development was correct determination of the level
of development of large motor functions according
to the Gross Motor Function Classification System
(GMFCS), which was determined jointly with neurologists
during the preoperative examination of the patients.
An interdisciplinary approach involving a pediatrician,
neurologist, orthopedist, exercise therapy doctor,
physiotherapist, speech therapist, pathologist, child
psychiatrist, and other specialists provided an individual
approach to each child and a weighted decision on
the tactics and extent of surgical treatment, taking the
comprehensive assessment of the patient’s condition
into account. By 2013, the components of the complex
treatment of children with CP had already been introduced
into the daily work of FSAU «NMITS of Children’s Health»
of the Ministry of Health of Russia. Surgical treatment
of the patients in study group 2 was carried out using
simultaneous multilevel interventions.

Clinical, instrumental, radiation, and radiometric
research methods were used in the present study. The
examination of a child with CP began by defining his
or her global type of movement disorder and muscle
tone according to the 10" revision of the International
Statistical Classification of Diseases and Related
Health Problems. Greater uniformity in the international
clinical assessment of patients with CP was achieved
with introduction of a functional classification system of
large motor functions (i.e., the GMFCS), developed by
Robert Palisano in 1997. According to the GMFCS, there
are five levels of development of large motor functions:
level |, walking without restrictions; level Il, walking with
restrictions; level lll, walking with the use of manual
devices for movement; level IV, self-movement is limited
and motorized vehicles can be used; and level V, full
dependence of the child on others with transportation in
a wheelchair. Comparative standardized analysis of each
patient’s mobility before and after surgical treatment
was assessed dynamically using the Gillette Functional
Assessment Questionnaire (Gillette FAQ) 10-point scale
[11]. The results were evaluated 6 to 18 months after
surgical treatment.
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A gait video analysis was performed for objectification
of the quality of walking in patients at levels | to Il of the
GMFCS, allowing for quantification of changes in the
patient’s motor stereotype before and after surgical
treatment. Forty children with the spastic form of CP after
surgical treatment of foot deformities were examined.
The unit of video gait analysis was a double step cycle;
i.e., the minimum module of a person’s walking, limited
by the period from the beginning of the foot’s contact with
the support to the beginning of the next contact of the
same foot with the support. Video registration was carried
out by means of the two-dimensional hardware—software
complex «StarTrace» (Russia) for biomechanical analysis
of movements with the conduct and analysis of shooting
in two planes (frontal and sagittal). In each frame, the
selected kinematic model was built, and the obtained
angular and linear kinematics data were analyzed. The
average durations of the following rehabilitation periods
in each study group were calculated: the postoperative
period of plasterimmobilization, recovery time to previous
(preoperative) physical activity, and time to habilitation
to a significant increase in physical activity (for patients
who had a significant increase in physical activity on the
Gillette scale).

Statistical processing of the data was performed using
the Statistica 8.0 statistical analysis package (StatSoft
Inc., Tulsa, OK, USA). The data are presented as median,
standard deviation, and minimum and maximum values.
Differences were considered statistically significant at
p<0.05.

Results and Discussion. The functional charac-
teristics of the patients in both groups were compared
before and after the surgical treatment according to the
Gillette FAQ (Fig. 1). Comparative evaluation of the func-
tional results of surgical treatment according to the Gil-
lette FAQ scale showed an increase in the scores reflect-
ing physical activity in 295 (61.97 %) patients in group
2 and in 97 (40.08 %) patients in group 1. No dynamics
of the functional status for this indicator were present in
171 (35.92 %) patients in group 2 and in 133 (54.96 %)
patients in group 1. A decrease in the functional sta-
tus was found in 10 (2.10 %) patients in group 2 and in
12 (4.96 %) patients in group 1. Based on the above dy-
namics of the functional status in the patients in each study
group, surgical treatment was significantly more effective
in study group 2 than 1 (p<0.05). Thus, based on the anal-
ysis of the functional results, a higher efficacy of surgical
treatment was noted in children with CP in group 2.

m Functional status increase
by 2 points (n=12)

12; 5%

‘12; 5%
133; 55% .
m Reduced functional status

A by 1 point (n=12)

m Increase of functional status
by 1 point (n=85)

Functional status unchanged
(n=133)

10; 2% 48;10%

® Functional status increase
by 2 points (n=48)

u Increase of functional status

171; 36% by 1 point (n=247)

The functional status has not
changed (n=171)

® Reduced functional status
B by 1 point (n=10)

Fig. 1. Comparative analysis of the distribution of study group 1 (n=242) and study group 2 (n=476) with respect to the changes
in the numbers of points on the Gillette Functional Assessment Questionnaire scale after surgical treatment.
(A) Functional results of treatment of patients in group 1. (B) Functional results of treatment of patients in group 2

We also performed a comparative analysis of the du-
rations of the periods of postoperative rehabilitation after
surgical treatment of children with musculoskeletal disor-
ders against the background of CP in each study group.
The postoperative period of plaster immobilization in
study group 1 was 4.2+0.8 months. This period in study
group 2 was 1.3x1.4 months, which was a significantly
better indicator (p<0.05). The recovery time to the previ-
ous (preoperative) physical activity level was also signifi-
cantly different between group 1 (4.7+1.8 months) and
group 2 (2.8+1.1 months; p<0.05). The time of habilita-
tion to a significant increase in the physical activity level
(for patients who had a significant increase in physical
activity on the Gillette scale) was 8.9+2.6 months in group
1 and 5.9%£2.1 months in group 2 (p<0.05). That is, this
comparative analysis showed a significant reduction in
the duration of rehabilitation of patients whose treatment
took into account the prognosis of motor development
according to the GMFCS and used simultaneous multi-
level surgical interventions.

In the gait video analysis, assessment of the li-
near kinematics of the common center of gravity in the
frontal plane made it possible to determine that by the
end of the course of rehabilitation treatment in 25 pa-
tients who had undergone surgical correction of foot
deformities, the variability decreased (the ratio of the
points of deviation from the axis during the walking
cycle before treatment was 2:1, and that after treat-

ment was 1:1) and the speed of movement decreased
(Fig. 2). These results indicate an increase in the stabi-
lity of the patient’s vertical axis. A significant improve-
ment in the cinematogram of the ankle joints was not-
ed (p<0.05). We also observed a significant increase in
the coefficients of variation of walking at the maximum
point in the posterior impulse phase and in the period
of foot transfer with the minimum angle in the ankle
joint (the average coefficient of variation at selected
points on the cinematogram before surgical treatment
was 4.81%£1.38, and that after surgical treatment was
4.61+1.40) (p<0.05). All changes were regarded as a
positive effect of surgical treatment and comprehensive
rehabilitation against the background of changes in the
subjective examination data.

Whenchoosingtheoptimalageforsurgicalcorrection
of musculoskeletal disorders of the lower limbs of the
patients in group 2, we used the recommendations of
the European Consensus for the treatment of children
with CP [12, 13]. In determining the indications for
orthopedic surgery, we avoided surgical aids until
the age at which children at each specific level of the
GMFCS reached, on average, 90 % of their potential
motor development. For patients at levels |, II, llI/IV, and
V on the GMFCS, thisageis 5.0, 4.5, 3.5, and 3.0 years,
respectively. After patients with CP attain these ages,
the severity of neurological disorders does not change
at later ages [14, 15].
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Fig. 2. Results of the video analysis of the patient’s gait after surgical
treatment of foot deformity. (A) Cinematogram of the patient before
surgical treatment (correction of equinus of the right foot).

(B) Cinematogram of the patient 6 months after surgical treatment
and rehabilitation. (C) Schematic representation of the movement
of the center of gravity of the patient’s body in the sagittal
plane while walking (Perry J., 1992)

Analysis of the level of formation of large motor
functions allows us to compare the dynamics of motor
development of a patient with CP not with the age norm,
but with the average rate of development of children with
a similar level of motor deficit; that is, in comparison with
the «natural course of the disease.» Patients at levels |
and Il of the GMFCS have a high habilitation potential
and accordingly have the ability to move vertically
without using additional means of support. Notably, the
progression of lower limb musculoskeletal disorders
may significantly limit this ability in the future. Patients
at level lll on the GMFCS are the most «sensitive» to
the choice of treatment tactics. To a large extent, the
choice of treatment tactics depends on the initial degree
of the patient’s motor activity because such patients
move either with the help of additional means of support
or with the help of a wheelchair in a sitting position.
Musculoskeletal disorders of the lower extremities
significantly reduce the patient’s tolerance to walking
and the quality of the gait. With the progression of
pathological dysfunction of the lower extremities, these
patients often lose the ability to move independently.
The purpose of orthopedic operating aids for patients
at level IV on the GMFCS is to recreate a stable sitting
position, in which such patients spend most of their
lives. Secondary spinal deformities, pelvic distortion,
instability of the hip joints, and secondary pathological
dysfunction of the lower extremities prevent these
patients from maintaining a stable sitting position. This
reduces their social adaptation because of the unstable
position of the body and limbs in space. Patients at level
V of the GMFCS can maintain half-sitting and reclining
positions, but secondary orthopedic disorders due to
muscle spasticity make it difficult to transport these
patients and care for them daily.

Conclusions. Themaincriterionfortheeffectiveness
of treatment is the patient’s acquisition of a more stable
posture and the ability to move in comparison with the
natural course of the disease. The choice of tactics in
the surgical treatment of patients with CP is dictated by
the level of formation of large motor functions (i.e., the
GMFCS level), which allows for accurate determination
of the prognosis of the child’s motor development. Our
comparative assessment of the patients’ motor activity
before and after surgical treatment according to the
Gillette FAQ scale showed that the use of an integrated
personalized approach to surgical correction of lower
limb musculoskeletal disorders based on the prediction
of motor development significantly increased the
treatment effectiveness for children with spastic CP.
This was also confirmed by the comparative gait video
analysis. The introduction of single-event multilevel
orthopedic surgery contributed to a reduction in the
durations of postoperative plaster immobilization and
postoperative rehabilitation, thus helping to prevent
loss of the skills that the child has already attained. The
effectiveness of an interdisciplinary team of specialists
suggests that a personalized approach based on
prediction of the motor development of children with CP
should be considered the gold standard of high-quality
treatment for children with CP.
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ANTIOXIDANT AND HEMOLYTIC PROPERTIES OF DIFFERENT EXTRACTS
FROM PRUNELLA VULGARIS L. LEAVES

Ohanyan A. Dj. !, Shishkoyan N. J.!, Kazaryan Sh. A. ', Hovhannisyan A. A.,
Tiratsuyan S. G. !, Elbekyan K. S. 2, Koshel V. I. 2, Khodzhayan A. B. 2

! Russian-Armenian University, Yerevan, Republic of Armenia
2 stavropol State Medical University, Russian Federation

AHTUOKCUAAHTHBIE U TEMOAUTUYECKUE CBOUCTBA
PA3HbIX SKCTPAKTOB AUCTBEB PRUNELLA VULGARIS L.

A. X. OransH ', H. Ax. WnwkosH !, L. A. KaszapsH !, A. A. OraHecsH !,
C.T. TupaunysH !, K. C. DAb6eksH 2, B. U. Kowweab 2, A. B. XoAXasiH 2

! Poccuitcko-ApMaHCKui yHuBepcuteT, EpesaH, Pecny6Aauka ApmeHus

2 CTaBpONOABCKMI FOCYAOPCTBEHHBIN MEAULIMHCKUI YHUBEPCUTET, Poccuickas Peaepaums

The plant Prunella vulgaris L. has long been used in traditional European and Asian medicine. Its extracts reveal
immunoprotective, antitumor, antiinflammatory, and antiestrogenic features. We obtained aqueous and ethanol extracts
from P. vulgaris L. leaves; carried out HPLC analysis; detected the total flavonoids content and the antiradical activity. The



