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Abstract. Topicality. Organic lesions of the central nervous system (CNS) are a
group of neuropsychiatric disorders caused by various pathological factors affecting
the brain. Infantile cerebral palsy (ICP) is the most common neurological disease
diagnosed in children at an early age. 80 % of children with ICP suffer from spastic
forms, the main symptom of which is an abnormal increase in muscle tone —
spasticity. This syndrome can be objectified by electroneuromyographic (ENMG)
examination which enables qualitative and quantitative assessments of the nervous-
muscular system state.

Objective: to determine clinical and electroneuromyographic peculiarities of the
spastic syndrome of ICP children depending on the intensity of motor disorders.
Materials and methods. 122 ICP children were examined (an average age 8,8 + 3,7
years) and distributed into groups by the results of Gross Motor Function
Classification Expanded & Revised (GMFCS E&R). All the patients underwent
careful neurological examination and ENMG examination. To assess supra-
segmental and segmental levels of nervous system lesions, the parameters of H-reflex
and F-wave were analyzed.

Results. Spastic forms of ICP were diagnosed in the majority of the examined
children. Orthopedic pathology was found more often among ICP children with
marked motor disorders, including equinovalgus position and planovalgus foot
deformity. According to ENMG parameters ICP patients presented conduction
disorders manifested by increased amplitude of M-response, especially in testing the
tibial nerve, increased Hmax/Mmax ratio and the amplitudes of H-reflex and F-wave.
Conclusions. According to the results of the conducted study, ENMG parameters
changed on the side of deterioration depending on the degree of motor activity
disorders by Gross Motor Function Classification.
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Anomauin. Akmyansnicme. Opeaniuni ypasicenus yeHmpaibHoi HepPB8OBoI cucmemu
(LIHC) - ye epyna nep6o6o-ncuxiyHux posiadis, wo GUHUKAIOMb GHACAIOOK 6NAUBY
Ha MO30K PI3HUX namono2iynux paxmopie. Jumsiuuii yepeopanvruii napaniv (J{LI1)
€ HaUbbU NOWUPEHUM HEBPONO2IYHUM 3AXEOPIOGAHHM, WO OIA2HOCMOBAHO Y
dimeu pannvozo 6ixy. 80 % odimei i3 JJLI1 cmpasxcoaioms na cnacmuuti ghopmu,
OCHOBHUM CUMNMOMOM SIKUX € NIOBUUYEHHS M 8308020 MOHYCY — cnacmuunicms. Letl
CUHOPOM MOJCHA 06 ’€kmugizysamu 3a 00NOMO2010 eleKmMpPOHEUpoOMioepaphiuno2o
(EHMT)) 0ocniosicenns, sike 0ae MONCIUBICING AKICHO MA KIIbKICHO OYiHUMU CMaH
HEPB0BO-M 130801 cucmemu.

Mema - guznauumu KiiHiKO-e1eKmpoHetupomMiocpagiuni 0cooau80Cmi CnacmuiHo2o
cunopomy y dimeii i3 JJL[I1 3aneaucro 6i0 inmencusHOCmi pyxoeux nopyuieHb.
Mamepian i memoou. Obcmediceno 122 oumunu i3 JLII (cepeonii ik 8,8 + 3,7
POKY), DO3NOOLNEHUX HA 2PYRU 30 Pe3yIbMmamamu po3uupeHoi ma nepeziaHymor
3aeanvroi  kaacugixayii pyxosux @yuxyin (GFCS E&R). Ycim nayienmam
npogedeHo Heeponociune obcmedxcennsi ma EHMI oOocnidocenns. [ns oyinku
HAOCe2MeHmapHo20 ma CecMeHmapHo20 pIGHIE YPadiCeHHs Hep8ogol cucmemu
npoananizosano napamempu H-pegnexcy ma F-xeuni.

Pezynomamu. Y 6inouiocmi o6cmedicerux oimetl 0iaeHOCMOBAHO CNACMUYHI popmu
JILII1. Opmoneduuny namonoeiio wacmiwie susensinu y oimeu i3 {11 3 supasxcenumu
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pyxosumu

nopyuenHamu,

6KJIIo4darodu eKGiHOGCZﬂbeCHe NOJIOJCEHHA ma

naockosanveycHy odegopmayito cmon. 3a oanumu EHMI-napamempis LTI, y
nayieumie GIiO3HAUANUCS NPOGIOHUKOBL PO3NAOU, WO BUPANCATUC 30LTbULEHHIM
amnaimyou M-6i0nogioi, ocobauso npu OOCHIONCEHHI BEIUKOZOMIIKOB020 HeEpad,
niosuwgenHsm cniegionowennsi Hmax/Mmax ma amnnimyo H-pegrexcy ma F-xeuni.
Bucnosku. 3a pesynomamamu nposedenozo Odocaiovcenns, napamempu EHMI
3MIHIO8aNUCA Y OIK NOZIPULEHHs, 3A1eHCHO 8i0 CMYNneHs HOpYUleHb PYXo80i
akmugHocmi, 8i0n0giono, 3a I1Ikanoio 6enuKkux MOmopHux QyHKyitl.

Introduction. Organic lesions of the central nervous
system (CNS) are a group of nervous-psychic disorders
occurring due to the effect of various pathological factors
on the brain at different stages of ontogenesis. A high-risk
factor promoting the occurrence of CNS, organic lesions in
the development of a child is cerebral-organic
insufficiency which results from negative biological
actions on the child’s brain, especially at the early stages
of ontogenesis during the intrauterine period (intoxication,
infection, hypoxia, etc.), birth injury and postnatal
asphyxia, immune incompatibility of mother and fetus,
associated with immune conflict, prematurity, postnatal
cerebral infections, injuries and intoxications [1, 2, 3].

Infantile cerebral palsy (ICP) is the most spread
neurological disease diagnosed in children at an early age.
The term «infantile cerebral palsy» includes a number of
syndromes occurring due to organic brain lesions [4, 5].

The main clinical signs of ICP are non-progressing
disorders of motor function and posture. 80 % of children
with ICP suffer from spastic forms, the main symptom of
which is overactive muscular tonus — spasticity formed due
to a combined lesion of the pyramidal and extrapyramidal
structures from the side of the brain and spinal cord [6].

Spasticity with ICP is characterized by a number of
features, including pathological tonic reflexes, the
occurrence of pathological synkinetic activity in
performing voluntary movements, disorders in the
coordination of movements between the synergist and
antagonist  muscles  (co-contraction  phenomenon),
increased general reflex excitability (pronounced start-
reflex available). Spasticity in ICP children results in the
formation of pathological motor stereotype from minimal
overactive muscular tonus at the early age to the formation
of contractures at the late residual stage of the disease
formation [7, 8, 9].

The degree of manifestation of spasticity ranges
considerably in ICP patients due to cerebral circulatory
disorders and depends mainly on the localization of lesion
focus, the severity of paresis and symptoms associated with
paresis (sensible disorders on the site of paresis, cerebellar
signs). Spasticity influences the motor abilities of patients
in different ways: mild spasticity deteriorates walking
function, increasing with walking and limiting the distance
the patient is able to cover without taking a break. Severe
spasticity levels in the muscular tonus cause development
of contractures and deformity of limbs, occurrence of
painful flexor spasms, and severe disability in patients [1,
2, 10].

At the same time, an investigation of the pyramidal
central motor neuron found its functional irregularity along
the whole length. It means, that in case of damage to any
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area, a different manifestation of spasticity occurs, which
determines the other degree of severity of ICP clinical
manifestation. The condition of the muscular tonus and
control over the dynamics of spasticity can be objectified
using biomechanical methods and electroneuromyographic
(ENMG) examination, which enables to get qualitative and
quantitative assessment of the nervous-muscular system
state [11]. On this basis appropriate procedures can be
indicated for the patients, their effect can be controlled and
future rehabilitation can be predicted in every particular
case.

Objective: to determine clinical and
electroneuromyographic  peculiarities of the spastic
syndrome in ICP children depending on the intensity of
motor disorders.

Materials and methods. 122 ICP children were
examined (average age of 8,8 + 3,7 years). They were
treated at the Regional Center of Medical-Social
Rehabilitation of Children with organic lesions of the
nervous system (Chernivtsi). ICP children were divided
into groups according to Gross Motor Function
Classification Expanded & Revised (GMFCS E&R)
(Table 1). Nowadays GMFCS is generally recognized as
an instrument to assess the voluntary motor activity of
children with ICP and to divide them into five accurately
determined groups according to the development of the
gross motor function. GMFCS enables to determine
functional abilities of a child, requirements in auxiliary
means and possibility to move. This Classification is found
to be a reliable, safe and reproduced method of clinical
assessment in children with ICP [12].

All the patients underwent careful neurological
examination and ENMG examination. Special attention to
the neurological status of patients with ICP was paid to
disorders of the muscular tonus of the lower and upper
limbs, intensification of tendon and periosteal reflexes and
their asymmetry, intensity of the spastic syndrome of
motor activity disorders in the flexor and extensor muscles
of legs and arms, ability to walk independently, possible
disorders of urination and defecation.

ENMG examination was carried out on the computer
software package M-TEST («DX-systemy, Kharkiv,
Ukraine). Three nerves (median, fibular and tibial) were
examined by means of the stimulation method. Stimulation
conduction velocity (SCV) by motor fibers, the amplitude
and shape of M-response according to the standard
methods were assessed. To assess supra-segmental (upper
motor neuron) and segmental (a-motor neurons of the
spinal cord and peripheral nerves) levels of affliction, the
parameters of H-reflex and F-wave were analyzed.
Parameters of F-wave of the tibial and median nerves were
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Table 1

Distribution of patients with infantile cerebral palsy according to the Gross Motor Function Classification
Expanded & Revised (GMFCS E&R)

Groups of the examined patients with ICP Average Number, %
age, years n
1%t group included children walking without limitations 8,16+3,02 23 18,9
2" group — children walking with limitations 10,05+4,20 26 21,3
3" group — children who walk using a hand-held mobility device 9,10£1,90 26 21,3
m — e
fnol?irlti)tuyp children whose self-mobility is limited, may use powered 82427 25 205
5t group — children transported in a manual wheelchair 7,41+£3.91 22 18,0
Total 8,8+3,7 122 100

assessed by the indices of the mean amplitude (mean AF,
mcV); parameters of H-reflex were determined by the
indices of H-reflex amplitude (mV), maximal H-reflex
amplitude and M-response ratio was calculated in per cent
(Hmax/Mmax) [13]. The data obtained were statistically
processed by means of the applied programs using paired
and unpaired Student t-criteria. Statistical processing was
performed using applications MS® Excel® 2007tm,
Biostat®, Statistika® 6.0.

Results and discussion. Spastic ICP forms were
diagnosed in the majority of the examined children: in 40
(32,8%) children — spastic diplegia, in 25 (20,5%) —
hemiparesis form, in 6 (4,9%) — spastic triparesis, in 34
(27,9%) — spastic tetraparesis, hyperkinesis was found in
10 children (8,2%) and atactic syndrome — in 7 (5,7%)
children.

The majority of children with spastic ICP forms
developed with retardation of static-kinetic and psycho-
speech development: 108 (88,5%) patients did not hold
their heads, turn from the back to the stomach and sit at the
usual age. 49 (40,2%) children were able to stand and walk
independently later than others, 41,8% of children started
walking under 2-7 years only with support. 18,0% of
patients were transported in a manual wheelchair with the
assistance of others. Functional disorders of the arms were
of various degrees of severity: from mild disorders of
minor motor function to gross pronator-flexor contractures
in the arms with severe restriction of voluntary movements.
The muscular tonus of the majority of patients was
intensified by a spastic type, a part of the patients had
hyperkinesis (8,2%); muscular dystonia was registered
against the ground of an intensified tonus.

The neurological status of 67 (54,9%) children with
ICP determined the symptoms of cranial nerves damage,
more often in the form of spastic tetraparesis caused by
disorders of the cortical-nuclear ways. The signs of lesions
of the brain stem structures were found in 7 (5,7%) cases.
Pseudobulbar syndrome was diagnosed in14 (11,4%)
patients from the 5™ group with the formation of spastic-
paretic dysarthria, disorders of articulation and swallow
function.

ENMG examination of patients with ICP found
neurophysiological signs of supra-segmental disorders
correlated by severity of spastic syndrome and motor
disorders presented in Table 2.

According to the results of the conducted study (Table

2), ENMG parameters changed on the side of deterioration
depending on the degree of motor activity disorders by
Gross Motor Function Classification (GMFCS E&R). The
most pronounced values of ENMG parameters were found
in the 41" and 5" groups of children with considerable motor
disorders: testing of the fibular nerves registered a reliable
decrease of the motor response amplitude (49,6% and
57,9%, respectively) of nerves in comparison with the
patients from the 1% group which is indicative of a reduced
power of muscular contraction of the appropriate muscles
and axonal depletion in the distal segments of the fibular
nerve. It is explained by the fact that orthopedic pathology
was more often diagnosed in children from the 4™ and 5%
groups, that is, equinovalgus position and planovalgus foot
deformity. Clinical manifestation of these patients
possessed certain differences in the form of sensory
disorders in the area of innervation of the fibular nerves,
reduction or loss of protective reflexes and other signs of
pyramidal insufficiency, hypotrophy of the extensor
muscles of the feet, trophic disorders due to dyshydrosis,
mottled skin (cutis marmorata) and temperature changes of
the feet. Examination of stimulation conduction velocity
(SCV) by motor fibers of the fibular nerves did not find
reliable differences in all the examined groups of patients.
The indicated disorders are most likely of a secondary
character since these changes are formed gradually with
increasing orthopedic pathology in children with ICP and
severe motor disorders. In its turn, the amplitude of M-
response in testing the tibial nerve was reliably higher in
children from the 4% and 5™ groups (children with intensive
motor disorders), which is indicative of a considerable
tonus increase in the flexor muscles of the feet and toes.

Examination of H-reflex in testing the gastrocnemius
muscle found reliable changes in all the patients in
comparison with the control group, which was indicative
of disorders of the supra-segmental innervation. A
considerable decrease in the threshold of H-reflex
appearance was found (with 2 mA), which is indicative of
increased excitability of the spinal motor neurons. The
threshold of M-response appearance was lower as well.
Therefore a relative threshold of H-reflex did not increase
considerably. The appearance of H-reflex in testing the
median nerve is indicative of a considerable decrease in the
threshold of reflexive excitability.

A reliable increase of H-response amplitude was
registered in the 4™ and 5™ groups: 31,6% in children from
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Table 2

Electroneuromyographic parameters by means of stimulation of motor nerves in children with organic lesions of
the nervous system according to Gross Motor Function Classification

Groups of children with ICP according to Gross Motor Function Classification
Parameters 1%t group 2" group 3 group 4™ group 5t group
(n=23) (n=26) (n=26) (n=25) (n=22)
n. medianus
(m. abductor pollicis | 7,17+0,87 6,86+0,81 7,92+0,63 5,80+0,36 6,10+0,31
] brevis)
Amplitude . peroneus
of M- : * *
response (m. extensor | 4,83+0,64 5,19+0,99 3,13+0,44* f;43i0’57 / 3;03i0’22 /
(mv) digitorum brevis)
. tibialis (m.adductor | g ¢, o7 12,34£0,89% | 11,78£0,56 | 13,55¢1,03% | JH02%1.34
hallucis)
Stimulation conduction velocity
(m/sec) 45,1242,03 | 44,7441,82 | 46,124231 | 43874236 | 44,65+1,92
n. peroneus
(m. extensor digitorum brevis)
Mean amplitude of F-wave, mcV
T ' 1029,48+ 1281,30+ 1463,31+
n. tibialis . 766,14£44,52 | 909,82£76,58 | g'q 140.91%%% | 196,454+
(m.adductor hallucis)
Amplitude ~ of _ H-reflex —(m. | 57, 53 4,85+0,42 5,.83£0,51 | 6,2540,57* | 6,18+0,63*
gastrocnemius(cap.lat.)) (mV)
%
Hinax/Minas (%) 37,6+4,32 51,1044,76% | 67,2046,24* ;1’70i7’62 ff,;fhg’&

Notes: * — difference reliability from the parameters of the 1% group; ** — difference reliability from the parameters

of the 2" group.

the 4™ group and 30,9% - in the 5™ group, which is
indicative of a severe degree of spasticity in these groups.
A reliable pro-gradient increase of Hmax/Mmax ratio was
determined with the intensity of motor disorders according
to GMFCS E&R , and the highest parameters were found
in children who were not able to move independently —
57,1% in comparison with patients who walked
themselves.

Analysis of F-wave parameters in patients with spastic
forms of ICP found a reliable increase in F-wave
amplitude, especially with stimulation of the tibial nerve.
The highest values were registered in children from the 4th
(by 40,1%) and 5th (by 47,6%) groups in comparison with
the 1st group, which is indicative of a considerable increase
in synchronous excitability of a-motor neurons of the
lumbar-sacral segments of the spinal cord and marked
neurophysiological signs of the conductive (pyramidal)
insufficiency with damage of the cortical-cervical and
cortical-lumbar ways.

Thus, a  comprehensive  clinical-instrumental
examination of children with ICP is valuable in diagnostics
of muscular tonus disorders, which must include a careful
assessment of the neurological status, orthopedic
examination and ENMG examination with compulsory use
of the phenomenon of F-wave and H-reflex. The latter
ENMG parameters determine the degree of severity of
spastic syndrome which enables a remote prediction of
motor disorders and choosing appropriate therapeutic-
rehabilitation measures.
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Conclusions

1. Conductive supra-segmental disorders in children
with infantile cerebral palsy are manifested by reliable
changes in the neuromyographic parameters: increased
amplitude of M-response, especially in testing the tibial
nerve, an increase of Hmax/Mmax ratio, increased
amplitude of F-wave and H-reflex.

2. Axonal lesion of the fibular nerve in the distal
segments of stimulation and paresis of the extensor
muscles of the feet and toes were found in the 4% and 5%
groups of children with ICP according to GMFCS E&R
who were afflicted with valgus foot deformity.

3. The degree of severity of spastic syndrome by the
electromyographic parameters in testing the tibial nerve
increased in the 4™ and 5 groups of children with ICP
according to GMFCS E&R.

Prospects for further research. Continuation of the
study of spastic syndrome in children with organic lesions
of the nervous system, taking into account the severity of
the basic disease.

Conflicts of interest: authors have no conflict of
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