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A high level of muscle spasticity in children with cerebral palsy is
one of the causes of degenerative and dystrophic changes in tis-
sues. Against the background of high spasticity, there is a violation
of blood flow in the vessels of the lower extremities, which leads to
changes in subfascial pressure and the formation of primary pain
syndromes. The analysis of the literature shows the need to study the
issues related to the mechanism of formation of changes in the mus-
cles and determine the primary causes of pain. Objective. To study
the mechanism of changes in the muscles of the lower extremities,
as well as the primary causes of pain syndrome. Methods. The anal-
ysed indicators were obtained during the treatment of 40 patients
with cerebral palsy, who were divided into 3 groups depending on
the muscle tone disorder. Clinical and instrumental methods were
used to examine patients. The data obtained were statistically pro-
cessed with the determination of M + m, the coefficient of reliability
according to Student’s criteria. Results. According to the results
of the study, high spasticity leads to impaired blood flow and in-
creased subfascial pressure in the musculofascial sheaths. There is
an inverse correlation between the increase in subfascial pressure,
the diameter of the vessel lumen and blood flow velocity. This is one
of the causes of degenerative and denervation changes in muscles
and fascia. It was proved that the occurrence of primary pain in the
lower extremities is caused by various etiological causes: tissue
ischemia; increased subfascial pressure; narrowing of pathologi-
cally significant anatomical areas in which nerves lie; degenerative
and dystrophic changes in the joints. Conclusions. The study found
that the cause of changes in the muscles and fascia is a violation
of blood flow, a change in subfascial pressure in the musculofascial
cases of the lower extremities. The occurrence of pain in the lower
extremities in children with cerebral palsy is multifactorial in na-
ture and consists of myofascial, articular, and tunnel syndromes.
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Introduction

One of the causes of motor impairment in children
with cerebral palsy is joint contractures caused by
spasticity and the subsequent degeneration of mus-
cles [15, 17]. Excessive activity of the lower parts
of the brain is the starting mechanism of motility dis-
orders in children with cerebral palsy [9, 18]. Patho-
logical locomotion is characterized by a loss of selec-
tive muscle control, an imbalance between agonists
and antagonists, abnormal muscle tone, and develop-
ment of pain syndrome [2, 3].

The muscles that provide movements in the hip,
knee joints and feet are most affected [6, 8, 12].
N. M. Nenko and S. V. Vlasenko showed that com-
plex degenerative and denervation processes occur
in muscles under conditions of constant spasticity
[19]. The morphological composition of the tissues
indicates signs of muscle degeneration: fibrillation,
the presence of fibrous tissue. There is also a decrease
in the number of vessels around which connective tis-
sue elements are formed in a ring [16]. At the same
time, the authors do not analyze the systemic blood
flow of the lower extremities, which affects changes
in muscle and connective tissues.

Changes in subfascial pressure are one of the neg-
ative factors affecting muscle trophicity [5, 23]. How-
ever, this indicator in the case of muscle spasticity
has not been studied to date.

Research in recent years has shown that patients
with cerebral palsy suffer from chronic pain, which
is a consequence of muscle overstrain, the formation
of pathological synergies, and an increase in contact
stress in the patellofemoral and hip joints [7, 8, 10,
14]. Poirot et al. showed that in patients with cere-
bral palsy, pain is associated with joint contractures
and foot deformities [20]. According to some authors,
the cause of pain is myofascial syndrome [4, 26].
However, the definition of the primary causes of pain
is not well understood.

Development of pain in the lower extremities is
associated with tunnel neuropathies [11, 21, 25]. But
the issues of etiopathogenesis, presentation and diag-
nosis of compressive lesions of the peripheral nerves
of the lower limbs in children with cerebral palsy re-
main open.

Thus, the analysis of literary sources indi-
cates the need for further study of issues related to
the mechanism of formation of changes in muscles
and fascia, determination of the primary causes
of pain in children with cerebral palsy.

Purpose: to study the mechanism of changes
in the muscles and fascia of the lower extremities,
the primary causes of pain syndrome.

Materials and methods

The study was conducted in accordance with
the principles of the Declaration of Helsinki. Re-
search protocol No. 9 dated 06.11.2017 was approved
by the local ethics commission of P. L. Shupyk Na-
tional University of Health Care of Ukraine. Patients'
informed consent was obtained for the research.

The analyzed indicators were obtained during
the treatment of 40 subjects with cerebral palsy,
spastic diplegia and tetraparesis. In all cases, hip
and knee joint contractures and foot deformities
were recorded.

Patients were divided into three groups depending
on the violation of muscle tone (according to the au-
thor's classification) [S]. The first group included
14 children with reflex tonic tension, the second
group involved 13 patients with spasticity, the third
one 13 patients with rigidity.

To determine the reference values, a group
of 14 children aged 12—14 years without neurological
disorders was recruited.

Patients with cerebral palsy and impaired muscle
tone were included in the study, and children with
lower limb injuries and neurogenic diseases of other
etiology were excluded.

The analysis of the pain syndrome in time course
was carried out according to the numeric rating scale
(NRS), according to its results, pain is classified (in
points):

— 0—3 — absent or weak, which is of little concern;

—4—6 — moderate or medium intensity;

— 7-10 — strong intensity [5, 13].

The Modified Ashworth Scale was used to assess
spasticity in patients. It is aimed at studying the resis-
tance of muscles to passive movement in a joint with
variable speed [19].

Motor motility analysis was carried out according
to the Gross Motor Function Classification System
for Cerebral Palsy (GMFCS) [19].

The degree of changes in the muscles, as well as
the cross-sectional area of the muscles of the lower
limbs was determined on the ALOCA ultrasound di-
agnostic device (USD) with a linear sensor with a fre-
quency of 5 MHz. In order to objectify the study,
the ratio of the size of the cross-section of the mus-
cle to its length was calculated (m. biceps femoris,
m. gastrocnemius, m. tibialis anterior, m. tibialis pos-
terior, m. peroneus brevis). The study of blood flow
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in the lower extremities was carried out by ultrasound
dopplerography.

Measurements of subfascial pressure were car-
ried out according to the classic invasive technique
using the serial device Stryker Intra-Compartmenta
Pressure Monitor. On the tibia, this procedure was
performed taking into account four bony-fascial
cases. The needle is inserted into the anterior fascial
sheath in the middle third of the lower leg 2 cm lateral
to the tibial crest. In the lateral case — in the mid-
dle third of the leg, in the projection of the fibula.
The needle is inserted into the posterior deep sheath
at the same level with a margin of 1 cm from the me-
dial edge of the tibia. In the back surface case —
in the middle of the back surface of the lower leg,
at the same level [22, 23]. Determination of subfas-
cial pressure was carried out under local anesthesia:
2-3 ml of 2 % lidocaine solution.

Depending on the type of foot deformity, subfas-
cial pressure was measured in the anterior myofas-
cial sheath in heel abnormality; in the lateral one in
case of pronation; in the superficial-posterior part in
equino-varus impairment.

Results

Ultrasound examination of the Hamstring group
and the muscles of the lower leg showed a moder-
ate increase in cross-sectional area indicators in pa-
tients with reflex tonic muscle tension. The muscles
had a uniform structure, reduced echogenicity, elon-
gated or oblique-longitudinal fiber direction. When
the degree of activity of a certain myofascial chain
increased, the fascia, as adaptive links of the muscu-
loskeletal system, reacted by compacting their struc-

Fig. 1. A 14-year-ol patient K., diagnosis: cerebral palsy with
reflex tonic muscle tension. Sonography of the calf muscle:
1 — fascia, diameter — 0.5; 2 — muscle fibers of the oblique-
longitudinal direction

tures. Thus, in the process of ultrasound examina-
tion, the average thickness of the shin fascia (anterior,
lateral, or superficial posterior), depending on the
deformation of the foot, increased to 0.5 mm (+ 0.1)
for the reference value of 0.3 mm (£ 0.1). Moderate
synovitis of the knee and supracalcaneal joints was
noted (Fig. 1).

In patients with impaired muscle tone manifested
in the form of spasticity, the muscles had a heteroge-
neous structure due to areas of reduced echogenicity,
distinct striations, and the direction of the fibers was
obliquely transverse. The thickness of muscle fibers
was significantly increased in volume. The average
thickness of the lower leg fascia increased to 0.7 mm
(£ 0.2). During the study of the knee joint, increased
echogenicity of the posterior horns of the medial and
lateral menisci, shortening and thickening of the pos-
terior cruciate ligament, signs of severe synovitis
were noted (Fig. 2).

In patients with muscle stiffness as a result
of their slow transformation and the occurrence
of degenerative-dystrophic changes, the ultrasound
parameters reflected a decrease in the cross-sec-
tional area (Table 1). The muscle had a heteroge-
neous structure due to areas of reduced echoge-
nicity, combined with areas of hyperechogenicity,
characteristic of fibrous tissue.

An increase in the acoustic shadow in the muscles
indicated the formation of scar tissue, containing mul-
tiple calcifications. The average thickness of the fas-
cia increased to 1.3 mm (£ 0.2). Pronounced degen-
erative-dystrophic changes in the joints involved
fragmentation of the posterior horns of the medial
and lateral menisci, heterogeneity of the structure

Fig. 2. A 13-year-old patient V., diagnosis: cerebral palsy with
impaired muscle tone in the form of spasticity. Sonography
of the calf muscle: 1 — fascia, diameter — 0.7; 2 — destructured
muscle fibers, increased in volume
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of the collateral, cruciate ligaments (Fig. 3). To as-
sess changes in muscle mass in children with cerebral
palsy, we have developed its index:

MMI = ML: (CSAR + CSAF),

where ML is the muscle length; CSAR is the cross-
sectional area of the muscle; CSAF is the cross-sec-
tional area of the fascia; MMI is the muscle mass
index.

According to the results of the study, this index
changed depending on the degree of impaired muscle
tone (Table 1).

An increase in the cross-sectional area of the mus-
cles, the formation of fibrosis centers indicated
a long-term subacute inflammatory process in
the muscle tissue, resulting in not only the deteriora-
tion of contractile-restorative properties, thickening
of the fascia, but also in a change in subfascial pres-
sure (Table 2).

An increase in subfascial pressure in myofascial
sheathes (more than 20 mm Hg) was one of the rea-
sons for the formation of chronic compartment syn-
drome. The relationship between the increase in
subfascial pressure and the muscle mass index was
recorded (Fig. 4).

We have developed a subfascial pressure coeffi-
cient to determine the compensatory and restorative
properties of the muscle and diagnostic criteria for
chronic compartment syndrome. The determina-

Fig. 3. A 15-year-old patient S., diagnosis: cerebral palsy with
impaired muscle tone in the form of rigidity. Sonography
of the calf muscle: 1 — fascia, diameter — 1.2; 2 — fibrous
tissue in the thickness of muscle fibers
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Fig. 4. Dependence of muscle mass index on subfascial

tion of the coefficient consisted in dividing the in-  pressure
Table 1
Indicators of muscle mass index in children with cerebral palsy
Muscle Group 1,n=14 (M £+ m) Group 2,n= 13 (M +m) Group 3,n=13 (M + m)
Muscle mass index
reference value disorder reference value disorder reference value disorder
m. biceps femoris 1.7+£0.2 1.4+0.1 1.7+£0.2 1.3+0.5 1.7+0.2 24+04
m. gastrocnemius 29+0.5 25+04 29+04 22+07 29+0.7 42+07
m. tibialis anterior 39+0.7 27+0.6 39+0.6 25+04 39+0.6 72+1.1
m. tibialis posterior 32+04 24+0.5 32+0.5 22+03 32+04 54+0.8
m. peroneus brevis 4.2+0.6 3503 4.2+0.7 3.0+0.6 42+0.5 55+0.6
Table 2

Indicators of subfascial pressure

Muscle Group I,n=14 (M + m) Group 2,n=13 (M +m) Group 3,n=13 (M + m)
Muscle mass index
reference value disorder reference value disorder reference value disorder
Anterior 82+1.2 173 £ 1.1 82+1.2 185+14 82+1.2 6.2+1.1
Lateral 104+ 1.1 193+13 104+ 1.1 21.5+1.2 104+ 1.1 84+1.5
Superficial-posterior 73+1.4 16.1 £1.2 73+14 174+ 1.6 73+1.4 53+14
Mean indicator 8.6+1.2 176 £1.2 8.6+12 191+14 8.6+1.2 6.6+1.3
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dex of subfascial pressure, which was fixed before
the load, by the index, which was determined 5 min-
utes after the loading of the triceps muscle of the leg
for 30 seconds. Thus, the subfascial pressure in
the anterior musculo-fascial sheath of the lower leg
before the load was equal to 17.0 mm Hg, 5 minutes
after exercise — 28.0 mm Hg, then the subfascial
pressure coefficient was equal to 0.6 (for the reference
value of 0.8), which indicated a violation of the con-
tractile-restorative properties of the muscle and
the formation of a chronic compartment syndrome.

According to the results of duplex scanning
of the arteries of the lower extremities in patients
with impaired muscle tone (femoral, popliteal, ante-
rior and posterior tibial arteries), the speed and spec-
tral characteristics of blood flow in standard points
of the locations of the arteries of the lower extremities
remained practically unchanged.

Triplex scanning of the deep veins of the lower
extremities (popliteal, posterior tibial) showed
a decrease in the diameter of the venous lumen in

Fig. 5. A 16-year-old patient V., diagnosis: cerebral palsy,
hemiparetic form with reflex tonic muscle tension of the right
lower limb. Doppler imaging of the posterior tibial vein: a —
left lower limb (1D — 0.34; 2D — 0.31); b — right lower limb
(ID —0.26; 2D — 0.24)
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Fig. 6. Dependence of the diameter of venous vessels on
subfascial pressure

the deep veins in patients with increased subfascial
pressure (Fig. 5).

Indicators of the diameter of the venous lumen
of superficial veins (large and small subcutaneous)
remained practically unchanged. An inverse correla-
tion was noted between the increase in subfascial
pressure and the diameter of the lumen of the deep
veins (Fig. 6).

The reference value of pressure in venous cap-
illaries in children was from 15 to 25 mm Hg in
a horizontal body position. Subfascial pressure,
which increased to 20 mm Hg triggered chronic
compartment syndrome: violation of venous blood
flow and development of ischemia of soft tissues.
Clinically, this is manifested by pain, motor motil-
ity disorders, increased muscle tone of the affected
segment of the limb, and paresthesias (Table 3).
The intensity of pain depends on the primary eti-
ological causes and the degree of muscle tone im-
pairment (Fig. 7).

In reflex tonic muscle tension patients of the first
group according to the results of ultrasound exami-
nation were found to have signs of synovitis of large
joints, an increase in the cross-sectional area of mus-
cles, impaired blood flow, swelling of soft tissues,
leading to an increase in subfascial pressure and, as
a result, the development of arthralgic and myofascial
pain. In patients of the second group, in whom a vi-
olation of muscle tone manifested itself in the form
of spasticity, in addition to an increase in the intensity
of arthralgic and myofascial pain, neurogenic pain
developed, caused by the compaction of the fascia
structure, the narrowing of pathologically signifi-
cant anatomical areas, development of tunnel syn-
drome and the formation of compression-ischemic
neuropathy.

In the third group, a decrease in pain intensity due
to denervation and degenerative processes in muscles
and joints was observed.

| I
0 I- I

group 1

~

[\

group 2 group 3

arthralgic pain  m myofascial pain ~ mneurogenic pain

Fig. 7. Intensity of the pain syndrome
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Table 3
Indicators of clinical examination
Indicator (in points) Group 1, n =14 (M + m) Group 2, n =13 (M £ m) Group 3,n=13 (M £ m)
Assessment of spasticity by the Ashworth Scale 2.50+0.20 3.00+0.15 3.80+0.17
Arthralgic pain 2.00+0.10 5.20+0.21 3.10+0.21
Myofascial pain 3.10+0.30 6.10+0.23 2.00+0.10
Neurogenic pain 1.00 + 0.07 7.10£0.19 3.00+0.20

The results of motor motility assessment, which
was carried out in groups according to the gross mo-
tor functions classification system (GMFCS), were as
follows: Group 1 — 10 patients — grade 1 violations,
Group 4 — grade 2; Group 2 — 10 subjects — grade 2,
3 cases — grade 3; Group 3 — 5 patients — grade 3,
8 children — grade 4.

We investigated the causes of the pain syndrome.
An increase in subfascial pressure, ischemia of soft
tissues, compaction of fascias triggers the narrowing
of pathologically significant areas and the formation
of compression-ischemic neuropathies of peripheral
nerves. The first tunnel develops as a result of com-
pression of the nervus ischiadicus, which passes be-
tween m. iliopsoas and m. gemellus superior. Later
on, it can result in compression of the nervus tibialis
in the area of the Hamstring group in the middle third
of the thigh, causing tension in the joint capsule and
the fascia of the popliteal space. In the upper part
of the soleus muscle there are arcus tendineus mus-
culi solei, where arteria et venae poplitea and ner-
vus tibialis pass. Hypertonus m. soleus and m. pop-
liteus during equinus deformity of the foot leads to
compression of the nerve in the popliteal area and
in the Gruber tunnel. Collapse of the medial vault
during pronation deformation of the foot leads to dis-
placement of the navicular bone in the medial-plantar
direction, causing compression of the nervus planta-
ris medialis. In the case of valgus deviation of the cal-
caneus, the tension of the retinaculum musculorum
flexorum leads to compression of the tibialis nerve
in the tarsal tunnel. During the formation of the heel
of the foot, weakening of the musculus tibialis poste-
rior causes hypertonicity of the pronators: musculus
fibularis brevis and musculus fibularis longus. Con-
ditions are created for compression of the nervus fib-
ularis communis under the head of the fibula. Thus,
regardless of the location of the tunnel syndrome,
the innervation of the entire tibial group (muscles in-
nervated by the tibial nerve) is disturbed, the pain
syndrome increases, and joint contractures increase
(Fig. 9).

The pathological chain in children with cerebral
palsy is as follows: pathological innervation — ex-

cessive spasticity — impaired blood flow — chronic
compartment syndrome — pain syndrome — degen-
erative-dystrophic changes in muscles and joints —
hip and knee contractures, foot deformities.

Discussion

According to some authors, the cause of morpho-
logical changes in muscles is their spasticity with
the formation of pathological synergies [12, 19]. Our
own research proves that the main cause of changes
in muscles and fascia is microcirculation disturbance
and subacute inflammatory process with edema in
soft tissues. This leads to an increase in subfascial
pressure in the musculo-fascial cases of the leg, struc-
tural changes in the tissues. Compaction of the fas-
cia structure leads to the narrowing of pathologically
significant anatomical areas, the emergence of tunnel
syndrome and the formation of compression-ischemic
neuropathy. A similar opinion is held by R. Schleip,
who during the study of the thoracolumbar fascia ob-
served the compaction of structural elements against
the background of a chronic inflammatory process
in the vertebral-motor segment, which caused pain
syndrome [24].

L. Poirot et al. believe that in most patients with
cerebral palsy, the pain is associated with contrac-
tures and deformations of the feet and has a combined
character [20]. In our opinion, flexion contractures
of hip and knee joints

on the contrary, lead to a decrease in the nerve
tension reflex and a reduction in pain syndrome.
Also, the research showed that contractures cause
the development of reactive synovitis and arthralgia,
which are most pronounced in patients with a high
degree of spasticity.

According to S. Strafun's research, an increase in
subfascial pressure in children with Volkman's con-
tracture leads to ischemic-compressive neuropathy
and morpho-functional changes in muscles [23]. Our
own observations prove that spasticity is the cause
of impaired venous blood flow, edema, increased
muscle volume, and changes in subfascial pressure.
Thus, the average indicator of this pressure in the my-
ofascial cases of the lower leg in children with ce-
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rebral palsy with impaired muscle tone in the form
of spasticity reached 19.1 mm Hg, which is twice
the physiological indicators.

Y. Bezsmertny claims that the values of subfascial
pressure increase with the deterioration of the func-
tional state of the limb [1]. However, according to
our research, a decrease in the subfascial pressure
coefficient (< 0.8) indicated a decrease in the contrac-
tile-restorative properties of muscles and their fibrous
degeneration. It can be one of the predictors of irre-
versible changes in muscles.

In children with cerebral palsy, the total mass
of flexor muscles increases in relation to extensor
muscles [5]. According to the results of our study,
there is an inverse correlation between the indicators
of the cross-sectional area of the flexor muscles and
subfascial pressure. Thus, the muscle mass index de-
creases with an increase in subfascial pressure.

Most of the authors found morphological changes
in muscles, fascia and blood vessels based on histo-
logical analysis of tissues [19]. Our own observations
prove the possibility of assessing the presence of de-
generative-dystrophic changes in tissues based on
the results of ultrasound.

During the study of the histological material
of the muscles of the lower limbs in children with
cerebral palsy with impaired muscle tone, V. L. Lont-
kovskyi proved a decrease in the number of vessels
around which, as spasticity increased, connective tis-
sue elements formed in a ring [16]. This is confirmed
by our own duplex scanning results. Blood flow and
vessel diameter indicators were found to be inversely
correlated with subfascial pressure values. There
was a decrease in blood flow in the popliteal artery
in patients of Group 1 by 7.2 % (+ 2.4); in patients
of Group 2 by 12.6 % (+ 1.8); in children of Group 3
by 10.5 % (= 2.1).

Triplex scanning of the popliteal vein showed a de-
crease in its diameter: in Group 1 by 10.3 % (£ 1.4);
Group 2 by 29.3 % (x 1.7); Group 3 by 25.9 % (+ 2.8).

These processes lead to the obliteration of blood
vessels, the appearance of fibrotic areas of muscle tis-
sue and the formation of myofascial pain syndrome.

Conclusions

The study has shown that the changes in the mus-
cles and fascia are caused by a blood flow disorder,
a change in the subfascial pressure in the muscle-fas-
cial cases of the lower extremities. The development
of pain in the lower extremities in children with ce-
rebral palsy is multifactorial in nature and consists
of myofascial, joint, and tunnel syndromes.
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