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the article deals with providing a characteristic of muscle and tone status as well as precerebral and
cerebral hemodynamics in kickboxers.

102 athletes with the qualification from the Second-class Athlete to the Master of Sport voluntary
participated in the study. The average age of athletes at the moment of the study was 20.90+0.50.
The average sports experience of participants was equal to 4.15+£2.77. The control group consisted
of apparently healthy young males of the same age but not involved in sports activities (n=35). The
indicators of muscle tone and strength and cerebral blood flow were studied with the help of Doppler
ultrasound of the main arteries of the head, electroneuromyography, and transcranial Doppler.

the article provides the results of the study on the effect of muscle and tone disturbances in the spinal
motion segment on the functional status of precerebral and cerebral blood flow. The disturbances in
nerve conduction velocity in the symmetrical groups of trunk muscles are considered as the reason for
muscle imbalance in 50% of athletes. The analysis of blood flow indicators in kickboxers with muscle
imbalance revealed a typical increase in the tone of precerebral vessels and changes in the gradients of
blood flow velocity in various segments of the carotid and vertebral arteries. The decrease of cerebral
blood flow in athletes, in particular, the venous outflow of a dystonic nature, is the result of spasmodic and
ischemic Doppler patterns against a decreased indicator of arteriovenous balance. Mild traumatic brain
injuries should also be taken into account when speaking about the development of cerebrovascular
dysfunction as a result of kickboxers’ sparring activities and competitions.

Differentiated disturbances in sensory and motor conductivity result in the disturbance of afferentation
and muscle imbalance intensity. Angiospasm and vascular ischemia determine the increase in the linear
blood flow velocity in the carotid system and the decrease in the vessels of the vertebrobasilar system
against the increase in resistivity indicators in the carotid basins and vertebrobasilar system in kickboxers.
Correlation analysis revealed visceral motor correlations, which proved the influence of the functional
status of the regional muscle system on cerebral hemodynamics. The analysis of tone and strength
muscle characteristics and cerebral blood flow in kickboxers indicates the necessity of correcting muscle

and tone asymmetry of the paravertebral area.
electromyographic indicators, muscle imbalance, cerebral blood flow, kickboxers.

Introduction
Modern integral training for kickboxers includes

precerebral and cerebral blood flow in athletes have
been described in the literature. Several scientific studies

the system of competitive exercises, which comprises
acyclic, ballistic, and gravitational dynamic exercises of
submaximal power. As a rule, competitive exercises are
performed in an overcoming regime [1]. The effects of the
methods aimed at forming the psychomotor characteristics
of motor skills in kickboxers have been described [2, 3].

Monitoring technologies for establishing “the price”
of body adaptation to training conditions have been
developed. The information value of indicators (functional
status of the cardiovascular and central nervous system,
biomechanical and goniometric parameters) which
determine a favorable prediction of sports performance
has been established [4].

Many factors influencing directly and indirectly
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dedicated to the analysis of the athletes’ brain by using
non-invasive, neurophysiological, and neurovisual
methods [5, 6] emphasize a dominating contribution of
the central nervous system in sports achievements.

The quality of the cognitive processing of visual,
auditory, and somatosensory stimulation is determined by
adaptation changes in the neural chains of the athletes’
brain. It was shown that reinforced neural networks and
plastic changes were the result of the integration between
sensorimotor coordination, stimulus discrimination,
attention, and fast decision-making [7, 8].

Mild traumatic brain injuries are quite often the result
of using kicking techniques in boxing and kickboxing.
According to several studies [9-11], mild traumatic brain
injuries result in various pathophysiological changes.
These changes in brain functioning are manifested in the
following symptoms: headache, dizziness, difficulties
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with attention [11] and spatial memory in athletes [12].

However, there is no sufficient coverage for the
frequency of diagnosing locomotor disturbances in
apparently healthy athletes, in particular, postural muscle
imbalance, muscle tone and strength disturbances,
functional blockades in certain regions of the spine, etc.
[13].

For a better understanding of the neurobiological
mechanisms of cerebral hemodynamics, as well as their
role in remodeling the structure and functions of arteries
in athletes [14], it is necessary to study the correlation
between the symptoms of the functional disturbances of
various genesis.

The issue of the effect of muscle and tone disturbances
in spine segments on central and peripheral blood flow
remains relevant for sports physiology and medicine.
Athletes’ professional activity, especially when it
comes to highly skilled wrestlers, is characterized by
the specific changes in motor and visceral correlations.
It is established that intensive load affects both the
performance of the locomotor apparatus and functions
of other visceral systems [15, 16]. There are different
reasons for locomotor tissue stress: training efforts above
the threshold of athlete’s abilities, a sharp increase in
load intensity, changes in sports technique without body
adaptation.

Locomotor tissue stress is manifested in the
form of hypoxia, hypoxemia, muscular hypertonia,
microcirculation disturbances, etc. [17-19]. Some studies
reveal that multiyear muscle stress in the neck region
results in the compression of the spinal artery and blood
flow disturbances in the vertebrobasilar system.

In athletes with predominantly unilateral stress, the
study of precerebral and cerebral blood flow is considered
as the most important.

Aim: the study is aimed at establishing and estimating
the correlation between electroneuromyographic
indicators and blood flow in kickboxers.

Materials and methods.

Participants. 102 athletes with the qualification from
the Second-class Athlete to the Master of Sport voluntary
participated in the study. The average age of athletes at
the moment of the study was 20.90+£0.50. The average
sports experience of participants was equal to 4.15+£2.77.
The control group consisted of apparently healthy young
males of the same age but not involved in sports activities
(n=35).

Research Design.

Electroneuromyography. ~ Tone  and  strength
characteristics, as well as the speed of excitation
propagation in motor and sensory fibers, were estimated
with the help of Neuromatic 2000 equipment (Dantec,
Denmark). The indicators of surface electromyogram
(EMQG) in all participants corresponded to type I in
compliance with Yusevich Yu. [20]. EMG with an
amplitude of more than 300 mkV was recorded. A direct
proportional dependence was registered between muscle
power and the EMG amplitude of maximal voluntary

effort. Qualitative and quantitative EMG assessment
in various spine segments at maximal stress revealed
asymmetrical amplitude indicators typical for muscle
imbalance.

Doppler ultrasonography. Both the US Doppler of
the main arteries of the head and transcranial Doppler
were conducted by using «Smart-lite»» (Rimad, Israel)
equipment with color flow mapping and the automatic
recording of microembolic signals. The insonation of
proximal and distal segments of the common carotid
artery, subclavian arteries, the internal and external
carotid artery, the vertebral artery in three segments at
the extracranial level was conducted with the help of
transmitters with a generated frequency of US signal of
2.4 MHz. The transcranial study was accompanied by the
insonation of the vessels of the carotid basin — anterior,
middle, and posterior left and right brain arteries — and
vertebrobasilar vessels — left and right vertebral arteries
(4" segment) and the main (basilar) artery. Tables
demonstrate the values of the linear blood flow velocity
(LBFV), Pourcelot resistivity index (RI), and carotid
gradients of the common carotid artery (CCA), internal
carotid artery (ICA), external carotid artery (ECA), right
and left vertebral arteries of the first and second segments
(LVA1, LVA2, RVAI1, RVA2), posterior, middle, and
anterior brain arteries (PBA, MBA, ABA), main (basilar)
artery.

Statistical Analysis. Statistical calculations were
performed in the SPSS 12.1 licensed program. The data
are provided in averaged values. To reveal correlations
and their character, we used correlation analysis ().

Results.

The analysis of the background ENMG muscle
parameters.

In kickboxers, we revealed a decreased speed of
excitation propagation in afferent and efferent fibers
compared to standard values. In the majority of the athletes
(90.72%), we also revealed Grade I sensory conductivity
disturbances. The decrease in this indicator did not exceed
25.0% compared to standard values. Almost half of the
kickboxers (45.36%) demonstrated a mild disturbance of
conductivity in motor fibers. Deviations were up to 15.0%
from standard values with no clinical signs. 42.27% of
the sample had a simultaneous conductivity disturbance
in the sensory and motor fibers of peripheral nerves.
The subclinical signs of sensory polyneuropathy were
registered in 37.11% of kickboxers, motor polyneuropathy
—1in 3.09%.

We performed a quantitative assessment of tension
amplitudes in certain groups of muscles. In 20.0% of the
kickboxers, we registered a homogeneous distribution
of tone in posterior neck muscles (deep neck extensors).
Increased muscle tone on the right side was revealed in
31.4% of the sample, on the left side — in 48.6%. The
analysis of amplitude asymmetry and imbalance in the
symmetrical areas of muscles on the right and the left
side revealed that, in 60.0% of the athletes, the imbalance
was up to 50.0%. For example, the asymmetry of tension
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amplitude in the trapezius muscle on the right and
the left side was equal 48.0%. The same tendency was
registered in the group of muscles responsible for the
spine extension in the thoracic spine area. The absence of
muscle imbalance was revealed only in 28.0%.

Significant quantitative changes were revealed in
the area of the lumbar spine. The increased tone in the
muscles on the right side was registered in 25.7% of the
athletes, on the left side — in 45.7%, the absence of the
pronounced asymmetry in muscle tone was established in
28.6%. The intensity of changes in the area of the lumbar
spine differed compared to the areas above this region: we
registered a muscle imbalance of up to 50.0% in 89.0% of
the athletes and up to 70.0% in 11.0%.

Precerebral and cerebral blood flow in kickboxers.
Table 1 demonstrates the linear blood flow velocity
(LBFV), Pourcelot resistivity index (RI) of precerebral
vessels, and the segmental assessment of vertebral
arteries. The increased values of blood flow velocity in

the carotid and vertebral arteries on the right and the
left side are the result of an increase in systolic (LBFV
syst.) and decrease in diastolic (LBFV diast.) blood flow
velocity. The gradient between the common carotid and
internal carotid arteries exceeded the reference values
and was equal to 1.56-1.62 c.u.; the gradient between the
internal and external carotid arteries was below reference
values — 0.78-0.86 c.u.

To reveal latent disturbances in the hemodynamics
of the vertebrobasilar system, we studied blood flow
indicators in all segments of the vertebral arteries — I, 11,
IIT — at the extracranial and the intracranial level (IV) at
the initial state and under contralateral rotation. Table 1
shows that the vertebral gradient in kickboxers was 73.0%
higher compared to the control group.

The analysis of cerebral hemodynamics in kickboxers
revealed relatively high values (by 32-45%) of the systolic
linear blood flow velocity compared to the control values
for all cerebral arteries (right-left). In vertebral arteries,

Table 1. Precerbral blood flow indicators in the sample studied (M+m)

. Control group Kickboxers

Extracranial Doppler data, c.u.
(n=35) (n=102)

LBFV right common carotid artery, cm/s 96.02+25.10 123.20+17.50*
RI right common carotid artery, c.u. 0.7240.06 0.89+0.05*
Carotid gradient on the right side CCA/ICA 1.32+0.12 1.56+0.29
LBFV right internal carotid artery, cm/s 66.80+17.90 75.90+£15.46*
Rl right internal carotid artery, c.u. 0.6010.07 0.77+0.08*
Carotid gradient on the right side ICA/ECA 1.12+0.17 0.78+0.23*
LBFV right external carotid artery, cm/s 63.00£17.00 95.68+13.25*
RI right external carotid artery, c.u. 0.7940.15 0.8810.07*
LBFV right vertebral artery, segment 1, cm/s 48.00+10.00 57.91+15.53*
RI right vertebral artery, segment 1, c.u. 0.660.07 0.84+0.19*
LBFV right vertebral artery, segment 2, cm/s 45.1049.11 42.51+16.35
Rl right vertebral artery, segment 2, c.u. 0.64+0.06 0.78+0.20*
LBFV right vertebral artery, segment 3, cm/s 49.25+11.20 54.56+17.03*
RI right vertebral artery, segment 3, c.u. 0.58+0.05 0.78+0.13*
Carotid gradient on the right side RVA-RVA2/RVA2, % 9.66%0.05 40.41+19.46*
LBFV left common carotid artery, cm/s 96.00%+17.5 131.80+16.3*
RI left common carotid artery, c.u. 0.7240.06 0.90+0.06*
Carotid gradient on the left side CCA/ICA 1.44+0.19 1.62+0.21*
LBFV left internal carotid artery, cm/s 66.80+19.90 79.75+16.51*
RI left internal carotid artery, c.u. 0.6010.09 0.7740.05*
Carotid gradient on the left side ICA/ECA 1.05+0.17 0.86+0.24
LBFV left external carotid artery, cm/s 64.00+17.00 98.02+14.55*
RI left external carotid artery, c.u. 0.7910.15 0.8910.08*
LBFV left vertebral artery, segment 1, cm/s 50.12+10.0 59.58+13.92*
RI left vertebral artery, segment 1, c.u. 0.67£0.05 0.78+0.07*
LBFV left vertebral artery, segment 2, cm/s 46.00£10.00 40.82+13.27
RI left vertebral artery, segment 2, c.u. 0.56+0.06 0.80+0.06*
LBFV left vertebral artery, segment 3, cm/s 43.1049.11 59.46+13.30*
RI left vertebral artery, segment 3, c.u. 0.60%0.06 0.84+0.14*
Carotid gradient on the left side LVA1-LVA2/LVA2, % 8.69+8.20 52.50+20.97*

Note: * - differences between the indicators of the groups (p<0.05)
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we revealed a decrease in the linear blood flow by 52-
75%. The resistivity index was increased in all large
arteries.

We also analyzed a decrease in the linear blood flow
velocity in the vessels of the brain. In general, we studied
9 cerebral vessels in each participant. Table 2 shows that,
in kickboxers, approximately 22.0% of the vessels, mostly
vertebral arteries, possessed the signs of a decrease in the
linear blood flow velocity. In case of a unilateral lesion,
the signs of a decrease in the linear blood flow velocity
were mostly typical for the right vertebral artery.

We established that, in athletes, the asymmetry of
blood flow in middle brain arteries was 3 times higher and
2 times exceeded the asymmetry in anterior brain arteries,
5 times — posterior brain arteries, 10 times — vertebral
arteries compared to the reference values.

The most frequent patterns in athletes were spasmodic

(increased LBFV, decreased RI — 28.5%) and ischemic
(decreased LBFV, decreased RI — 34.4%). The third place
belonged to the hyperemic pattern (increased LBFV,
decreased RI — 17.6%) which preceded the spasmodic
one.

In kickboxers, the blood flow velocity in the basal
vein of Rosenthal exceeded the reference values by
37.0%. The arteriovenous balance indicator was lower
than 1, which identifies difficulties of dystonic nature with
the venous outflow (Table 3).

We studied such reserves of brain blood flow
regulation as anatomic, myogenic, and metabolic. In
all participants, we studied the system of arteries of the
Willis’ circle, which combines anatomically 2 systems of
carotid arteries with each other and with the system of
vertebral arteries.

The analysis of the Willis’ circle revealed that, in the

Table 2. Cerebral blood flow indicators in the sample studied (Mzm)

Cerebral blood flow indicators

Control group (n=35) Kickboxers (n=102)

LBFV right middle cerebral artery, cm/s 94.7+19.5 137.4£17.9%

Rl right middle cerebral artery, c.u. 0.55%0.08 0.63+0.05*

LBFV right anterior cerebral artery, cm/s 76.4+19.0 86.931+22.76*

Rl right anterior cerebral artery, c.u. 0.584+0.02 0.68+0.06*

LBFV left middle cerebral artery, cm/s 95.7+19.5 125.15+18.4*

RI left middle cerebral artery, c.u. 0.5410.16 0.7410.05*

LBFV left anterior cerebral artery, cm/s 77.5x17.4 82.62116.61

RI left anterior cerebral artery, c.u. 0.53%+0.18 0.65+0.05**

Interhemispheric asymmetry by MBA, % 4.1+1.3 11.93+10.5*

Interhemispheric asymmetry by ABA, % 2.5+1.3 4.5+0.5*

LBFV right posterior cerebral artery, cm/s 53.2+16.2 77.85+11.6*

RI right posterior cerebral artery, c.u. 0.55+0.15 0.74+0.05*

LBFV left posterior cerebral artery, cm/s 55.4+15.1 63.12+9.99*

RI left posterior cerebral artery, c.u. 0.55+0.12 0.74+0.06*

Interhemispheric asymmetry by PBA, % 3.8+2.1 17.5+£15.5%*

LBFV right vertebral artery, segment 4, cm/s 56.6+7.5 32.87+11.59*

Rl right vertebral artery, segment 4, c.u. 0.5240.06 0.59+0.05

LBFV left vertebral artery, segment 4, cm/s 55.243.5 36.72+12.47*

Rl left vertebral artery, segment 4, c.u. 0.5240.12 0.65+0.06*

Interhemispheric asymmetry by vertebral arteries, % 1.2+1.1 12.5+8.5*

LBFV of the main (basilar) artery, cm/s 58.0+11.0 73.34+13.86

RI of the main (basilar) artery, c.u. 0.501+0.04 0.63+0.06*
Note: * - differences between the indicators of the groups (p<0.05)
Table 3. Regulation reserves and venous outflow of the sample (M+m)

Control group Kickboxers
Parameter
(n=35) (n=102)

Willis” circle (% disconnection) 57.10 36.20
Autoregulatory response (myogenic reserve) % 74.00£1.50 65.11+19.10*
Metabolic reserve (Cerebrovascular Reactivity Index), % 51.20+1.60 28.55+11.63
Basal vein of Rosenthal (LBFV), cm/s 19.00+1.30 26.48+5.82*
Arteriovenous balance 1.00£0.50 0.76+0.34*

Note: * - differences between the indicators of the groups (p<0.05)
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control group, 52.6% of the students were characterized
by the typical functioning of the circle when after the
compression of the carotid artery all communicating
arteries performed their work. In kickboxers, the same
functioning was registered in 36.2% of the sample.

To reveal correlations between the main parameters
determining the neuromuscular apparatus, as well as
precerebral and cerebral blood flow in kickboxers, we
performed correlation analysis. The most informative
parameter was the carotid gradient on the right side (CCA/
ICA). This parameter possessed statistically significant
correlations  with  seven  electroneuromyographic
parameters. CCA/ICA, Resistivity Index (the right
internal carotid artery), and the vertebral gradient on
the right side (RVA1-RVA2/RVA2) demonstrated a less
number of correlations. For example, the value of the
vertebral gradient on the left side is connected with three
parameters, while the linear blood flow velocity in the
right carotid artery is connected with two parameters
(Table 4).

It should be noticed that various parameters of the
neuromuscular apparatus contribute differently to cerebral
blood flow.

Discussion.

The disturbances established in the speed of excitation
propagation (SEP) could be the reason for the muscular
imbalance in kickboxers as a result of specific physical
load.

The analysis of the general amplitude asymmetry and
imbalance in the symmetrical areas of muscles on the left
and the right side revealed that the majority of athletes was
characterized by the imbalance of 50%. The subclinical

signs of sensory polyneuropathy were registered in one-
third of the kickboxers. There were also a few cases of
motor polyneuropathy.

The study of blood flow in kickboxers with muscular
imbalance revealed a typical increase in the tone of
precerebral vessels and the changes in the gradients of the
blood flow velocity in various segments of carotid and
vertebral arteries.

Similar results have been previously described by
H.B. Liu [14] in the study of precerebral hemodynamics
in basketball players. The authors identify the differences
in the Doppler patterns obtained in athletes and the control
group both at the initial state and after dosed cyclic load.
In particular, the oscillation shear index (OSI) in athletes
is higher than in the control group.

The results obtained in our study prove the
increase in the tone of large and small arteries as a
protective mechanism for a hyperkinetic type of central
hemodynamics.

In athletes, we revealed a blood flow asymmetry of
a various degree in middle brain arteries. The increase
in the coefficient of asymmetry in the vessels of the
vertebrobasilar basin can be possibly explained by the
reflectory effect of tensed muscles on the sympathetic
plexus of vertebral arteries. A system vascular resistance
decreases under physical load as a result of metabolism-
related vasodilatation in active skeletal muscles [21].
This vasodilation provoked by physical exercises is
closely connected with a decrease in oxygen tension in
the muscular tissue and is characterized by a decreased
response to adrenergic vasoconstrictor mechanisms [22].

The spasmodic and ischemic patterns revealed in
athletes against a decreased value of arteriovenous

Table 4. Correlations between the ENMG parameters and cerebral blood flow in kickboxers

LBFV Vertebral Carotid . Vertebral Carotid
. . . RI right . .

right gradient on gradient internal gradient on gradient

Parameter common the left side on the carotid the right side  on the left
carotid (LVA1-LVA2/ right side arter (RVA1-RVA2/ side (CCA/
artery LVA2) (CCA/ICA) 4 RVA2) ICA)

SEP in motor (efferent) fibers -0.52

S.EP in sensory (afferent) 043 0.73

fibers

Total EMG amplitude m.

. . 0.39

longissimus thoracic

Total EMG amplitude m. -0.42 037 057

Trapezius

M-response amplitude -0.44 0.40

M-response duration -0.32 0.34 0.38

rn. Trapezius amplitude -0.37 0.40

imbalance

T4 trunk erector amplitude o 45 49 0.37 030 035 0.43

imbalance

T12 trunk erector amplitude ) -0.40 -0.57 061  -037 -0.33

imbalance

Note: only statistically significant correlations are given.
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balance (below 1 c.u.) proved an obstructed venous
outflow of dystonic nature which should be regarded as a
reason of cerebral blood flow worsening. The spasmodic
reaction, participating in blood flow regulation, is based
on two potential mechanisms: dehydration as a result of
electrolyte exhaustion and a neuromuscular mechanism
[23].

The study of precerebral and cerebral hemodynamics
allows estimating the mechanisms of anatomic, myogenic,
and metabolic reserves in cerebral blood flow regulation
[24, 25]. The literature provides the data on the effect of
circulating hormones on cerebral blood flow regulation,
in particular, on changes in the tone of brain vessels
depending on the concentration of blood melatonin and
estrogen/testosterone [26].

The study of RM.G. Berg [27] demonstrates that
metabolic feedback is faster than a myogenic one. The
first one initiates a cerebral autoregulatory response,
while myogenic feedback contains a relatively slower
mechanism which functions for establishing basal
cerebrovascular tone. Nevertheless, the myogenic factor
(as well as metabolic and baroreflexive) is the leading
factor in vascular tone regulation [28].

To study myogenic mechanisms in cerebral blood
flow regulation against a decrease in perfusion pressure,
we used carotid artery compression. As a rule, carotid
artery compression provokes the autoregulatory reaction
compensating cerebral blood flow deficiency. This
results in the dilation of the pial arteries and activation
of anastomoses of a convex cerebral surface. The linear
blood flow velocity in the middle cerebral artery decreases
to not less than 50-70%. Carotid artery deocclusion results
in the increase of the linear blood flow velocity above the
initial level proportionally to the time of compression
(reactive hyperemia).

The analysis of the remaining linear blood flow
velocity (% to initial LBFV) in the basin of the main
carotid revealed standard values for a myogenic reserve
in the control group — 74.00%=*1.50%. These values
were 15% less in athletes with muscular imbalance —
65.11+£19.03 %.

Peripheral blood flow is regulated by the balance
between the mechanisms responsible for vasodilation and
vasoconstriction. Free radicals, by-products considered as
toxic in vivo, are recognized as important signal molecules
which provide vasoactive responses [22].

It is also necessary to take into account the mechanism
of the development of cerebrovascular dysfunction as a
result of traumatic brain injury provoked by kicking
technique during sparring activities and competitions [11,
29].

Studies of the relationship between peripheral blood
biomarkers and the results of cerebral hemodynamics are
of practical significance [30, 31]. Changes in cerebral

blood flow are associated with the concentration of
PRDX-6 and T-Tau proteins in the blood (MAPT).
Increased MAPT concentrations in the CNS and blood are
associated with axonal damage. In particular, an increase
in MAPT was observed in the blood of Olympic boxers
even after a slight head injury suggesting minor CNS
damage [32].

According to E.D. Bell et al. [33], traumatic brain
injuries usually result in autoregulatory dysfunction
associated with the inability of cerebral vessels to maintain
homeostasis. The authors argue that cerebrovascular
autoregulatory dysfunction does not depend on the
chemical environment in the brain tissues against or after
traumatic brain injury.

Thus, reduced cerebral blood flow may be associated
with oxidative stress being the result of cranial and
cerebral injuries caused by shock and other factors. It
should be noticed that physiological disorders caused by
reduced cerebral blood flow can often be latent in their
clinical course [30].

The results obtained during the study can be used
in sports physiology and sports medicine, as well as in
rehabilitation and health facilities for the prevention
and treatment of myofascial dysfunctions and vertebral
disorders in martial arts athletes.

Conclusions.

1. Kickboxers are characterized by the disturbance in a
functionally significant muscle group manifested in
increasing or decreasing tone and muscle imbalance.
Differentiated disorders of sensory and motor
conductivity lead to impaired afferentation and
pronounced muscle imbalance.

2. Kickboxers with muscular imbalance provoked
by the intensive physical load are characterized
by the disturbances in pre-cerebral and cerebral
hemodynamics. Angiospasm and vascular ischemia
determine the increase in the linear blood flow
velocity in the carotid system and the decrease in
the vessels of the vertebrobasilar system against the
increase in resistivity indicators in the carotid basins
and vertebrobasilar system in kickboxers.

3. Correlation analysis revealed visceromotor
connections proving the influence of the functional
status of the regional muscular system on the cerebral
hemodynamics.

4. Analysis of the muscle tone and strength
characteristics, cerebral blood flow, and the speed
of excitation propagation in kickboxers indicates the
need for correcting the muscle and tone asymmetry
of the paravertebral zone.
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