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Abstract

Background: Stroke is a growing problem in an aging society. According to WHO data, it is
the second most common cause of death. An increase in the number of strokes causes an
increase in the number of patients struggling with its consequences. People who have suffered
a stroke are dealing with various neurological defects. One of them is abnormal muscle tension.
Material and methods: Analysis of available literature, articles in the Google Scholar and
PubMed database using keywords: stroke, muscle tension, spasticity.

Results: The problem of disturbed tension is common in people who have had a stroke.
Spasticity, i.e. increased muscle tone in response to stretching, results from damage to the
central nervous system. Direct and indirect methods are used to assess spasticity. In the fight
against destroyed muscle tension, it is important to implement treatment as soon as possible. It

is based on the use of various forms of therapy: pharmacotherapy and physiotherapy.
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Physiotherapy and kinesitherapy treatments as well as specialized rehabilitation methods, such
as PNF. The rehabilitation process should be supplemented with appropriate pharmacological
treatment. Equally important is the implementation of stroke prevention. These activities are
associated with the promotion of a healthy lifestyle, for example, regular exercise and stress
reduction.

Conclusion: Muscle tension disorder, including spasticity, is a problem affecting many patients
who have had a stroke. A timely diagnosis is important to get the right therapy. Treatment
should have a holistic dimension and combine different methods. The goal of therapy is to

normalize muscle tone and thus improve the patient's quality of life.

Keywords: stroke; muscle tension; spasticity

Introduction

Stroke is a common disease entity that is one of the causes of disability, often with a
severe and chronic course [1]. By 2030, it is predicted that stroke will increase by 25% in the
US, mainly due to an aging population [2]. The direct effect of this phenomenon will be an
increase in healthcare costs, i.e. the economic burden on the country. It is the case in other
places around the world, as strokes affect about 15 million people every year [3].

The effects of stroke can include loss of motor function or the appearance of abnormal
muscle tone in various parts of the body. Neurological deficits arising after a stroke require
planning appropriate rehabilitation. To be able to start it, full diagnostics of the patient are
needed. For this purpose, various neurological scales are used, which enable precise functional
testing [4]. Early rehabilitation is crucial, because it reduces the patient's functional disability
and decreases the risk of complications, thus increasing the patient's quality of life and restoring
him to functioning before the disease occurred [5]. Complications after stroke may include:
pneumonia, deep vein thrombosis, hypertension or simply death [1].

However, rehabilitation of patients with brain damage is not an easy task. It requires the
involvement of all medical staff, as well as the patient and his family, so that the effects of
actions bring satisfaction to all people participating in rehabilitation. Some effects of stroke are
permanent and irreversible, so it is also important not to expect inadvertently spectacular results

of treatment [6].
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Among the more frequent consequences of stroke, there is excessive muscular tension
in the extremities, which is referred to as spasticity. This disorder arises at various times after
a stroke and appears in different parts of the upper or lower extremities [7]. Symptoms of
spasticity are: pain, stiffness, limitation of mobility in joints, perceptible muscle tension by
touch and vision, weakness of muscular strength and tendon retraction. Spastic tension has
many factors and mechanisms that unfortunately impede the healing process [8]. Nevertheless,
the use of physical therapy and pharmacological treatment is necessary to avoid worsening of

the spasticity, which will be discussed in this article.

Stroke

A stroke is a clinical syndrome characterized by a sudden focal and sometimes
generalized brain disorder, in which symptoms last longer than 24 hours or earlier lead to death
and have no other cause than vascular. According to the World Health Organization a stroke is
the most common cause of disability in adults and the second leading cause of death in the
world. The incidence of stroke in Poland is estimated at an average of 100/150 000 inhabitants,
with the observed much more frequent occurrence in men, which is indirectly compensated in
older age groups, due to the longer average [9, 10].

Stroke that affects approximately 85-90% of patients is the ischemic stroke. It is a
condition that arises when an artery occlusion supplies the brain with blood. As a result, the
blood does not flow through it or does it with a very small quantities that is not enough. The
most common cause of ischemic stroke is atherosclerosis, in which atherosclerotic plaques
consisting mainly of cholesterol accumulate in the walls of blood vessels. They gradually are
blocking the artery's light leading to its complete blockage. Embolism also blocks the artery
lumen through thrombus in the heart. It might happen after a heart attack or in people with an
artificial heart valve. Thrombus may also form in the veins of the limbs [11, 12, 13].

Hemorrhagic stroke is a consequence of the rupture of the cerebral artery wall and the
outflow of blood outside the vessel. The blood does not reach the brain tissue in the area
supplied by the broken artery. During the stroke the flowing blood destroys the nervous tissue
that is near the vessel and it increases the pressure inside the skull. The high pressure disturbs
the functioning of the brain. Hemorrhagic strokes are divided into the intracerebral
hemorrhages, where the damaged vessels are located inside the brain and the subarachnoid
haemorrhages where the damaged vessel is located on the surface of the brain. The cerebral

hemorrhage is usually caused by untreated or poorly treated hypertension. In contrast,
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subarachnoid haemorrhage is the result of the rupture of a larger aneurysm or haemangioma
due to defects in the vessel wall [10, 11].

The symptoms occurring in stroke depends on which part of the brain has been
damaged. Symptoms may become more severe and then disappear within a dozen or so hours,
and then increase again. Symptoms that disappear spontaneously within 24 hours are considered
an episode of transient cerebral ischemia. The most common signs includes: visual impairment,
problems with balance and coordination of movements, facial muscle paresis, e.g. a drooping
mouth, weakening of the lower or upper limb, or both simultaneously. There also might appear
a very strong headache, weakness of the tongue and throat muscles causing difficulties in
speaking and swallowing food, loss of consciousness — a widespread stroke makes the patient
very sleepy and his speech is usually illogical also the patient does not know what is happening

to him or he is completely unconscious [9, 10].

Causes of stroke

Central nervous system vascular diseases are the most common cause of cognitive and
motor impairment in people over 50 years of age. Annually, about 15 million people worldwide
experience a stroke, among them as many as 5 million die, and another 5 million experience
permanent disability. The mortality rate after stroke is primarily dependent on the cause of the
stroke, for example it is three times higher in the case of intracranial bleeding than in ischemic
stroke [14, 15, 16, 17].

The causes of stroke may be many, but the most important issue from a medical and
social point of view is effective, primary and secondary prevention. The risk of stroke increases
with age, therefore, it is very important to systematically monitor the basic medical parameters,
i.e. arterial pressure, because arterial hypertension increases the probability of cerebrovascular
disease by 3-4 times [14, 15].

Ischemic stroke is still one of the leading causes of death and disability among adults.
The most common cause of this type of stroke, which is approx. 85% of all vascular diseases,
is the cerebral ischemia resulting from narrowing or closing of the blood vessel to the brain.
The closure of an anterior or intracranial vessel may occur as a result of an embolus with an
atherosclerotic base or the deposition of material from the heart cavities. Artificial heart valve
or atrial fibrillation are examples of diseases that can lead to the formation of blood clots in the
heart, which together with the bloodstream, accumulate in the vessels leading to obstruction of
the arteries. Rarely, ischemic stroke occurs as a result of lowering blood pressure caused by

dehydration, cardiac arrhythmias or taking medicines that lower blood pressure. The most
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abnormal factor affecting the occurrence of vascular obstruction is the abnormal connection of
veins with arteries so-called arteriovenous malformations [14, 18].

Perennial untreated hypertension can lead to damage to the walls of blood vessels and,
as a consequence, lead to the formation of an aneurysm. Bursting of the intra-cerebral vessel is
a common cause of cerebral hemorrhagic stroke. As a result of thrombolytic treatment and
hemorrhage of an ischemic stroke, a hemorrhagic stroke may occur which may pose a threat to
human life [14].

The most important risk factors for stroke are, among others: hypertension, diabetes,
disorder of lipid and carbohydrate metabolism, overweight and obesity associated with
improper diet, i.e. rich in salt, saturated fats and cholesterol. Also, the lack of physical activity,
alcohol abuse, smoking and the use of certain drugs and psychoactive substances can affect the
occurrence of a stroke. According to data from all risk factors, the most important is

hypertension, which accounts for about 50% of all cases [14].

Characteristic symptoms and diagnostics

According to the WHO definition, a stroke is a sudden life-threatening condition that
manifests in focal or generalized brain dysfunctions, persisting longer than 24 hours and
requiring absolute hospitalization [19]. The cause of stroke is acute cerebral insufficiency of
various etiologies, resulting in reduced cerebral perfusion in the course of ischemia or
hemorrhage [19]. Clinical signs of stroke include: paresis or hemiplegia; halitic sensory
disorder; speech disorders of the type of aphasia — inability to say words and understand simple
commands; visual impairment — one-eyed vision (amaurosis fugax), double vision; visual field
disorders; dizziness and headaches with centrifugal feeling, nausea, vomiting; balance disorders
[19, 20].

Spasticity is a movement disorder associated with various damage of the central nervous
system (strokes and spinal cord, multiple sclerosis, anoxemic damage — after cardiac arrest,
hereditary spastic paraplegia, injuries, cerebral palsy). Spasticity is one of the forms of
increased muscle tone. The growing tension of the muscle depends on the speed of its
stretching, the resistance increases to a certain point, after which the tension decreases. The
increase in tension in the occupied limb increases and suddenly disappears during her passive
stretching. This is a characteristic “clasp knife” symptom. Spasticity was first described by
Lance in 1980. According to its definition, it is movement disorder characterized by a speed-

dependent increase in tonic stretching reflexes (muscle tone) with exaggeration jerks of

891



tendons, resulting from the hyperactivity of the episode reflex, as one of the elements of the
upper motor neuron syndrome [21].

As mentioned earlier, stroke is the second leading cause of adult disability in the world.
Upper extremity deficits are very common, while 33 to 66% complain about lack upper limb
activities after six months of stroke. As a consequence, daily activities such as lifting a glass of
water and closing zips are difficult, if not impossible for many people after stroke [20]. Muscle
spasticity is a common complication after stroke and occurs with a frequency of 17% to 38%.
Spasticity of the upper limb can cause deformity, functional impairment and chronic pain [23].

The diagnosis of spasticity is based on the use of a number of different tests. The
assessment of spasticity can be direct and indirect. The indirect method assesses the effects of
spasticity. For evaluation spasticity can be used by subjective and objective methods. For
objective methods include dynamometric studies, quantitative analysis of gait phases,
evaluation of muscle tone in the lower limb, assessment of upper limb and gait efficiency, and
postural control. These methods also include EMG and goniometric tests. The subjective
methods are: assessment of tension, assessment of daily life activities, evaluation of spasms
frequency and assessment of general motor skills [23].

The pendulum test was used in 1950 by professor of neurology Robert Wartenberg as a
qualitative diagnostic test. However, this test was attempted to use diagnostics a little earlier, at
the beginning of the century [8]. One of the most important applications of goniometry (in
pendulum test) concerns spasticity. The pendulum test was used in patients with multiple
sclerosis to assess the pharmacological treatment of spasticity with tizanidine [23]. The
pendulum test allows to obtain a quantitative and qualitative image of the intensity of spasticity.

The Ashworth Scale distinguishes four degrees of increased muscle tone: 1 — a slight
increase in tension when the limb is moved, 2 — more increased tone, but the limb is easily
flexed, 3 — a significant increase in tension, passive movement is difficult, 4 — rigid in affected
areas of limbs. In the pendulum test the goniometer measures the temporal function of changing
the angle between the axis of the thigh and the lower leg, which oscillates freely in the knee
joint of the lower limb. For evaluation the severity of muscle tone in the group of muscles of
the hip joint should be Adductor Tone Rating Scale. It is a scale that includes degrees from zero
to 4. On this scale: 0 — the tension is not increased, 1 — the tension is slightly increased, visiting
to an angle of 45 degrees easy, 2 — visiting to a 45 degree angle requires light effort, 3 — visiting
up to a 45 degree angle requires moderate effort, 4 — visiting to a 45 degree angle requires 2

people.
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The scale, which is used to assess the frequency of spasms is the Penn Spasm Frequency
and Snow Scale. On the Penn scale, the patient determines how many spasms he has observed
in one hour. Snow Scale it is used to assess the frequency of spasms throughout the day. In the
assessment of motoriness, are effective scales like: Brunnstrom, Fugl-Meyer, Rivennead and
Sodring [23].

The hand function assessment applies dynamometric tests evaluating muscle strength.
Various skill tests are also used, such as the test of a board with pins (Purdue test). In the Jebsen
and Taylor test, writing, drawing grids, flipping pages, attempting to grip a large light object
and a large heavy object are assessed. What’s more, The Duncan-Ely test and the Thomas test
are used to assess lower limb muscle tone. To assess the patient's walk and control the body
measures the time that the patient needs to get up from the chair, walk 10 meters, execute return
and re-seated. And the Berg Balance Scale is used to assess the patient's balance. The EMG test
allows, among others, for assessment of mutual relations between agonists and antagonists [21].

Depending on the site of injury, there may be different clinical images of spasticity. The
posture of Wernicke Mann is characteristic for patients after stroke. It is characterized by
internal rotation of the upper limb in the elbow, wrist joint, metacarpophalangeal and
interphalangeal joints accompanied by pronation of the forearm. Sometimes wounds and
maceration of the skin form in the lower elbow. Excessive flexion in the wrist joint may cause
secondary tibial puncture syndrome due to increased pressure in the wrist canal. In the patient
after stroke in the lower limb there is an image of the clubfoot. A special form of spasticity is a

hammer-like toe or a gigantic toe (hitchhiker's great toe) [23].

Rehabilitation and its main assumptions

Independence is an important term for everyone, so after a stroke it is essential not to
forget about rehabilitation. The person after a stroke does not have to learn to do everything on
their own, but it is important to give them the opportunity to return to a normal life. Therefore,
the main goal of motor rehabilitation of a person after a stroke is to recreate as much as possible
the lost motor functions, taking into account his or her needs, interests and motivation [24, 25].

In order to improve the patient's functionality, an appropriate plan of the rehabilitation
programme should be drawn up, therefore it is the physiotherapist's task to select appropriate
exercises, which the patient is able to perform alone or with help, as well as skills that will
allow him/her to improve the level of functional efficiency [24, 26].

In the first days after the stroke, a wide range of passive movements should be

undertaken in order to prevent painful contractures in the joints. After a few days, when the
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patient's condition allows adapting to a sitting, then standing and walking position, these are
the main activities that rehabilitation undertakes. The majority of patients should walk alone or
with help within 3-6 months. The main problems in improvement include paresis, deep sensory
and visual-spatial disturbances. Speech rehabilitation should be introduced from the beginning
of the therapy. Rehabilitation should be achieved through occupational therapy and exercises
leading to improved patient self-service [27].

Rehabilitation of patients after a stroke is carried out at all times, as in the acute stage,
during a full recovery, but also in the chronic stage. During the acute period, care should be
taken to ensure that the patient is properly positioned, that he or she frequently changes position
and passively exercises, as well as in a few cases of breathing exercises. Patients who are deeply
unconscious should be placed on the side or abdomen, where the head is lower than the trunk,
in order to prevent secretion, collapse of the tongue and choking. Each patient's position should
be changed after 2-3 hours to prevent pneumonia and decubitus ulcers. The limbs are protected
against excessive stretching of the paralysed muscles, with additional pillows and sandbags
respectively. The upper limb is placed in the shoulder joint (60°-90°) and bend in the elbow
joint (90°-140°), with the hand in a slight dorsal bend with fingers slightly bent, this
arrangement is used to prevent swelling and facilitates the outflow of venous blood. The lower
limb shall be placed in a small bent in the hip and knee joints, with the foot converted and
dorsally bent, in order to prevent a spastic club foot, which is very easily accepted in a paralysis
condition. During this period passive and respiratory exercises are used.

The recovery period must take into account the general condition of the patient and the
etiopathogenesis of the stroke. Depending on the type of stroke, appropriate rehabilitation is
undertaken. Systematicity, which plays a role in helping to achieve visible functional
improvement, is of great importance during this period. The patient's condition determines the
continuation of therapy, passive exercises, as well as exteroreceptive and propioceptive
stimulation, also active movement procedures, resistance exercises and relaxing training [28,
29].

Chronic rehabilitation concerns therapeutic gymnastics, which is used in people with
central (spastic) paralysis of limbs. During exercise it is recommended to use strong
proprioceptive stimuli, which mobilize motor cells and facilitate muscle contraction. In the late
period, i.e. about a year after the disease, the condition of people after a stroke becomes almost
stationary. Depending on the patient's adaptation to disability, their further rehabilitation will
be continued [29].
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Spastic muscle tension associated with severe hemiplegia requires various symptomatic
treatment or orthopaedic supplies. Properly selected physical agents and pharmacology reduce
the severity of spasticity.

Physical treatments include thermal treatments that expand blood vessels and lymphatic
vessels, thus increasing blood flow. Warmth relieves pain and reduces muscle tension. It can
be applied in the form of wraps: paraffin, gels, fango or with the use of Sollux lamp, short
waves, massage in warm water. The second treatment is cold therapy, aimed at inhibiting
directly the activity of the muscle and indirectly at stimulating antagonists. Cold compresses
reduce the average amplitude of deep reflexes as well as the release and reduction of nerve
conduction amplitude, additionally it has a positive effect on the exclusion of skin receptors
and the release of neuromuscular conduction in sensory and vegetative nerves and influences
the speed of chemical reactions. These procedures can be applied in the form of cold compresses
or extreme low temperatures using mainly liquid nitrogen vapours, used locally or on the whole
body [28, 29]. Transcutaneous electrical nerve stimulation (TENS), functional
electrostimulation (STEP), Hufschmidt tonolysis using low-frequency current or Trébert
currents were also used in spasticity. Biofeedback training plays an increasingly important role
in patients with spastic paresis. These exercises are performed by the patient himself, and his
muscular activity is monitored by an electromyographic device with the use of audio-visual
aids.

Other physiotherapeutic forms, such as hydrotherapy in the form of whirlpool massages
and warm baths, have found their application in the treatment of spasticity. In spasticity, water
acts on muscles in a thermal, hydrostatic and mechanical way. Depending on the stimulus
frequency — high frequencies (100-200Hz) were used on antagonistic muscles to induce

reciprocal braking, while low frequencies (<70 Hz) relax spastic muscles [28].

The use of Proprioceptive Neuromuscular Facilitation (PNF) after stroke

Rehabilitation of the consequences of a stroke is a very individual issue. Body
dysfunctions after a stroke concern, among others, muscle work, body motor activity, posture
stability, gait or sensory stimuli. It is often difficult for a patient to perform everyday activities.
This contributes to the patient's dependence on family and other persons, often belonging to the
medical staff [30]. For these reasons, during the traditional rehabilitation of the patient more
and more often newer methods of rehabilitation are used, which would efficiently fight the
effects of stroke. These include, among others, the concept of PNF (Proprioceptive

Neuromuscular Facilitation) [31].
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The PNF method was developed in 1946 by two scientists, neurophysiologist Herman
Kabat and physiotherapist Margaret Knott. It was created as a result of the observation that
everyday activities take place in more than one plane, but usually they are complex movements
of diagonal and spiral character [32]. The method is based on complex movement patterns
developed for individual parts of the body, such as the upper limb or the trunk. The applied
PNF techniques include for example: stretch from beginning of range, rhythmic stabilization,
stabilizing reversal or ,,contract-relax” technique. All techniques are aimed to return the patient
to the physical functions of the rehabilitated parts of the body. Thanks to them, the main final
goal of rehabilitation according to the PNF may be the patient's return to full independence
[33].

The effectiveness of rehabilitation of people after stroke by the PNF is scientifically
confirmed by many scientific sources [30, 34, 35, 36]. Kaniewski et al. examined 20 patients
after ischemic stroke. In the rehabilitation process, the philosophy of the PNF concept was
applied, according to which the therapy was individual, the mobilization and reserves of the
patient were used, and global motor functions were taken into account. The goal was to recreate
the trunk's motor activities and re-education of the gait. After the intervention, one of the results
of the research was the fact that thanks to the PNF, the degree of disability, for which the Rankin
scale was used, was statistically significantly reduced [30]. In addition, Pasternak et al. showed
that PNF rehabilitation resulted in a statistically significant improvement in as many as eight
out of nine indicators that assessed patients' functional performance [34]. Similar conclusions
were drawn during research by Kaluzny et al. in which patients after ischemic stroke aged 47
to 78 took part. The use of the PNF in the patients significantly improved the functional status
of them [35]. Wolny et al. also showed in the research of 96 people that the PNF concept
significantly improved the functioning of respondents in everyday life, especially in terms of
self-service and mobility. The PNF method in combination with tension mobilization of the
paresis upper limb proved to be more effective than traditional methods and kinesitherapy [36].

To conclude, the PNF method is a modern way of treating stroke patients and has many
advantages. It effectively improves patients' independence in everyday life and prevents
asymmetry caused by less frequent use of the weaker limb due to stroke. It also counteracts
muscular atrophy and joint’s range-of-movement limitations [37]. It is worth emphasizing,
however, that the PNF — like any other form of rehabilitation — can sometimes produce
ambiguous results, which is why further studies are still needed [38]. Regular observation of

scientific reports is important because there is a tendency to combine the PNF with other
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methods of rehabilitation, such as kinesiotaping, elastic taping or virtual reality technology [31,
39, 40].

Pharmacotherapy

Pharmacological treatment of stroke depends on the current situation of the patient. It
should be taken into account that each medicine used has specific contraindications and may
have side effects or interact with other medicinal substances that are taken simultaneously. In
the case of older people who are more susceptible to the action of drugs, special attention must
be paid to the type of substances used and how they affect the already damaged CNS.
Pharmacological treatment after stroke is relatively short, aimed at controlling excessive
difficulties during rehabilitation [41].

The consequences persistent after stroke prevent proper rehabilitation. Before starting
the exercise, it is sometimes necessary to give painkillers [41]. Increased muscle tension makes
exercise difficult. A well-known anti spastic drug is i.e. Baclofen. It was assumed that it works
GABA-mimetic, which increases the presynaptic inhibition in spinal motoneurons. Baclofen
reduces the excessive activity of monosynaptic reflexes, but also exerts a central effect,
sometimes contributing to the feeling of initial stupefaction. The next anti-spastic medication
is sodium dantrolene, which acts directly on skeletal muscles. It inhibits the release and capture
of intracellular calcium, which is necessary for muscle contraction. When using high doses, it
may be hepatotoxic, so it is important to perform liver function tests. As with baclofen, initially
dizziness, nausea and diarrhea occur. Sodium dantrolene and baclofen act independently,
having a different point of pharmacological handle, so in severe cases they can be administered
together. In addition to the above, tizanidine is also an anti spastic medicine [42].

In order to improve the quality of sleep and sedation, patients are administered
benzodiazepines. They reduce the tension of all skeletal muscles, unfortunately contributing to
the feeling of tiredness and bewilderment, as well as the deterioration of sphincter function
which can be troublesome for the efficiency of patients. For this reason, their use should be
under constant control [42].

In the treatment of neuropathic pain, antiepileptic drugs and tricyclic antidepressants as
well as SSRIs are taken. Depression impairs the process of improving the patient's health and
is a very common complication after stroke. Patients with depression are often less functional
and show a greater neurological deficit. Other pain states are treated by means of e.g. NSAIDs.

In addition, paracetamol or topolignocaine are also used to achieve analgesia [43, 44, 45].
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Patients on intensive care who have respiratory disease after stroke have to receive opioids
intravenously [45].

For a long time, therapeutics aimed at increasing the regeneration of damaged CNS after
stroke and supporting the achievement of rehabilitation in the cognitive and motor dimension
were sought for. Despite the tests carried out, each drug should be used with caution, due to the

possible occurrence of side effects [44].

Prevention

There are many risk factors for stroke. Some of them are not subject to modification,
such as age, gender, race or genetic factors, however, the influence on the majority is
achievable. Appropriate knowledge and action will make the risk of stroke significantly
reduced. Prevention is divided into primary and secondary. Primary prevention applies to
people who have never had symptoms of circulatory failure. On the other hand, secondary
prevention includes people who have suffered a stroke [46].

An important element of prophylaxis is controlling blood pressure. Long-term studies
have shown that hypotensive effects bring satisfactory results. It is advisable to keep blood
pressure lower than 140/90 mm Hg. People with hypertension are four times more likely to
have a stroke. Research has shown that a reduction in blood pressure by 5-6 mmHg reduces the
risk of stroke by up to 42% [46, 47].

As part of the prevention, the cholesterol has to be kept at an appropriate level. Studies
have shown that an increase in cholesterol levels increases the risk of stroke in both women and
men. The diet and the level of physical activity play an important role here [47].

Rejection of nicotine is an important part of prophylaxis. Research indicates that
smokers are twice as likely to suffer from stroke as non-smokers. The number of cigarettes
smoked in one day is important [46, 47]

It is recommended to regularly exercise moderate intensity physical activity. Such
activity should last a minimum of 30 minutes. Recommended activities are: cycling, aerobics
or a quick walk. This allows controlling your weight, keeping it at the appropriate level and
preventing obesity, which significantly increases the risk of stroke [47, 48].

The relationship between drinking alcohol and stroke is unclear. It is believed that
alcohol abuse increases the risk of stroke. However, a moderate amount of ethanol has a positive

effect on blood clotting and lipid metabolism, which reduces the probability of stroke [49, 50].
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Discussion

In the first part of this article there a definition of a stroke was discussed. It is worth
mentioning that this disease can be diagnosed not only when it lasts more than 24 hours but
also when less if ischemic attack appears or patient dies [51]. Then, plenty of stroke’s symptoms
was mentioned, however also silent brain infarcts (SBI) occur. They are sometimes detected
randomly in neurological studies and are mostly located in the basal ganglia and corona radiata.
Furthermore, their main cause is arteriosclerosis which then leads to cerebral ischemia [52].

Next, rehabilitation post-stroke was thoroughly described. Nevertheless, brain computer
interfaces (BCI) started to be used for this kind of therapy. The most important aim of this
method is to promote the recruitment of specific brain areas and also to improve neural
plasticity. Moreover, it helps to restore motor functions by letting patients to produce typical
brain activity. Magnetoenchephalography (MEG), electroencepahlography (EEG), functional
magnetic resonance imaging (fMRI) and functional near-infrared spectroscopy (fNRIS) are
indicated as non-invasive procedures which let record the brain activity in a manner that is
appropriate for BCI applications [53].

In the last parts of the results both pharmacotherapy and prevention of the brain stroke
was outlined. Beneficial effects of neuroprotective agents were shown in the experimental
models. However, there was no therapeutic efficiency of neuroprotective drugs in
pharmacotherapy of stroke in clinical trials. The examples of these agents are: calcium channel
blockers (CCB) - like nimodipine, glutamatergic transmission inhibitors, protease inhibitors,
antioxidant drugs (for example tirilizad) and sodium channel blockers - to give an instance
fosphenytoin [54]. Besides mentioned methods of prevention educating about brain stroke is
also very important. It also should be connected with promotion of healthy lifestyle for instance

exercising regularly, drinking lots of water and reducing stress [55].

Conclusions

Stroke is a clinical syndrome that leads to disability and even death. The most common
symptoms that occur in people with stroke are visual disturbances, problems with balance and
coordination of movements, facial paresis of the muscles or weakness of the upper, lower limbs
or both. Patients with stroke should be treated interdisciplinary, because this disease is not only
physical but also mental. An important role in the successful treatment of stroke is
rehabilitation. Initially, kinesitherapy is aimed at preventing painful articular contractures, then
prepares the patient to perform basic daily activities. Physical therapy is used to reduce pain,

inhibit or stimulate the patient's muscle reflexes. PNF exercises significantly improve patients'
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independence in everyday life and prevent asymmetry caused by less frequent use of a weaker
limb. Orthotics are used by people with stroke to prevent and treat distortion, by stabilizing,
relieving stress, reducing pain, and preventing contractures. Pharmacotherapy is also used in
strokes, most often to alleviate the distressing pain that accompanies patients, as well as
medications that improve sleep and sedation. The treatment of people with stroke should have
a holistic dimension and combine different methods of treatment and rehabilitation. The main
goal of patient therapy by an interdisciplinary medical team is to normalize muscle tone, which

aims to improve the patient's quality of life.
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