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Introduction
Dear readers!
Improving a patient’s quality of life is
the main goal of medical rehabilitation. This goal is universally accepted
in all civilized countries. To implement such a program, it is necessary
to study, to generalize one’s experience, to search, and to introduce
innovations and information technology in order to develop new and more
effective rehabilitation methods for our patients.
Motivation and information constitute particularly important components
in our medical rehabilitation system. However, this should not be information
just for the sake of information. Through knowledge gained through modern
technology, information should be put into practice, first, by acquiring practical expertise and skills, and further, by translating them into action focused on
good results. These results, in turn, generate new information, new knowledge,
and new skills.
The clinic’s scientific work is conducted in close cooperation with the
P. Shupik National Medical Academy of Postgraduate Education, the Ukrainian Research Institute of Clinical and Experimental Neurology and Psychiatry,
the Danylo Halytsky Lviv Medical University, the Munich Children's Center,
the Moscow Scientific and Practical Center for Pediatric Psychoneurology, the
Tokai University in Japan, Karolinska Institutet in Sweden, etc.
On behalf of more than 40,000 patients from 60 countries, and on my own
behalf, I would like to thank a professor who devoted her whole life to CP patients – Ksenia Oleksandrivna Semenova. Almost 25 years ago, when Professor Semenova headed the All-Union medical commission, she objectively and
impartially became acquainted with our rehabilitation method, examining a
group of patients treated for cerebral palsy, and confirmed this radically new
direction for rehabilitation, which is now officially called the Intensive Neurophysiological Rehabilitation System.
There is a host of important reasons for publishing a teaching manual concerning the rehabilitation of patients of all ages suffering from the effects of
organic lesions of the nervous system and cerebral palsy. Unfortunately, the
number of such patients has not decreased, and the search for the most effective methods continues. The best criterion illustrating the actual effectiveness
of rehabilitation treatment is obtaining a positive result, whereas the tool for
success is the applied treatment method.
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Dear readers! Before you lies a manual about the Intensive Neurophysiological Rehabilitation System designed for rehabilitation specialists and medical
personnel. We hope that it will be useful for doctors working in different specialized fields, as well as for specialized educators, speech therapists, psychologists, and development pathologists working in rehabilitation treatment.
I wish all our readers and colleagues all the best for further creative search
and great success for the benefit of our children.
Volodymyr Ilyich Kozyavkin,
Doctor of Medical Sciences,
Honoured Worker of Science and Technology,
Correspondent and member of the Academy of Medical Sciences of Ukraine
Chief Specialist for Medical Rehabilitation at the Ministry of Health of Ukraine

In 1989, V.I Kozyavkin, a Ukrainian doctor, published his first observations. He
described the pathogenesis of functional blockage of spinal joints and large limb joints,
which evolved as abnormal motor stereotypes developed in patients suffering from various forms of Cerebral Palsy.
Influenced by pathologies of the anti-gravity system and ensuing consequences,
increasing muscle spasticity provokes spasms in the small and tiny blood vessels, tissue hypoxia and a number of biochemical changes in muscles, joints, bones begin to
develop, tissue metabolism is disturbed, the relaxation of muscle fibers fails to occur,
thus leading to their subsequent degeneration and, consequently, to muscle shortening
and tendon elongation.
Degenerative changes also develop in the joint and ligament apparatus and bones.
As cartilage and bone tissues continue be overloaded throughout months and years in
abnormal motor stereotype of patients with Cerebral Palsy, the process of cartilage
degeneration continues to expand. As spasticity in the paravertebral muscles augments,
there is also an increase in the intensity of functional blockages, which leads to changes
in the characteristics of organs and muscles innervated by nerves, originating from
the intervertebral foramen and suprasegmentary impulses, leading from hemisphere
structures to the segmental apparatus of the spinal cord unit.
Thus, in addition to lesions of brain structures in the pathogenesis of patients at
the chronic stage of cerebral palsy, abnormalities of the spinal cord and the joint and
muscular system also become actively involved.
Taking into account the significance of these changes in joint, muscle and bone
systems in children with Cerebral Palsy, V.I. Kozyavkin introduced the Intensive Neurophysiological Rehabilitation System (INRS), which is currently considered one of the
most effective treatments for children suffering from cerebral palsy, not only in Ukraine,
but also in Europe, America and Africa.

Professor K.A. Semenova, Rehabilitation Department for Children
with Cerebral Palsy, Federal Institution “Child Healthcare Research Center”
Russian Academy of Medical Sciences, Moscow.
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Professor V.I. Kozyavkin has created a fundamentally new, modern, and highly effective rehabilitation system for patients with Cerebral Palsy, which has received wide
recognition both in Ukraine and abroad. This system includes a high rehabilitation potential in the context of extending the scope of its application, namely for rehabilitating
not only children with cerebral palsy, but also children and adults suffering from various
organic lesions of the nervous system, as well as other neurosomatic pathologies.
We recommend that V.I. Kozyavkin’s intensive neurophysiological rehabilitation
system should be put into practice not only in preventive healthcare facilities in Ukraine
but also in similar institutions abroad.

Professor P.V. Voloshyn, Director of Institute of Neurology, Psychiatry,
and Narcology, National Academy of Medical Sciences of Ukraine.
An intensive rehabilitation technique for children suffering from Cerebral palsy
and other organic lesions of the nervous system has been developed in Ukraine over
the past few decades. This technique represents a major innovative development,
which has no analogues in the world with respect to effective medical and social
rehabilitation. The treatment was designed by V.I. Kozyavkin as an intensive neurophysiological rehabilitation system for patients suffering from residual organic cerebral
insufficiency with a predominance of movement disorders.
The system consists of a polymodal approach using diverse methods of influence
on the patient. The main component of this method is the biomechanical correction of the spine and large joints, in combination with a complex of other therapeutic measures: reflexotherapy, remedial gymnastics, massage, rhythmic gymnastics,
mechanotherapy, etc.
By stimulating the compensatory functions of the child’s body and activating
brain plasticity, the system creates a new functional state in the child, which opens
up more opportunities for the child’s motor and mental development. It is important
to note that V.I. Kozyavkin’s Intensive Neurophysiological Rehabilitation System is
ecological and has no side effects.
V.I. Kozyavkin’s method has been included in medical and social rehabilitation
standards used for children with organic lesions of the nervous system, developed by the
Ministry of Health of Ukraine. The effectiveness of rehabilitation is rated at 94%.
V.I. Kozyavkin’s Intensive Neurophysiological Rehabilitation System represents
a highly effective treatment for children suffering from Cerebral Palsy and other organic lesions of the nervous system. The effectiveness of this technique has been
confirmed by improvements in the quality of these children’s life. This technique can
be recommended for practical application in medical institutions of the Ministry of
Health of Ukraine.
Dr. V.Yu. Martyniuk, Director of the Ukrainian Medical Rehabilitation Centre
for children suffering from organic lesions of the nervous system, Ministry of Health
of Ukraine, Head of the Department of Pediatric Neurology and Medico-Social Rehabilitation at the P.L. Shupyk National Medical Academy of Postgraduate Education, Honored Doctor of Ukraine, Freelance Specialist in Pediatric Neurology at the
Ministry of Health of Ukraine.
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Anatomic and Physiological Features of Organ and System Development in Healthy Children

He who questions nothing, shall learn nothing.
Thomas Fuller

1. Anatomic and Physiological Features of Organ
and System Development in Healthy Children
A child’s proper growth and development are determined by organ structures
and physiological processes, which occur in a healthy child’s body. If any deviations are detected during the child’s development, it is advisable to intervene
as quickly as possible; you should not wait for one disorder to lead to another
one, and thus cause a whole series of dysfunctions to appear, starting from
functional, then organic, and ending in irreversible lesions.
As you well know, the human body develops from one fertilized egg cell.
It weighs 0.0015 – 0.0017 mg; it is 1/93 cm long, and 140 mіcrons in diameter.
The newborn infant weighs approximately 3 kg at birth, that is, the weight of
the egg increases six billion times. If the child’s body weight should continue to
increase at the same rate after birth, the adult would weigh 2,000,000,000,000
(two trillion) times more than the Earth. The embryo grows 1 mm per day
in the uterus during the first months of gestation. After some time, it grows
1.5 mm per day. If it continued to grow so quickly after birth, the individual
would measure six meters by the age of ten.
The fetus takes shape very quickly, just as soon as it has been fertilized. As
the fetus grows in amniotic fluid, the forces of gravity have little impact on its
development. It is precisely at this moment that the genetic code in the human
body generates great potential for the development of the most important functions in the nervous system.
The WHO classifies the child’s development into intrauterine and extrauterine phases (1973).
The intrauterine phase (in utero) includes the following:
1. The embryonic development phase starts at impregnation and lasts until
the ninth week of pregnancy. Organs and systems are formed; the phase is
completed by the 56th day of pregnancy. During this period, we can observe
disorders resulting from abnormal embryonic development, namely embryopathy or stigma of disembryogenesis.
2. The placenta or fetal phase – from the third month to the child’s birth
(9 – 40 weeks of pregnancy). This phase is predominantly characterized by
fetal growth although the formed organs develop not only during this phase,
but continue growing after birth. Disorders, which occur during this period,
may cause inflammatory changes in fetal organs, which leads to different
types of fetopathy.
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The most important features during the intrauterine period are rapid growth
and fetal nutrition thanks to the mother’s organism. The mother’s lungs breathe
for the fetus’s lungs; the metabolic process occurs thanks to the mother’s enzymes, liver, and kidneys. Therefore, the mother’s life and her lifestyle are
extremely important when it comes to developing a healthy child.
The extrauterine phase starts at the child’s birth. It has been divided into
the following periods:
1. Newborn or neonatal period – the first 28 days;
2. Nursing or infancy period – from 29 days to12 months;
3. The neutral childhood period lasts from one to seven years of age.
This comprises the toddlerhood period (from one to three years) and
the preschool period (from four to six or seven years);
4. The primary school period lasts from six or seven years to eleven
years;
5. The secondary school period last from twelve to fourteen years;
6. The senior school period or puberty lasts from fifteen to eighteen
years.
According to data provided by I.A. Arshavsky, we know that the human
body is considered mature at all age periods if the physiological functions correspond to the calendar age and specific environmental conditions, with which
it is supposed to interact at the relevant age.
A newborn infant leaves the mother’s womb, where the temperature reaches
almost 37° С, and suddenly finds itself in external room conditions. The infant
begins its first period of extrauterine life, when all body systems are restructured
and adapted to independent extrauterine functioning.
The lungs begin working at birth. The newborn’s first cry can be a criterion
for the quality of his breathing; the louder he cries, the better he exhales, and
naturally, the better he inhales before exhaling. The infant’s lungs expand completely within a minute or a minute and a half after birth. Lung exhalation and
inhalation are connected with blood circulation. The digestive system begins
to function and the rate of basic metabolism increases.
The infant’s physiological maturity can be judged by the degree of muscle reflex
hypertension (in mature children who are born physiologically), the color of his
skin, and his ability to maintain body temperature.
A nursing child is quite helpless, and totally dependent on maternal care,
nutrition, and regime.
The child grows very quickly during the first year of his life; by the end of the
first year, he has tripled his weight, whereas his body length has increased by 25
cm. Correct nutrition is very important for the nursing child, that is, ingesting
nutrients, which the digestive tract can digest properly as the enzyme systems and
suction processes in the tract have not yet reached full maturity.
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During the neutral childhood period (from one to seven years), the child does
not grow so quickly, and his ability to react to illnesses and diseases gradually
decreases. Preschoolers learn to eat and move around by themselves, and actively learn about the surrounding world; they begin to talk in sentences. The
ability to focus on specific tasks, acquire general and abstract concepts appears
in six-year-old children, as soon as they start attending school.
The primary school period (7 to 11 years) is characterized by children’s great
ability to learn. Their immune system improves considerably; basically, anatomic development of many organs and systems has been completed during
this period.
During the secondary school period (11 to 14 years), the vital functions of
the human body are restructured. Sexual glands and hormones play an important role at the beginning of the puberty period. On the contrary, the rate of
hormone growth drops towards the end of puberty. During this period, most
of the organs of the immune system increase in size to full size, and slowly decrease in size during the individual’s lifetime. Next comes puberty, also called
adolescence. As a rule, young girls experience puberty a little earlier (12 to 13
years) than young boys (13 to 15 years). During this period, the rate of physical
development grows, and the body structure changes; it begins to resemble a
grown-up’s figure; secondary sexual features develop. The senior school period
(15 to 18 years) is viewed separately. Processes related to physical and sexual
maturity are completed roughly by the age of twenty.

1.1. The Child’s Physical Development
When assessing the child’s physical development, we compare his parameters
with average values of development indicators, namely: body weight, height, and
circumference of the head, thorax and abdomen.
A full-term newborn infant usually weighs 2,500 – 4,500 gm. During the
first year of his life, the child’s body weight increases rapidly; compared with
the child’s birth rate, it doubles at four – five months, and triples by the time
the child is one year old. The child weighs approximately 10 kg when he is one
year old.
Then, the child’s body weight gradually decreases; it starts to increase once
again when the child reaches puberty. The approximate body weight of a two to
eleven-year-old child can be calculated by using the formula: 10 + (2n), where n
stands for the number of years. For example, a ten-year-old child’s body weight
should be: 10+2 х 10 =30 kg.
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A newborn’s size (body length) reaches 48 – 52 cm; on average – 50 cm.
His average height reaches 60 cm at three months, 70 cm at nine months, and
75 cm at one year for boys, but 1 – 2 cm less for girls. The average height of a
child after one year can be calculated by using the formula:
75 + (5n), where n stands for the number of years.
Therefore, the child should measure: 75 + (5х7) = 110 cm at the age of seven.
The different parts of a child’s body grow differently. The lower limbs grow
the fastest; during the whole period of growth, they become five times their
original length, whereas the upper limbs become four times longer; the body
grows three times its original size, and the head – twice the size. The newborn’s
head is almost 1/4 of the length of the whole body; the head of a six-year-old
child is 1/6, while the adult’s head is 1/8. The newborn’s head circumference
measures 34 – 35 cm. The contour constitutes an important indicator of NS
development and cerebrospinal fluid dynamics, i.e. the formation of production
mechanism and the outflow of cerebrospinal fluid.
The average head circumference of children is presented in the table:
Age

Head circumference, cm

Newborn infant
3 months
6 months
12 months
2 years
4 years
12 years

34 – 35
40
43
46
48
50
52

Table.1.1. The average head circumference of children.

The circumference of a newborn’s thorax is 1 – 2 cm smaller than the head
circumference. These dimensions become the same at the age of four to five
months; later, the thoracic contour increases faster than the head contour. The
abdomen circumference should measure a centimeter less than the thoracic.
If physical development indicators should be different from average values,
and in order to determine the degree of physical development correctly, you
should refer to the percentile tables and graphs, which have been worked out
according to somatometric data on a large number of healthy children.
Many factors influence a child’s physical development, which depends both on
genetic predispositions and on environmental conditions (nutrition, care, disease
incidence, physical fitness, sports activities, etc.).
11
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1.2. The Nervous System
The nervous system plays an important role in the development of the child’s
body, especially during his first year, as it binds together all the internal organs,
and regulates all the processes, which flow through them; it also acts as the
intermediary between the body and the environment. The nervous system of a
human being is composed of the central part and the peripheral part.
The brain and spinal cord are part of the central nervous system (CNS).
The brain, which is situated in the cranial cavity, is conditionally divided
into three main levels: the cerebral cortex at the top, the subcortex located
beneath it, and the brainstem, which joins the spinal cord in the cervical aperture. The brain and spinal cord consist of grey matter, formed by neuron
bodies and their outgrowths, and white matter, formed by clusters of nerve
fibers, called axons.
The peripheral nervous system (PNS) includes twelve pairs of cranial and
thirty-one pairs of cerebrospinal nerves, their plexuses, nerve nodes, or ganglias (small clusters of neuron bodies, which lie in different parts of the body),
and nerve endings.

Cerebrospinal
fluid
circulation
1 Vascular plexus of
1

the lateral
ventricle

2 Vascular plexus of
ventricle III

3 Vascular plexus of
2

ventricle IV

Blood circulation to the
ventricles, where vascular
plexuses produce
cerebrospinal fluid.

3
Cerebrospinal fluid circulation
Fig.1.1. Topography of the central nervous system.
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The human nervous system is divided into somatic and autonomic. The
somatic nervous system ensures body innervations (skin and skeletal muscles),
and establishes a relationship with the external environment: it perceives various types of irritation (touching, feeling, pain, and temperature), and forms
voluntary, i.e. subordinated to consciousness, contractions of skeletal muscles
(protective movements, and others). The autonomic nervous system regulates the
metabolism in all the organs and tissues, growth and reproduction, innervates
all the internal organs, endocrine glands, smooth muscles in different organs,
including skin and blood vessel muscles, i.e. organs, which perform autonomic
functions in the body (digestion, breathing, elimination, blood circulation, etc.),
and form the body’s internal environment. It also ensures the trophic function
of the central nervous system.
Consequently, the shortest formulas of the anatomical structure of the nervous system (NS) can be the following:
Formula 1: NS = CNS + PNS + ANS
Formula 2:		 NS = CNS + PNS + ANS + CSF
where CNS – central nervous system;
PNS – peripheral nervous system;
ANS – autonomic nervous system,
СSF – cerebrospinal fluid.
Activities of the nervous system are complicated, multifaceted and diverse.
They are responsible for the development of all the important human functions – motility, mental development, speech, the plasticity of the brain,
and its ability to compensate for defects. The nervous system establishes and
regulates the body’s interaction with the environment. It also regulates the
body’s internal processes. Reflex activities constitute the main functions of the
nervous system, starting from the simplest reactions to the most complex. It
is the nervous system that ensures development, and enables each individual
to organize a dignified and productive life according to conditions prevailing
in his environment and on the Earth.
The human child is not capable of doing anything from the day that he is
born, except for seizing the opportunity to learn about everything new. The
newborn baby is defenseless, whereas the human’s childhood last the longest
among all the representatives of the animal world. However, the human being
is the most capable of learning. The road from a helpless infant to a socially
mature individual is extremely long. At every phase of intrauterine development, the embryo and the fetus react to harmful factors in many different
ways (Volpe J.J.,1992).
13
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The historical development, or the phylogenesis of the intelligent human
being (Homo sapiens), covers millions of years of evolution. The history of the
development of any living creature, from its birth to its death, i.e. its ontogenesis,
is infinitely shorter. The figure below represents a simplified version.

A

Early embryo

B

Late embryo

C
Formed fetal brain

Fig.1.2. Ontogenesis phases.

Neuroontogenesis. The formation of the neural (medullary) tube, when all
the nervous system levels are created, goes through a successive number of
stages: primary neurulation, secondary neurulation, proliferation, migration,
organization, and myelination.
The nervous system develops from the ectoderm through the formation of
the neural or medullary tube, which induces the development of the brain and
the spinal cord. The first signs of a developing nervous system appear at the
fourth month, but the brain and its neural cells start to develop when the fetus
starts to move its head and limbs. Signals from the vestibular analyzer and
sensitive proprioceptors enter the brain, stimulating the development of neural
cells. From this period up to the moment of birth, more than 20 thousand
neural cells are formed each minute.
During the ontogenetic process, the nourishment of the brain takes place
during three periods: amniotic (to two months of gestation), cerebrospinal fluid
phase (from two to four months of gestation), and finally, the blood and cerebrospinal fluid phase (four to six months). Predominant blood nutrition usually
starts at the fifth or sixth month of pregnancy. The brain is one of the most
vascularized organs in the human body. The vascular capillary network in the
brain is about 120 km long. It completes its ontogenetic development cycle
when the child is seven years old. The largest capillary network is located in
the cerebral cortex and hypothalamus.
14
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Due to immature blood vessels in newborn babies, especially in premature
infants, these blood vessels can contract or rupture easily, which causes cerebral vascular accidents (perinatal strokes) even if there is minimum trauma
in actual childbirth. Immature blood vessels may cause greater permeability,
which leads to rapid growth of edema – the swelling of the brain and rapid
spread of infection.
Development of the nervous system. Classical neurology teaches us that the
brain stem is the starting point, from which human development moves in two
directions: motor development downwards (cephalo-caudal direction following the path from the face to arms and legs), and mental development upwards
from the brain stem to the spinal cord. Motor development relies heavily on
the myelination of neural fibers,. Myelination also acts as an indicator of the
brain’s functional maturity.
The spinal cord is the most highly developed part of the body until the
infant’s birth. As its segmental structures begin to mature and become more
active in the mother’s womb, the pregnant woman begins to feel the fetus’s simplest reflex movements at 14-18 weeks of gestation. Modern technologies enable
us not only to determine the child’s sex during pregnancy, but also to detect
anomalies of the placenta, and observe normal or abnormal organ developments
in the fetus. The nervous system of the fetus is formed at an early stage of embryonic growth. A week-old embryo already has a formed neural tube induced
from the ectoderm, whereas a three-month-old fetus has the main parts of the
central nervous system: the cerebral hemispheres, brainstem, cerebral ventricles,
and spinal cord. Later, as the brain continues to develop, the main sulci of the
cerebral cortex of the central hemispheres are differentiated, and neural tissues
continue to mature. The weight of the newborn’s brain is relatively high: 1/8
of total body weight. It reaches 1/11-1/12 by the end of the child’s first year,
whereas it is 1/40 of an adult’s total body weight. Comparatively speaking,
the infant’s brain totals 12%, and the adult’s brain – 2% of total body weight
(although the absolute weight of the brain is 360 and 1,600 g respectively). The
brain grows slowly during childhood: its weight increases by 3.76 times, whereas
the child’s body increases by 21 times. Brain growth increases (approximately by
4.5 times) because of activities, which are programmed by genetic development
and implemented by the nervous system, thus inducing further growth of neural
cells, glial cells, and increasing the number of interneurons. Neural cells are
formed in the middle of each layer of the cerebral cortex of both hemispheres
during the infant’s first year.
The spinal cord continues to develop during the postnatal period. Its weight
increases by about eight times in comparison to the neonatal period. Cervical
and lumbar thickening, required for innervating the arms and legs, begins to
15
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form during the infant’s first year. Up to his five - six years, the ratio between
the spinal cord and the spinal canal reaches that of an adult.
I.P. Pavlov, the renowned Russian physiologist, came to the conclusion
that the excitability of the child’s central nervous system varies from one
child to the next: inhibitory processes predominate in some children, excitatory processes in others, whereas in some children, these processes are well
balanced. Therefore, children’s reactions to different phenomena or events in
real life may be quite different.
Unconditioned (innate) reflexes, and reflex arcs, enclosed in the spinal cord,
brain stem, and the sub-cortex, constitute the basis for every infant’s behavior
in utero and during the first months after his birth. Conditioned reflexes, enclosed in the cerebral cortex, appear later, and help the child adapt to society,
stimulate learning opportunities, and conscious actions.

1

2
3
4

1– lateral crossed pyramidal bundle;
2 – motor neuron of anterior horns;
3 – uncrossed pyramidal bundle of Turk;
4 – anterior motor rootlet.
Fig.1.3. Cross section of the spinal cord.

16

The growth of the myelin sheath causes an increase in the excitation rate
of neural fibers: neuron excitability increases. Myelination is observed first in
peripheral nerves, and then it spreads to the fibers of the spinal cord, the brainstem section of the brain, and later, to the fibers of the brain. Motor nerve fibers
of the spinal cord are covered by a myelin sheath before birth. It ensures the
continuous conduction of impulses along nerve fibers.
After birth, the spinal nerves are myelinated first, followed by the pathways
of the spinal cord and brainstem. Most of the nerve fibers are myelinated when
the child reaches three; another part completes this process by the time the
child is six. The myelination of tangential fibers of the cerebral cortex of the
cerebral hemispheres lasts until the adult is 30 to 40 years old.
Sensitive pathways and sensory areas of the brain are myelinated faster;
pathways of movement are myelinated at five – six months, whereas some
others – much later. During the myelination process, ion channels are concentrated together in the nodes of Renvier, and the excitability and lability of
nerve fibers increases. Therefore, a newborn’s nerve can only conduct four to
ten impulses per second, whereas in adults, it conducts 300 to 1000 impulses
per second.
It is the function of the heat control center, situated in the hypothalamus,
to maintain the body at a constant temperature. It regulates the biochemical
processes, which provide heat production and heat emission. These processes
depend on blood flow in the skin, and the evaporation of water from the skin
and lungs. As muscles contract, they also generate heat. Heat regulation is
quite imperfect in newborn infants, and especially in premature babies. As
the child grows older, he becomes more and more capable of maintaining his
body temperature within the normal range (36 – 37 °C), regardless of changes
in ambient temperature.
The functions of the nervous system are both complex and diverse. The
human brain represents the most highly organized structure in the human
body, which operates like a kind of reflex circle. The brain perceives information about the world and surrounding events, which happen to a person, and
reacts to this information through movements, actions, thoughts, language,
etc. Sensitive sensor systems communicate the information from the outside
world to the cerebral cortex. The sensor field is divided into general sensitivity levels: superficial (pain and temperature), deep (muscles and joints), and
sensory organs, or analyzers – sight, hearing, smell, taste, and the vestibular
analyzer. The latter performs important functions, starting during the first
months of fetal life. It enables the fetus to make itself comfortable and even
17
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move around in the uterus, promotes head extension of the fetus when it
passes through the birth canal, enables the child to maintain his body in an
upright position during his first year, stabilizes it in this position, and sustains balance and body position in space when the child performs different
movement activities.

This information then undergoes a difficult journey where it is analyzed
and synthesized in the gnostic lobes of the cerebral cortex. The primary analysis first takes place in the three primary sensory fields of different analyzers
in the cerebral cortex, namely, the occipital cortex – sight, temporal cortex –
hearing and body balance, and parietal – body sensitivity. Better analyses can
be conducted in secondary fields, which, if necessary, can store the information in different memory drawers – sight, hearing, touch and taste. Tertiary
fields of the cerebral cortex finally synthesize this information, thus finalizing
an important function of cerebral sensory structures – gnosis. The information, which was received and then carefully analyzed by the cerebral cortex,
is transmitted to the cerebral motor cortex, which controls praxis and motor
functions, and is located in the frontal lobe of the brain. The zones in the
frontal cortex are divided in reverse order (as opposed to the sensor). The tertiary zone, which first receives information from all three sensory sections of
the cerebral cortex, is called the prefrontal lobe area; it is the most intelligent
movement section, where specific programs, plans for concrete actions, and
the individual’s behavior as a whole are formed through incoming sensory
information. The secondary zone, where programs and executors of planned
actions are formed (the pyramidal or extra-pyramidal system), is called the
premotor area. It is namely here, in the giant pyramidal cells, named in honor
of the Ukrainian anatomist – Betz cells - that the pyramidal or corticospinal
tract begins. Normally, it manages conscious movements in the other half of
the body.
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All sensory systems usually have three or more neurons. Information from
the skin surface (tactile sensitivity) is transmitted through pathways of surface
sensitivity to higher NS levels. Information from the muscles, joints, and
ligaments (muscle and joint sensitivity, which the human needs in order to
perform voluntary movements, is transmitted to the cerebral cortex through
pathways of deep sensitivity).

foot

4

3

5

7

6

1 – Central motor neurons
(pyramidal Betz cells);
2 – internal capsule;
3 – cerebrospinal-cortical
pyramidal pathway;
4 – cortical-nuclear pathway.

5 – nucleus of the facial nerve;
6 – alpha motoneurons of anterior
horns, peripheral motoneurons of
trunk and limb muscles;
7 – pyramidal pathway crossing.

Fig.1.4. Pathway of fibers of the pyramidal (corticospinal) tract.
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1.3. Sense Organs

1.4. The Skin

Sense organs - sight, hearing, smell, touch, and taste — play an important
role in the development of small children. It is known that these organs are
represented by the peripheral parts of analyzers, which transmit stimulants
or irritants from the surrounding environment to the central nervous system.
From the fifth month on, all the analyzers take part in forming the child’s
natural behavior.

A healthy baby has tender, pliable, pink-colored skin. A sick or weak baby
has flaccid and pale skin; turgor and elasticity are reduced; we observe the
presence of cyanosis of the nasolabial triangle or acrocyanosis, mottling, and
grayish, sallow skin color. Infants already have numerous sebaceous glands,
but they do not develop completely until the child has reached four or five
months. The sudoriferous glands are not very well-developed, and they do not
function for three to four months.

The visual analyzer constitutes one of the main organs of sense. The newborn’s pupils constrict in bright light; reacting to these stimulants, the child
blinks or squints, but the blinking movements are still very weak and rather
rare. It is namely the pupil’s reaction to light that enables obstetricians or
neonatologists to answer the troubled mother’s question: “Can my child see?”
when she is still lying in the maternity ward.
Strabismus can be observed in some infants, but it generally disappears
within the first few months. A two-month-old infant can look at bright objects
and follow their movements. At five months, he can examine objects with
both eyes at a short distance. At six months, the child begins to differentiate
colors.
The newborn baby can only hear loud sounds. However, as his hearing
becomes sharper, he begins to hear softer sounds. From three months on, the
child turns his head, looking for the sound source. Taste receptors are welldeveloped in newborns. From birth, they refuse to swallow anything sour or
bitter, preferring sweet-tasting nutrition instead.
The sense of smell is not as well-developed as taste, but the newborn infant
begins to react to smells. He is especially susceptible to strong or unpleasant
odors (for example, perfume, or his mother’s perspiration).
The infant’s sense of touch is very pronounced, especially if his palms or
feet are touched.
Particularly strong pain and skin sensitivity to temperature changes can
be observed during the child’s first year.
Changes in other systems and organs of young children also take place,
no less than in the nervous system. We shall briefly recall the somatic status
and how it changes during the child’s growth and development.

20

The subcutaneous fat layer of the infant’s skin is not very well-developed,
but it starts to increase rapidly during the first six months: first on the extremities, then on the trunk, and finally on the abdomen.
The functions of the skin in a one-year-old child have their own special
features. First of all, a developed respiratory function and its great resorptive
capacity, both of which require particular attention when health care products
are selected for the baby, constitute the main features of the skin in a oneyear-old child. The protective function is significantly reduced because the
stratum corneum of the skin is poorly developed and peels off quickly. Cracks
and abrasions appear on the skin quite frequently, which may contribute to
the penetration of infections and various other skin diseases. As the child’s
skin is rich in blood vessels, and the stratum corneum is very thin, he is more
apt to absorb substances, which may then cause allergic reactions. This should
be taken into account when applying different creams or massage substances.
On the other hand, the heat regulation function is more underdeveloped, so
children overcool and overheat more often than adults.
Children are usually born with thin and sparse hair on their heads, and
some children are completely bald. Nails in full-term newborns reach their
fingertips. Eyelashes and eyebrows are underdeveloped. They grow rapidly in
early childhood; when the child is five years old, they reach the same length
as an adult’s eyelashes and eyebrows. When schoolchildren grow older, the
hormones in their sexual glands cause hair to grow on the pubis and in the
armpits; young men grow mustaches and beards. Preschool children have a
well-developed capillary network. It performs protective and heat regulation
functions, and takes part in the metabolic process. It is only when the young
child reaches six years that the histological structure of his skin begins to
resemble the histological structure of an adult’s skin.
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1.5. Urinary system
The urinary system (kidneys, ureters, the bladder and urethra) begins to
function immediately, as soon as the baby is born; these organs function much
more quickly than in adults. Kidneys, which drain water and metabolic substances from the human body, grow especially fast during the child’s first year.
They are located lower than the adult’s kidneys, and they are both larger and
weigh more than those of an adult. During the first two years of the child’s
life, they are situated between XI thoracic – I lumbar, and IV – V lumbar
vertebrae behind the peritoneum. As the child gets older, the kidneys move
upwards until the lower end sits over the iliac crest. They are lobulated until
the baby is born, but this lobulation disappears at two years. The cortical layer
and the convoluted tubules of the kidneys are underdeveloped. Urine forms in
the nephrons, which represent the basic structural and functional unit of the
kidney. Each kidney contains approximately one million nephrons. Urine
is excreted from the kidney bowls to the ureters, which are relatively longer,
wider, and more sinuous in young children than in adults; muscle elements
are not well defined; they have no elastic fibers. Muscle tissues of the large
and concoluted ureters are underdeveloped, and lined with elastic fibers.
The child’s bladder is located higher than that of an adult. Its front wall
is very close to the abdominal wall, but the bladder gradually moves into the
pelvic cavity. Bladder mucosa is well developed, but muscle and elastic fibers
are not. The infant’s bladder contains about 50 ml of urine, approximately 100
ml at three months, and 200 ml at one year. Owing to the slow development
of the central nervous system, during the first six months, the infant urinates
involuntarily 20 – 25 times per day. However, as the child grows older, he
urinates less frequently; by the age of one year, he may urinate 10 – 15 times.
The child’s bladder contains much more urine than that of an adult. This is
due to the fact that the metabolic process is greatly accelerated in children’s
bodies. Profuse sweating leads to a decrease in urine output.

1.6. Endocrine Glands
It is very important for the endocrine glands to develop properly so that the
child can grow and develop normally. Immediately after birth, the infant uses
his hormone resources, which he accumulated in utero during the last few
months, and also resources from his mother’s milk during breastfeeding. At
five to six months, the thyroid gland functions intensely; at six to seven years,
the anterior section of the pituitary gland becomes very active; sex hormones
become more and more active during puberty.
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Functioning of the endocrine system is closely linked to the central nervous
system. If even one single link of this chain is broken or damaged, the child’s
physical and mental development can be impaired. Therefore, if the thyroid
gland is missing, or if it fails to work properly, affected children will have delays
in bone formation, teeth growth, and mental development.

1.7. The Cardiovascular System
The circulatory organs include the heart and blood vessels, which make up the
cardiovascular system.
The heart and blood vessels are formed during the second week of intrauterine development of the fetus, and their formation is completed by the third
month of prenatal development.
Blood circulation in the newborn infant. As soon as the child takes his first
breath, his lungs become inflated; resistance of blood vessels in the lungs decreases, and the blood flows freely from the right ventricle of the heart to the
lungs, where it is enriched with oxygen, and continues its way to the left atrium,
the left ventricle and the aorta. In the left atrium blood pressure increases and
the valve of the oval window closes mechanically. The blood pressure in the
pulmonary artery gradually becomes lower than in the aorta.
The newborn’s heart is shaped like a ball, and lies in the horizontal plane.
Its size is rather larger than that of an adult. The child’s heart relative weighs
is 1.5 times more than an adult’s. The weight of the heart doubles from eight
to twelve months. The child’s heart is situated higher than that of an adult
because the child usually remains in a horizontal position during the first
year; his diaphragm contributes to the position of the heart. The infant’s blood
vessels are wider than the adult’s. Their lumen increases gradually, but it does
not grow as fast as the volume of the heart. The blood circulation process in
children is quite intense in comparison with that of adults. Blood circulation is maintained in the small and large blood circulation circuits thanks to
continuous contractions of the heart.
The heart rate of the newborn (HR) is recorded at 135—140 beats per
minute, whereas it is two times less in the adult. High HR in physiologically
mature infants is caused by regular high stimulation of the sympathetic innervations centers of the heart. One “inhale-exhale” cycle comprises 3.5-4
heart beats. However, after six months, the heart rate becomes less frequent
– 100 to 130 beats per minute. It is better to calculate the number of heartbeats while the child is asleep, i.e, when he is calm, by pressing your finger
lightly to the radial artery.
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The pulse refers to the rhythmic oscillation of the artery walls, caused by
blood being ejected into the aorta when the heart contracts. The pulse rate per
minute is equal to the heart rate per minute. The pulse is an extremely labile
indicator of hemodynamics in children. Pulse rate depends on age and changes
related to growth and development (growing muscles and motor skills), external factors (temperature in the environment, hunger, and stress), and internal
influences (severe or chronic illnesses). Pulse properties are as follows: rate
(depending on the age), rhythm (rhythmic or arrhythmic), intensity (normal
pressure, hard or soft pulse). Respiratory and pulse rates decrease simultaneously with the onset of age.

pressure in children under one year should measure 1/2 of the systolic reading, whereas in children over one year, it should be 1/2 to 2/3 of the systolic
reading.
Before the child’s birth, the lymph nodes have almost finished growing, but
their cell structure is still insufficiently developed. The protective function of
the lymph nodes becomes more pronounced by the end of the child’s first year.
The child’s cervical and inguinal lymph nodes, and sometimes his subinguinal
and occipital lymph nodes can be well palpated by a doctor.

Newborns

100–160

Six-month-old infant

130–135

Children under 1 year

120–125

2 years

110–115

The respiratory organs begin to function as soon as the child is born.

3 years

105–110

4 years

100–105

5 years

98–100

The young child’s respiratory organs are very different from the adult’s.
Mucous membranes in the nasopharynx and the mouth cavity are rich in
blood and lymph vessels; this creates favorable conditions for the development of edema, and different kinds of inflammation. The one-year-old child
cannot breathe through his mouth, so, when he has a cold, he naturally gasps
for breath at feeding time. The baby’s nasal cavity is underdeveloped; the
nasal passages are narrow, although the lower nasal passage has not yet been
formed; it develops only when the child reaches his fourth year. Cavernous
tissues in the submucous membranes are not very well developed; they begin
to form when the child is eight or nine, and especially when he reaches puberty. As the facial bones grow, the nasal passages widen and increase. The
frontal and sphenoidal sinuses are formed by seven years, but they become
fully developed between 15 and 20 years. In children, the Eustachian tube,
which connects the nasopharynx to the middle ear cavity, is very short and
wide; it lies more horizontally than in adults. Infections make their way easily
from the nasopharynx to the middle ear cavity, which explains why children
suffering from infectious illnesses of the upper respiratory tract often present
inflammations in the middle ear.

10 years

78–85

12 years

75–80

15 years

70-75

Ratio of respiration rate and pulse rate.
In newborn babies

1/2 – 2,5

In children under 1 year

1/2,5 – 3

In preschool children

1/3,5 – 4

In schoolchildren

1/4 – 5.

Table1.2. Pulse rate indicators per minute in children.

Blood pressure is measured in millimeters by a mercury sphygmomanometer. The cuff is placed on on the upper arm so that the elbow is left free. Blood
pressure in one-year-old children is very low. It rises as the child grows older,
but the readings vary from one child to the next.
Systolic pressure (maximum) refers to blood pressure when the heart is contracting (systole), when ventricular contractions reach maximum pressure during the heart cycle. Diastolic pressure (minimum) is measured when they reach
minimum pressure, i.e. the heart is in a relaxed state (diastole). In children
under one year, systolic pressure should measure 80 + n; in children over one
year, it should measure 90 + 2n, where n represents the child’s age. Diastolic
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1.8. Respiratory Organs

The larynx is small; it is shaped like a funnel, and becomes cylindrical as the child grows older. The laryngeal lumen is narrow; the cartilage is
soft, and mucous membranes are very tender and imbued with many blood
vessels. The glottis between the vocal chords is short and narrow, so that
even minor inflammations in the larynx cause narrowing of the airways and
stenosis, which may lead to asthma or wheezing. The trachea and bronchi
have a narrow lumen, and are less pliable than in adults. When inflamed,
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the mucous membranes swell easily, thus causing severe constriction. The
trachea situated in the IV cervical vertebra shifts downwards to the level of
the III cervical vertebra, like in adults. In newborn babies, the bronchial
tubes split off into left and right branches at a higher level than in adults,
i.e. at the III thoracic vertebra, but reach the IV vertebra as the child gets
older. The right bronchial tube is a direct continuation of the trachea, and
proceeds further almost vertically, whereas the left bronchus goes on at a
90° angle. Therefore, foreign bodies penetrate more frequently into the right
bronchial tube. As the child’s mucous glands are not very well developed, the
air that passes through the bronchial tubes is not humidified enough. Even
when there is only a small inflammation, the narrow lumen, underdeveloped
muscles, and elastic fibers, cause disorders of the respiratory tract: air intake
is blocked, shortness of breath, or respiratory failure. The infant’s lungs are
underdeveloped; although their elastic tissues are filled with blood, they do
not contain enough air. Due to poor ventilation, we can often observe a decrease in lung tissues in the lower posterior sections of the lungs. During the
first three months, the child’s lungs increase very quickly in volume. Their
structure changes gradually: connective tissue layers are replaced by elastic
tissues, and the number of alveoli also increases. Due to the fact that the
movements of a one-year-old child’s thorax are somewhat restricted, the lungs
first grow towards the soft diaphragm, causing diaphragm-type breathing.
Children’s lungs develop regularly throughout childhood, increase in capacity, and lung tissues are differentiated. The right and left lungs contain ten
bronchopulmonary segments respectively. Respiratory surface of the child’s
lungs is relatively larger than the adult’s. More blood passes through here in
one hour than in the adult’s lungs.
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Fig. 1.5. Structure of the external respiratory system.
Respiratory centers and connections to respiratory muscles.

Newborn infants breathe through the diaphragm until the second half of
their first year. It is difficult for them to breathe using their chest, as the thorax
has a pyramidal shape; the upper ribs, the manubrium of the sternum, the
clavicle, and the whole shoulder girdle are situated very high up; the ribs lie
almost horizontally, and the respiratory muscles of the thorax are very weak.
As soon as the child begins to get up, and tries to maintain an upright position,
he adapts his breathing and uses both types of respiration. Taking into account
the development of the child’s shoulder girdle muscles, thoracic-type breathing tends to predominate over the diaphragmal type from three to seven years.
Thoracic-type breathing develops in young girls between the ages of 7 to 8 and
14 to 17, whereas abdominal-type breathing forms in young boys.
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Newborn babies

40–60

1–6 months

35–45

6–12 months

35–40

1–3 years

28–32

4–6 years

24–26

7–9 years

21–23

10–12 years

18–20

13–15 years

16–18

Table 1.3. Respiration rate (RR) per minute at different ages.

Babies consume more oxygen than adults: physiologically mature babies
require 7 to 8 ml of oxygen per minute (per 1 kg of body weight), while adults
need only 2.5 to 3 ml. This is partly due to higher chemical heat generation as
the respiratory system in babies occupies about 700 square meters of total body
weight, while in adults, it is three times less.
According to data presented by F. Benedict, the baby uses 900 kcal per
square meter of body surface per day, while the adult needs only 600 kcal, i.e.
the baby needs one and a half times more energy.

1.9. Muscular and Skeletal Systems
Ossification – the process of replacing connective cartilaginous tissues
with bone formations – begins in utero and continues until puberty. Children’s bones contain more water and fewer minerals than those of adults;
they are softer, more pliable, and less breakable. Ossification points in the
bones are formed quite regularly. The teething process, the replacement of
the primary teeth by the permanent ones, is one of the best indicators for
proper growth and development of the human skeletal system; it is a physiological process. There are 20 primary teeth, and 32 permanent teeth. The
medial incisors are the first primary teeth; they appear between six and eight
months. The lateral incisors usually appear between nine and twelve months.
The first molars come out between 12 and 15 months; canine teeth come out
between 17 and 20 months, and the second molars between 21 and 24 months.
The teething process is completed when the child reaches 2.5 years. The first
permanent teeth, the big molars, appear between five and eight years, and
between seven and eight years, the primary teeth are gradually replaced by
permanent teeth in the fore-mentioned order.
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N.O. Bernstein, a reputed physiologist, believed that the child’s muscular
and skeletal activities, and especially those of the fetus in the mother’s womb,
do not resolve any specific motor tasks. Before children actually perform their
first anti-gravity reactions, we can observe static pressure on their skeletal
muscles, forcing them to maintain constant muscle tone, which is stimulated
by ambient temperature below normal body temperature (i.e. below 36°). The
lower the ambient temperature, the greater the pressure on the child’s skeletal
muscles. The newborn’s muscles weigh 14% of total body weight, whereas the
ratio is much greater in an adult – approximately 40%. Children’s muscle
fibers are very thin, and muscle contractions are weak. During the first year,
muscle development is mainly due to thickening of fibers - first the neck and
trunk, and then the limbs. The development level of muscles in young children
can be determined by palpation or through passive movements. Flexor tone
normally prevails over extensor tone, that is why healthy children usually lie
with their limbs bent.
Muscle tone is achieved in infants when there are irregular contractions
of muscle fibers, which are part of any muscle. Muscle tone is maintained
by asynchronous contractions of individual muscle fibers: some are very active, others are more relaxed. Then, in the next moment, the relaxed muscles
contract, whereas the active ones relax. This dynamic activity does not refer to
human locomotion, but it contributes to stimulating the child’s further growth
and development.
The human skeleton consists of 206 bones: 85 are paired and 36 are individual. Bone shapes and structures can be divided into four types: long, flat,
short, and mixed. The adult skeleton weighs approximately 18% of total body
weight, whereas an infant’s is 14%. The skeleton also includes ligaments and
cartilage.
There are two types of bone joints: continuous and interrupted.
Continuous or immovable joints are divided into three types depending on
how they are joined with the following:
1. Connective tissues (ligaments, membranes, cranial sutures).
2. Cartilaginous tissues (intervertebral discs).
3. Bone tissues (vertebrae merging into the sacrum).
Interrupted or movable bones are called joints.
Articulated (connected) bones move in a plane, which is perpendicular to
the revolving axis. The axis of rotation is a straight line, around which an object
rotates. Movement at the joint takes place in a plane about an axis.
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The body has three main axes of rotation, perpendicular to each axis:
1. The frontal axis (transversal), around which flexing and extending
movements take place.
2. The sagittal axis (anterior-posterior), around which abducting and adducting movements take place (from and to the midline).
3. Vertical (longitudinal), around which internally and externally rotating
movements take place.
In addition there is also another kind of movement called circumduction.
The main joints of the body are divided according to the form of the articulated surface, and rotation possibilities:
• with three axes of rotation (the spherical-like joint located between the
scapula and humerus), i.e. it has three degrees of freedom;
• with two axes of rotation (for example, the ellipsoidal-like joint located
between the skull and the first cervical vertebra); it has two degrees of
freedom;
• with one axis of rotation (block-like joints located between the
phalanges of the fingers, cylindrical joints located between the ulnar
and radial bones, and hinge-like joints located in the ulnar joint); they
have the least mobility, and only one degree of freedom.

Skull
Mandible
Clavicle
Scapula
Thorax
Ribs
Spinal
column
Humerus
Ulna
Radius
Carpals
Metacarpals
Phalanges
of the
fingers

Pelvic
girdle
Sacrum
Femur

A flat

Patella

B block-like

C cylindrical

E spherical

F ellipsoidal

Tibia
Fibula
Tarsals
Metatarsals
Phalanges
of the toes
Front view

Rear view

Fig. 1.6. The human skeleton.
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D hinge-like

Fig. 1.7. Types of joints.
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Sacral
curve

Sacrum

Lumbar
curve

Thoracic
curve

Cervical
curve

The infant’s skeleton is mainly composed of cartilaginous tissues (the spinal
column, wrist, etc.). Bone tissues, which have a fibrous structure, have low-salt
content and a large number of blood vessels, resembling cartilage. If the infant
is swaddled too tightly or remains too long in a non-physiological position, his
bones quickly become malformed. Limbs and the skeleton continue to grow
until the child reaches 16 – 20 years.
The infant’s head is properly shaped; it is easy to distinguish the divergence
in the cranial bones through palpation. The cranial bones grow the most during
the first year: skull sutures become tightened by two to three months. However,
the full intergrowth of the cranial bones is completed by three to four years.
Two fontanelles – a large and small one – covered by a membrane, can
be palpated on an infant’s head. The brain forms a larger part of the infant’s
head compared with the proportions of an adult skull. The large fontanelle
(rhomboid-like form at the junction of the coronal and sagittal sutures), and
the skull sutures remain open after birth; the
small fontanelle (triangular shape at the junction
of the arrow (sagitta) and lambda-like sutures)
remains open in 25% of newborn infants. The
large fontanelle closes between 8 and 18 months
in healthy children. Its size is measured on the
sides, and not on the corners of the rhomboid.
The spinal column is part of the human skeleton, where the vertebrae are connected with
each other. Each vertebra has a body and an
arch containing seven processes: posterior – spinalis, lateral – transversal; superior and inferior – paired superior and inferior joint processes.
Each pair of contiguous vertebrae is joined by
intervertebral discs, two actual intervertebral
joints, ligaments, and muscles – interspinales,
intertransversal, and rotator.
The spinal column is an important, but passive section of the human motor system, together
with the muscles, which constitute the active
part of movement harmony in the human body.
The vertebral column consists of five sections.
It includes 24 movable vertebrae (cervical – 7
vertebrae, thoracic – 12 vertebrae, and lumCoccyx
bar – 5 vertebrae), and nine to ten knitted vertebrae (five sacral, and four to five coccygeal).
Movable vertebrae are connected by ligaments;
Fig. 1.8. The spinal column.

elastic intervertebral discs are situated between them. The sacral and coccygeal
vertebrae are knitted together; they form the sacrum and coccyx.
Vertebrae develop from cartilaginous tissues, which decrease with age.
There are four stages of development of the epiphysis (superior part) of the
vertebrae: cartilaginous epiphysis up to 8 years, ossification of the epiphysis
between nine and thirteen years, bone eapiphysis between 14 and 17 years,
and epiphysal merging with the vertebral structure. Ossification of the cervical, thoracic, and lumbar vertebrae is completed by 20 years; the sacral vertebrae by 25 years, and the coccygeal vertebrae by 30 years. The intervertebral
discs take a long time to develop, and ossification is completed between 17
and 20 years.
The newborn’s cervical section of the spinal column makes up 24% of
the total length of the spinal column, whereas the adult’s reaches 22.1%.
Water content in the intervertebral discs (ID) amounts to 85 – 90% in oneyear-old infants and 55 – 60% by the time the spinal column has finished
growing, which contributes to greater ID pliability and simultaneously, to
less stabilized functions than in adults. Greater ID pliability, coupled with
increased flexibility of the ligaments, increase the mobility of the child’s spinal column.
The bodies of thoracic and lumbar vertebrae have a tub-like form, which
is not clearly defined. The superior surface of cervical vertebrae bodies is bent
downwards and forwards. Intervertebral spaces are doubly curved inwards, and
not doubly pushed outwards as in adults.
The external contours of the articular processes of thoracic and lumbar
vertebrae are not protuberant. The child’s fibrous ring is two-layered, but it
is three-layered in adults; it is supplied with blood; the posterior semiring is
weaker than the anterior one; lateral and anterior sections seem to protrude
somewhat beyond the limits of the spinal column.
The core of the vertebral disc in children is made up of a jelly-like substance
(fragment of the cord); in adults, the core is pulp-like (the third layer of the
fibrous ring).
Vascular channels are found in the child’s hyaline plates; they are avascular
in adults.
The length of the spinal column increases sharply during the first year.
Later, the spinal column grows more slowly, but then develops more quickly in
children between seven and ten years, but more in young girls than in young
boys. Between 9 and 14 years, the growth of the spinal column in both girls
and boys is several times slower; it becomes even slower between 14 and 20
years. The growth of the spinal column in boys stops after 20 years, and in
girls after 18 years. The length of the spinal column continues to grow very
slowly after 19 years.
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Ossification characteristics

Age of young girls/young boys

Appearance of the first ossification points
in the cartilaginous epiphysis

7–10 years / 10–14 years

Formation of multiple ossification zones in the epiphysis

14–16 years / 16–19 years

Formation of the adult spinal column is completed

21– 23 years / 23–25 years

Table 1.4. Ossification characteristics at different ages.

The infant’s spinal column is almost straight. The growth and development of the spinal column is not just a mechanical increase in size and weight;
with age, the cartilaginous parts of the spinal column are replaced by bones,
physiological flexions are formed, and the structures of intervertebral discs
and subchondrial parts of the spinal column are altered. As soon as the child
manages to keep his head straight, there is a cervical curve forwards – this is
known as cervical lordosis. It is formed by all the cervical and superior thoracic
vertebrae, but the largest curve appears in the fifth and sixth vertebrae. When
the child is able to sit at six or seven months, thoracic flexions appear in the
spinal column with a back curve, which is called kyphosis; the curve is most
pronounced in the sixth and seventh vertebrae. As soon as the child starts walking, (9-12 months), lumbar lordosis appears; this constitutes a forward curve,
formed by the remaining thoracic and all the lumbar vertebrae. The fourth
curve is known as sacrococcygeal kiphosis. Gradually, these curves increase
due to improvements in standing and gait, thanks to the effects of gravity and
muscle movements. A more or less typical configuration of the spinal column
appears by 3 or 4 years. Neck curvature is set by seven years, but lumbar curvature is completed only by 12 years. Cervical lordosis and thoracic kyphosis are
formed completely when the child reaches puberty. They increase if excessively
heavy loads are lifted. As the child grows, vertebra and disc bodies develop in
the caudal direction. If X-rays of lateral sections are made, these physiological
curves of the spinal column are hardly noticeable.
The mobility of the spinal column depends on the height of the intervertebral
cartilaginous discs and their elasticity, as well as the frontal and sagittal dimensions of the vertebral bodies. In adults, the total height of intervertebral discs is
equal to 1/4 of the height of the movable part of the spinal column. The higher
the intervertebral discs, the greater the mobility of the spinal column will be.
The height of lumbar discs is 1/3 of the height of the contiguous vertebral body,
1/5 in the superior and inferior thoracic regions, 1/6 in the central part, and 1/4
in the cervical region. Therefore, the spinal column has the greatest mobility
in the cervical and lumbar regions. In the sacral region, the spinal column becomes immovable by 17-25 years due to the fact that these intervertebral discs
are replaced by bone tissues.
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Flexion in the spinal column is greater than extension. The cervical region
of the spinal column is the most flexible (70 degrees), the lumbar region is
somewhat less flexible, and the thoracic region is the least flexible.
The muscles of the anterior region of the neck ensure flexion in the spinal
column: the sternocleidomastoid muscle (m. sterno-cleido-mastoideus), the
scalenus anterioir, scalenus medius, and scalenus posterior muscles (m. sсаlеnі
аnt., med. еt роst.), the longus capitis muscle and longus colli muscle (m.
1оngus capitis et m. longus colli), the abdominal muscles (straight and oblique
abdominal muscles), and the longitudinal lumbar muscle (m. iliopsoas).
The muscles, located on the posterior surface of the trunk and neck ensure
extension of the spinal column. These include: the trapezius muscle (m. trapesius), serrati superior, posterior, and inferior muscles, (mm. serrati post. sup. еt
іnf.), splenius cervicis muscle and splenius capitis muscle (m. splenius cervicis et
capitis), the trunk muscle (m. erector
spinae), and the transversal spinal
muscle (m. transverse-spinalis).
Bending the spinal column laterally is performed according to the
Shoulder
parallelogram rule, i.e. when flexors Sagittal
girdle
and extensors on one side work si- axis with
abducting
multaneously, but direct the spinal and
column together towards the side. adducting
movements
The greatest lateral bendings can
be performed between the thoracic
Pelvic
and lumbar regions; they equal one Frontal
girdle
axis with
flexing
hundred degrees.
and
The largest circular movements extending
can be performed in the cervical movements
region; they equal 75 degrees, and
are almost impossible to perform in
Knee
joints
the lumbar region, where they equal
only five degrees.
Therefore, the neck is the most
mobile region; the lumbar region is
Ankle and
somewhat less mobile, whereas the
foot
joints
thoracic region is the least mobile,
as the ribs inhibit its movements.
The mobility of the child’s spinal
Vertical axis with internally and
externally rotating movements
column is much greater than that
of the adult, especially when the
Fig.1.9. Human posture. Symmetry
of the right and left sides of the body.
child is only seven to nine years old.
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This depends on the relatively larger size and elasticity of the intervertebral
discs.
Human posture. Correct posture and normal body constitution are part of the
criteria that determine a person’s health. Body posture is not transmitted genetically; it is formed during the first decade, i.e. during the growth and development
of the muscular and skeletal systems managed by the higher sensory-motor functions of the brain.
If incorrect posture is not detected in childhood, when children are still attending different educational institutions, or when they continue their studies
for a longer period of time, it can lead to the development of various illnesses,.
Children with bad posture walk with their head lowered, and with a slouch. Their
gait is heavy and clumsy, while their hands and feet are not at all coordinated.
Many factors can be responsible for children’s bad posture: long stretches of sitting
at school desks, which do not correspond to their height, sitting at a table that is
too high or too low, bad habits of crossing legs while sitting, slouching with their
hand slung over the back of the chair, or standing with the weight on one leg and
the other to the side. These positions put the pelvis into a prolonged twisted position, whereas the spinal column becomes gradually curved or distorted.
Child and adolescent posture presents a number of specific peculiarities connected with age. Lumbar lordosis is especially prevalent in pre-pubertal children.
Children’s posture changes during the growth and development process when the
center of body weight shifts; this happens to young girls between 11 and 12 years,
and to young boys between 12 and 13 years. It is crucial to monitor children’s posture during this period, and proceed to correct it if any anomalies are detected.
The following important posture anomalies are distinguished according to
V.D. Chaklin.
Good posture. The human body is proportional; the head is set straight; the
shoulders are pulled back slightly; the chest is pushed up and out; the stomach is
pulled in; the shoulders are symmetric; the hands and legs are of an equal length;
both shoulder blades, and the hips are symmetrically placed; the waist triangles
are of an equal form. Back, chest, and abdominal muscles are all actively involved
in forming good posture.
Flat back. Type of posture, where the normal curves of the spinal column have
been lost; the shoulder blades have a wing-like shape. The chest is convex, and the
body is stooped forward; the lower part of the stomach also protrudes forward.
Flat curved back. This type of posture is very rare. The back is completely
flat; the buttocks protrude sharply; the patient is bent at the hips; the midline of
body weight passes in front of the hip joints; the cervical, thoracic, and spinal
curves are flattened.
Slouching. There is a general increase in cervical and thoracic curves of the
spinal column. The chest is convex-shaped; the shoulder blades are wing-like;
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the shoulders drop forward; the head also droops, and the stomach bulges out.
If these anomalies are not corrected in time, other forms of spinal disorders
may appear later on.
Scoliosis. Present-day aspects of scoliosis allow us to make a clear distinction
between scoliosis and postural disorders. Unstable lateral deviations of the spinal
column appear when posture disorders appear in the frontal plane. They disappear when the patient lies on his back or stomach. There is no clinical or X-ray
evidence of torsions in the spinal column when postural disorders are observed.
It is very important for doctors and rehabilitation specialists to know about
the functions of body muscles when examining patients, making a diagnosis, or
scheduling treatments with healthy or sick children, especially for patients suffering from organic lesions of the nervous system.
The knowledge of anatomy and the laws governing the development of the
child’s organs and systems constitutes an indispensable basis for professionals
involved in rehabilitation treatments for children suffering from pre- and perinatal lesions of the nervous system, organic lesions of the brain, with their consequences, developmental disorders or complications due to infectious, allergic,
or traumatic diseases.

2. Sequence of Topical Clinical Diagnosis
of Lesions of the Nervous System

Doctors can clarify a number of questions by conducting a thorough neurological examination of their patient; answers to these questions will form the basis for a
topical diagnosis of the brain, the spinal cord, or the peripheral nervous system:
• Are the detected symptoms due to lesions of the NS or lesions of other
body systems?
• What is affected in the CNS (the brain or the spinal cord)?
• At what level did the lesions in the peripheral NS occur (cranial or
spinal nerve rootlets, plexus, peripheral nerves)?
• Did the process occur in the brain (cerebral cortex, subcortex, brainstem) or in the spinal cord, and at what level: cervical, thoracic,
lumbar, or coccygeal segments?
• Did the process occur in the cerebral cortex and is so, its localization?
Was it a process with a +sign (cortex irritation), or with a –sign (i.e.
loss of function)?
There are important differences if a specialist makes a topical diagnosis in
early childhood. We should remember that the child’s nervous system is going through a process of maturation and formation. Reflex activities and normal motor development during a healthy infant’s first year are ensured by an
intricate complex of interchangeable segmental reflexes at the brainstem and
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spinal levels, posotonic and postural reflexes, labyrinthine righting reflexes,
postural and constituent reactions, and support and balance reactions.
Topical diagnosis is based on the evaluation of unconditioned innate reflexes,
which should be present in a newborn baby; during the infant’s first year, these
reflexes are reduced and gradually disappear as nerve conductors are myelinated
in the cephalocaudal direction.
The main reflexes are as follows: oral, nutritional, and search reflexes, which
become inhibited at four to five months as the higher nervous centers develop.
The group of reflexes regulating spinal automatisms, which disappear in the
second six months, verifies the preservation of reflex arcs at different levels of
the spinal cord: the Babkin reflex (the infant’s mouth opens when the palms
are pressed), the palmar grasp reflex, the Robinson grasp and pull reflex, the
Galant reflex (spinal automatism when the infant’s side is stroked), and the
Perez reflex (paravertebral stimulation of the skin covering the infant’s back
by lightly pressing the spine from the coccyx to the neck). The group of tonic
spinal reflexes, the basis of which is Galant reflex, is called spinal retention
reaction. Reflexes are expressed in premature babies during their first year, and
sometimes remain until children reach five or six years.

Sequence of Topical Clinical Diagnosis of Lesions of the Nervous System

This ancient reflex is a reflection of our ontogenesis, i.e. at the stage of amphibians and reptiles; these creatures used the skin on their backs as a source of
perception of stimulants from the outside world when they moved through their
particular environment. When human beings adopted an upright position, the
skin on the back was no longer used as a sense organ; human hands, which became loose and free, took over this function. However, the colorful expression –
“Watch your back!” has remained from those ancient times until today.
The main challenges for the child’s motor development during the first year
are as follows: developing active and conscious movements of the limbs and
body, maintaining an upright position, and developing primitive locomotion
such as body rotations, rolling over, crawling, and moving on all fours. By the
end of the first year, the child gradually begins to master higher forms of locomotion, such as standing on both feet and walking. Gait in the upright position
constitutes the ultimate goal of the child’s general static development. The day
when the infant leaves his mother’s arms, and takes his first steps on his widely
spread legs signifies that he has won the first important battle in his life.
We can define the following unconditioned reflexes in young children: movement, segmental, and posotonic automatisms.

5

2 – Myelencephalon –
postural and
posotonic reflexes

1
2

3

4

3 – Segmental
brainstem –
oral automatism
reflexes
4 – Segmental
spinal reflexes

5 – Balance reactions

Fig.2.1. Unconditioned reflexes in young children;
their grouping and localization in the nervous system.
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Age (months)

Reflex

1 – Mesencephalon
(suprasegmental) –
constituent, righting,
and symmetrical
chain reflexes

Appearance

Maximum
expression at

Inhibition

Segmental brainstem reflexes, oral automatisms
Searching

from birth

1–3

4 – 5 months

Rooting

from birth.

1–3

3 months

Sucking

from birth

1 – 11

after I year

Palm and mouth

from birth

1–2

after 3 years

Segmental spinal reflexes
Protective

from birth

1–2

after 3 months

Moro

from birth

1–5

after 5-6
months

Palmar grasp reflex

from birth

1–4

after 5 months

Plantar grasp reflex

from birth

1–7

after 8 months

Gallant and Perez spinal reflexes

from birth

1–4

after 5 months

Support reaction

from birth

1 – 1,5

after 2 months

Automatic gait reaction

from birth

до 1 – 1,5

after 2 months

Crawling reaction

from birth

4–6

after 6 months
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Balance
reactions:

Posotonic and postural reflexes
Tonic labyrinthine reflex (TLR)

from birth

1–2

after 3
months

Symmetrical tonic neck reflex (STNR)

from birth

1–2

after 3
months

Asymmetrical tonic neck reflex (ATNR)

from 2 months

3–5

after 6-7
months

Standing freely
Crawling on all fours

Constituent righting
reflexes.
Raising the torso with
Symmetrical
hands extended and legs bent
chain
reactions:
Crawling on the stomach

Labyrinthine righting reflex
Head to torso reflex

from birth

1–6

after 1-2
years

Labyrinthine righting head reflex

from 3 - 4
weeks

2–6

after 1-2
years

Neck righting reaction (neck to head reflex)

from 3 weeks

1–6

after 1 year

Torso righting reaction, torso torsion
development, pelvis to torso reflex

from 3 months

4–8

after 1 year

Torso to head righting reaction

from 1 month

1–7

after 1 year

Landau reflex

from 3 months

8 – 10

after 2 years

Reactions to maintain balance
Protective reactions using hands

from 4 months

5 – 10

after 3 years

Maintaining balance when bending
sideways

from 5 months

6 – 10

after 3 years

Maintaining balance when bending
backwards

from 5 months

6 – 10

after 3 years

Balance reactions
When bending forwards

from 4 months

5

preserved

When bending backwards

from 6 months

7

preserved

When sitting

from 6 months

7

preserved

When crawling on all fours

from 5 months

6

preserved

When standing

from 8 months

9

preserved

Table 2.1. Inhibition of unconditioned reflexes.
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Walking easily
on straightened legs

Postural and
posotonic
reflexes:

Raising the upper part of the torso
first on bent hands,
and then on straightened hands
Rotating from the back
onto the stomach

Lifting the head from a resting
position on the stomach (head control)

Fig. 2.2. Interconnection of unconditioned reflexes with motor skills.

There is a significant difference when making a neurological diagnosis to
localize disorders in the brain, the spinal cord, or the peripheral nervous system.
Due to no language communication, incomplete myelination processes, and the
child’s phased upright positioning during the first year, specialists are forced to
constantly compare the child’s status with age norms. Any deviation from these
norms may be temporarily due to illness, somatic disorders, poor nutrition, or it
may be the beginning of neurological disorders, which will require topical and
etiological diagnoses, and proper early treatments or rehabilitation.
The process of the child moving into the upright position, and the child’s
anomalies at different ages are presented in the figure below.
As a neurologist working in a polyclinic usually has to see many patients
within a limited period of time, it is convenient for him to follow a scheme of
topical localizations of the most important neurological syndromes.
1.
2.
3.
4.
5.
6.
7.

Mononeuritis.
Polyneuritis (“glove and stocking” pattern).
Plexus pattern.
Segmental pattern.
Conducting pattern.
Hemi-field pattern.
Cortical mono-pattern.
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Sequence of Topical Clinical Diagnosis of Lesions of the Nervous System

12 months

6 months
4 months
2 months
Newborn baby

Lies in
a flexed
position

Head
control

Arm and
hand support
reactions
appear

Begins
to sit

8 months
Stands
near
a support

10 months
Stands
alone;
walks with
support

Walks
alone

Fig. 2.3. Stages of motor development.

Sensory tests are helpful when adult patients are being treated. Unfortunately, it is difficult to conduct these tests on children aged up to three or five
due to their resistance and discomfort, or the doctor’s uncertainty as to whether
the child has understood him/her correctly or not. Studies of sensitive areas
help doctors make a diagnosis for adults or schoolchildren. It is also easier to
determine the kind and type of disorder by exploring superficial and deeper
sensitivity in different regions.
Types of sensory disorders are connected with their distribution at the place
of initial irritation in the following areas:
1. Exteroreceptors (skin surface perception of pain, temperature and tactile
irritation – this represents surface sensitivity, which can be verified by delicately
applied pin or needle pricks. Disorders include anesthesia, analgesia, hypesthesia, and hyperesthesia).
2. Proprioceptors or muscular-articular, kinesthetic sensitivity (irritation
in deep tissues of the muscular-articular-sinew apparatus; they represents deep
sensitivity. This can be verified when the patient performs passive movements
in the limb joints symmetrically from right to left).
Proprioceptors and the labyrinth ensure the functions of maintaining the
body’s upright posture in static positions or during body movements. Sensitive
ataxia disorders: static (Romberg’s pose) or dynamic (finger to nose, or heel
to knee tests).
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Patterns of sensitivity disorders make it possible for doctors to determine the
exact location of lesions in the brain or spinal cord:
Peripheral pattern:
1. Mononeuritis – lesions of the peripheral nerve located in the brainstem –
all kinds of sensory disorders in the innervated area of the nerve.
2. Polyneuritis – loss of all sensitivity; “glove and stocking” pattern.
3. Plexus – lesions of the cervical, humeral, lumbar and coccygeal plexuses – pain, anesthesia, hyperesthesia, or hypesthesia (all sensitivity) in the
innervated zone of the affected plexus.
Segmental pattern:
1. Radicular – pain syndrome in lesions of sensitive posterior rootlets; loss
or reduction of all sensitivity of segmental nature (circular on the torso; fascia
longitudinal on the limbs).
2. Dissociated segmental effect – lesions of the posterior horn of the spinal
cord – loss of surface sensitivity only (pain and temperature); tactile sensitivity
is maintained.
3. Butterfly effect – lesions of the anterior grey commissure: dissociated loss
of pain and temperature sensitivity, but tactile sensitivity remains symmetrical
on both sides. Unlike the lesions of the two posterior horns, there is no evidence
of tendon reflexes disappearing.
Conducting pattern – lesions of white conductors in the NS.
The conducting pattern is spinal. The line between normality and pathology
is horizontal. Loss of sensitivity, movements, and autonomic trophic functions
are located below the lesions.
1. Pathways of the dorsal column of the spinal cord – Gaulle and Burdach
pathways – loss of deep sensitivity from the lesions downwards; sensitive ataxia
due to loss of sensation of body positioning.
2. Lesions of the lateral column of the spinal cord – pain and temperature
anaesthesia due to lesions of the spinal thalamic pathway leading to the opposite
side of the body (crossing in the anterior grey commissure).
3. Lesions of half of the spinal column – they cause the Brown-Sekara syndrome.
The conducting pattern is cerebral. The line between normality and pathology is vertical. For example, the hemi-field pattern – lesions of the inner
capsule cause the “three hemi-field” syndrome on the opposite side – plegia
of the hand and leg. However, there is another symptom in childhood hemiplegia, which is associated with the need to grow and develop better and more
quickly. Young children, who develop capsular hemiplegia, also develop a
symptom, which is very important for rehabilitation specialists – hemiatrophy, i.e. limb muscles located on the affected side will gradually become
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thinner and shorter. Hemiatrophic forms of CP are taken into account in our
rehabilitation program so that these adverse complications can be reduced.
Cortical mono-pattern
Clinical symptoms of irritation in different areas of the cortex are shown
with the + sign, plus symptoms. Negative syndromes are shown with the –
sign, the minus symptom or the function in accordance with its localization
in the cortex.
Sequence of clinical solutions:
1. Lesions of the NS, or lesions of other body systems.
2. CNS lesions (the brain and/or the spinal cord).
3. Lesions of the peripheral NS (rootlets of cranial or spinal nerves,
plexus, peripheral nerves).
4. The process in the cortex, its localization; the process with the plus
sign (cortex irritation), or with the minus sign (loss of function).
5. Lesions of the internal capsule – three hemi-field syndrome on the
opposite side.
6. Brainstem lesions: brain stems, pons, medulla oblongata – alternating
syndromes at different localizations.
7. Lesions of the spinal cord at different levels. Cervical insufficiency
resulting from complications during childbirth.
NS functions could be represented by three whales on a provisional scheme
(see below): the first whale is responsible for developing motor skills, the second
for mental functions, and the third for speech. The right arrow near the first
whale shows normal development, the left one refers to pathological development (CP development), and in the center, we see children with mildly expressed
minor developmental delay, or minor brain dysfunction (MBD). This group of
children shows a great variety of clinical symptoms:
Disorder Function development
Norm
delayed motor development,
motor awkwardness, menDelayed Motor
Delayed Mental
Delayed Speech
Development
Development
Development
tal deficiency, sensory motor discoordination, praxis
function disorders, various
articular disorders, dyslalia,
behavior disorders, such as
attention deficit hyperactivity disorder (ADHD),
inability to study or learn,
Motor
Speech
Mental
school maladjustment, weak
motivation, distorted and
Fig. 2.4. Functions of the Nervous System.
disturbed rhythm of life, etc.
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3. Perinatal Lesions of the Nervous System and
Their Consequences
According to data presented by the WHO, the birthrate of disabled children has reached 10.8% worldwide, which means that, today, one out of every
ten children is born with physical or mental disabilities. Perinatal disorders of
the nervous system, which appear as brain lesions, occur in 30 out of 1,000
children.
All children, who suffered from various adverse complications during their
mother’s pregnancy (prenatal), at birth (natal), or afterwards, i.e. during the
newborn period and during the first two years (postnatal), are classified in a
“risk group” for different motor, mental, speech or behavioral disorders in the
future. These children used to be called “defective children” or “invalids”, but
now we refer to them as “children with special needs”, “disabled children”, or
“children with limited health possibilities”.
If the diagnosis and long-term rehabilitation are worked out at an early
stage, these children will be assured of a better future. Prenatal and perinatal disorders constitute one of the most reliable and credible causes for the
group of children who suffer from different organic diseases of the nervous
system. According to Prof. K.O. Semenova, who devoted her whole life to
theoretical and practical aspects of caring for patients with cerebral palsy,
80% of all perinatal pathologies are caused by intrauterine processes (infections, hypoxia, etc.), whereas 18 – 20% are related to the consequences of
childbirth. Childbirth traumas of the NS have prevailed at all times and in
all countries. Even normal, physiological births represent a traumatic process for both the mother and the fetus, something that even people, who are
not involved in the medical field, know and understand. In some cases, the
baby is born without any lesions; in other cases, injuries are minimal; no
one pays attention to them and they disappear with time (although they may
sometimes leave some traces). Finally, there are times when the complexity of
labor traumas is quite important, and the expressed lesions of the NS remain
for the rest of the child’s life.
The first descriptions of childbirth craniocerebral traumas and their consequences in the form of CP are usually associated with the name of an English
doctor, D. Little. However, few people know that he eventually drew attention
to the fact that lesions of the spinal cord of the fetus could occur during the
childbirth process.
In 1959, P. Jates emphasized that “the neck of the fetus must carry the biggest manipulation load during any kind of birth”. Later, in 1964, an important
article in JAMA magazine specified that the fetus can be injured even during
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ordinary and normal delivery, and that the death of the fetus occurs most often
because of childbirth traumas in the upper cervical region of the spinal cord.
It is commonly known that the spinal respiratory center, which plays a central
role in the neonatal period, is situated at the very level of the C4 segment of
the spinal cord.
Thanks to the dedicated work of employees at the Clinic of Pediatric Neurology at the Kazan State Institute for Medical Training, headed by Prof.
O.Yu. Patner, neurological symptoms related to natal spinal lesions, localized
in different places, showing minimal peripheral cervical insufficiency, early
cervical ostechondrosis, and delayed strokes in children, who had suffered
spinal injuries during childbirth, became very well-known to pediatricians,
neurologists, and rehabilitation specialists, both in terms of diagnosis and
early care and assistance.
When making a diagnosis of lesions of the nervous system in young children, child neurologists should begin by studying detailed information about
hereditary difficulties in the family, the parents’ health, the mother’s pregnancy,
actual delivery, and the newborn baby’s condition.
Pathologies, which are formed after the egg has been fertilized until the first
weeks of postuterine life are commonly referred to as perinatal disorders.
Perinatal lesions of the NS may appear as different clinical syndromes,
namely:
a) enhanced neuro-reflex excitability; distorted and disturbed rhythm of life;
b) delays in motor development, and in mental and speech skills;
c) delays in static-kinetic, mental and speech development;
d) hydrocephalous and hypertension syndromes;
e) motor disorders;
f) autonomic and visceral dysfunctions;
g) different variations of brain seizures.

3.1. Effects of Harmful Factors on the Embryo and Fetus
More than 400 factors, affecting the course of fetal development, have
been described. In 70-80% of the cases, pathologies of the NS are caused by
a whole complex of harmful factors, the most important of which are the parent’s health, hereditary difficulties in the family, environmental hazards, and
numerous psychological and social aspects. Under the influence of different
causes – genetic, physical, mechanical, chemical, biological, nutritional, and
infectious – neurogenesis during different periods (progenesis, blastogenesis,
embryogenesis, and fetogenesis) may be affected (Yu.I. Barashnev, 2001).
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Different pathological conditions are formed depending on the period of
ontogenesis, during which the effects appeared – stigma of disembriogenesis,
developmental abnormalities, chronic fetal hypoxia, or even termination of
pregnancy. During the first three months of pregnancy, harmful effects usually
cause hereditary diseases, early miscarriages, and various embryopathies, i.e.
birth defects in the child’s different systems and organs.
It is clear that the fetus, which has suffered lesions in utero, will not be
ready for delivery; therefore, the baby may suffer many traumatic injuries during
childbirth, which may be related to the brain, the spinal cord, different regions
of the spinal cord, but especially, the cervical region, which must support a huge
amount of pressure during the childbirth process.
Fetal disorders (9 – 40 weeks of pregnancy) lead to fetopathies (diabetes,
hypoxic, infectious diseases, etc.), inflammation of fetal organs and systems,
delays in intrauterine development, immaturity, or prematurity.

3.2. Perinatal Lesions of the Nervous System
Perinatal lesions of the nervous system (NS) can be conditionally divided
into the following:
1. Perinatal strokes (hemorrhages) due to different etiologies: hypoxic lesions, hypoxic-ischemic encephalopathy (HIE). The following conditions may
reflect patomorphological variations of hypoxic-ischemic encephalopathy:
•
•
•
•
•

selective neuronal necrosis;
status marmoratus;
parasagittal cerebral lesions;
periventricular leukomalacia (PVL);
focal and multifocal ischemic necrosis (porencephaly, hydranencephaly, multicystic encephalomegaly).

2. Traumatic perinatal lesions are caused by mechanical injuries to the brain
and/or the spinal cord, skull, and spinal column.
Risk factors of traumatic lesions of the NS include a large fetus, anomalies
in the position of the fetus in the uterus, early loss of water, labor pathologies,
and obstetric or surgical interventions.
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Fig. 3.2. Neurological consequences of impaired ontogenesis.
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Fig. 3.1. Traumatic perinatal hemorrhages.

3. Intracranial hemorrhages (ICH): extra- and intracerebral hemorrhages
occur in pathological conditions, such as brain contusions, lesions of the
spinal cord, rootlets, plexuses, nerves, and skull and spinal bone injuries.
Hemorrhaging is often preceded by hypoxia, which makes the blood vessels more permeable, causing severe disorders in blood microcirculation,
stagnation, stasis, small hemorrhages in brain fluid and membranes, both
intra- and periventricular.
Early organic lesions of the NS two-neuron pyramidal tract due to hypoxic-ischemic or traumatic injuries can cause spastic, central, mono-, hemi-,
para-, or tetraparesis or plegia.
Problems related to diagnosis, timely and adequate treatments, rehabilitation, and prevention of childbirth traumas can be developed and resolved just
on the limits of obstetrics, neonatology, pediatric neurology, neurosurgery,
and neurophysiology. Therefore, both antenatal and perinatal periods are
among the most important in the life of mankind and of each individual.
Countless child and adult illnesses are linked to pathologies during this
period.
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Pediatricians and neurologists need to resolve two important tasks – making diagnoses of early disorders of the nervous system and starting long-term
rehabilitation, i.e. neurorehabilitation, at an early date. Therefore, the perinatal
period should be viewed as a precondition for creating “lifetime healthcare”
for everyone.

4. Cerebral Palsies, CP

One of the most difficult and disabling diseases of the nervous system is a
group of different motor disorders, which are commonly known by a general
name – cerebral palsy. They develop because of different reasons, due to various so-called perinatal lesions of the nervous system, namely during pregnancy,
childbirth, and the infant’s first months. There are various forms of this disease
associated with lesions of different levels of the brain or spinal cord.
Anomalies in the pyramidal system lead to paralysis or paresis, which, from
the clinical point of view, appear as a loss (restriction) of active movements and
muscle weakness.

4.1. Clinical Picture of Lesions of Central Motor Neurons (Central
and Spastic Forms of Paralysis)
1.
2.
3.
4.
5.

High muscle tone – hypertonicity, spasticity, the “clasp-knife” effect.
Hyperreflexia with exaggeration of reflexogenic zones and the clonus.
Pathological reflexes (which are normal for small children).
Protective reflexes.
Abnormal synkinesis (involuntary mirror movements).
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Symptoms of lesions located in motor systems.
Pyramidal and extrapyramidal systems.
Affected
motor
systems.
Type of
paralysis

Central
motoneuron

Peripheral
motoneuron

Lesions
located in:
motor cortex
or pyramidal
bundles

Lesions located
in: Anterior
horns or
rootlets of the
spinal cord,
peripheral
nerves

Central
Lesion
syndromes spastic

paralysis,
or paresis:
(hemi-, para-,
tetraplegia)

Flaccid
atrophic
peripheral
paralysis or
paresis

Hypertonicity, Muscle
Clinical
hypotonia,
symptoms spasticity
muscle
contractions,
“clasp-knife”
effect.
Hyperreflexia
with
exaggeration
of the
reflexogenic
zone.
Abnormal,
protective
reflexes,
synkinesis

Hyperreflexia.
Muscle
hypothrophy.
Decreased
electroexcitability
Fiber twitching

Spastic
Speech
disorders dysarthia

Flaccid
dysarthria

Forms
of CP

Abnormalities
of the
peripheral
motoneuron is
not included in
CP diagnosis
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Pyramidal,
Spastic forms:
tetraparesis,
hemiparesis
(plegia),
paraparesis
(plegia)

Pallidum
syndromes:
Parkinson’s
disease, pallidnigral, akinetic
rigidity,
amiostatic

4.2. Clinical Picture of Lesions of the Peripheral
Motoneuron (Flaccid, Atrophic, Atonic Forms of Paralysis)

Striatum

Cerebellum

(neostriatum) =
caudate
nucleus and
putamen –
external
nucleus of
the lenticular
nucleus

Ataxichypotonic
syndrome

Rigid muscle
tone,
bradykinesia,
Syndromes:
akinetic-rigid,
amiostatic ,
“cog-wheel”
rigidity

Hyperkinetichypotonic
syndrome.
Hyperkinesischorea,
Mioclonus and
tics, which
are enhanced
through
movements,
but disappear
during sleep.
Athetosis of
the torso

Ataxia of the
cerebellum.
Patients
afflicted with
tapeworms,
static or
locomotor
ataxia cannot
walk or walk
with their
legs spread
wide apart
(broadstepped gait).

Hypooligokinesis.
Reduced motor
initiatives.
halting, smallstepped gait,
propulsion,
retropulsion,
poor facial
expressions,
repose tremor

Low muscle
tone.

Low muscle
tone,

Asterixis –
inability to
maintain
a fixed
posture after
hemorrhaging
in the
brainstem

Ataxic
gait and
cerebellar
ataxia.

Hypokinetic
dysarthia

Hyperkinetic
dysarthia

Hyperkinetic
forms of CP

Cerebellar
forms of
CP. Foerster
atonicastatic form

Dystonic forms
of CP

1.
2.
3.
4.
5.

Low muscle tone, hypotonia, muscle atonia.
Muscle atrophy.
Arreflexia, decreased tendon reflexes.
Reduced electroexcitability, degenerative muscle reaction.
Fascicular (fibrillar in the tongue) muscle twitch during the slow destruction of anterior cells of the spinal cord or the cranial nerve nuclei.

Flaccid forms of paralysis are not included in CP.
The extrapyramidal system consists of three subsystems: pallidum, striatum, and cerebellum.
Depending on their localizations, mixed, extrapyramidal forms of CP appear: athetosis or dystonia.
Abnormalities in the pallidum can cause Parkinson’s disease.
Muscle tone is high, rigid, the “cog-wheel” effect.
The pallidum lesion syndrome has different names, such as, hypertonichypokinetic, pallid-nigral, akinetic rigidity, and amiostatic.
The hyperkinetic syndrome develops when the striatum is impaired.
Low, hypotonic muscle tone.
Hypotonic-hyperkinetic syndrome.
Hyperkinesis (involuntary movements) – athetosis, tics, chorea, balism,
mioclonus, and torsion.
Clinical symptoms of the cerebellum show the development of the atactichypotonic syndrome.
Muscle tone in the limbs is low and hypotonic.
Ataxia in the eyeballs is characterized by nystagmus.
Ataxia of speech muscles is manifested as stuttering or “scanning” speech.
Ataxia of the torso and limbs is manifested by ataxic, unsteady gait, disorders in body sway and limb coordination when the patient tries to carry
out coordination tests.
Cerebellar forms of CP are ataxic. Lesions of the frontal lobe of the brain
cause one of the most complicated forms of CP, i.e. the Foerster atonic-astatic
form. It is associated with lesions of the frontal lobe. This form of clinical
cerebral palsy presents cognitive and intellectual defects on the first plane,
as well as coordination and balance disorders. It is namely these defects that
make it impossible to draw up a favorable prognosis during the rehabilitation
process of such patients.
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4.3. CP Related Syndromes
• Syndromes of mental, emotional, speech, and cognitive disorders.
• Syndromes of visual, auditory, and other sensory disorders.
• Seizure syndromes.
• Somatic syndromes.
• Autonomic disorders.

Disorders

Percentage

Autonomic functions

69–95%

Sensitivity

59–94%

Perception disorders

48–56%

Body schemes

58–62%

Spatial perception

64–80%

Hydrocephalus syndrome

37–40%

Convulsions

14–65%

Vision

40–50%

Hearing

3–40%

Nuclear jaundice

25–40%

and other forms, especially TORCH infections

3–25%

Table 4.1. Percentage of disorders associated with cerebral palsy.

4.4. Main Clinical Motor Patterns of CP
Delayed reduction and increased activities of unconditioned posotonic reflexes, and motor automatisms.
• Abnormal synergy and synkinesis.
• Difficulty maintaining the upright position.
• Difficulty controlling medial structures (torso and head), which affects
balance.
Disorders in neuromuscular control at early stages of CP development appear as follows:
• the child’s drowsiness or excitability; weak sucking movements with
pushes of the tongue,
• hypersensitivity of oral parts characterized by high-pitched and sharp
cries; tonic biting reflex, weak head control, and asymmetrical movements or positions of the body and limbs.
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Abnormal motor symptoms at the development stage of CP:
Delayed motor development — early syndrome, prognosis of CP development.
Abnormal motor activities: moving forward by rolling over, elbows-andknees crawling, “rabbit-like jumps”, and W-like sitting position.
Muscle tone disorders are also combined with muscle weakness, which leads
to imbalanced joints funclioning. Numerous clinical patterns characterize these
disorders: “high guard” posture, legs crossing in scissor-like movements, extensor or flexor posturing, proximal fixation of upper limbs with increased muscle
activity in the neck and shoulders.
There can be various forms of secondary disorders in cerebral palsy. They
constitute the effects of muscle tone disorders, and difficulty controlling posture
and body balance.
When making clinical examining of patients suffering from different forms
of CP, rehabilitation specialists may detect the following symptoms: functional
blocking of vertebral and motor segments, myofibrosis, secondary muscular
pains, spinal, torso, and chest deformities, muscular and articular contractures,
limb distorsions, disorders in limb growth and development, autonomic and
trophic dysfunctions, abnormal synergies, etc. This impaired motor ontogenesis
causes abnormal motor patterns, related to anatomical or hyperkinetic development, to appear in CP patients. Early diagnosis of abnormal motor symptoms
during the infant’s first months, early adjustments of pathological variations in
movement patterns, regular monitoring of motor, mental, and speech developments in the child – these are the main tasks set before pediatricians, child
neurologists, and rehabilitation specialists, who specialize in helping children
with early organic lesions of the nervous system.

4.5. Abnormal Joint Variations in CP
Abnormalities in the osto-articular system in CP are determined by disorders in the physiological relationship between muscles and the ligamentaryarticular apparatus due to non-coordinated nervous regulation of muscle activities. When the patient suffers from spastic forms of cerebral palsy, excessive
tonic activity of some muscles is usually accompanied by the inhibition of other
muscles and a decrease in muscle antagonists. Muscle tone usually increases in
long two-jointed muscles, i.e., flexor and adducting muscles, whereas hypotonia
appears more often in short mono-jointed muscles, i.e., extensor and abducting
muscles. Muscular imbalance occured in CP patients leads to development of
contractures, deformities and pathological positions. The pathological position
of the torso and lower limbs is determined by the upright position and compensatory reactions directed towards maintaining body balance.
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In order to maintain proper posture, the body ensures isometric muscle
contractions of the large joints located in the lower limbs, thus contributing
to their stabilization. The mechanism of this stabilization relies on a chain of
muscle contractions that start at the ankle joints, and are stimulated when the
central gravity of the body is displaced. The person’s posture becomes stable
when the vertical axis, which runs from the center of gravity of the upper
part of the body, coincides with the axis of the joints of the lower limbs, and
proceeds through the surface support area of the foot. Patients with spastic paralysis (paraparesis, tetraparesis) maintain a stable standing position by flexing their hips and knees, rotating them inwards, bending the torso forward,
and maintaining their body support on the anterior parts of the foot. Joint
contractures are gradually formed as a result of forced compensatory posture.
Therefore, contractures and deformities in spastic types of child cerebral palsy
are formed by the following factors: 1) increased muscle tone; 2) abnormal
mirror movements; 3) influence of body weight and compensatory adjusting
reactions, aimed at maintaining balance in an upright position; 4) the child
remaining in a stable, long-lasting, and abnormal pose.
If the child suffers from spastic forms of cerebral palsy, contractures in the
hip joints develop at a very early stage of the illness. More than often, we can
observe adducting and inner rotational contractures in the thighs, which is associated with long-term spasticitiy of the adducting group of hip muscles. As
the lumbar-iliac muscle and direct muscles, known as hip flexors, are joined
together when they contract, flexor-adducting and internal rotational contractures are formed. In the upright position, the flexor hip mechanism partially
compensates abnormal body positions – through hyperlordodsis of the lumbar
spine and strong forward inclination of the upper body. In complicated cases,
feet decussation occurs, which makes it complicated for the patient to maintain
an upright position and walk properly. Progressive muscular imbalance may
contribute to dislocation at the hip joint. If there is uneven muscle pull with
overbalanced adducting hip joints and flexors, the femoral head shifts upwards
and backwards; the average sciatic nerve muscles and hip abductors almost
completely lose their role as levers. The hip cavity is under constant pressure
from the femoral head, which continues to shift, and becomes more and more
compressed and deformed. Increased muscle pull and poor blood circulation
can gradually change even the femoral head. If asymmetrical muscle tone is
observed in CP patients, on the one side, we can observe flexor adducting, inner
rotational contractures, with subluxations of the hip joint, on the other side,
abducting contractures with external rotations of the hip joint.
Flexion contractures are formed in knee joints; they are often associated
with adduction and flexion of the hips, and equinovarus deformity of the feet.
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Isolated forms of flexion contractures of the knees do not occur very often in
CP patients as spasticity appears in long muscles, which affect the two adjacent
joints. Recurved knee joints are more characteristic for CP forms, which are
accompanied by low muscle tone. Here, it is caused by the weakened quadriceps
thigh muscle, and other knee extensors. In prevailing spastic forms, hyperextension of the knee joint can be due to equinovarus deformity of the feet, when,
on making a certain effort, the child can lower the heel onto a support. The
child must simultaneously make the knee hyperextend, and so stabilize the
joint. When the knee joints are hyperextended, these movements are compensated, making the hip joints flex, and the body bend forward. When hip joints
contract, the knees touching each other at the knees (“scissor” gait) stabilize
the body in the upright position, and simultaneously cause valgus deformity at
the knee joints.
The most frequent deformity of the legs in children suffering from CP is
known as “horse hoof”. Spastic contractions in calf muscles and relative weakness in the shins causes the child to flex the sole of his foot, putting pressure
on the toes and the tips of the metatarsus bones. The positioning of the foot
bones changes: the calcaneus is tightened upwards by the Achilles tendon, the
astralagus shifts forwards, the neck and head of the talus (ankle) drop towards
the side of the sole, causing semi-extensions in metatarsus transverse joints
(Chopart’s joints). The boat-like and cubic-like sphenoid bones become deformed; shank bones extend in different directions, and the longitudinal arch
in the feet becomes more pronounced. Balance instability, due to small support
areas, is compensated by flexed hips and knees. Therefore, “horse hoof” is often
combined with flexion deformities in both hip and knee joints. We can often
observe ground contact on the front part of the foot and on the outer anterior
edge of the foot – equinovarus deformity. This deformity is characterized by
the following combinations: flexed sole of the foot, and supination of the foot
towards a forward position. Support is maintained on the outer side of the foot,
and the sole of the foot is almost vertical. The support area is greatly reduced so
that the patient is required to use accessory devices to maintain body balance.
The muscles, which lift the outer edge of the foot, are weakened, and the tone
of supinator muscles is relaxed. Over some time, an S-like deformity of the foot
appears due to unbalanced supinator muscles.
“Heel foot” develops when an achillotenotomy, a surgical procedure to correct “horse hoof”, is performed incorrectly. This deformity is sometimes primary, and is formed because of greater muscle tone in foot flexors and fingers
than in muscle tone of extensors. However, the outer edge of the foot turns
towards the shinbone, and it becomes impossible to put it at a right angle. The
arch becomes more pronounced; the foot refuses to bend; support can only be
maintained on the heel bone.
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Flat-foot deformities are very common. They are caused by the relative
weakness of the muscles, which lift the inner edge of the foot (anterior tibial
and long extensor of the big toe), and peroneal muscle hypertonicity. The
arch of the foot is very low, and the heel is pronated. Support is maintained
on the inside edge of the foot when the child is in the upright position and
at gait. The talus bone drops and protrudes. The anterior part of the feet is
turned outwards. Over some time, the flat-foot deformity progresses and leads
to deformities in the ankle joint. The deformities sometimes combine when
the child suffers from lower paraparesis or tetraparesis: there is one “horse
hoof” or equinovarus level, whereas “flat feet” can be observed at the other
level. Flat feet or plano-valgus feet may develop into valgus deformities of
the big toe. It is sometimes combined with other flexor contractures of the
remaining toes.
Adducting and inner rotational contractures are very frequently formed
in the shoulder joints; these are caused by spastic tension and contractions in
the large pectoral muscle, wide back muscles, and pronator shoulder muscles
(large round scapula muscle, and the subscapularis muscle). The hand faces
inwards and towards the torso; the patient has difficulty lifting it up, to the
side, or turning it inside out. Shoulder retroflexion is less common, due to the
reduction of wide back muscles, which is more characteristic of the hyperkinetic
form of cerebral palsy: the shoulders are thrown back; the forearms are in a
supinated position, and bent at a right angle. Flexion contractures in the elbow
joints are due to contractions in the shoulder bicep muscles, the radial shoulder
muscles. Spastic muscle contractions combined with flexion contractures can
be frequently observed when the forearm twists internally, which is caused by
contractions of round and square pronators. In the radial-carpal joint, flexion
contractures in the hand are almost always combined with hand abduction
towards the elbow, flexion contractures in the fingers of the patient’s hands,
and adduction and abduction of his thumb. In serious cases, these deformities
lead to severe dysfunctional disorders in hand functions.
Hypermobility appears in joints and limbs in hypotonic forms of cerebral
palsy due to muscle imbalance, caused by reduced muscle tone. Active and
passive movements are often greater than physiological motions, but weakened
muscles and ligaments cause instability in the joints, making it impossible for
many patients to execute powerful and active movements.
Disorders in trophic inf luences on the affected CNS, muscle tone
dysfunctions, restricted physical activities, and maintaining the patient’s body
in abnormal postures for a longer period of time – all these factors contribute to
the development of dystrophic changes in the muscular and articular apparatus.
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Inactive muscle fibers are gradually replaced by fatty and connective tissues.
Elasticity in the tendon and joint capsules is reduced. Due to muscle imbalance,
pressure distributed on articular surfaces changes, which eventually leads to
muscular dystrophy and reduces the thickness of hyaline cartilage, or causes
it to disappear completely in some articular surfaces. Secondary degenerative
changes also occur in nerves and nerve endings. Neurofibrils are vacuolated, and
twist around their axis; their extremities appear bloated, whereas the layers of
connective tissues between nerve fibers tend to thicken. Progressive dystrophic
changes in tissues enhance muscular and articular dysfunctions, and intensify
the patient’s movement abilities.
In CP patients, difficulty controlling muscle activities contribute to a
functional blockade in the limb joints. A functional blockade refers to reverse
restrictions in joint movements, associated with reflex restructuring activities
around the articular ligamentary and muscular systems. The functional
blockade of different limb joints is usually divided into three variants:
muscles, ligaments, and joints. The functional blockade of muscles is due to
the imbalance of muscles located around the joints. However, some muscles
approach their attachments areas when they contract, whereas others extend
even more, and move further away. Consequently, articular surfaces proceed
to change, which leads to disorders in their sliding patterns and restricts their
movements. Large limb joints do not have small periarticular muscles similar
to those in intervertebral joints. Their muscles are long and often double
jointed; therefore, when muscle regulation disorders are detected in these
CP patients, there is often a tone-power imbalance between contracted tonic
muscles and relaxed anatagonist muscles… and subsequently, muscle joint
blockades are formed. Functional blockades of articular origin are formed
due to the fact that periarticular joint capsules, articular cartilage, and other
periarticular structures are entrapped in the cavity. If these tissue receptors
are irritated, this will restrict all kinds of multi-directional active and passive
movements. Functional joint blockades occur when ligaments contract due
to static, but dynamic overload of the patient’s joints, traumatic effects or
intoxication. The functional blockade manifests itself in CP patients through
simultaneous symptoms in muscles, ligaments, and articular components.
Examination of the functional condition of joints in patients suffering from
CP enables us to designate six degrees of mobility:
0 degree — no mobility in the joints.
1 degree — severe functional blockage; range of movements does not exceed 30%
of normal standards.
2 degree — functional blockage of moderate severity; range of movements does
not exceed 80% of normal standards.
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3 degree — mild functional blockade; range of movements exceeds 80% of normal
standards.
4 degree — normal range of movements in the joints.
5 degree — hypermobility; range of movements in functional planes exceeds
normal standards. Patients with spastic forms of CP often suffer from restricted
movements, while hypermobility is often diagnosed in hypotonic forms of CP.

4.5.1. Abnormal Variations in Hip Joints in CP
There are considerably large proportions of congenital abnormalities in
the human skeleton listed among the different illnesses affecting the musculoskeletal system. According to the WHO, 18 out of every 1,000 children
are born, on average, with congenital skeletal deformities. These deformities result from defects of the developing embryonic tissues. Hip joints play
an important role in the musculoskeletal system, and their disorders lead
to significant abnormalities in the patient’s motor development. Congenital
dysplasia of the hip joint is the most common type of deformity in children’s
musculoskeletal systems. 10 to 20% of newborn babies suffer from dysplasia
of the hip joint. The term – “hip dysplasia” – refers to the inadequate development of elements located in the hip region, namely the acetabulum and
femoral head, surrounding muscles, the capsule, and ligaments. Five out of
every 1,000 infants are born with dysplasia dislocation; it is one of the most
complicated manifestations of this disorder. Very often, abnormal formations
of the hip joint are combined with the child’s general underdeveloped state.
In fact, there is evidence that congenital dysplasia is ten times more likely
to develop in premature babies than in full-term infants. The frequency of
congenital dislocations depends largely on climatic conditions and particular
environmental and living conditions in a given country. Congenital dislocations are five time higher in young girls than in young boys.
Pathological changes in hip joints of CP patients develop according to
congenital dysplastic variations, and as a result of CNS lesions of different
origins. Disorders of regulatory functions in the central nervous system create
unfavorable conditions for the development of human joints. We can observe
that muscle tone disorders, abnormal reflexes, limited movements, and trophic
disorders prevent limb joints from developing normally in children suffering
from cerebral palsy. Moreover, hypoplastic and dysplastic changes appear,
and typical contractures and deformities develop further. 25 % of CP patients
suffer from subluxation and dislocation of hip joints, whereas these disorders
are twice as likely to occur in patients suffering from more complicated spastic
forms, i.e. 59% of CP patients.
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Dysfunctions in the osteoarticular (bone and joint) system are caused when
disorders appear in the physiological relationship between human muscles and
the ligament and joint apparatus due to uncoordinated nervous regulations
of muscle activities. Spastic CP patients suffer from excessive tonic activity
in some muscles, whereas their other muscles are completely inhibited, and
their antagonist muscles show much lower muscle tone. Higher muscle tone
often appears in long double-jointed flexor muscles and driving muscles, while
hypotension is often observed in short single-jointed extensor muscles and
abductor muscles. When muscle imbalance appears, it leads to the formation
of contractures, deformities, and abnormal postures.
Hip joint dysplasia is characterized by hypoplasia of the acetabular cavity,
its flatness, the small size of the femoral head, its slow ossification, the upper
end of the femur leaning forwards (femoral anteversion), and abnormalities
in the development of the neuro-muscular system of the hip joint. These
variations are confirmed by medical pathological data: the femoral hip leans
forward and slightly upwards during the infant’s first months. Not only is
the acetabular cavity flat, but it is also extended; the superior and posterior
edge is so underdeveloped that the femoral head collapses, and there is no
bone support in the upper area for the femoral head. The femoral head itself
is much smaller, deformed, and appears later; this can be detected by making
additional examinations of the patient’s joints.
In cases of spastic cerebral palsy, contractures start to form very early in
the hip joints. Adduction contractures in the hip and inner thigh tightness of
the muscles appear very frequently; this is closely associated with the spasticity
of adductor muscles in the hip region. When flexor contraction appears, bending- adducent and internal rotational contractures are formed in hip joint. Leg
crossover, or decussation, occurs in very complicated cases, which makes it very
difficult for the sick child to maintain an erect position and adopt normal gait.
Progressive muscular imbalance can lead to hip dislocation in the hip joint. If
muscle weight or traction is not equal, and the driving hip and flexor muscles
become very active, the femoral head tends to move upwards and towards the
back. Due to the constant pressure of the femoral head, which shifts around
constantly, the acetabular cavity becomes compressed and deformed. The
femoral head also undergoes dystrophic changes because of increased muscle
overload and poor blood circulation.
Hypermobility occurs in joints and extremities in hypotonic forms of cerebral palsy due to muscle imbalance and reduced muscle tone. Active and
passive movements are often greater than what is actually required physiologically, but weakened muscles and ligaments cause instability in the joints,
making it impossible for the patient to perform powerful movements.
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Hip dysplasia in infants can be observed in the following groups of illnesses:
congenital preluxation, congenital subluxation, congenital dislocation, and
radiographically-imaged immature hip joints.
The simplest way to detect congenital dysplasia at an early stage is by making a systematic review of all newborn babies in the maternity ward.
The most common symptoms of congenital hip dysplasia are the following:
1. Limited abduction in hip joints.
2. Waddling symptom, straightening or dislocating legs (Marx-Ortolani
symptom).
3. Folds of skin on the thighs or buttocks may appear uneven.
4. One leg may seem shorter.
5. The leg on the dislocated side may turn outward.
Limited abduction in the hip joints often constitutes an early and common
symptom for diagnosing dysplasia. Very young infants only a few days old can
abduct their legs up to 85 – 90°. If abduction is limited and not over 75°, the
child should be treated for possible dysplasia.
We should mention that limited abduction is not considered pathognomonic
for dysplasia. It can also be observed in congenital varus deformity of the femoral neck, with spastic paralysis of various origins. The symptoms listed above
can be observed all together, or separately.
X-ray examinations are crucial not only for diagnosing congenital hip dislocations or hip dysplasia, but also for monitoring the efficiency of certain treatments, and resolving issues related to therapeutic tactics to be used in each
particular case. The first medical tests should be conducted when the child is
three months old. When making an X-ray examination of the infant’s hip joint,
we should remember that the center of the infant’s femoral head is not ossified,
that the acetabular cavity is also cartilaginous, and does not provide a contrasting image. It is difficult to make a correct interpretation of radiographic data in
such circumstances. Specialized X-ray schemes are used to improve these images, namely methods invented by Ombredane, Hilgenreiner, Putti, etc. These
schemes use systems of lines to define the normal location of hip elements, and
subsequently allow specialists to determine the dislocation of the hip joint with
regard to the acetabular cavity, and detect the degree of this dislocation.
Early radiographic symptoms of congenital hip dislocation were first
described by Putti, an Italian orthopedist, in 1927. They are now known as
the classic Putti triad: 1/ increased collapse of the acetabular cavity angle;
2/ supero-lateral dislocation of the proximal extremity of the femoral head
with regard to the acetabular cavity; 3/ late appearance and hypoplasia
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of the ossification center for the femoral head. As the ossification center
for the femoral head generally appears between four and six months, while
in dysplasia and dislocation it appears between nine and ten months,
it is recommended to use Higenreiner’s line patterns to evaluate X-ray
examinations of very young infants, who are only a few days old. X-ray
diagnoses of congenital dislocations appearing later in life can be made using
any kind of radiographic scheme.
Ultra-sound examinations of the hip joint constitute a new method, which
widens diagnostic possibilities for evaluating joints in newborn babies and
children under the age of six to eight months. If it is conducted in a timely
manner, this method gives us the opportunity to identify soft-tissue components
in the hip joint: the non-ossified acetabular cavity, the femoral head, the
U-shaped cartilage, limbus, ligaments of the femoral head, the hip joint capsule,
and muscles; it also enables us to determine the relationship between different
articular extremities, that is, to detect development disorders in good time. It is
especially effective to apply this method when we need to clarify the diagnosis
for a child under the age of three months, where several risk factors or clinical
signs of hip dysplasia were identified.
As soon as the child starts walking, there are no more difficulties associated
with congenital hip dislocation. Children affected with dislocation of both hip
joints begin to walk at 14-15 months. There is a notably characteristic form
of gait: in the case of one-sided hip dislocation, the child walks with his torso
flexed at a sharp angle, characteristic of weightbearing on the shorter limb
(diving gait); in the case of two-sided hip dislocation, the child moves forward
in a “duck-like” gait. Children do not experience pain. The dislocated limb is
twisted outward; it is also notably shorter. Hip abduction is also limited on the
dislocated side; however, hip joints can often be rotated in wider circles than in
normal circumctances (Chassaignac symptom). The Trendelenburg symptom
represents a classic symptom of dislocation. When standing on the healthy leg,
the buttocks rise on the side opposite to the stance leg, but when standing on
the dislocated leg (in the case of congenital dislocation), the buttocks drop on
the side opposite to the stance leg (regardless of whether there is dislocation
on this side or not).
X-ray examinations show that there are five degrees of hip dislocation in
older children, namely:
I degree – preluxation: the femoral head shifts outwards, but remains at the
level of the acetabular cavity – lateralization of the femoral head.
II degree – subluxation: the femoral head is situated above the horizontal
line, connecting U-shaped cartilage in the superior part of the collapsed cavity.
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III degree – the entire femoral head is situated above the cap of the
acetabular cavity.
IV degree – the entire femoral head is covered by the shade area of the
iliac bone.
V degree – the femoral head is situated in the superior part of the ilium
wing.
Before applying abduction straps, it is preferable for the specialist to maintain the child on his back with his legs spread wide apart. When the child is six
months old, his legs can be strapped into the Pavlik harness, and subsequently
in the Hnevkovsky apparatus. Other orthopedic methods can be used. If it is
only a question of congenital preluxations, these children can be treated by having their legs straightened and spread wide apart using the strapping method.
After the age of six months, the child’s congenital hip dislocation is treated by
stretching and straightening his limbs with adhesive plaster; if this method is
not conclusive, the dislocated limb is set in a full body plaster cast under general anesthetic. 50% of the children with congenital hip disorders who undergo
phased treatment suffer from rickets, delayed teething, twisted neck bones, etc.
The process of forming the acetabular cavity is much slower in children with
rickets. Intensive therapy treatments should be carried out to correct rickets:
vitamin therapy cycles, salt-enrichment of the child’s body, vegetable nutrients,
calcium gluconate, and ultraviolet radiation. Treatments to prevent rickets in
children should be a mandatory part of phased treatments for congenital hip
dysplasia.
Applying INRS in complex treatments for children with CP, especially infants and young children, reduces the risk of hip disorders against the background of dysplastic changes.
Even today, there is no single monotherapy for a complex disease like cerebral palsy.
Versatile and multi-faceted methods are used to treat motor, speech, mental,
emotional and motivational spheres in the rehabilitation program for patients
suffering from CP.

5. Types of Rehabilitation
“Health is our wealth and moreover, it is the only thing that is not only worth our
time, effort, labor and other blessings, but also worth a sacrifice of a tiny part of our
life, as life without good health becomes unbearable and humiliating.” In this citation, Michel de Montaigne (1533-1592, French philosopher, humanist, and writer,
defines one of the finest and most important conditions of human life – health.
The term “rehabilitation” is derived from the Latin word “habilis” meaning
“ability”; respectively “rehabilis” means “to restore ability”.
There are three interrelated and complementary types of rehabilitation:
1. Medical – a complex of actions, which includes methods to accelerate
the restitution and stimulation of reparative and regenerative processes, identify
and strengthen compensating mechanisms, and correct general resistance in a
human body and in human immunity.
2. Professional – includes work therapy, professional training or retraining,
and career or job counseling.
3. Social – consists of social integration, employment placement, social
therapy, and socio-economic, socio-sanitary, and legal advice.
Physical rehabilitation – a set of non-pharmacological methods used in
rehabilitation systems to treat patients.
Medical treatment means eliminating functional disorders, whereas medical
rehabilitation means restoring and improving these same functions, which must
not be initiated at the final stage of the disease, but must be applied together
with pathogenic therapy in order to form stable and irreversible pathological
changes in the patient’s organs and body systems. It is extremely difficult to
apply restorative treatments when contractures have already formed in the body,
but early rehabilitation prevents this development.
Medical rehabilitation (WHO, 1980) is an active process, which is aimed
at fully restoring functions impaired by diseases or traumas. If this process
is unrealistic, medical rehabilitation should focus on comprehensive and
coordinated applications of medical, social, educational and professional
measures to train and help disabled persons achieve the highest level for their
functional possibilities.
Specialists involved in rehabilitation have received different forms of education
and exercise different professions: doctors (neurologists, orthopedists, therapists,
pediatricians, reflexology specialists, ophthalmologists, otolaryngologists, and
others.), as well as rehabilitation specialists, speech therapists, special educators,
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Types of Rehabilitation

secondary medical employees (nurses, masseurs, specialists in physiotherapy,
and in physical exercise therapy), psychologists, psychotherapists, social workers, and many others.
Regardless of their education and treatment methods, all medical rehabilitation specialists aim at restoring their patients’ health and improving their
functional possibilities.

Quality of life
Pathological
process

Neurorehabilitation, or rehabilitation of patients with neurological profiles,
is part of medical rehabilitation. According to data provided by A. Belova
(2000), neurorehabilitation goes well beyond classical neurology as it takes
into account not only the condition of the nervous system for any kind of
neurological disease, but also introduces functional changes for patients of
different ages, who are suffering from an evolving disease. In adults, these
diseases take the form of strokes, cranial and brain traumas, vertebrogenic
illnesses, or disorders of the peripheral nervous system.
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Disability of vital functions – loss or restriction of the person’s ability to
perform normal everyday activities.
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Impairment – any abnormality, or loss of anatomical, physiological, and
psychological structures or functions.

Heath-related quality of life – this is an integral characteristic, which
should be a guideline for evaluating the effectiveness of rehabilitation of patients of all ages and disabled individuals. This concept reflects a group of
criteria, which characterizes a person’s health condition in physical, mental,
and social spheres. Each group contains a set of indicators, which can be
evaluated both objectively and subjectively.
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Social
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Behavior
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Children are largely affected by perinatal lesions of the brain or spinal
cord, peripheral nerves, or the spine and the consequences of these lesions,
which appear as important major dysfunctions of the brain, namely CP,
oligophrenia, epilepsy, hydrocephalus, etc, or less pronounced dysfunctions,
the so-called minor mental disorders (MMD). These influence the child’s
behavior and his ability to study and learn.
The WHO International Classification (Geneva, 1980) distinguishes the
following levels of biomedical and psycho-social effects of illnesses or traumas,
which should be included in rehabilitation processes:

Social handicap – this appears as a result of impairments and disabilities
of vital functions; it creates restrictions and obstacles preventing patients from
assuming their role in society, which should be a normal occurrence in any
person’s life.

Function
disability

Fig. 5.1. Quality of life and health criteria.

There is no doubt that all the consequences of diseases with different etiologies
are interrelated; impairments disrupt a person’s life, which, in turn, lead to social
restrictions and severe disturbances in the patient’s daily and social activities.

General indications for medical rehabilitation (WHO, 1983):
1.
2.
3.
4.

Significant decrease in functional abilities;
Limited abilities for education and learning;
High susceptibility to influences from the external environment;
Disabilities in maintaining social relations.
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Main contraindications for rehabilitation treatment:
• acute inflammatory and infectious diseases;
• somatic diseases and cancer at the decompensation stage;
• expressed disorders of intellectual and memory functions and mental
illnesses, which make it difficult for the patient to communicate and
take an active part in the rehabilitation process.
Indications for neurorehabilitation:
• strokes;
• cranial and spinal traumas;
• peripheral neuropathy and plexopathy;
• vertebrogenic syndromes in rootlets and the spinal column;
• cerebral palsy in children - CP;
• perinatal lesions of the nervous system – children listed in the “risk
group” with possible development of CP, speech and behavior disorders, and school maladjustment.
Professor V. Kozyavkin’s method - the Intensive Neurorehabilitation System –
is an essential part of neurorehabilitation. It is a continuous process, based on the
principles of early diagnosis, early treatment, and early rehabilitation. The basic
program also includes psychological and pedagogical corrections, social rehabilitation, and active work and relations with the patient’s parents and family.

6. Methods for Treating Organic Lesions
of the Nervous System
It is a well-known fact that the child’s central nervous system has large
reserve and plasticity abilities. Furthermore, even if children suffer from severe structural brain lesions, their motor and cognitive skills can develop more
or less normally. Plasticity means that the child’s brain is able to change its
structure and functions even after impairments or injuries, especially during
early ontogenesis1. Recent studies have found that brain plasticity processes
are governed by neuron impulses from peripheral regions2. New neuronal connections can not be formed based on genetic program only. If the human body
is to develop and adapt normally, adequate afferent and sensitive information
is required, which is the determining factor not only for normal growth and
development, but also an important factor for rehabilitation processes applied
after the nervous system has been damaged. Connections are formed through
basic mechanisms of plasticity, such as restoring synaptic transmissions, synaptic hyperactivity, maintaining hyperinnervation, activating dormant synapses,
regeneration, and collateral sprouting3,4.
Given the plasticity of the brain, the development of new modern technologies for rehabilitation treatments, and a rational combination of all traditional
and alternative treatment methods, rehabilitation can succeed, that is, it can
help patients adapt to everyday life and work activities 5. Owing to the great
variety of clinical symptoms for cerebral palsy, whereby motor syndromes coexist with impaired sensitivity, speech, vision, hearing, mental delays, etc., there
are many different kinds of rehabilitation treatments (medical, psychological,
pedagogical, or social forms) for this most difficult group of patients 6.
All available modern methods for the rehabilitation of organic lesions of the
NS and CP can be divided into the following groups:
I. Medicinal
• to relieve spasticity (for example, Baclofen, Dantrolene, Diazepam,
Mydocalm, etc.);
• for symptomatic treatments (dehydration, stimulation, or anticonvulsive therapies).
II. Non-medicinal methods of medical rehabilitation
• massage therapy;
• reflexotherapy;
• kinesiotherapy;
• physiotherapy;
• manual therapy techniques;
• speech therapy.
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III. Orthopedic and surgical interventions
• operations on muscles and tendons (myotenotomy);
• reconstructive operations on bones and joints;
• blockade of neuromuscular bundles (through injections of botulinum,
phenol, alcohol, etc.);
• neurosurgical interventions on the brain and spinal cord (cerebrospinal
fluid shunt operations, rhizotomy, neurotomy, implantation of fetal
tissues and stem cells, etc.);
• implantation of special pumps with intrathecal infusion of anticonvulsive substances;
• orthosis production, special shoes, corsets, etc.
IV. Social and pedagogical methods (A. Peto’s conductive education, the
M. Montessori system, G. Doman’s method, etc.), which are all based on teaching patients how to adapt to the surrounding social environment.
V. Zoo-, or animal therapy, that is, methods using animals (hippotherapy,
dolphin therapy, etc.). These methods, correcting mental and motor disorders
in children with CP, have appeared very recently, and use emotional aspects
involved in contacts between patients and animals.
The most common treatments aimed at improving movements are widely
spread in Ukraine, namely remedial gymnastics, massage, physiotherapy, balneotherapy, swimming, and mud spa treatment at famous resorts in the Crimea
(Yevpatoria, Yalta, Saki) and Odessa.
At the Ukrainian Medical Rehabilitation Center for children suffering
from organic lesions of the nervous system (Kyiv), Associate Professor V.Yu.
Martyniuk, Head of the Department of Social Pediatrics at the P.L. Shupyk
National Medical Academy of Postgraduate Education has developed and implemented a functional systemic approach to the rehabilitation of these patients.
The methodology is based on the concept of “Tandem Partnership" - "ChildFamily-Specialist." The system helps families and close relatives to become
acquainted with problems related to integrating children in their environment,
teaching them rehabilitation methods, jointly developing individual integrated
rehabilitation programs for each child, providing social and psychological support for families, and identifying directions for the academic and social integration of these children in the community. A perinatal link for preventive and
medical treatments of these patients was established7.
Professor Yu.L. Kurako (Odessa) has developed a phased system for differential complex treatment of patients with cerebral palsy - at all stages of rehabilitation: at the clinic, or at rehabilitation departments in polyclinics and sanatoriums.
This system is based on a software multi-management unit called Mioton. To
monitor therapeutic effectiveness, a device is used to study the dynamics of tremor
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and another device to assess the severity of ataxia. The study of the effectiveness of
this system has shown that significant improvement of motor functions is achieved
in 52% of cases, and moderate improvement in 37%8.
Professor S.K. Evtushenko (Donetsk) has developed a multi-phased system
for the rehabilitation of children with cerebral palsy: a center, specialized daycare
centers, boarding schools, and a resort. Techniques for myelo apuncture stimulation and scalp therapy were developed in conjunction with the intensification of
cerebral blood flow by administering high doses of angioprotectors9.

6.1. Therapeutic Author Systems
The most widely used therapeutic author techniques in Europe are the
following:
1. The Karel and Berta Bobath Method was developed between 1953
and 1969, and is widely used in Europe and America. It is known as the
Neurodevelopmental Treatment. It is based on developing the neurophysiological
characteristics in a growing human body, and the step-by-step development
of motor skills (crawling, standing, walking), regardless of the patient’s age.
The method is aimed at inhibiting abnormal postural reactions and abnormal
movement patterns. Special postures are also applied to change body positions,
which are opposite to those causing abnormal synergies.
2. The Vojta Reflex-Locomotion Method is quite a well-known system for
treating patients with cerebral palsy. In 1974, Dr. V. Vojta developed an early
diagnosis system based on special methods for examining infants belonging to “risk
groups”. He studied reflexes in order to determine physiological and pathological
kinesiology in infant babies. His method makes it possible to detect pathological
reactions, which do not correspond to the infant’s age category, and establish
further prognoses based on observations made during the course of these reactions.
He used two basic reactions – the crawling reflex and the rolling-over reflex – to
modify pathological reactions into physiological movement patterns. The Vojta
method is used most often to treat cerebral motor disorders in young children.
3. The Conductive Education Method was explored by A. Peto from 1945 –
1967, and was later developed by M. Gary. It is based on a pedagogical approach
to learning skills and acquiring specific abilities, which will help the child to
get more involved in his own activities and become more independent. The
term –“conductive education” – means training provided by a “conductor”,
i.e. a specialized instructor, knowledgeable in the field of medicine, physical
therapy, psychology, and speech therapy. Peto’s pedagogical approach is based
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on the concept, according to which the brain develops during training sessions
geared towards achieving the individual’s biological and social needs. It starts
by building up subconscious movement patterns; then these motor activities
enter the sphere of human consciousness as a means to an end, and eventually
become automatic.
4. The Dynamic Proprioceptive Correction Method (DPC) was developed in
1991 and put into practice by Prof. K.O. Semenova for rehabilitating patients
with CP, especially adolescents and adults. The most important element in
this method is the functional antigravitation system (FAS), first using Pingvin
(Penguin), a modified space suit, and later the Adeli and Gravistat models.
This method is adopted only for children over the age of three. Graviton is the
latest model of this suit.
5. Prof V. Kozyavkin’s Method. For the first time in carrying out practical
work with children suffering from CP, manual corrections of the spinal column
and the large joints were included in the rehabilitation complex alongside
other techniques. This method appeared in the mid-eighties and has its own
theoretical foundation. In her work with CP patients, Dr. Josephine Moore draws
our attention to the role of neck structures for the development of the nervous
system10. The author claims that straightening and balance reactions depend on
neck functions. Classical neurology teaches us that the cephalo-caudal directions
for developing motor functions and stimulating the body’s upright positioning
travel from subcortical brainstem structures to the spinal cord, but they can now
be replaced by more modern solutions. Motor development actually starts at the
neck, and is then steered in completely opposite directions: upwards towards the
“cephalic” region, and downwards towards the “caudal” region. Muscle tone and
dysfunctional variations often depend on very subtle changes in relations between
the head and the body.
Influences on the neck structure allow us to “get rid” of these functional
pathological variations in the patient’s motor status. Biomechanical correction
of the spinal column can “free” motor structures from “dominating” tonic neck
reflexes, and also modify muscle tone, which prevent patients with organic brain
lesions and cerebral palsies from assuming the upright position.

7. The Kozyavkin Method — the Intensive
Neurophysiological Rehabilitation System
Anything can be vanquished through hard work.
Giordano Bruno
The Intensive Neurophysiological Rehabilitation System is a rehabilitation
method, the essence of which lies in the complex continuous process of renewing human functions. It consists of two subsystems:
1. The intensive correction subsystem.
2. The stabilization and potentiating effects subsystem.
Intensive correction is conducted at the Rehabilitation Center, and lasts two
weeks. During the period of stabilization and potentiating effects, treatments
are continued at home according to the doctor’s recommendations. This period
usually lasts from six to eight months, at which point the patient is readmitted
to the center for the next course of intensive correction.

Intensive
Neurophysiological
Rehabilitation
System

Intensive correction
subsystem (1-2 weeks)
Stabilization and
potentiating effects
subsystem (1-3-6-12 months)

Intensive correction
subsystem (1-2 weeks)
Stabilization and
potentiating effects
subsystem (1-3-6-12 months)
Intensive correction
subsystem (1-2 weeks)
Fig. 7.1. Modular and block INRS approach.

The INRS is basically a multimodal rehabilitation system, whereby versatile
and multi-faceted methods are used to have an impact on the patient’s body.
The influence of one technique complements and potentiates other rehabilitation components.
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Multimodal
rehabilitation concept
Biomechanical
correction of the spine
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Fig. 7.2. INRS multimodal rehabilitation concept.

In the process of using our rehabilitation system, we have been able to
prove that muscle tone is gradually enhanced, and blood microcirculation,
trophism, and functions of the autonomic nervous system are improved starting from the central regions to peripheral regions after biomechanical correction has been performed on the spinal column. Evidence has been provided by
our descriptions of clinical symptoms such as “pantaloons”, “warm wave”, etc.
It is this principle – “from center to periphery” – which predominates when
we work out rehabilitation programs for each patient. Basing our work on this
principle, creating a unified scheme of rehabilitation treatments according
to Prof. V.I. Kozyavkin’s method, we “pave the way” for a new approach, i.e.
after actively correcting the spinal column and large joints, we direct all the
rehabilitation treatments towards global mobilization of the body’s compensating possibilities. Taking into account the degree of functional freedom in
the patient’s joints, we move from passive, then passive-to-active development
of these joints with a gradual transition to actively recreating movements in
all physiologically possible planes. This helps to reduce primitive, tonic neck,
and labyrinthine reflexes.
We impact the movements of medium-sized joints (knees and elbows), then
small peripheral joints (hands and feet), using a maximum range of movements
in all physiologically possible planes. We pay special attention to reducing
activities of abnormal horizontal, vertical, and diagonal synkinesis.
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Another important principle influencing movements is expressed in the
postulate – “from passive to active associated movements”. If there are no active
movements, or if they are very limited, we apply cyclical repetitions of passive
movements by directing them towards physiological planes, gradually convert
them into passive-active movements (passive ideomotor movements, or activepassive movements with assistance provided by the instructor and gravitation),
and then we continue to reproduce them.
After going through initial examinations set up by doctors and rehabilitation
specialists at the clinic, video recordings of gross motor functions, i.e. undergoing
the so-called start-diagnosis according to established algorithm, the patient
receives an individually designed program and a rehabilitation itinerary, where
specific times for performing each procedure are marked for every day. Medical
employees carry out daily monitoring to control the dynamics of each patient;
thus, it is possible to adjust and manage rehabilitation treatments depending
on the patient’s individual particularities, and encourage continuity among
medical employees and rehabilitation specialists. A final examination or a finishdiagnosis is scheduled at the end of the two-week treatment. We then determine
the effectiveness of the rehabilitation course of treatment, and set tasks so that
the patient can do his exercises at home without assistance in order to stabilize
and potentiate the acquired effects.
One of the most significant
achievements of our team is
the introduction of a unified
health information system,
which provides information not
only for medical rehabilitation
and the diagnostic process, but
also data concerning scientific
and research studies, as well as
teaching and methodological
work. Adult patients or parents
of younger children now have
the opportunity to review
information on our Web site:
www.reha.lviv.ua.

Evaluation of the patient’s
functional condition
Start-diagnosis
Designing the program and
a rehabilitation itinerary
Finish-diagnosis
Evaluation of the effectiveness
of treatments; Recommendations
for further activities at home

Fig. 7.3. Evaluation of the patient’s
functional condition.
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7.1. Indications for INRS Treatment:
1. Cerebral palsy (all forms).
2. Motor development delay in younger children.
3. Complications due to prior brain traumas, disorders of cerebral
blood circulation and neural infections during the period of residual
phenomena (starting at six months after the onset of the disease).
4. Headaches and/or migraines.
5. Spinal osteochondrosis, spondylosis with pronounced muscle tone
syndromes; pain, motor, and sensory and vascular disorders.
6. Secondary vertebrogenic visceropathies (cardialgy (heartburn),
bronchial asthma, chronic bronchitis, dyskinesia of the
gastrointestinal tract, etc.).
7. Diseases of peripheral joints: arthropathy, arthrosis (noninflammatory nature), but not during exacerbation of the disease.
8. Scoliotic posture in children, I and II degree scoliosis.
9. Diseases of the peripheral nervous system (plexitis, polyneuropathy,
neuropathy of different etiologies), but not during exacerbation of the
disease.

7.2. Contraindications for INRS Treatment:
1. Tumors of the nervous system or internal organs.
2. Specific and nonspecific infectious diseases of the spinal column and
joints (tuberculosis, brucellosis, tularemia, rheumatism, osteomielitis,
pronounced osteoporosis).
3. Pronounced birth defects of the spinal column.
4. Osteo-, spondylopathy of different etiologies (hormonal, metabolic).
5. Acute and subacute inflammatory diseases of the spinal cord.
6. Impairment of the spinal column, bones, and joints in the acute period.
7. Condition after surgery on the spinal column (prescription up to one
year).
8. Spondylolisthesis above the second degree.
9. Intervertebral disc hernia with sequestration of the pulp nucleus, or
spinal cord compression.
10. Hydrocephalus at the decompensation stage.
11. Epilepsy with frequent, severe seizures and personality changes.
12. Pronounced scoliotic deformities of the spinal column, above the
second degree.
13. Acquired immunodeficiency syndrome.
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7.3. The INRS Rehabilitation Program:
1. Treatment of organic lesions of the nervous system and different forms
of cerebral palsy.
2. Treatment of vertebrological disorders.
3. Correction of minor mental disorders (MMD);
4. “Early Rehabilitation” of one-year-old children
at the Elita Rehabilitation Center in Lviv.

7.4. The INRS Diagnostic Algorithm
The diagnostic algorithm comprises rationally organized and effective diagnostic
tests, the development of adequate rehabilitation programs and itineraries for each
individual patient, dynamic monitoring, the evaluation of the effectiveness of each
intensive rehabilitation program, and the composition of tasks for further work to
be done at home.
The diagnostic algorithm consists of four levels.

7.4.1. First Level Screening
First level screening is conducted before the patient actually appears at
the medical institution. Our objective is to select patients for rehabilitation
programs, and make a preliminary analysis of the patient’s functional and selfservice capabilities. The selection is carried out according to the indications
and contraindications for performing the INRS rehabilitation program,
and analyses of medical documents: excerpts from the medical history of
the disease, and medical conclusions with recommendations or referrals to
treatments at a clinic. Preliminary evaluations of the patient’s functional
capabilities are based on the questionnaire, which the patient fills in at home.
The questionnaire indicates the level of the patient’s motor development, and
his ability to adapt to everyday social conditions.
Second and third level screenings are conducted at the rehabilitation clinic
(the patient must be present). The day when the patient appears for treatment,
he is offered a personal medical itinerary, indicating definite hours for tests
according to the schedule. Thanks to these factors, there are no line-ups
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to visit the doctor so that both medical employees and patients may take
advantage of these working hours in a more rational way.

7.4.2. Second Level Screening
Second level screening – preliminary examinations – may include:
• anthropometry: determining the patient’s weight, measuring his body
length or height, the circumference of the head and limbs, and the
length of the limbs and feet;
• measuring the patient’s blood pressure and heart rate;
• measuring the distance between parted legs;
• testing hand functions by using:
- tests to outline figures – drawing lines to join key points of
geometric figures together;
- writing test – the patient is asked to write a few words or sentences
between indicated lines (according to his ability);
- target test to determine hand accuracy and coordination; the
patient is required to hit the target with a pen as many times as
possible in 15 seconds;
- dynamometry (measuring hand strength);
- evaluating hand and grip functions according to C. Sollerman’s
modified technique;
- finger-to-thumb test;
• pulmotest – functional tests to measure breath retention when
inhaling and exhaling, thorax excursion;
• ECG;
• EEG;
• Video recordings of gross motor functions.

7.4.2.1. Anthropometry methods adapted to patients
with organic lesions of the NS

Anthropometry is conducted when the patient appears for treatment
according to the developed schedule. The measurements are recorded on a chart,
added to the history of the disease, and entered in a computer database.
Measuring the patient’s height (body length) and determining his weight
All the patients, who go through the rehabilitation course, must have their
height (body length) measured and their weight determined.
Patients, who are able to stand on their whole foot with straightened knee
and hip joints, have their height measured by means of a height measuring
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device. All other patients have their body length measured in the supine position
with maximum active or passive straightening of the legs (if the patient is
unable to straighten them himself) in the hip and knee joints. The patient’s
heels should be on the edge of the examination table; a mobile rod is set at a
right angle along the longitudinal edge of the table at the level of the patient’s
head. A centimeter tape measure is applied to the longitudinal edge of the
table. If there is a difference in the length of the patient’s legs (functional or
anatomical), the longer leg should be placed at the edge of the exam table.
Patients, who are able to stand without assistance, or stand with the help
of an assistive device (provided that these assistive devices are on the weight
platform), are weighed in the upright position. The weight of the assistive
device is deducted when the patient’s weight is recorded. Patients, who are
unable to stand, can be weighed in the upright position in their mother’s or
father’s arms. The mother’s or father’s weight is deducted when the patient’s
weight is recorded. Adult patients, who are unable to stand, are weighed in a
special weighing chair.

7.4.2.2. Measuring the patient’s blood pressure (BP) and heart rate
All patients have their BP measured by means of a children’s mechanical tonometer during their first examination; however, their BP is taken on
their less impaired arm on the day of the finish-diagnosis. If necessary, the
patient’s blood pressure is measured every day during the entire course of the
rehabilitation program.
All the patients have their heart rate measured during their first
examination, then at the beginning of each rehabilitation day, and on the
day of the finish-diagnosis. If necessary, the child’s heart rate is measured
again during the rehabilitation process in the event of disease degeneration
or the child’s hyperactivity. These tests are carried out on the radial artery of
the healthy or less impaired arm. The patient’s heart rate is measured at the
beginning, in the course of, and at the end of each activity during the different
stages of the rehabilitation program, which require the patient to perform
active movements (physical exercises, treadmill workouts, mechanotherapy,
and rhythmical exercises).

7.4.2.3. Measuring the circumference of the patient’s head and limbs
These measurements are performed with the patient lying on his back.
Shoulder circumference. The elbow joint is bent at a right angle; the hand forms
a fist. The contour of the muscle group situated at mid-shoulder level is measured
with a tape measure.
77

Intensive Neurophysiological Rehabilitation System — the Kozyavkin Method

Forearm circumference. The elbow joint is bent at a right angle; the hand forms a
fist. The contour of the muscle group situated at the upper third level of the forearm
is measured with a tape measure.
Hip/thigh circumference. The leg is bent at the knee at a right angle; the foot
rests on the examination table. The contour of the muscle group situated at midthigh level is measured with a tape measure.
Shin circumference. The leg is bent at the knee at a right angle; the foot rests
on the table. The contour of the muscle group situated at the upper third level
of the shin is measured with a tape measure.
Head circumference is measured at the level of the patient’s frontal bone,
cervical thalamus, and the upper edges of his aural cavities.

7.4.2.4. Measuring the length of the patient’s limbs and feet
Indications: patients with the following syndromes are examined: patients
with hemiparesis, triparesis; patients suffering from tetraparesis or paraparesis
syndromes with a pronounced dominating side; all patients suffering from
peripheral monoparesis; patients with different leg lengths due to orthopedic
causes (pelvic torsion, scoliosis, or shoulder retraction or protraction).
Measuring the length of the patient’s arms. The patient lies on his back;
the arms are straightened out at the elbows as much as possible. We use a
tape to measure the distance from the acromion process of the scapula to the
lateral outgrowth of the humerus, and then from this point to the awl-shaped
outgrowth of the radius.
Measuring the length of the patient’s legs. The patient lies on his back; the
legs are straightened out at the knees as much as possible. We use a tape to
measure the distance from the large head of the femoral bone to the lateral
outgrowth of the thigh bone, and then from this bone formation to the lateral
ankle fibula.
If there have been orthopedic changes in the hip joints, we also measure
the distance from the upper anterior iliac bone to the small medial bone of
the tibia. If there are contractures in the knee joints, it is especially important
to note that the medial outgrowth of the thigh is used as the middle point
for measuring.
Measuring the length of the patient’s feet. Measurements are performed with
the patient lying in the supine position; his legs are straightened out at the hip
and knee joints as much as possible. The patient’s feet should rest in a position
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as close to zero as possible (at 90 degrees to the shinbone). The procedure is
carried out by using a foot measuring device.

7.4.2.5. Measuring the distance between the patient’s parted legs

All patients going through rehabilitation must have the distance between
their bent legs measured.
Measuring the distance between the patient’s parted legs bent at the knees.
The patient lies on his back with his knees bent as much as possible, and with all
the weight on his feet. The feet are passively joined together. The legs are parted
as much as possible until they reach a soft resistance. We use a tape to measure
the distance between the two medial outgrowths of the femoral bones.
Measuring the distance between the patient’s parted legs with straightened
knees. It is essential to perform these measurements for patients who do not
have contractures in the knee joints. The patient lies on his back; his legs
are straightened at the knees. The legs are parted as much as possible until
they reach a soft resistance. We measure the distance between the two medial
outgrowths of the femoral bones.

7.4.2.6. Manual Ability Classification System
for Children with Cerebral Palsy 4-18 years

The Manual Ability Classification System (MACS) describes how children
with cerebral palsy (CP) use their hands to handle objects in daily activities.
MACS describes five levels. The levels are based on the children’s self-initiated
ability to handle objects and their need for assistance or adaptation p to
perform manual activities in everyday life. The MACS brochure also describes
differences between adjacent levels to make it easier to determine which level
best corresponds with the child’s ability to handle objects11.
The objects referred to are those that are relevant and age-appropriate for
the children, used when they perform tasks such as eating, dressing, playing,
drawing or writing. It is objects that are within the children’s personal space
that is referred to, as oppose to objects that are beyond their reach. Objects used
in advanced activities that require special skills, such as playing aninstrument
are notincluded in this considerations.
When establishing a child’s MACS level, choose the level that best describes
the child’s overall usual performance, in the home, school or community
setting. The child’s motivation and cognitive ability also affect the ability to
handle objects and accordingly influence the MACS level. In order to obtain
knowledge about how a child handles various everyday objects it is necessary
to ask someone who knows the child well. MACS is intended to classify what
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the children usually do not their best possible performance in a specific test
situation.
MACS is a functional description that can be used in a way that is
complement to the diagnosis of cerebral palsy and its subtypes. MACS assesses
the children’s overall ability to handle everyday objects, not the function of
each hand separately. MACS does not take into account differences in function
between the two hands; rather, it addresses how the children handle ageappropriate objects. MACS does not intend to explain the underlying reasons
for impaired manual abilities.
MACS can be used for children aged 4 – 18 years, but certain concepts must
be placed in relation to the child’s age. Naturally there is a difference in which
objects a four-year old should be able to handle, compared with a teenager. The
same applies to independence –a young child needs more help and supervision
than an older child.
MACS spans the entire spectrum of functional limitations found among
children with cerebral palsy and covers all sub-diagnoses. Certain sub-diagnoses
can be found at all MACS levels, such as bilateral CP, while others are found
at fewer levels, such as unilateral CP. Level I includes children with minor
limitations, while children with severe functional limitations will usually be
found at levels IV and V. If typically developed children were to be classified
according to MACS, however, a level “0” would be needed.
Moreover, each level includes children with relatively varied function.
It is unlikely that MACS is sensitive to changes after an intervention; in all
probability, MACS levels are stable over time.
The five levels in MACS form an ordinal scale, which means that the levels
are ‘ordered’ but differences between levels are not necessarily equal, nor are
children with cerebral palsy equally distributed across the five levels.
MACS classifies how children with cerebral palsy use their hands to handle
objects in daily activities.
• MACS describes how children usually use their hands to handle
objects in the home, school, and community settngs (what they do),
rather than what is known to be their best capacity.
• In order to obtain knowledge about how a child handles various
everyday objects, it is necessary to ask someone who knows the child
well, rather than through a specific test.
• The objects the child handles should be considered from an agerelated
perspective.
• MACS classify a child s overall ability to handle objects, not each
hand separately.
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What do you need to know to use MACS?
The child's ability to handle objects in important daily activities, for example
during play and leisure, eating and dressing.
In which situation is the child independent and to what extent do they need
support and adaptation?

MACS Levels
І. Handles objects easily and successfully.
At most, limitations in the ease of performing manual tasks requiring speed
and accuracy. However, any limitations in manual abilities do not restrict
independence in daily activities.
II. Handles most objects but with somewhat reduced quality and/or speed of
achievement.
Certain activities may be avoided or be achieved with some difficulty;
alternative ways of performance might be used but manual abilities do not
usually restrict independence in daily activities.
III. Handles objects with difficulty; needs help to prepare and/or modify activities.
The performance is slow and achieved with limited success regarding quality
and quantity. Activities are performed independently if they have been set up
or adapted.
IV. Handles a limited selection of easily managed objects in adapted situations.
Performs parts of activities with effort and with limited success. Requires
continuous support and assistance and/or adapted equipment, for even partial
achievement of the activity.
V. Does not handle objects and has severely limited ability to perform even
simple actions.
Requires total assistance.

Distinctions between Levels
Distinctions between levels I and II
Children in Level I may have limitations in handling very small, heavy
or fragile objects which demand detailed fine motor control, or efficient
coordination between hands. Limitations may also involve performance in
new and unfamiliar situations. Children in Level II perform almost the same
activities as children in Level I but the quality of performance is decreased,
or the performance is slower. Functional differences between hands can limit
effectiveness of performance. Children in Level II commonly try to simplify
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handling of objects, for example by using a surface for support instead of
handling objects with both hands.

Distinctions between levels II and III
Children in Level II handle most objects, although slowly or with reduced
quality of performance. Children in Level III commonly need help to prepare
the activity and/or require adjustments to be made to the environment since
their ability to reach or handle objects is limited. They cannot perform certain
activities and their degree of independence is related to the supportiveness of
the environmental context.
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Evaluation of hand grip functions according to C. Sollerman’s modified
technique.
The patient is seated. His forearm lies well positioned on the table or the
armrest of his wheelchair. We evaluate the patient’s ability to grip different
objects with each hand according to a point system: 1 point – normal, quick
grip; 2 – long (more than a minute), or incorrect grip; 3 – impossibility to
grip an object. The instructor explains the procedures to the patient and
demonstrates how to perform this task correctly. The patient may need two
or three attempts in order to adapt to the situation and understand the assigned
objectives, which he should try to achieve with each hand alternately.

Distinctions between levels III and IV
Children in Level III can perform selected activities if the situation is
prearranged and if they get supervision and plenty of time. Children in
Level IV need continuous help during the activity and can at best participate
meaningfully in only parts of an activity.

Two-finger pinch

Key pinch

Three-finger pinch

Five-finger pinch

Diagonal grasp

Transverse grasp

Spherical grasp

Plane grasp

Distinctions between levels IV and V
Children in Level IV perform part of an activity, however, they need help
continuously. Children in Level V might at best participate with a simple
movement in special situations, e.g. by pushing a button or occasionally hold
undemanding objects.
Dynamometry
The patient is seated, leaning against the back of his chair (wheelchair),
or well positioned on his mother’s lap. The hand, which is being measured, is
turned towards the torso, the upper arm is positioned along the child’s body,
his elbow is flexed at a right angle and lies on a support surface (for example,
the armrest of his wheelchair).
The size of each pear (1, 2, or 3) is selected individually, depending on the
patient’s age and the size of his hands. The pear should correspond to certain
criteria, i.e. the patient should be able to seize at least 2/3 of its volume without
the fingertips touching each other. The instructor explains the procedure to the
patient, and demonstrates how to perform this task correctly. The child makes
two or three attempts in order to adapt to the situation and understand the task,
which he should carry out with each hand alternately. Measurements are done
twice when there is only a slight divergence in the results, and three times if
there is an important divergence in the results for each hand.
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Fig. 7.4. Evaluation of hand grip functions according to C. Sollerman’s technique.

Finger-to-thumb test.
The patient sits on a chair, on his mother’s lap, or in his wheelchair. He
is asked to place each finger of each hand alternately on his thumb. The task
is fulfilled when the tip of the patient’s thumb can touch each fingertip. The
instructor explains the procedure to the patient and demonstrates how to
perform this task correctly. The patient may need two or three attempts in
order to adapt to the situation and understand the assigned task, which he
should try to perform with each hand alternately.
Target test.
This test is required to determine hand coordination by evaluating the speed
and precision of specific movements. The patient has 15 seconds to use one
hand alternately in order to hit the small circle and target drawn on two sheets
of paper placed side by side. The patient sits on a chair or in his wheelchair; the
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target is placed at arm’s length at the level of the patient’s shoulder girdle. The
small circle is placed at level of the patient’s opposite shoulder. The instructor
explains the procedure to the patient and demonstrates how to perform this
task correctly. The patient repeats two or three controlled attempts with each
hand in order to adapt to the situation and understand the assigned objective.
Both hands are tested. The overall number of hits is calculated only if the
targets have been attained and points are accorded within 15 seconds.
Writing test and test for outlining figures.
Writing test. Only patients who are able to write in the seated position can
take this test. The patient is asked to write a specific phrase as quickly and as
accurately as possible on a sheet of paper with a specially prepared framework,
which limits the size of the letters at the top and at the bottom. (for example,
the Ukrainian version – “Я йду до школи”, the German version – “Ich
gehe in die Schule”, the English version – “I go to school”, or the Russian
version – “Я иду в школу”). The time and quality of the task are then
evaluated (letter accuracy, uninterrupted line of writing, and the number of
times the patient goes over the lines).
Test for outlining figures. The seated patient is asked to outline certain
figures and lines as quickly and as accurately as possible on a specially prepared
sheet of paper. The time and quality of the task are then evaluated (uninterrupted
lines, and the number of times the patient goes over the lines).
Box and Block test.
The Box and Block test is a simple, reliable and valid test to determine
hand functions and right- or left-handedness; it is widely used by specialists
working in physical rehabilitation and occupational therapy12.
This test was developed in 1985 to evaluate hand functions in adults with
cerebral palsy.
The test requires the patient to transfer as many wooden blocks as possible
from the half section of a box to the other in one minute. For this test, specialists
need a wooden box, divided into two sections by a 15 cm high partition. One
half section of this box contains 150 one-inch (2.5 cm) wooden blocks. The
instructor explains the procedure to the patient and demonstrates how to
transfer these blocks from one section to the other. The instructor then gives
the signal, and the patient starts transferring the blocks as quickly as possible
from one section to the other. The instructor records the time, and stops the
patient after one minute. The dominant hand is tested first, then the blocks are
arranged in their initial position, and the other hand is tested. The patient is not
allowed to take several blocks at one time. The number of transferred blocks is
recorded for each hand. The test lasts from three to five minutes.
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7.4.2.7. Video recording of the patient’s gross motor functions
A video recording of the patient’s motor abilities is conducted according to
the following requirements:
• the patient’s gross motor functions are evaluated according to a
developed scale;
• before each recording, the instructor should note the patient’s name, age
and course of treatment;
• the date of each video filming must be recorded in the frame;
• the instructor should ask the parents to speak about any changes in the
patient’s condition during the first and second video viewing;
• if the patient is uncommunicative, whining, or tired, the instructor
should specify this in the report;
• it is advisable to conduct all the tests, which take into account the
patient’s physical and mental abilities, during the first video recording;
• it is important to check beforehand whether the patient can perform a
particular test, by asking the patient to perform it several times;
• all the tests should be conducted during the second examination, but
functions that have changed should be emphasized;
• if new functions appear during the course of treatment, the instructor
should conduct a short additional video recording of these changes on
the very same day or on the following day;
• the instructor should record all marked improvements reflected in the
video film (for example: the patient began to stand, walk, or crawl) in
the report and inform the attending doctor.
After the first video recording has been conducted just before the beginning
of the patient’s treatment, the video operator prints out a report. The number
of points, which the patient attains in these tests, is entered in the database
for medical examinations.

85

Intensive Neurophysiological Rehabilitation System — the Kozyavkin Method

The Kozyavkin Method — the Intensive Neurophysiological Rehabilitation System

mobility, and to a much lesser extent, quality of movement. The distinctions
between Levels I and II are not as pronounced as the distinctions between the
other levels, particularly for infants less than 2 years of age13.

Evaluation Scale of Gross Motor Functions
Patient: Nadiya Vasylivna Melnychuk
Course of treatment: 6
Date of birth: April 28, 2007
The patient is sociable
Examination conducted by: V.V. Melnychuk

Date of examination: April 14, 2008

(1) Supine position
Lifts head off the mat
Lifts right leg
Lifts left leg
Active right hand movements
Active left hand movements
(2) Floor sitting
Sits on the floor
(no - <5 sec. - >5 sec.)
Sits on the floor with no hand support
Can pick up an object lying
by her side while seated
Sits up from the supine position
Sits up from the lying position
with no hand support
(3) Rolling over from one side
Rolls from the right side onto the stomach
Rolls from the right side onto the back
Rolls from the left side onto the stomach
Rolls from the left side onto the back

(8) Sitting position
Sits on a chair with weight on both feet
Claps hands while seated
Lifts right leg while seated
Lifts left leg while seated
(no – less than 60° - more than 60°)
Lifts both hands simultaneously while seated
Right hand
Left hand
(elbow <upper arm - >upper arm - extended)
Gets up from the chair
(no – with hands – no hands)
Stands without assistance
(no - <5 sec. - >5 sec.)
Drops down when standing on the right side
Drops down when standing on the right side
(on toes – toes and illegible – on feet )
Squats without support
(no – knees - >90° - <90°)
Picks an object up from the floor

(4) Prone position
Lifts head
Lifts head and chest
(no – weight is on forearms weight is on elbows)
(5) Crawling
Crawls on elbows and knees
Can get up on “all fours”
(no - <5 sec. - >5 sec.)
Keeps head up when on all fours
Lifts hand when on all fours
Crawls with non-alternating movements
Crawls with alternating movements
Crawls backwards
with non-alternating movements
Crawls backwards
with alternating movements
(6) On the knees
Gets up on knees and maintains this position
(no - <5 sec. - yes)
Moves forwards on knees
Moves backwards on knees
(7) Standing and standing up
Stands up near a support area
Stands up without assistance
Stands up with no hand support
Stands near a wall
(no - <5 sec. - >5 sec.)

yes
yes
yes
yes
yes
yes
yes
no
yes
yes
yes
yes
yes
yes

yes
yes
yes
yes
yes
no
no
no
+/no
no
yes
no
no
yes

(9) Gait
Walks when held by both hands
Walks when held by one hand
Walks without assistance
(no - <5 steps - >5 steps)
Walks sideways
Walks and stops when ordered
Walks backwards
Drops down towards the right side when walking
Drops down towards the left side when walking
(on toes – illegible – on whole foot)
(0) Jumping
Jumps up
Jumps forward
On one foot
Stands on right foot
Stands on left foot
(no - <5 sec. - >5 sec.)
Hops on left foot
Hops on right foot

yes
yes
no
no
yes
yes
yes
no
+/yes
yes
no
yes
yes
+/no
no
no
no
yes
yes
no
no
no
no
no
no

(А) Parents’ remarks
Appearance of new functions – patient
began: to stand without assistance
Overall number of points: 69.0

The expanded GMFCS (2007) includes an age band for youth 12 to 18 years
of age and emphasizes the concepts inherent in the World Health Organization’s
International Classification of Functioning, Disability and Health (ICF). We
encourage users to be aware of the impact that environmental and personal factors may have on what children and youth are observed or reported to do. The
focus of the GMFCS is on determining which level best represents the child’s
or youth’s present abilities and limitations in gross motor function. Emphasis is
on usual performance in home, school, and community settings (i.e., what they
do), rather than what they are known to be able to do at their best (capability).
It is therefore important to classify current performance in gross motor function and not to include judgments about the quality of movement or prognosis
for improvement.
The title for each level is the method of mobility that is most characteristic
of performance after 6 years of age. The descriptions of functional abilities and
limitations for each age band are broad and are not intended to describe all aspects of the function of individual children/youth. For example, an infant with
hemiplegia who is unable to crawl on his or her hands and knees, but otherwise
fits the description of Level I (i.e., can pull to stand and walk), would be classified in Level I. The scale is ordinal, with no intent that the distances between
levels be considered equal or that children and youth with cerebral palsy are
equally distributed across the five levels. A summary of the distinctions between
each pair of levels is provided to assist in determining the level that most closely
resembles a child’s/youth’s current gross motor function.

7.4.2.8. Gross Motor Function Classification System

We recognize that the manifestations of gross motor function are dependent
on age, especially during infancy and early childhood. For each level, separate
descriptions are provided in several age bands. Children below age 2 should be
considered at their corrected age if they were premature. The descriptions for
the 6 to 12 year and 12 to18 year age bands reflect the potential impact of environment factors (e.g., distances in school and community) and personal factors
(e.g., energy demands and social preferences) on methods of mobility.

The Gross Motor Function Classification System (GMFCS) for cerebral
palsy is based on self-initiated movement, with emphasis on sitting, transfers,
and mobility. When defining a five-level classification system, our primary
criterion has been that the distinctions between levels must be meaningful
in daily life. Distinctions are based on functional limitations, the need for
hand-held mobility devices (such as walkers, crutches, or canes) or wheeled

An effort has been made to emphasize abilities rather than limitations. Thus,
as a general principle, the gross motor function of children and youth who are
able to perform the functions described in any particular level will probably be
classified at or above that level of function; in contrast, the gross motor function
of children and youth who cannot perform the functions of a particular level
should be classified below that level of function.

Fig. 7.5. Report of video recordings of gross motor functions.
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GENERAL HEADINGS FOR EACH LEVEL
Level I			
Level II		
Level III
Level IV		
Level V			

–
–
–
–
–

Walks without Limitations.
Walks with Limitations.
Walks Using a Hand-Held Mobility Device.
Self-Mobility with Limitations; May Use Powered Mobility.
Transported in a Manual Wheelchair.

Before 2nd birthday
• Level I: Infants move in and out of sitting and floor sit with both hands
free to manipulate objects. Infants crawl on hands and knees, pull to
stand and take steps holding on to furniture. Infants walk between 18
months and 2 years of age without the need for any assistive mobility
device.
• Level II: Infants maintain floor sitting but may need to use their hands
for support to maintain balance. Infants creep on their stomach or crawl
on hands and knees. Infants may pull to stand and take steps holding on
to furniture.
• Level III: Infants maintain floor sitting when the low back is supported.
Infants roll and creep forward on their stomachs.
• Level IV: Infants have head control but trunk support is required for floor
sitting. Infants can roll to supine and may roll to prone.
• Level V: Physical impairments limit voluntary control of movement.
Infants are unable to maintain antigravity head and trunk postures in
prone and sitting. Infants require adult assistance to roll.

Between 2nd and 4th birthday
• Level I: Children floor sit with both hands free to manipulate objects.
Movements in and out of floor sitting and standing are performed without
adult assistance. Children walk as the preferred method of mobility
without the need for any assistive mobility device.
• Level II: Children floor sit but may have difficulty with balance when both
hands are free to manipulate objects. Movements in and out of sitting are
performed without adult assistance. Children pull to stand on a stable
surface. Children crawl on hands and knees with a reciprocal pattern,
cruise holding onto furniture and walk using an assistive mobility device
as preferred methods of mobility.
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• Level III: Children maintain floor sitting often by "W-sitting" (sitting
between flexed and internally rotated hips and knees) and may require
adult assistance to assume sitting. Children creep on their stomach or
crawl on hands and knees (often without reciprocal leg movements) as
their primary methods of self-mobility. Children may pull to stand on
a stable surface and cruise short distances. Children may walk short
distances indoors using a hand-held mobility device (walker) and adult
assistance for steering and turning.
• Level IV: Children floor sit when placed, but are unable to maintain
alignment and balance without use of their hands for support. Children
frequently require adaptive equipment for sitting and standing. Selfmobility for short distances (within a room) is achieved through rolling,
creeping on stomach, or crawling on hands and knees without reciprocal
leg movement.
• Level V: Physical impairments restrict voluntary control of movement
and the ability to maintain antigravity head and trunk postures. All
areas of motor function are limited. Functional limitations in sitting
and standing are not fully compensated for through the use of adaptive
equipment and assistive technology. At Level V, children have no means
of independent movement and are transported. Some children achieve
self-mobility using a powered wheelchair with extensive adaptations.

Between 4th and 6th birthday
• Level I: Children get into and out of, and sit in, a chair without the need
for hand support. Children move from the floor and from chair sitting to
standing without the need for objects for support. Children walk indoors
and outdoors, and climb stairs. Emerging ability to run and jump.
• Level II: Children sit in a chair with both hands free to manipulate objects.
Children move from the floor to standing and from chair sitting to standing
but often require a stable surface to push or pull up on with their arms.
Children walk without the need for a handheld mobility device indoors
and for short distances on level surfaces outdoors. Children climb stairs
holding onto a railing but are unable to run or jump.
• Level III: Children sit on a regular chair but may require pelvic or trunk
support to maximize hand function. Children move in and out of chair
sitting using a stable surface to push on or pull up with their arms. Children
walk with a hand-held mobility device on level surfaces and climb stairs
with assistance from an adult. Children frequently are transported when
traveling for long distances or outdoors on uneven terrain.
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• Level IV: Children sit on a chair but need adaptive seating for trunk
control and to maximize hand function. Children move in and out of
chair sitting with assistance from an adult or a stable surface to push or
pull up on with their arms. Children may at best walk short distances
with a walker and adult supervision but have difficulty turning and
maintaining balance on uneven surfaces. Children are transported in
the community. Children may achieve self-mobility using a powered
wheelchair.
• Level V: Physical impairments restrict voluntary control of movement
and the ability to maintain antigravity head and trunk postures. All
areas of motor function are limited. Functional limitations in sitting
and standing are not fully compensated for through the use of adaptive
equipment and assistive technology. At Level V, children have no means
of independent movement and are transported. Some children achieve
self-mobility using a powered wheelchair with extensive adaptations.

Between 6 and 12 birthday
th

th

• Level I: Children walk at home, school, outdoors, and in the community.
Children are able to walk up and down curbs without physical assistance
and stairs without the use of a railing. Children perform gross motor
skills such as running and jumping but speed, balance, and coordination
are limited. Children may participate in physical activities and sports
depending on personal choices and environmental factors.
• Level II: Children walk in most settings. Children may experience difficulty
walking long distances and balancing on uneven terrain, inclines, in
crowded areas, confined spaces or when carrying objects. Children walk up
and down stairs holding onto a railing or with physical assistance if there
is no railing. Outdoors and in the community, children may walk with
physical assistance, a hand-held mobility device, or use wheeled mobility
when traveling long distances. Children have at best only minimal ability
to perform gross motor skills such as running and jumping. Limitations
in performance of gross motor skills may necessitate adaptations to enable
participation in physical activities and sports.
• Level III: Children walk using a hand-held mobility device in most
indoor settings. When seated, children may require a seat belt for pelvic
alignment and balance. Sit-to-stand and floor-to-stand transfers require
physical assistance of a person or support surface. When traveling long
distances, children use some form of wheeled mobility. Children may
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walk up and down stairs holding onto a railing with supervision or
physical assistance. Limitations in walking may necessitate adaptations
to enable participation in physical activities and sports including selfpropelling a manual wheelchair or powered mobility.
• Level IV: Children use methods of mobility that require physical
assistance or powered mobility in most settings. Children require
adaptive seating for trunk and pelvic control and physical assistance
for most transfers. At home, children use floor mobility (roll, creep, or
crawl), walk short distances with physical assistance, or use powered
mobility. When positioned, children may use a body support walker at
home or school. At school, outdoors, and in the community, children are
transported in a manual wheelchair or use powered mobility. Limitations
in mobility necessitate adaptations to enable participation in physical
activities and sports, including physical assistance and/or powered
mobility.
• Level V: Children are transported in a manual wheelchair in all
settings. Children are limited in their ability to maintain antigravity
head and trunk postures and control arm and leg movements. Assistive
technology is used to improve head alignment, seating, standing, and
and/or mobility but limitations are not fully compensated by equipment.
Transfers require complete physical assistance of an adult. At home,
children may move short distances on the floor or may be carried by
an adult. Children may achieve selfmobility using powered mobility
with extensive adaptations for seating and control access. Limitations
in mobility necessitate adaptations to enable participation in physical
activities and sports including physical assistance and using powered
mobility.

Between 12th and 18th birthday
• Level I: Youth walk at home, school, outdoors, and in the community.
Youth are able to walk up and down curbs without physical assistance
and stairs without the use of a railing. Youth perform gross motor skills
such as running and jumping but speed, balance, and coordination are
limited. Youth may participate in physical activities and sports depending
on personal choices and environmental factors.
• Level II: Youth walk in most settings. Environmental factors (such as
uneven terrain, inclines, long distances, time demands, weather, and
peer acceptability) and personal preference influence mobility choices.
At school or work, youth may walk using a handheld mobility device for
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safety. Outdoors and in the community, youth may use wheeled mobility
when traveling long distances. Youth walk up and down stairs holding
a railing or with physical assistance if there is no railing. Limitations in
performance of gross motor skills may necessitate adaptations to enable
participation in physical activities and sports.
• Level III: Youth are capable of walking using a hand-held mobility
device. Compared to individuals in other levels, youth in Level III
demonstrate more variability in methods of mobility depending on
physical ability and environmental and personal factors. When seated,
youth may require a seat belt for pelvic alignment and balance. Sit-tostand and floor-to-stand transfers require physical assistance from a
person or support surface. At school, youth may self-propel a manual
wheelchair or use powered mobility. Outdoors and in the community,
youth are transported in a wheelchair or use powered mobility. Youth
may walk up and down stairs holding onto a railing with supervision or
physical assistance. Limitations in walking may necessitate adaptations
to enable participation in physical activities and sports including selfpropelling a manual wheelchair or powered mobility.
• Level IV: Youth use wheeled mobility in most settings. Youth require
adaptive seating for pelvic and trunk control. Physical assistance from
1 or 2 persons is required for transfers. Youth may support weight with
their legs to assist with standing transfers. Indoors, youth may walk
short distances with physical assistance, use wheeled mobility, or, when
positioned, use a body support walker. Youth are physically capable of
operating a powered wheelchair. When a powered wheelchair is not
feasible or available, youth are transported in a manual wheelchair.
Limitations in mobility necessitate adaptations to enable participation
in physical activities and sports, including physical assistance and/or
powered mobility.
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Distinctions between levels
Distinctions Between Levels I and II – Compared with children and youth in
Level I, children and youth in Level II have limitations walking long distances
and balancing; may need a hand-held mobility device when first learning to
walk; may use wheeled mobility when traveling long distances outdoors and in
the community; require the use of a railing to walk up and down stairs; and
are not as capable of running and jumping.
Distinctions Between Levels II and III – Children and youth in Level II are
capable of walking without a hand-held mobility device after age 4 (although
they may choose to use one at times). Children and youth in Level III need a
hand-held mobility device to walk indoors and use wheeled mobility outdoors
and in the community.
Distinctions Between Levels III and IV – Children and youth in Level III
sit on their own or require at most limited external support to sit, are more
independent in standing transfers, and walk with a hand-held mobility device. Children and youth in Level IV function in sitting (usually supported)
but self-mobility is limited. Children and youth in Level IV are more likely to
be transported in a manual wheelchair or use powered mobility.
Distinctions Between Levels IV and V – Children and youth in Level V
have severe limitations in head and trunk control and require extensive assisted
technology and physical assistance. Self-mobility is achieved only if the child/
youth can learn how to operate a powered wheelchair.
Agreement between our classification and GMFCS classification levels
We distinguish the following stages of locomotion: the child’s independent
mobility (forwards and backwards); upright position phases – the patient raises
himself to the upright position without assistance.

• Level V: Youth are transported in a manual wheelchair in all settings.
Youth are limited in their ability to maintain antigravity head and trunk
postures and control arm and leg movements. Assistive technology is
used to improve head alignment, seating, standing, and mobility but
limitations are not fully compensated by equipment. Physical assistance
from 1 or 2 persons or a mechanical lift is required for transfers. Youth
may achieve self-mobility using powered mobility with extensive
adaptations for seating and control access. Limitations in mobility
necessitate adaptations to enable participation in physical activities and
sports including physical assistance and using powered mobility.
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7.4.3. Third Level Screening

Stages of Locomotion:
1.

Mobility is impossible.

Level 5

2.

Mobility by rolling over – the child achieves a certain goal by rolling from
one side to the other (up to 2m).

Level 4

3.

Creeping on the stomach – the child creeps forwards by pushing his legs
up (2m).

Level 4

4.

Alternate crawling – the child crawls by alternately pushing up his upper
and lower limbs (2m).

Level 3

5.

Walking on the knees (10 steps, stop, and 10 steps back).

Level 3

6.

Walking with assistive mobility devices – rollators, walkers, crutches,
four-support cane or single-support cane (10 steps, stop, and 10 steps
back).

Level 3

7.

Independent gait (the child should take 10 steps forward, stop, and 10
steps back).

Level 2

Upright Position Phases:
1.

Lying with no head control.

Level 5

2.

Lying with head control (the child maintains his head in the prone position,
raises his head vertically, and maintains it for 5 sec., without touching the
mat with his chin).

Level 4

3.

Sitting (the child sits on the floor without assistance; he can sit for 10
seconds).

Level 3

4.

Standing up near a support structure (the child stands up without
assistance near a chair or another support).

Level 3

5.

Standing up without assistance (the child can stand for 10 seconds).

Level 2

Third level screening is basically medical (objective clinical examinations
according to a standardized algorithm). It is aimed at making a rehabilitation
diagnosis and setting up tasks for the intensive rehabilitation period. Doctors
study the patient’s medical history in detail and make medical examinations.
These examinations include somatic, neuropsychiatric and neuroorthopedic
tests with emphasis placed on the biomechanics of movements, and the
condition of the spinal column and the large joints. Paraclinical tests are
analyzed, namely: ECG, EEG, neurosonography, ultra-sound, EMG, CT,
MRI, laboratory tests, and data on the autonomic nervous system, respiratory
functions, video analyses of gait and spinal movements, and video recordings
of gross motor functions. A careful examination of the patient allows the
doctor to establish a rehabilitation diagnosis, and recommend a movement
training schedule for the entire period of intensive rehabilitation. Since
children suffering from complex, disabling, neurological dysfunctions like CP
should be treated regularly, it is essential to create a unified evaluation method
for the patient during his long-term treatment in a clinic and at home.
We require a functional classification of cerebral palsy for this purpose. It was
introduced in our rehabilitation institutions located in Lviv and Truskavets14.
Classification was based on a syndromological approach to evaluate the
patient’s motor abilities. Seeing that the clinical symptoms of CP may change
as the child gets older, our classification method allows us to evaluate the
child’s mobility status, and actually see the changes thanks to therapeutic
influences. This classification method also allows us to objectify the patient’s
condition, and achieve continuity during the child’s long observation periods
in different rehabilitation facilities. Such standardized approaches to the
patient’s functional abilities enable specialists working in different fields to
resolve important scientific, practical, and social problems of rehabilitating
patients with CP; these include doctors, physical therapists, psychologists,
speech therapists, and social workers.
The introduction of such convenient and practical rehabilitation
classification in the work performed by child neurologists and rehabilitation
specialists individualizes the diagnosis of the child’s specific motor and static
abilities.

Table 7.1. Agreement between our classification and GMFCS classification levels.
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Each patient receives an individual rehabilitation program and itinerary with
specific hours for each procedure.

MOTOR DISORDERS
PLEGIA

PARESIS
mono
hemi
para
tetra

HYPERKINESIS

mono
hemi
para
tetra

ATAXIA

athetosis
choreoathetosis
torsion dystonia
facial hemispasm

static
dynamic

MUSCLE TONE DISORDERS
SPASTICITY

DYSTONIA

HYPOTENSION

No mobility

Creeping on the
stomach

Mobility
by rolling over

Non-alternate
crawling

Walking on the
knees
Walking with
assistive mobility
devices

Alternate
crawling

Independent
abnormal gait

UPRIGHT POSITION PHASES
Sitting without
assistance

Standing up
near a support
structure

Standing up
without
assistance

ATTENDANT CLINICAL SYNDROMES
Neurological

Orthopedic

Somatic

MENTAL DISORDERS

Neuroendocrine
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Stigmas of
dysembriogenesis

SPEECH DISORDERS

Fig. 7.6. CP rehabilitation classification.

Fourth level screening is conducted in other clinical institutions if other
specialized diagnostic tests are required (neurosonography, ultrasound, MRI,
CT, etc.), and through consultations with specialists.

7.4.3.1. Neuropediatric examination scheme

STAGES OF LOCOMOTION

Lying
Lying
without head with head
support
support

The data on clinical examinations and appointments are printed out and
attached to the patient’s medical history.

Neuropediatric examinations include:
А. Evaluation of the patient’s mental status: ability to communicate,
emotional reactions, understanding narrative language, presence and level of
expressive speech, and conformity of the patient’s mental development with
his age.
B. Neurological status
To evaluate the function of cranial nerves, we test hearing, vision, eyeball
movements, strabismus, nystagmus, facial asymmetry, asymmetrical eye slits
and pupils, tongue movements, swallowing and pharyngeal reflexes.
The reflex-motor sphere defines the volume of active and passive movements,
muscle tone condition, muscle strength, presence and severity of tendon,
periosteal, and pathological ref lexes, segmental automatisms, as well as
pathological and posotonic reflexes. Hyperkinesis and distorted execution
of coordination tests testify to disorders in the extrapyramidal or cerebellar
systems. Changes in surface or deep sensitivity indicate the location and type
of disorder.
When evaluating the autonomic nervous system, we include the clinical
presence of autonomic-vascular, neuroendocrine syndromes, dysfunctional
sleeping patterns, disturbed rhythm of life, perspiration disorders, trophical
skin changes, and dermographism features.
As the main clinical disorders in CP are related to mobility, caused by
muscle tone anomalies and intensified activity of non-reduced pathological
reflexes, doctors and specialists should pay great attention to making a detailed
evaluation of gross motor functions, that is, the patient’s ability to maintain his
head, sit and sit down, crawl, stand up and stand, walk, and jump. Neurological
status data is supplemented by tests on fine hand mobility, neuroorthopedic
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examinations of the spinal column, etc. Taking these comprehensive examinations into account, we then establish a diagnosis according to our rehabilitation
classification.
We use the Tardieu scale to evaluate spasticity. It is a much better clinical
measurement of spasticity than the Ashworth scale or the modified Ashworth
scale. It agrees more with Lantz’s definition of spasticity as it enables us to
evaluate the patient’s resistance to passive movements by using both slow and
rapid movements.
Tardieu scale
Movement velocity
V1. Extremely slow movement, slower than the rate of the natural drop of
the limb segment under gravity.
V2. Speed of limb dropping under gravity.
V3: Extremely rapid movement, faster than the rate of the natural drop of
the limb segment under gravity.
Scoring:
0 – No resistance throughout the course of passive movements;
1 – Slight resistance throughout the course of passive movements; no clear
counteraction at a precise volume of movement;
2 – Clear counteraction at a precise volume of movement, interrupting the
passive movement, followed by release;
3 – Clonus duration of less than 10 seconds; when pressure is maintained,
it appears at a precise angle of movements
4 – Clonus duration of more than 10 seconds; when pressure is maintained,
it appears at a precise angle of movements;
5 – Joint movements are impossible to perform.
Testing younger children.
Successful treatments of cerebral palsy depend largely on an early diagnosis.
Therapeutic and corrective measures should be initiated at birth, when tonic
disorders, fixed abnormal postures, contractures, and deformities have not yet
been expressed. Such measures facilitate timely acquisition of age-related static
and locomotor skills, and prevent complicated disorders in motor skills, speech,
and mental control from appearing during the patient’s later development
stage. Clinical symptoms of cerebral palsy with perinatal impairments appear
during the infant’s first days. Dynamic observations of the child’s mental and
motor development usually enable doctors to characterize existing disorders as
pathognomonic features of some form of cerebral palsy.
Children classified in risk groups should be examined every three months;
if development is delayed or other symptoms arise, possibly cerebral palsy
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itself, examinations should be conducted every month. Indistinctly expressed
pathological symptoms may cause doctors to underestimate actual disorders or
lead them to establish a hyperdiagnosis. We should keep in mind that clinical
symptoms of CP appear at identified stages of the child’s development during
his first year. Thus, there are certain changes in muscle tone before spasticity
appears as the final symptom of the disease. Hyperkinesis and ataxia appear
later, during the next six-month period or after the development of specific static
skills and clear, purposeful movements. All types of “threatening” symptoms
should be evaluated according to the following criteria:
1) Are they constantly present?
2) Taking into consideration data on the history of the disease or various
forms of individual development, has their pathological nature been
determined?
3) Is the child unable to develop age-related skills? Or, on the contrary, is
there a decrease in motor abilities?
An early diagnosis of neurological disorders begins when the doctor
evaluates historical data related to the illness, which may indicate certain
dangers in future pathological development. Extremely important roles in the
ante- and intranatal periods are played by such factors as hereditary traits in
the parents’ families, maternal diseases (infectious, physical, gynecological,
endocrine, etc.), the impact of physical, chemical, and nutritional factors
on pregnant women, the presence of parental genetic mutations, pregnancy
pathologies, (early and late gestosis, immunological incompatibility,
development anomalies in the placenta and umbilical cord), and labor
difficulties (rapid or prolonged labor, weak labor contractions, premature water
discharge or placental abruption, unusual location of the fetus, or improper
obstetric care).
Risk factors during the infancy period, reflecting a variety of neurological
symptoms or syndromes, are just as important for the child’s development
(low scoring on the Apgar Scale, taking into account the degree of hypotoxia,
muscle tone disorders, the inhibition of unconditioned reflex reactions, tremor,
acrocyanosis, status marmoratus or jaundice, spasms, frequent belching, hyperor hypo-activity, anxiety, etc.), as well as severe somatic illnesses, and the child’s
adaptive difficulties.
It is important to pay special attention to the most relevant symptoms
when examining the child, namely, the child’s posture, spontaneous mobility,
muscle tone, unconditioned reflexes, tonic reflex responses, and the child’s
limb straightening and balance reactions as well as vocal, emotional, and
mental reactions.
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Neurological examinations of breast-feeding infants are conducted in a
relaxed atmosphere an hour and a half to two hours after feeding time, at a
comfortable temperature (about 25 degrees), with good lighting, which does
not irritate the child, and on a firm, but soft surface.
Examinations start when the doctor or specialist observes the child’s facial
expressions, body structure, head, torso, and limb positions, his spontaneous
movements, while evaluating their symmetry and activity.
The size of the head at birth and monitoring its growth dynamics, the
condition of the child’s cranial sutures and fontanelles are important when
making an early diagnosis of hydrocephalus (with possible complications), or
microcephaly during the first weeks and months of the child’s life.
Disproportions between the skull and the body structure, characteristic facial
expressions, and symptoms of small anomalies (stigma of disembriogenesis)
testify to possible effects caused by harmful factors in the early stages of embryo
formation.
Taking into account age development and the immaturity of many brain
structures, it is rather difficult to explore cranial nerve functions. Newborn
babies react with discontent and anxiety when they are exposed to strong
smells (I pair – olfactory nerve), whereas artificial lighting makes the infant
close his eyes, constrict his pupils, and move his head back just slightly (II
pair – optic nerve).
The child’s eyeballs move separately on both sides; they often converge
spontaneously towards the midline, which causes periodic “east-slanting”
strabismus, considered an optional norm up to four months. The three symptoms
evoking the Bernard-Horner syndrome – drooping of the eyelids (resembling
ptosis), constriction of the pupils (miosis), and sinking of the eyeballs (enophthalmos) – often appear on the same side as hand paresis. Eye fixation can be
observed in young infants after five to eight days, but it should stabilize when the
infant is four to six weeks old. Concordant eye and head turning develops after
four weeks (these movements are managed by the III pair of cranial nerves –
oculomotor, IV – trochlear, and the VI pair – abducens nerve).
Facial asymmetry when the baby sucks or cries can be observed when
the following nerve pairs are affected: V – trigeminal, VII – facial, IX –
glossopharyngeal, and X – vagus.
If there is a sharp or loud sound, the child reacts by closing his eyes; tremors,
anxious movements, and head rotations appear (VIII pair - vestibulocochlear
nerve). Tongue position, its movements, and sucking testify to the condition of
the hypoglossal nerve (XII pair).
Examinations of motor spheres are fundamental for evaluating the
neurological status of the young child. We should pay attention to two key
spheres when studying the development of the healthy child’s motor skills:
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1. Gradual development of more complex functions so that the child
masters the upright position during his first year;
2. Attenuation (reduction) of unconditioned congenital reflexes in newborn babies.
Examinations of spontaneous motor skills in breast-feeding infants include
evaluating general muscle development, the volume and force of active and
passive movements, muscle tone, and coordination. Due to physiological hypertension of the flexor muscle group, which prevails in children during their
first two months, the newborn’s limbs are flexed at all the joints, his hands are
turned towards his body, and his legs are slightly displaced at the hips. Muscle tone is symmetrical; the head is positioned in midline, or slightly towards
the back (due to increased extensor tone in the head and neck). Although the
infant’s movements can be naturally extended, the flexing posture dominates
during the first months of the child’s life (embryo position).
We should learn to observe the child’s spontaneous motor skills in order to
evaluate motor development and the degree of delayed mobility. While observing the infant’s spontaneous motor skills, we can also evaluate hand functions
and fine motor skills, his reactions to the surrounding environment, and his
spontaneous speech. The child’s development compared to age-related standards is described in the Denver test.
The DENVER II test was designed to screen seemingly healthy children
from their birth to their sixth birthday. This test was used to test over 50 million children in the world. It evaluates how the child performs different tasks
related to his age category. The importance of this test lies in the fact that it
allows the examiner to immediately detect potential problems in seemingly
healthy children, form an integral clinical impression of the child’s general
development, and prevent potential development problems.
The DENVER II test should be conducted in the following manner to determine whether the child belongs to any risk group:
First step: Evaluate at least three tasks in each sector, which are closest to
the left of the age category, and all points, which go over the age line.
Second step: If the child fails to perform even one point in the first step (he
either refuses or is not able to do so), the examiner should conduct the next
tasks one after another until the child has managed to perform three relevant
positive actions consecutively.
Each task is classified in one of four parts on the test form: social/personal
aspect, fine motor skills, speech, and gross motor functions.
DENVER II test forms are provided below (Figures 7.7 and 7.8).
The age category situated at the top and bottom of the form (horizontal
lines) show the child’s age in months and years. Each space between the notations on the line is equal to one month.
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SOCIAL FUNCTIONS
AND FINE MOTOR SKILLS
PERSONAL-SOCIAL
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LANGUAGE AND GROSS MOTOR SKILLS
LANGUAGE
3 words
2 words
One word
“DADA/MAMA” specific
Jabbers
Combine syllables

Drink from cup
Imitate activities
Play ball with examiner
Wave BYE-BYE

“DADA/MAMA” non-specific
Imitate speach sounds
Single syllables
Turn to voice
Turn to Rattling sound
Squeals
Laughs
“OOO/AAh”
Vocalizes
Respond to bell

Indicate wants
Play pat-a-cake
Feed self
Work for toy
Regard own hand
Smile spontaneously
Smile responsively
Regard face
FINE MOTOR - ADAPTIVE

GROSS MOTOR
Walk well
Stoop and recover
Stand alone
Stand - 2 SECS
Get to sitting

Scribbles
Put block in cup
Bang 2 cubes held in hands
Thumb-finger grasp
Take 2 cubes

Pull to stand
Stand holding on
Sit no support
Pull to sit - no head - lag
Roll over

Pass cube
Rake raisin
Look for yarn
Reaches
Regard raisin

Chest UP-Arm Support
Bear weight on legs

Follow 180°

Sit-Head Steady
Head UP 90°
Head UP 45°
Lift head
Equal movements

Hands together
Grasp a rattle
Follow past midline
Follow to midline

Fig. 7.7. Denver test.

Fig. 7.8. Denver test.

Having filled in the table, we can clearly determine normal or delayed
development of the child’s motor skills, fine motor skills, speech, and social
adaptation.

Congenital unconditioned reflexes are divided into segmental (oral)
movements, which are controlled by brain stem and spinal cord segments (spinal
automatisms), and suprasegmental posotonic automatisms, which regulate
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muscle tone depending on body and head positions (they are controlled by the
medulla and middle brain).
Oral motor automatisms include the following:
1) Kussmaul search reflex — drooping lower lip, tongue deviation, and head
turning towards the stimulant in response to lightly touching the corner of the
infant’s mouth. It is strongly expressed before feeding; asymmetry of this reflex
can be observed when paresis of the facial nerve appears; this reflex disappears
when the baby is about one year old;
2) snout reflex — contraction of the circular muscles of the mouth and
pursing of lips into a “snout” shape elicited by light tapping of the infant’s
lips. The “snout” reflex is a permanent component of sucking movements; this
reflex disappears after three or four months;
3) sucking ref lex - physiological movements during the infant’s first
year. While the newborn baby lies on his back, place a pacifier about twothree centimeters into his mouth; the child begins to make active sucking
movements;
4) blink reflex – the child closes his eyelids when the arc of his upper eye
orbit is lightly tapped.
Spinal motor automatisms include the following reflexes:
1) protective reflex – when the child is on his stomach, i.e. in the prone
position, he will automatically turn his head to the side as if he were trying to
“protect himself” from smothering;
2) automatic walking and support reflex can be verified when the infant is
held in an upright position. Although infants this young cannot support their
own weight, they manifest support reactions. When you hold the infant upright,
supporting him with your forefingers from behind, the child will flex all the joints
in his legs. When you place the child against a support structure, he will extend
his torso, standing with his legs half-bent on the full soles of his feet. When
you lean the infant slightly forward, he will attempt to walk by making stepping
movements. This physiological reflex disappears after two months; then it changes
to a physiological form of astasia - abasia, but reappears and develops as voluntary
walking and standing by the end of the child’s first year. If the child suffers from
severe perinatal lesions, this reflex is suppressed, delayed, or totally absent. When
hereditary neuromuscular diseases or spinal injuries are expressed through muscle
hypotension, this reflex is abruptly suppressed, or is totally absent;
3) crawling reflex (Bauer) is reflected by the baby’s spontaneous crawling
movements when he is lying face-down on his stomach, in the prone position.
It is a physiological reflex which disappears at four years of age. The child begins
to crawl unassisted when he is seven to eight months old. This reflex cannot
be observed when the child suffers from spinal injuries, brain hemorrhage, or
spinal amyotrophy;
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4) palmar grasp reflex – the infant will grasp the doctor’s finger when his
palm is lightly pressed. If the child holds on strongly to the doctor’s fingers, he
can be lifted up with his feet resting on a support surface, that is, causing the
Robinson reflex to appear;
5) Galant reflex – the newborn is in a face-down position on his stomach
(i.e. his body is in the prone position); the child will curve his body when
the doctor uses two fingers to stimulate (stroke) the infant’s paravertebral area
downwards along the spine;
6) Babkin reflex – when the doctor applies pressure to the infant’s palms,
the child opens his mouth and bends his head;
7) Moro reflex – lying on his back on the examination table, the infant
reacts in response to a loud noise, or a knock on the surface of the table. Two
phases can be observed: the first phase – “startle reaction” – the child’s arms
extend to the sides, and his fists are unclenched; the second phase – “embrace
reaction” – the child brings his arms together towards his own body, and seems
to envelop or embrace himself.
The fore-mentioned physiological reflexes appear when children are two to five
months old; should these reflexes be asymmetrical, or should there be an absence
of or delays in physiological attenuation (reduction), these symptoms may mean
that there has been some damage to the infant’s central nervous system.
All the major stages of our motor development are associated with
suprasegmental posotonic automatisms, i.e. the ability to lift the head, sit,
stand, and walk:
1) ATNR (asymmetrical tonic neck reflex) – fencing posture – when the child’s
head is turned towards his shoulder, the limbs on that side will straighten.
2) STNR (symmetrical tonic neck reflex) — when the infant’s head bends,
his arms flex and his legs extend;
3) LTR (labyrinthine tonic reflex) — while lying on his back, the child displays increased tonic reactions in extensor groups; while lying on his stomach – in flexor muscle groups. The group of myelencephalon posotonic reflexes
appears physiologically between two and four months. Fundamental myelencephalon reflexes (symmetrical chain reflexes), which ensure body straightening, and head and torso alignment to the verticalization of the child’s body, are
formed simultaneously with reduction of the same reflexes.
In conclusion, the evaluation of data regarding the status of an infant’s nervous system should be based on comparisons between repeated clinical tests and
complementary examinations, such as Neurosonography, MRI, EEG, and ultrasound scans of head, neck, and eye fundus vessels. If pathological signs are
observed repeatedly, they can be interpreted as reliable evidence of lesions in the
nervous system.
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7.4.3.2. Neuro-orthopedic evaluation
Progressive hypodynamics in patients suffering from organic brain lesions
leads to functional blockades of the vertebral motor segments in the spinal
column and limb joints, and intensifies dystrophic changes in muscles and
periarticular tissues. Long-locked joints deform the development of the child’s
movement patterns. Contractures are gradually formed in the joints, which
further inhibit the patient’s motor development, and exacerbate the negative
impact of physical inactivity on the development of the child’s body.
In clinical practice, the body’s articular apparatus is viewed as a complex of
anatomical structures, which works as a single unit to perform movement functions. The articular apparatus helps to maintain body position, is involved in
moving one body part in relation to another, and ensures body locomotion. The
joint is an interruptive, hollow, and movable connector. The joint is composed
of articular surfaces of connected bones, the joint capsule, the joint cavity, and
ligaments. Tendon and fascia muscles constitute the only active elements of the
joint, which can change its outer properties.
We can define the following movement limits in human joints:
1. Physiological mobility limit: maximum amplitude of active movements in the segment or joint around an axis of rotation.
2. Anatomical mobility limit: maximum passive volume (amplitude) of
movements in the joint around an axis of rotation. Exceeding the anatomical mobility limit may lead to pathological and structural changes
in the joint itself.
3. Pathological mobility limit: restricted active and passive movements
due to a pathological process.
Movement disorders of the joints in different pathological conditions cause the
following dysfunctions:
1) limited mobility (inability to perform large amplitude movements);
2) increased mobility (ability to perform larger amplitude movements);
3) pathological mobility (ability to perform movements in unnatural planes).
The patient’s complaints are studied and his anamnesis (medical history) is
collected before his articular system is examined. Particular attention should
be paid to injuries and surgical operations recorded in the patient’s medical
history. The final functional diagnosis of the joints consists in conducting a
medical examination, palpation tests, measuring the amplitude of the patient’s
movements, and making a diagnosis of functional blockades.
Active movements illustrate the work of muscles, which are responsible for
their performance. If these movements are limited, this may be associated with
muscle hypertension, neurodystrophic changes in these muscles, or reduced
muscle power.
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Two methods are used to examine passive movements when the patient’s
muscles are maximally relaxed. The first method: the doctor slowly carries out
different movements of the patient’s joints in all physiological directions without
any assistance. The second method: this is a “joint play”, which gives the doctor
the opportunity to evaluate functional movement reserves starting from the
functional barrier as far as the anatomical barrier. The doctor carries out passive
movements of the patient’s joints (in extreme positions), and also examines
elasticity resistance when performing movements in different directions.
Clinical doctors can then detect the presence of functional joint blockades if
there are no reserve movements from the functional to the anatomical barrier,
and there is a sense of stiffness at the beginning of the examination.
The range of passive movements is somewhat more than active ones in
physiological conditions. Examinations concerning the range of passive
movements allow doctors to study functional joint blockades, hypermobility,
or pathological mobility. The range of movements can be examined through
a goniometer.
Additional methods of examining the osteoarticular apparatus include
X-rays, ultrasound diagnostics, arthroscopy with synovial fluid tests, and
imaging techniques, such as CT and MRI.

7.4.3.3. Somatic tests
All patients should undergo somatic examinations. Complaints related
to the somatic sphere can then be clarified. The anamnesis of the patient’s
life and illness, his family history, and hereditary factors in his family
are thoroughly described. The patient’s nutrition, general development,
immunization, the frequency and complexity of prior acute illnesses,
including childhood infections or chronic diseases of the internal organs are
also specified. Allergies and intolerance to medicine or food products are
detected in the patient and members of his family. The patient’s temperature,
heart rate, and blood pressure are recorded.
Patients are examined systematically according to a detailed scheme. The
patient’s general condition, his physical development, and objective changes
in the function of his organs and systems are evaluated; disembriogenic
stigmas are identified. Different laboratory tests are analyzed: ECG, external
respiratory function tests, ultrasound, blood, urine, etc. Functional breathholding tests are conducted during inhalation and exhalation, and renewed
heart activity tests are performed after intense movements in order to
evaluate the tolerance and resistance levels of the patient’s respiratory and
cardiovascular systems.
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Basing his conclusions on such tests and objective medical examinations,
the doctor draws up a basic somatic diagnosis and a list of related symptoms,
which may limit rehabilitation treatments, and proceeds to prescribe
movement intensity training for the period of intensive rehabilitation:
restraining, restraining and training, and training regimes.
The doctor monitors the dynamics of the patient’s internal organs throughout
the entire treatment, including the respiratory and cardiovascular systems;
he checks the patient’s pulse when loaded and static movements are used in
intensive medical rehabilitation. The doctor also takes the patient’s pulse at the
beginning, during, and at the end of the session, namely at those stages of the
rehabilitation program that require the patient to perform active movements
(physical therapy, treadmill exercises, mechanotherapy, and rhythmics). These
examination data are then recorded in an observation diary.
If acute illnesses appear during the course of treatment, the intensive
rehabilitation program should be interrupted until the patient recovers, or
the complete program should not be carried out, but only some of its elements
can be performed until the child’s condition improves.
The doctor should reduce the intensity of rehabilitation programs in the
following instances: the patient begins to show signs of fatigue, his respiratory
and cardiovascular systems show lower tolerance to tension and stress, and
his heart rate recovery from tension and stress takes much longer.
Somatic pathologies are much more common in patients with early
organic brain lesions15. Nervous system dysfunctions during early ontogeny
cause delays in the development of motor functions, as well as visible motor
disorders. If the coordinating and regulatory functions of the brain are absent
or reduced, this condition leads to changes in homeostasis, and disorders
in many organs and body systems, which are just beginning to develop and
grow in the child.
In our clinic, we studied the tolerance of CP patients’ cardiovascular
systems to tension and stress16. Our studies revealed that CP patients, who
were undergoing intensive rehabilitation, had a higher pulse rate and a
tendency to prolong their rehabilitation period. These results show that their
tolerance to physical activities was reduced. The ECG showed disorders of
automatism functions, appearing as sinus tachycardia and sinus arrhythmia.
Myocardial functional weakness appeared in 35.4% of the examined patients,
hypoxic myocardial changes in 22%, disorders of the polarization process
in 6.4%, which were encountered in patients suffering from tetraparesis,
and less frequently in patients with spastic diparesis or hemiparesis. The
data also confirm a lower functional capacity of cardiovascular systems,
which aggravates blood circulation and gas exchange, intensifies respiratory
failure, and results in greater levels of neurological deficit in CP patients, thus
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enclosing the complex interconnections among these three important body
systems into a single pathological circle.
Patients with athetosis and spastic forms of cerebral palsy show
typical important disorders of inhalation and exhalation, especially when
swallowing.
In her thesis, G.P. Lun examined CP patients who showed signs of
changes in their respiratory functions accompanied by more severe restrictive
disorders. Patophysiological mechanisms of these changes are associated
with delayed or arrested development of the osteomuscular skeleton, caused
by thorax deformities, modified spinal functions, muscle changes, and
pathological irritants invading the respiratory center. Tachypneic tendencies
were also detected; they become more intense during physical activities, and
can lead to reduced respiratory surfaces, or cause hypoxemia, hypercapnia,
or chronic hypoxia to appear. Respiratory disorders can also be caused by
pathological impulses, which are directed towards the respiratory center from
the interoceptors of affected organs, i.e. muscles, paravertebral myofibers,
and bones. CP patients show typical respiratory disorders together with
developing respiratory distress, either concealed or apparent; the severity of
the respiratory distress syndrome depends directly on the acuteness of the CP
patient’s somatic and neurological condition.
Purposeful X-ray examinations of the organs in the patient’s thorax make
it possible to detect distortions in the thorax and the spinal column, and
modifications in the diaphragm (flattened or unevenly protruding diaphragm,
compressed ventral rib pockets). This largely explains the frequency and
severity of different respiratory disorders, bronchitis, and pneumonia in these
patients.
It is most important to evaluate the functional condition of the
cardiovascular and respiratory systems in CP patients before starting any
rehabilitation treatments. This gives rehabilitation specialists the opportunity
to conduct effective rehabilitation treatments with suitable doses of physical
activities for each patient during their stay in our rehabilitation centers,
and monitor the effectiveness of treatment procedures and home-training
exercises, specially selected for each patient.
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He who works shall remain young.
Mykola Burdenko

8. Basic Complex of INRS Therapeutic
Rehabilitation Measures
INRS rehabilitation consists of the following treatments: biomechanical
correction of the spinal column, joint mobilization, reflexotherapy, mobilizing
physical exercises, special massage systems, rhythmical exercises, apitherapy,
and mechanotherapy.

8.1. Biomechanical Correction of the Spinal Column
The intensive rehabilitation system is based on an original technique for
applying polysegmental biomechanical correction to the spinal column. It was
developed by V.I. Kozyavkin, a neurologist and manual therapist, in Ukraine
in the mid-eighties. The author’s rehabilitation system is aimed at eliminating
functional blockades in vertebral-motor segments, and restoring normal movements to spinal and limb joints, which will reduce symptoms of nervous system
deregulation at different levels of sensory and motor systems.

Functional blockades of vertebral-motor segments (VMS) are manifested
when the doctor makes a diagnosis by palpating the muscles along the spinal
column in the areas situated in intervertebral joints and periarticular tissues.
Other zones are also identified, namely areas surrounded by tense, spastic
tissues, and painful points at different levels of the biomechanical system.
Spinal correction is carried out after the doctor has made a manual diagnosis
and provided appropriate preparations in all sections of the spinal column:
lumbar, thoracic, and cervical. In the lumbar section, he simultaneously
manipulates all the blocked segments, and concurrently applies the “backward
rotation” technique developed in our clinic. In the thoracic section, the
correction of blocked segments is performed by applying special impulses in
succession from the top to the bottom of the thorax when the patient exhales. In
the cervical section, correction is carried out by applying movements to complex
trajectories, which impact all the blocked segments. If blockades in ileosacral connections are detected, impulse techniques are used for mobilization
purposes. Parallel with these techniques, special relaxation methods are applied
to the patient’s muscles.
Biomechanical correction of the spinal column according to Prof. Kozyavkin’s
method is adapted to the anatomical and functional characteristics of the child’s
body. Thanks to this fact, the method can be used very successfully to rehabilitate children from an early age.

8.2. Joint Mobilization

Fig. 8.1. Biomechanical correction of the spinal column.
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Patients with CP manifest nervous regulation disorders of muscle activity
and tend to develop dysfunctions of the muscle and joint movement apparatus.
Methods mobilizing limb joints are used to restore their mobility and correct
muscular and articular imbalance.
We have developed an important component of INRS – original techniques to
mobilize limb joints, which are used to eliminate joint blockades and restore joint
mobility, correct muscular and articular imbalance, improve trophic processes,
and create new conditions for forming new movements. Mobilization should
begin with the large joints (hip, knee, shoulder, and elbow), and be applied further
to the fine joints of the hands and feet.
Both traditional and our own mobilization techniques can be used. Our
methods are aimed at pulling the joint smoothly beyond the physiological range
of passive movements by applying pressure to the ligaments surrounding the joint.
We frequently use the traction method, combined with vibrating movements, as
well as impulse techniques called “tapotement” (tapping movements) along the
intra-articular gap, which are aimed at dewedging blocked joints, and making
articular surfaces return to their “central position”.
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Mobilization intensity is gradually increased during the treatment. If other
symptoms appear in the jaw area, mobilization is directed towards mandibular
joints, which improves the child’s expressive speech and articulation.
Peripheral joint mobilization comprises a set of diagnostic and therapeutic
hand techniques, movements, and exercises, which doctors perform on the
patients within the range of their physiological joint movements in order to
restore normal structures and functions to the musculoskeletal system. This
complex consists of diagnostic and therapeutic parts. Mobilization is aimed
at eliminating functional blockades and restoring normal movements in the
joints through various rhythmical techniques for passive movements of limb
segments. The main purpose for mobilizing joints in the limbs of patients suffering
from different forms of CP is to restore movements in the locomotor system, and
create a basis for new movement patterns, which should come as close as possible
to natural physiological movements.
To restore mobility in our patients’ joints, we use both traditional methods
and the following techniques, which were developed in our clinic: rhythmical
joint mobilization of all the limbs, mobilization combined with manipulation,
positional mobilization, polysegmental traction mobilization combined with vibration techniques, postisometric relaxation, stretching exercises, and pressure.
We also use manipulation influences and our original techniques for applying
rapid low-amplitude impulses to the joints.
Mobilization should begin with the large joints, and be applied further to
the fine joints of the hands and feet.
We use traction methods to restore mobility in the large joints. When hypertension appears in the muscles, or spastic lesions of the nervous system are
detected, we generally use rhythmical mobilization, which allows the muscles
to gradually relax. Rhythmical joint mobilization refers to a rhythmical repetition of specific movements expressed within the limits of actual articular
movements, and gradual increases in movement amplitude. Traction and vibration techniques, combined with certain manipulation elements and rapid lowamplitude impulses allow doctors to effectively eliminate functional blockades
and increase joint mobility.
Doctors should respect the following requirements if they wish to perform
mobilization techniques on patients:
1. During mobilization, the patient should be properly positioned so as
to ensure that limb muscles are completely relaxed.
2. One segment of the limb joint (usually the proximal segment) should
be well secured. Therapy is carried out by displacing the distal segment of the limb joint.
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3. Mobilized movements should be directed towards the side with limited
mobility.
4. The doctor or specialist should perform motor impulses using his
whole body, and not just his hands. The doctor should act with caution
and perseverance, but without applying excessive force.
Joint mobilization is a painless procedure. It is used at our rehabilitation
center every day after the patient’s corresponding medical records have been
duly filled in.
Joint Mobilization Techniques.
Different techniques for peripheral joint mobilization may be used in
INRS, namely:
1. Rhythmical mobilization. This technique is the most frequently used.
Its advantages include safety, simple implementation, no pain, and adequate
effectiveness. When performing rhythmical mobilization exercises, the doctor
should secure the proximal segment of the joint with one hand, and use the
other hand to move the distal segment of the joint (limb) rhythmically within
physiologically possible planes (flexion and extension, adduction and abduction).
The movements should be smooth and flowing, reaching the limits of joint
mobility, and gradually increasing in amplitude. The number of rotations
should be determined individually. One variant of this technique is known as
rhythmical traction mobilization, i.e. traction is applied to the distal segment of
the limb together with mobilized movements, which causes the articular surfaces
to be stretched, and pinched cartilaginous masses, twisted synovial membranes,
and the articular capsule to be relieved. Doctors also use rotary rhythmical
mobilization when working on large limb joints. Technically, they carry out
these mobilization exercises by combining the tightly secured proximal segment
of the limb with rotations of the distal segment in the limited direction. The
frequency of these rotational movements is assigned individually to each patient,
one to two rotations per second at the most. When low-amplitude movements
are performed during mobilization (sacro-iliac area, fine joints in the hands
and feet), doctors use rhythmical compression mobilization techniques. The
doctor holds the proximal and distal segments of the joint as close as possible
to the articular gap, and induces rhythmical compression, shifting the articular
surface in opposite directions.
2. Manipulation. If mobilization techniques are not effective enough, doctors
tend to apply push mobilization (manipulation). Technically speaking, it is
performed in the following way. The doctor firmly holds the proximal segment
of the joint with one hand, and secures the distal segment with his other hand,
placing his hand as close as possible to the articular gap. After pushing the
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joint to a maximum tension level, the doctor carries out rapid movements in
the limited direction. Manipulation involves applying short, rapid, and lowintensive pushes, aimed at eliminating functional blockades instantaneously.
Thanks to this technique, we can see a rapid short-term transition through
pathological limits of mobility, bringing these movements closer to natural
physiological mobility.

order to repeat the isometric exercises at new and increased muscle lengths.
Post-isometric relaxation has multilateral effects on the neuromotor system
regulating muscle tone. It helps optimize proprioceptive impulses, and
establishes a physiological balance between proprioceptive and other types
of afferentation, resulting in restoring effective inhibition mechanisms. Postisometric relaxation is absolutely safe, and relatively easy to execute.

3. Positional mobilization. This technique combines elements of rhythmical
mobilization, manipulation, and post-isometric relaxation. The doctor slowly
moves the joint towards the functional barrier, and maintains this pressure
for a few minutes. The tension in the segment is accompanied by muscle and
ligament stretching in the joint area. Positional mobilization results in generally
expanding the limits of anatomic and functional barriers of different tissues and
restoring functional reserves in the joints.

6. Post-Reciprocal Relaxation (reciprocal inhibition) combines stretching
the affected spastic muscles, applying post-isometric relaxation, and activating
antagonist muscles. In actual practice, procedures are performed in the
following order:
1. Pre-stretch the spastic muscles of the limb segment for five to ten
seconds.
2. Perform isometric exercises on the affected muscles with minimal
effort (5-10 seconds).
3. Make the spastic antagonist muscles work actively (contractions) with
maximum effort for seven to ten seconds.
4. Maintain the segment of the motor system in this position, i.e. the
affected muscles are stretched, whereas the antagonist muscles are
contracted and inoperative. This procedure should be repeated two
to three times. This relaxation technique should be implemented by
respecting exertion and time parameters at each stage. The effects of
reducing spasticity in affected muscles thanks to stretching and postisometric relaxation can be enhanced by including reflex inhibition
mechanisms in motor neurons when the antagonist muscles are
activated.

4. Polysegmental vibration-traction mobilization. This mobilization
technique is mainly used to treat spastic forms of cerebral palsy. The main
feature of this method involves impacting all limb joints through combined
traction and oscillatory movements with different frequency rates and lowamplitude vibrations applied to the limb. During the mobilization procedure,
the doctor firmly secures the distal segment in the patient’s hand or foot. He
then applies traction along the axis together with oscillatory low-amplitude
movements in the sagittal or horizontal plane. The traction force and frequency
rate of oscillatory movements are selected individually for each patient so as to
reduce muscle tension in the limb segments as much as possible. However, the
amplitude of these oscillatory movements should remain small and vary only
slightly. Mobilization exercises should last one or two minutes. This technique
allows the patient to expand his movements by simultaneously eliminating
blockades in the limb joints and reducing muscle tone.
5. Post-Isometric Relaxation (PIR). This technique is often used for selftreatment, and recommended to patients for home training. Basically, it is a
combination of short-term (5-10 seconds) of low-intensive isometric exercises
and further stretching of the muscles for five to ten seconds, repeated three
to six times. As a result, spastic tone is steadily reduced in the muscles. The
patient’s active efforts (isometric exercises) should not be too intense, but quite
short. Maximum and prolonged tension and stress do not lead to good results,
i.e. expected decrease in muscle tone. The patient’s active resistance (isometric
exercises) can be replaced by exerting tension on the muscles, appearing in
synergy during inhalation. This can be specially noticed in proximal muscle
groups, but less so in the distal groups. Passive muscle stretching is performed
during the pause after exhalation. The muscles are secured in this position in
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7. Stretching. This technique involves applying passive stretching exercises
in the joints to counter movement limitations. Efforts are performed smoothly;
they should not be very intense and should last a few minutes. These exercises
contribute to expanding the limits of functional barriers in the joint, and
increase functional reserves. It should be noted that passive effects are most
important when this technique is applied. This neurophysiological stretching
phenomenon includes both purely mechanical extension of contracted muscle
structures, and intensified reflex inhibitions of motor neurons due to activated
receptors located in muscles, ligaments, and tendons.
8. Pressure. Pressure application to soft and hard tissues of the motor
apparatus is widely used in various medical fields. The procedure involves
applying brief firm pressure through one or more fingers in myotendinous areas
located in muscles, ligaments, and the capsule of the joint. Palpation intensity
increases gradually in the space of one minute. This pressure is combined
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simultaneously with rotary movements and periodic transitions of pressure from
central induration to the periphery. Pressure palpations should not cause the
patient severe pain. The procedure lasts three to five minutes; total pressure
applications during one session should last three to four minutes.
The positive impact of this pressure technique is associated with several
factors. Firm and brief pressure applications in myotendinous areas cause
phasic changes in blood circulation in these areas. Beginning ischemia
changes to reactive plethora, which reflects changes in blood circulation in
these areas. Intensive effects on proprioceptors, located in muscles, ligaments,
and tendons increase the flow of sensory information, and activate sensory
interaction mechanisms. These results help restore the disrupted balance of
reflex regulations of muscle tone at the segmental level.
9. A combined method using pressure techniques and modifying the length
of affected muscles can be applied quite effectively on CP patients. Technical
procedures are as follows: the doctor uses the fingers of both hands to press
proximal and distal areas of the affected muscle. As he increases the pressure,
approaching or distancing his hands, he tries to modify the length of the
muscle (increase its length in a hypertonic state and reduce its length in a
hypotonic state). By applying additional stimulants to receptors, which are
located in muscle spindles and the Golgi apparatus, the doctor increases reflex
regulations of muscle tone at the segmental level. Consequently, muscle tone
decreases in the spastic muscle and increases in the hypotonic muscle. This
method produces very effective results when it is used to treat both spastic
and hypotonic forms of CP. Improving trophic processes by stimulating blood
circulation and normalizing muscle tone enable the patient to increase the
functional reserves in his limb joints. Thanks to improved muscle tone, we can
observe that hypermobility is reduced and joint mobility comes closer to the
norm in patients suffering from hypotonic forms of CP.
10. High velocity low-amplitude thrust (impulse) technique (HVLA). This
technique was developed by Professor V.I. Kozyavkin at the end of the eighties;
it involves a process for mobilizing peripheral joints, and has become an integral
part of INRS. Technically, it is performed by a doctor who supplies several
rapid thrusts with the thenar or hypothenar area of his right hand along one of
the fingers of the patient’s left hand, which has been placed in the protruding
articular gap of the blocked joint, or in places of attached tendons, ligaments, or
the articular capsule. Several series of thrusts are applied; they should be rapid
and firm, and low amplitude. However, the patient should not be in pain. The
direction of these impacts may vary, whereas the frequency rate and impulse
force are selected individually, depending on the patient’s muscle tone and
trophic changes in the periarticular tissues.
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Increased joint movements are ensured by a combination of biomechanical
and reflexive impacts on the locomotor apparatus. The following phenomena
occur as a result of a series of rapid low amplitude impulses: joint reclination,
a more pronounced joint gap, and the relief of soft tissues and cartilaginous
formations in the joint cavity, contributing to rapid elimination of blockades
in the patient’s joints. In addition, these series of rapid low-amplitude impulses
stimulate receptors, located in the muscles, tendons, and ligaments, which
increases the flow of sensory impulsations and deactivates inhibition in irritated
motor neurons. These procedures result in decreasing hypertonic muscles, which
ensure joint mobility. They improve muscle tone in weak antagonist muscles and
so, gradually expand the range of movements in limb joints. We should note that
the HVLA technique is based on the doctor’s own sensory perception and the
patient’s age, his mental and emotional sufficiency, the degree of pronounced
joint contractures, as well as modifications in surrounding tissues.

8.3. Craniofacial Mobilization
The INRS includes the mobilization of joints and the muscular apparatus
of the face, neck, and head, with reflex and therapeutic elements impacting
biologically active points through massage therapy and acupressure, as well as
the mobilization of the temporomandibular joint.
Symptoms for craniofacial mobilization:
1. Dysarthria – various forms.
2. Facial muscle spasticity.
3. Repeated muscle contractures and facial asymmetry.
4. Limited or excessive movements of the lower jaw.
5. Excess salivation.
6. Muscle spasticity in the neck, thus limiting muscle mobility.
7. Hypotension of articulated muscles.
8. Peripheral or central paresis of the facial nerve.
9. Synkinesis and hyperkinesis of mimetic muscles in hyperkinetic forms
of cerebral palsy.
Contraindications for craniofacial mobilization:
1. Patient’s emotional lability; negative or inadequate behavior.
2. Severe facial hyperkinesis.
3. Dermatological illnesses in the facial and neck areas appearing during
acute and subacute periods.
4. The patient’s inability to maintain the supine position for a longer
period of time.
5. Respiratory diseases during the acute period.
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As in all therapeutic interventions, articular and muscular mobilization of
the head and neck should start with diagnostic examinations. The doctor can
thereby evaluate the following factors:
• the condition of the skull bones, temporomandibular joints, the severity of functional and cosmetic defects, and their causes and duration;
• muscle tone in the face and neck; the nature of their spasticity;
• range of passive and active movements in the temporomandibular and
neck joints;
• the patient’s general condition and the presence of comorbidities.
Treatments should be complex, but combined with other procedures.
Craniofacial mobilization can be largely successful if the patient shows a
positive physical and mental attitude towards rehabilitation treatment. Many
relaxing and distracting factors are used during the treatment process, especially
soothing classical music, which helps the patient accept and adapt to further
procedures.
During the first few days of treatment, manipulation applied to the head
and neck areas should not be so intense, and massage techniques should not
be applied to painful or sensitive points. Massage therapy should be intensified
during the following days, and more pressure should be applied to specific points,
but the doctor should gradually decrease the intensity when approaching the end
of the course of treatment.

8.4. Reflexotherapy
We use reflexotherapy methods to potentiate achieved muscle relaxation,
deactualize myofacial trigger points, and correct somatic and autonomic disorders. Classical reflexotherapy methods are used together with our personally
developed influence algorithms.
Biologically active points can be influenced without damaging the skin so that
the patient does not have any painful reactions. We use a portable electrostimulator
for this purpose, which sends low-frequency impulses of complex configuration.
We also use points like classical meridians, and more specific points. Impacts
on trigger zones of the muscular and articular system are carried out simultaneously
with isotonic or postisometric muscle tension.
Procedures also include relaxing positions and postures.
The following chart shows biologically active points, which are used most frequently in reflexotherapy in CP patients:
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Fig. 8.2. Reflexotherapy.

Points

Signs

P-1

point related to lung distress, respiratory
failure, shoulder protraction, internal
rotation of the hand

6 cuns from the anterior medial
line, in the first intercostal area

Topography

Р-5
Chi-ze

neuroses, seizures in children, spasticity
of shoulder bicep muscles

on the plica of the elbow flexion
joint near the radial edge of bicep
tendon

Р-7
Le-que

diseases affecting respiratory organs
and the skin, flexion of the radius

1.5 cuns proximally closer to the
radial and carpal joints

GI-4
He-gu

illnesses affecting the nervous system,
eyes, ears, throat, nose; pain syndromes

between the first and second
metacarpal bone at the crest of
the ridge

GI11
Qu-chi

spasticity of shoulder radial muscles,
disorders of forearm supination,
cerebrovascular disorders

between the lateral plica of the
elbow joint and the ulnar condyle

E-25
Tian-shu

point related to severe intestinal
distress, abdominal pain, respiratory
failure

2 cuns outwards from the anterior
medial line at the navel level

Е-36
Zu-san-li

overall changes in actions, pain in the
lower section of the body, illnesses
affecting the digestive and nervous
systems, sense organs, tonization of back
flexure and supination of the foot

3 cuns lower than the kneecap,
1 cun outwards from the anterior
edge of the tibia

RP-4
Gong-sun

when muscles are overstimulated or in
case of muscle spasticity

in the hollow of the inner side of
the foot behind the metatarsal
phalangeal joint of the big toe

RP-6
San-yinchiao

sensory and movement disorders in
lower limbs, neurosis, sleep disorders,
diseases affecting the digestive system,
characteristic of urinary incontinence

3 cuns above the medial shin
bone near the medial edge of the
tibia
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Signs
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Topography

specific point related to muscle illnesses 2 cuns below the lower medial
RP-9
edge of the kneecap
Yin-lin-quan

Points

Signs

Topography

TR-5
Wai-guan

asthenia, diminished hearing, sleep
disorders, sensory and movement
disorders of upper limbs

on the back side of the forearm, 2
cuns above the radial and carpal
joints

TR-15
Tian-liao

deafness and loss of visual acuity
(Ngyen Van Nghi, 1974)

centrally located from point VB-21
to the upper edge of the shoulder
blade

VB-20
Feng-chi

headache, disorders of blood circulation
in the brain, neurasthenia, sleep
disorders, eye, ear, and nose illnesses

in the alveolus, where the
trapezius, sternum, clavicular, and
mammillary muscles are attached

VB-21
Zen-jing

massage helps reduce distortions of
the spinal column, increases the volume
of movements both forwards and
backwards

central area between acromion
and spinous process C-7

VB-30
Huan-tiao

sensory and painful disorders in leg
areas

behind the hip joint in the upper
lateral region of the sciatic area

VB-34
Yang-lingqiu-an

sensory and movement disorders in
lower limb areas, vascular disorders,
face swelling, liver disease, illnesses
of bile-extracting tracts, tonization of
pronated feet. Specific point for muscle
illnesses

in the hollow situated near the
anterior edge of the small ankle
bone, 2 cuns below the lower
edge of the kneecap

F-2
Xing-jian

antispastic, mental disorders,
headaches, sleep disorders, emotional
lability, eye illnesses

on the back surface of the feet,
0.5 cuns proximally closer to
the edge of toe web extending
between the big and second toes

Т-4
Min-men

asthenia, sleep disorders, movement
and sensory disorders of the legs

below spinous process 2 of the
lumbar vertebra

Т-14
Ta-zhui

blood circulation disorders in the brain,
headaches, dizziness, asthenia, epilepsy,
pain and tension in neck muscles

between spinous processes of 1
thoracic and 7 cervical vertebra

С-3
Shao-hai

headache, dizziness, mental disorders,
spasticity of the round pronator muscle
in the forearm, depression relief,
appetite recovery

on the medial side of the elbow
plica

С-5
Tong-li

heart disease, headache, dizziness,
neuroses, muscle convulsions in the
upper limbs, spasticity of the ulnar flexor
muscle

1 cun above point С-7

С-7
Shen-men

heart disese, neuroses, sleep disorders,
arterial hypertension, spasticity of the
ulnar flexor muscle

on the proximal plica of the radial
and carpal joints, near the radial
end of the elbow flexor muscle

IG-3
Hou-xi

pain and disorders of hand functions,
hearing disorders, eye disease, muscle
spasms in the cervical humeral areas

ulnar edge of skin creases in the
palm

V-11
Ta-zhu

headache, muscle tension in the neck
and thoracic areas, epilepsy, bone
illnesses for treatment of muscle
tension in the neck and cervical areas,
regulating influence on the function of
internal organs

1.5 cuns outwards from the
neural processes of the first
thoracic vertebra

V-36
Cheng-fu

spasticity of knee flexors, pain in lumbar
and sacral areas

in the center of the sciatic fold

V-37
Yin-men

spasticity of semi-tendinous and semimembranous muscles

1.5 cuns above the midline
between points V-40 and V-37

V-40
Wei-zhong

disorders of blood circulation in the
brain, sensory and movement disorders
in the lower limbs

in the center of the kneecap plica

V-43
Gao-huang

asthenia, neuroses, pain and disorders
of shoulder and spinal movements
during all chronic illnesses

point situated between the fourth
and fifth vertebra on the inner
edge of the shoulder blade

Т-20
Bai-hui

in the middle of the line
connecting aural cavities

V-57
Cheng-shan

spasms in ankle and shin muscles, pain
in lumbar and sacral areas

centrally located between the heel
and the kneecap plica, between
the bellies of the tricep muscles of
the shin bone

headaches, dizziness, ear noises,
blood circulation disorders in the brain,
epilepsy

I-12
Zhong-wan

stomach distress point, abdominal pain,
respiratory failure, abdominal bloating,
indigestion, appetite disorders

along the anterior medial line, 4
cuns above the navel

specific point for salivation, main
analgesic point

centrally located between the
crest of the outer ankle bone and
the Achilles tendon

I-17
Tan-zhong

specific point for respiratory diseases

in the fourth intercostal area
situated on the anterior medial line

improves blood circulation in the feet

3 cuns above the medial ankle
bone near the medial edge of the
Achilles tendon

V-60,
Kun-lun
R7
Fu-liu
МС-6
Nei-guan
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for neuroses, mental disorders, diseases
affecting thoracic organs, and the
stomach, to eliminate hand pronation
and flexure

2 cuns above the radial and
carpal joints, between the tendons
of the long palmar muscle and the
radial wrist flexor

correction of supinated feet
Н-84
Jiu-wai-fan2

1 cun towards the center from
point V-57

Н-85
Jiu-nei-fan

correction of pronated feet

1 cun outwards from point V-57

РС-3
Ying-tang

soothing effect, headaches, rhinitis

between the eyebrows, at the top
of the V-like hollow

Table 8.1. Biologically active points.
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8.5. Special Massage Systems
We apply a special massage system as part of the INRS rehabilitation
program in order to provide biochemical correction of the spinal column,
relax spastic muscles and influence myofacial trigger points. It includes classical
techniques, segmental, and periosteal massage therapies, combined with
elements of postisometric and anti-gravitational relaxation. By using different
massage relaxation techniques, specialists can prepare the musculoskeletal
system so that biomechanical corrections can be effectively conducted on the
spinal column. They use techniques to mobilize limb joints, and increase their
mobility, and acupressure techniques to impact specific trigger points. Tonic
massage methods have also been developed in order to activate hypotonic and
inactive muscles.
Massage represents a treatment and disease prevention method, which consists in combining mechanical pressure on different parts of the human body
by means of the therapist’s own hands or special apparatuses. This method has
both local and general effects on the human body. Mechanical actions influence
and improve local lymph and blood circulation, cleanse the skin of desquamated
epithelial cells, stimulate functions in sudoriferous and sebaceous glands, and
enhance muscle elasticity. Massage treatments improve and strengthen the human
body, have a positive impact on the central nervous system, the neuromuscular
apparatus, the skin, blood circulation, and other body systems.
Massage treatments also speed up the metabolism process, and promote the
production of histamine and acetylcholine. Histamine and histamine-related
substances serve to stimulate chemoreceptors in the nervous system, blood vessels,
and in other tissues of internal organs. They expand the capillaries, and increase
adrenaline content, which is extremely important for mobilizing adaptive and
protective forces in the human body. Providing mediator functions, acetylcholine
stimulates muscular activity, increases the transmission of nervous stimulation
from one nerve cell to another, and also from nerve cells to muscles. Massage
treatments are performed on all patients undergoing INRS rehabilitation except
for patients suffering from the following symptoms:
• fungeous or pustular skin diseases (such as strepto- or staphylococcus
skin infections, furunculosis);
• various forms of hemorrhagic diathesis;
• acute respiratory infections, angina;
• severe hypotropia;
• acute form of rickets with symptoms of skin hyperesthesia;
• inlingual, umbilical, or femoral hernia prone to strangulation;
• acute urticaria or other allergic symptoms on the patient’s skin;
• congenital heart defects with cyanosis and severe dynamic dysfunctions.
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During rehabilitation, therapists take into account the child’s physiological
characteristics, and apply the massage and movement application stimulation system. The concept is inherently based on INRS provisions and medical massage
treatments. Our modified massage techniques constitute a synthesis of classical,
segmental, and acupressure massage methods.
Massage treatments have their own features for certain categories of patients,
such as:
• infants (up to one year);
• depending on the type of paralysis (central or peripheral);
• depending on the type of muscle tone disorders (spastic, dystonic, or
hypotonic);
• the number of affected limbs (mono-, para, hemi-, or tetraparesis);
• presence of concomitant visceral diseases (bronchitis, dyskinesis of the
gastrointestinal tract, development delays or dysfunctions);
• syndromes related to the central nervous system (pseudobulbar,
spasmodic, or hydrocephalous);
• non-reduced posotonic or primitive birth reflexes (TNR, ATNR,
labyrinthine effect, or expressed Moro reflex);
• massage in neck or face areas, or in cases of contractures, or joint
dislocations;
• patients with mild paralysis of lower limbs after surgery required for
meningocele (spina bifida).
According to the massage and movement application concept in INRS:
• massage is combined with joint mobilization of passive and passiveactive elements;
• massage is combined with muscle relaxation of postisometric, isotonic,
or anti-gravitational elements;
• massage treatments are applied in a determined sequence (back,
neck, collar bone area, segmental region along the spinal column,
paravertebral area, buttocks, front and back of the legs, thorax, and
abdomen);
• massage treatments are applied according to different INRS stages
(adaptation, diagnostics, relaxation, mobilization, fixation, movement
modeling, and activating inner motivation);
• honey and paraffin wax applications are used during massage
treatments in certain areas of the trunk and the limbs;
• massage treatments begin to have a certain impact on the spinal
muscular system so as to help the patient relax and prepare him/her
for biomechanical correction of the spinal column.
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INRS massage tasks
1. Preparing the patient both mentally and physically for the rehabilitation program.
2. Making sensory diagnostics of myofascial trigger points and influencing them effectively.
3. Preparing the patient’s joints and periarticular tissues for functionally
new tasks.
4. Improving blood and lymph circulation; intensifying trophic processes
in body tissues.
5. Arranging conditions and contributing to the patient’s body formation
by strengthening the transverse abdominus (corset muscle).

Basic Complex of INRS Therapeutic Rehabilitation Measures

During the diagnosis stage, the patient is screened and a diagnosis is made
of his/her movement and static capacities. Consequently, the physical therapist
determines the volume of passive movements, present contractures, and their
nature. Diagnostics of major muscle groups are carried out through palpation
methods; their tension, muscle tone, and strength are described. Myofascial
trigger points and sensitive fibromyalgia zones are screened through sensory
diagnoses. Taking all these data into account, the therapist then gives the
patient an individual plan and a massage schedule, which includes treatments
moving from the general sphere to more concrete zones and from the midline
to the periphery.
During the relaxation stage, special anti-stress massage techniques are used.
Functional tables, rollers, and special insets are used to prepare the spinal
column and joints more effectively for mobilization treatments. Ischemic
pressure is also applied to myofascial trigger points in order to prepare the
spinal column and joints for mobilization treatment. Depending on the patient’s
functional condition and his/her intellectual capacities, therapists also use
postisometric and isometric relaxation elements, which we have modified for
this program. During this stage, it is also important to apply anti-gravitational
stretching methods and vibration relaxation techniques to the muscles. Paraffin
wax applications should be applied to the patient’s body in comfortable
conditions; they have a considerable impact on our patients, both physical and
psychological influences.
During the mobilization stage, the volume of movements in the joints
gradually increases, moving from “the midline to the periphery”. Therapists
use passive methods and active-passive techniques to work on the joints,
and momentary polyarticular mobilization of the limbs through “shaking”
techniques.

Fig. 8.2. Massage.

Massage treatments have specific functional directions and their own features
at each INRS stage.
During the adaptation stage, a special psychological atmosphere is created;
contacts between the patient, his/her parents, and the medical staff are
established gradually. The child’s functional, mental, and emotional abilities
to adapt are then defined. Music elements and game therapy create favorable
conditions for involving the patient more actively in the rehabilitation process.
At this stage, it is also important to inform both the patient and his parents
about massage tasks and techniques used in the Intensive Neurophysiological
Rehabilitation System.
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During the fixation stage, massage treatments are applied to improve the
trophic condition of bradytrophic tissues (joint capsules, ligaments, and
tendons). Stimulating types of massage, whereby pressure is applied on muscles,
and stimulating standard biologically active points or periosteal areas may
optimize periarticular muscle tone.
During the modeling stage, new ways to form new movements and static
positions are developed thanks to the patient’s new functional condition.
At the same time, various methods are used to correct muscle imbalance:
elements taken from classic and segmentary massage techniques, as well as
acupressure. After this, the physical therapist creates favorable conditions for
associated movements and body statics by using passive movements, as well
as active-passive techniques.
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During the inner motivation activation stage, massage treatments are carried
out to stimulate and develop new functional possibilities, which begin to appear
in the patient’s body. Acupressure and elements from stimulating massage
techniques are used. At this stage, it is very important to apply the entire scale
of massage treatments in order to develop finer functions, such as mimicry,
speech, and manipulative hand activities.
Stabilization period and potentiation of effects. Parents are given specific
recommendations regarding the nature, scheduling, and duration of massage
treatments during this period. They learn the techniques of simple massage
treatments and acupressure points. Children, who have reached a good level
of functional capacity and intellect, learn how to apply certain elements of
self-massage, pressure dosing, and auto-postisometric relaxation. They also
apply anti-gravitational muscle extension, light hydromassage methods,
and hydrokinesitherapy. Pressure and massage treatments are reapplied to
acupuncture microsystems, located in the face, hands, and feet to potentiate
previously gained effect.
Features of massage treatments for infants (up to one year).
The protective function of a one-year-old infant’s skin is rather weak, as the
skin stratum corneum is not very well developed and tends to shed easily. This
is why the epidermis of one-year-old infants is often cracked, chapped, or prone
to infection. In addition, a baby’s skin has an increased capacity for absorption, which should be taken into account when different creams and ointments
are applied. The infant’s heat regulating mechanism has not fully developed;
therefore, babies are more prone to develop hypothermia or get overheated. This
should also be taken into account when using thermal applications. Baby bone
tissues are soft, pliable, and require very careful handling. The limb muscles are
especially underdeveloped, whereas the ligamentary apparatus is characterized
by a “physiological weakness”. All these special features should be carefully
considered when young infants are given massage treatments.
• All massage movements should be light and smooth, no sudden
pressure in the direction of vessel flow, movements from the periphery
to the midline.
• The liver region should be avoided during massage treatments; it is not
allowed to massage the baby’s sexual organs.
• Patting or light tapping movements should not be used in the kidney
region when massaging the spinal column.
• The large joints (elbow, knee, hip, shoulder) should be avoided.
• Paraffin wax and honey applications should not exceed 1/2 of the limb
surface, and the temperature should be slightly higher than the infant’s
body temperature.
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Features of massage treatments for flaccid paralysis (peripheral) of upper
extremities
The back should be massaged first.
• Paravertebral zones in the neck, and first and second thoracic
segments must be massaged from the bottom up by applying stroking,
wringing, and longitudinal vibration and kneading movements.
• The widest back muscles are massaged separately, namely the
trapezius, and cervical, thoracic, and lumbar muscles, and finally, the
muscles of the affected and healthy hands.
• The thoracic cage is also mechanically pressed and stretched.
• The affected limbs should be massaged from the periphery to the
midline.
• The hands and each finger are massaged individually.
• Postisometric or anti-gravitational relaxation is applied to contracted
muscles in consecutive order, starting from elbow and hand joints and
moving towards limited mobility areas.
• The following tonic massage techniques are used on the affected hand:
superficial and deep stroking, kneading, longitudinal and transversal
kneading, tapping, vibration methods, and pressure points.
Features of massage treatments associated with tonic muscle pattern disorders
in CP patients (spastic, dystonic, hypotonic forms).
Features of massage treatments for children with spastic forms of cerebral palsy.
The largest groups undergoing massage treatments in our institutions
include children suffering from spastic forms of cerebral palsy (para-, hemi-,
or tetraparesis).
• Stroking, wringing, light kneading movements are applied gently,
smoothly, and slowly to the spastic muscles.
• The Phelps shaking technique is used to relax the muscles. The physical
therapist grasps the distal section of the limb (the hand of the arm, or the
fibula ankle joint), and begins shaking it up and down and to the sides,
very slowly at first. As the patient’s muscles begin to relax, the therapist
increases the amplitude and speed of these movements.
• The therapist massages the tendons and joints by applying gentle wringing
movements to these areas with the first phalanges of his fingers.
• Vibration techniques should not be used for hemiparetic forms of CP.
• If muscle tone in the neck increases, the physical therapist should stroke
this area very gently, and apply wringing and kneading movements by
gently pressing the tissues.
• The myofascial trigger points can be impacted by using ischemic pressure
methods for two to three minutes. Vibration techniques should not be used
on these points as they usually cause pain and reflex muscle contraction.
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Features of massage treatments for patients with hypotonic forms of CP.
• All sorts of massage treatments are allowed, including deep and pinchlike kneading, wringing, stroking, drumming, patting, cupping, and
vibration movements.
• Massage treatments should be deep and energetic.
• Stimulating point massages are applied to hypotonic and atonic
muscles through short, abrupt, and swift compression or vibration
techniques, using one or two fingers up to 3 sec.
Features of massage treatments for patients with hyperkinetic forms of CP.
The physical therapist may perform light applications to contracted muscles
(surface stroking, cupping, or hacking).
• Additional stimulation is applied to stretched muscles.
• Short and gentle shaking movements are used (3 – 5 sec.) with
little amplitude performed on the thoracic cage and abdomen, and
respiratory exercises.
• Besides applying these general techniques, the physical therapist also
massages the head (hyperkinetic zones), face, and aural cavities.
The following massage treatments are performed in cases of attendant visceral
pathologies (bronchitis, dyskinesia of the gastrointestinal tract):
Bronchitis:
• Drainage massage of the thoracic cage.
• Acupressure.
• Accessory muscles of respiration are massaged individually, such as
the anterior, superior, and inferior serratus muscles, small thoracic
and scalene muscles.
Constipation, meteorism:
• Circular clockwise movements massaging the abdomen around the
navel; gradually expanding the area by using stroking movements with
three or four fingers.
• Ischemic pressure point АТ Е25 to the left of the navel.
• Circular wringing movements performed on the second toe and the
second finger.
Attendant syndromes (pseudobulbar, seizures, and hydrocephalous)
• The pseudobulbar syndrome is a nervous dysfunction characterized
by disorders in swallowing, chewing, and increased salivation.
The physical therapist performs additional stimulating massage
treatments on the mimetic muscles of the face and the anterior
section of the neck.
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Seizures and hydrocephalous syndromes:
• Painful (algesic) areas, or overly-sensitive points and regions should
not be involved.
• Massage treatments should be applied very gently; the neck area and
shoulder plexus region should be avoided.
• The temperature of paraffin wax – honey applications must be
somewhat lower.
• Should the patient continue crying or manifest excessive excitation,
massage treatments should be temporarily suspended until the patient
has calmed down.
• Should seizures become more frequent or last longer, massage
treatments should be suspended or cancelled.
Retained congenital posotonic and primitive reflexes (STNR, ATNR, labyrinthine, Moro):
• Stroking, kneading, lightly wringing movements should be performed
on spastic muscles, but they should be applied even more gently, more
smoothly, and at a slower pace.
• The therapist should rock the baby in an ‘embryo” position, and then
lay him/her in a physiological position.
• Phelps shaking movements are not applied.
• Neither vibration nor patting movements are used.
• Loud, arrhythmic, pop, rock, or jazz music should not be used. It
is preferable to play calm, melodious classical music, without vocal
accompaniment.
• The infant should be relaxed and comfortable; he/she may be placed
in his/her mother’s arms and massage treatments can then be applied
to certain areas of the body or the limbs.
• Acupressure should not be used on myofascial trigger points due
to pain syndromes, which may enhance manifestations of retained
posotonic and primitive reflexes.
Contractures:
• The physical therapist performs Manakov massages on contracted
limbs (from the periphery to the midline).
• Patting and hacking movements are not used.
• Hands and feet are massaged from the periphery to the midline.
Patients with progressive muscle dystrophy or with flaccid paralysis of the
lower limbs after meningocele repair surgery:
• Massages similar to treatments for hypotonic forms of CP are applied.
• Massage therapy is applied more carefully, taking into account obvious
trophic disorders, osteoporosis (loss of bone calcium), and susceptibility
to fractures.
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• Preference is given to segmental massage and stimulating acupressure
performed on paravertebral points, as well as on the hands and feet.
• Areas affected by trophic disorders should not be massaged.
Massage Techniques
• Stroking (effleurage) – the most widespread massage therapy used on
children.
Soothing, long, gliding strokes made along the skin. The skin is not
displaced. The purpose of this movement is to prepare the massage areas of
the body for the next techniques. The physical therapist uses the entire flat
surface of his hands on the surface of the body.
• Kneading (petrissage) – main massage technique. Grasping, pulling,
squeezing, wringing, and displacing body tissues. Kneading should be
performed gently and smoothly along the patient’s muscle fibers. All
movement should be fully completed. Kneading movements are applied
evenly along the entire length of the muscle. Stroking and shaking
movements should be used after each kneading treatment.
• Wringing and rubbing – displacing, moving, and stretching tissues in
various directions. The therapist rubs his hands along the patient’s skin.
This technique has a much deeper effect on tissues than stroking; it
should be performed in the direction of blood and lymph flow.
• Vibration and shaking – very rapid evenly-distributed back and forth
movements performed on various body surfaces. They have a deep and
stimulating effect on tissues, bones, and the nervous system. Vibration
treatments tend to stimulate the muscles, whereas shaking movements
have a calming effect.

8.6. Remedial Exercises
Remedial exercises are aimed at improving existing motor functions and
forming new ones in order to help the patient achieve more advanced forms of
locomotion and develop important skills for everyday life.
Remedial exercises are based on fundamental classic kinesiotherapeutic techniques tailored to the patient’s individual characteristics. They are also based on
the principle of encouraging movements “from the midline to the periphery”,
which allows the physical therapist to, first, anticipate the impact of these movements on the patient’s trunk and proximal joints and then, gradually involve
the fine distal joints. New motor skills are developed according to the principle – “from passive movements through passive-active to active movements”
and “from simple to complex movements”. The instructor should pay particular
attention to the correct execution of each movement, how the patient expresses
non-reduced reflexes, postural reactions, and abnormal synkinesis. Each exercise
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session includes breathing exercises, exercises “to develop the joints”, which focus
on increasing mobility in the joints of the spinal column and the limbs, as well
as exercises to strengthen the musculo-articular system.
Observing a strict movement routine and fulfilling the entire complex of
recommended exercises at home constitute the most important key to effective
rehabilitation.
This is why parents should also be involved in conducting exercise sessions
and developing an entire complex of exercises for their child.

Features of Remedial Exercises Used in the Rehabilitation
System according to V.I. Kozyavkin
Compared to other techniques which are commonly used in the world, remedial exercises applied in the rehabilitation system according to V.I. Kozyavkin
have their own characteristics17. The main difference of this technique is that it
is performed on a fundamentally new functional state of the patient’s body, which
appears after biomechanical corrections have been applied to the spinal column
and large joints. From the clinical point of view, the new functional state is
manifested by a significant decrease in muscle tone in spastic patients, and tone
normalization in patients suffering from hypotonic and dystonic forms of CP,
renewed mobility along the entire spinal column and in large joints, restored
connections at “horizontal” and “vertical” levels, improved blood supply and
tissue trophism. All these factors enable the physical therapist to build up and
correct the patient’s movements more effectively.
The second feature of remedial exercises lies in the fact that they constitute
a harmonious component of the entire complex of rehabilitation measures, which
have a complementary and potentiating effect on the patient. They should be used
in a specific order and sequence. The doctor and his team work out an individual plan based on the INRS technique for each patient; the doctor selects
the most effective combination according to time, duration, and sequence of
rehabilitation measures.
Motor functions are formed according to INRS ideology in an “opening”
order during the rehabilitation process. This means that the kinesiotherapeutic
program uses new functional opportunities, which appear in the patient’s body during rehabilitation; moreover, each subsequent session makes use of the maximum
range of movements achieved during the previous stage. Of course, the therapist
also takes into account the hierarchy of gradual verticalization of the patient’s
body and locomotion development. However, it is important to note that building up a specific work program with the patient should not eliminate the fact
that the patient is required to go through all the functional levels of body verticalization and locomotion.
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Repetitive techniques (repetition) are performed in order to develop correct
patterns of active movements and strengthen the muscle corset. They focus on
increasing the number of repetitive movements or exercises during the entire
course of the rehabilitation program. Larger loads are not applied to the muscles
due to functional and biochemical changes in muscles affected with long-term
abnormal tone, thus reducing load tolerance and increasing recovery time after
the exertion period.

Remedial Exercises at Different Rehabilitation Stages of INRS
Remedial exercises represent an important stage in the Intensive Neurophysiological Rehabilitation System, and are based on classical principles of kinesiology
associated with new functional possibilities, as well as the patient’s inner motivation,
all of which are activated after biomechanical corrections have been applied to the
spinal column and the large joints.
These exercises have been modified in our program, and consist of the
following:
1) Remedial exercises during the course of intensive correction
(for two weeks at the rehabilitation clinic);
2) Remedial exercises during the stabilizing and potentiating period
(this period basically lasts from three to six or twelve months at home).

Fig.8.3. Remedial exercises.
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Remedial exercises used for intensive correction.
At the adaptation stage, the physical therapist prepares and makes the
patient feel comfortable both psychologically and physically for remedial
exercise sessions. A harmonious physical environment and a favorable
psychotherapeutic “atmosphere” have a substantial adaptive and motivating
impact on the patient’s mental state. The interior of the clinic should be
designed using therapeutic art elements, such as various decorations and
lamps with specially selected ranges of color. Quiet calm music, diffused in all
areas of the clinic, helps the patient to adapt his/her mental state more rapidly
to surrounding conditions, enables him/her to renew affected functions, and
contributes to the patient’s successful rehabilitation. A favorable working
environment, music therapy, and games therapy will allow the patient to
proceed from ordinary everyday activities to intensive daily exercises in a
plastic manner. Positive and cheerful relations should prevail in all contacts
between the patient and the physical therapist so that a feeling of mutual trust
can be gradually instilled. At this stage, both parents and patients should be
informed simply and openly about the objectives and methodology concerning
remedial exercises. They are asked to participate fully in the program, and
should be actively involved in the rehabilitation process.
At the diagnostics stage, the doctor and the medical team evaluate the data of
the start-diagnosis and take into account the patient’s medical history (previous
surgery, epileptic syndromes, hydrocephaly, concomitant somatic illnesses,
etc.). They then make an integral analysis of the patient’s movement and static
abilities according to our “Evaluation Scale of Gross Motor Functions”. They
also identify cardiovascular and respiratory problems by evaluating the patient’s
tolerance to physical loads, controlling his/her blood pressure, monitoring his/
her breathing and the pulse rate. These data will contribute to drawing up an
individual remedial exercise plan for each patient.
At the relaxation stage, the doctor and the medical team use various
psychological and physical methods to help the patient relax: emotional
contact, self-training techniques, attention diversion tactics, and music therapy
accompanied by mentally relaxing elements. Breathing exercises, special
provisions, postisometric relaxation, anti-gravitational stretching of the patient’s
muscles, and vibration techniques applied at an individually selected rate and
amplitude in order to favor the patient’s physical relaxation.
At the mobilization stage, the physical therapist performs joint movements
(passive and active) in all the planes of the patient’s body; these movements are
pushed to the resistance point and their amplitude is increased, which gradually
approaches the physiological. Movements are made from the midline to the
periphery, which tends to develop the patient’s motor sphere and “disclose”
new functional possibilities in the child’s affected body.
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At the fixation stage, the physical therapist uses exercises, which help
optimize the tone of periarticular muscles, and improve nutrition to bradytrophic
tissues (tendons, ligaments, and cartilage), that is, they help form internal joint
fixations. The muscle corset should be strengthened by gradually increasing
and multiplying the number of repetitive exercises, and not by applying more
resistance or physical loads to the movements. The locomotor apparatus
improves further when the patient starts moving towards the upright position
(kneeling, standing with or without fixation near a support, cycling, etc.).
The modeling stage is fundamental for applying versatile techniques in
remedial exercises. The patient’s locomotor abilities are activated from the
midline to the periphery, from passive to active, and from simple to complex
movements. In order to improve the locomotion function in children with
abnormal motor stereotypes, the physical therapist increases the number of
repetitions, and the speed and accuracy of the movements, basing the exercises
on the level of functional freedom in the patient’s joints. Corrections to the
patient’s static positions allow the therapist to anticipate a gradual development
of dominant correct posture models in the trunk and limbs. This can be done by
correcting old patterns (corrections performed by medical personnel, continuous
monitoring by parents and relatives, and self-control), and gradually increasing
the duration of correct movement patterns.
Manifestations of ataxia can be reduced and coordination improved by
gradually reducing the patient’s support area and having him/her perform
special exercises in order to enhance how the patient feels about his/her body in
space. Our therapy is aimed at activating adaptive possibilities and stimulating
the patient’s compensatory systems by having him/her go through more and
more complicated tasks. At the end of each exercise session, the patient is
assigned some simple exercises to do at home; both the patient and the parents
are taught required elements to perform these remedial exercises at home.
In order to activate their patients’ inner motivations, the physical therapist
demonstrates new functional possibilities to them and their parents; these are
revealed during the rehabilitation system carried out according to Prof. V.I.
Kozyavkin’s method. It is also important to use the “awakening” effect with
regard to the patient’s environment. The patient should be encouraged to take
part in games, music, and art therapy, all of which contribute to creating a
special kind of emotional background. The medical team and parents enhance
and develop the patient’s natural striving for self-realization in every possible
way. Rhythmic exercises, which can organically integrate both music and
movements, help the patient improve his/her motor and sensory functions.
At the end of these intensive correction sessions, the medical team develops a
customized rehabilitation program for the patient to use in between sessions.
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Stabilization Subsystem and Potentiating the Effects

At this stage, treatment should be continued at home in between rehabilitation
sessions. This refers to systematic and sufficiently intense consolidation and
potentiation of results, which were achieved during the period of intensive
correction. At this point, the main challenges are as follows:
• maintaining and improving mobility in the spinal column and limb
joints;
• consolidating and improving acquired movements;
• gradually attaining higher levels on the hierarchical chain of locomotion
and verticalization;
• developing internal fixation in the joints (strengthening their muscle
corset);
• constantly and purposefully mastering skills needed for daily life and selfservicing.
One of the main components of the patient’s individual rehabilitation
program to be used at home is the continuation of remedial exercises based on
our methodology. Each session should involve basic exercises to mobilize the
spinal column and joints: these make up the introductory phase of the session.
In the main phase, the patient should perform our recommended exercises in
order to attain higher levels of locomotion and vertcalization, and improve
acquired motor functions. The final phase consists of breathing exercises and
learning different skills for everyday purposes. The frequency and duration
of remedial exercises are assigned individually, and depend on each patient’s
exercise tolerance, the level of his/her cognitive functions, and features of
motivation. We usually recommend that the patient attend sessions with an
instructor from two to five times a week, perform daily exercises with his/
her parents or close relatives, and, as a rule, try to exercise individually for at
least thirty minutes.
Additional kinetotherapeutic methods
Depending on the
during
the in-between treatment period
clinical syndrome and
Remedial
Physical
the patient’s individual
Training with
Swimming
respiratory exercises
characteristics, the physical therapist includes
Mechanotherapy
Hydrotherapy
ergotherapy, hydrokinesiotherapy, swimming,
Cycling
Hippotherapy
some elements of mechanotherapy, cycling, and
Dolphin
Ergotherapy
hippotherapy in the retreatment
habilitation program.
Fig.8.4. Recommendations for exercising at home.
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Profile of Activities Involving Remedial Exercises
Remedial exercise sessions are composed of the following phases:
introductory, basic (main), and final.
The introductory phase takes up 20 – 30% (5 – 10 min.) of the entire
treatment. Breathing and relaxation exercises, as well as exercises with passive
movements of the spinal column and peripheral joints, are used during this
phase.
The basic phase takes up 50 – 70% of the entire treatment. During 15-20
minutes, the physical therapist selects physical loads designed to stimulate
optimal individual levels of the patient’s motor functions. These exercises
are designed to develop active mobility in the joints of the spinal column
and the limbs, strengthen the articular muscle corset, and develop balance
and coordination.
The final phase takes up 10 – 20% of the entire treatment (3 – 5 min.).
The physical therapist assigns exercises to be repeated by the patient, improves
the patient’s acquired skills and movements, and corrects static positions. At
the end of the exercise session, the physical therapist and the parents evaluate
what the patient achieved in previous and the present sessions. The instructor
then gives advice on how the patient can improve his/her individual exercises,
or other exercises, which are carried out by the parents or close relatives.
An important aspect of these exercises lies in controlling the physical activity
load during the different phases of the training session. The patient’s heart rate
(HR) constitutes one of the key indicators allowing the physical therapist to
track and monitor load intensity. It shows changes in the patient’s heart rate
during the exercises sessions. The HR is the most labile indicator compared
to other functional characteristics. Therefore, other indicators may lag behind
the pulse rate during actual exercise sessions. Consequently, the pulse rate is
a more reliable factor than other physiological changes, which may occur in a
child’s body during average intensity physical exercises, when viewed against
the background of preserved adaptation of the cardiovascular system to different
physical loads. During average intensity exercises, the heart rate ranges from
120 – 130 to 150- 160 beats per minute. A pulse, recorded at 120 beats per
minute, indicates that physical activity is lower than average intensity, whereas
a pulse rate recorded at more than 160 beats per minute shows that physical
activity is higher than average. Physical loads reach sub-maximal and maximum
levels when the pulse is recorded at 170 – 180 beats per minute. The pulse rate
is calculated periodically or through a pulsometer, or by using the traditional
method, i.e. the physical therapist places a finger on the radial or carotid arteries
for about ten seconds.
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In our clinic, we evaluate the intensity of physical activity by using the
Polar heart rate monitor. During remedial exercises, a special belt equipped
with sensors is placed on the patient’s thorax to monitor his/her pulse rate.
The measures are transmitted to a display screen, which is worn like a
wristwatch around the patient’s or physical therapist’s hand. These data can
also be recorded on a computer via an infrared port.
The pulse rate is measured according to the physical load borne by the
patient during the exercise session, load distribution during the actual session,
and the patient’s recovery after the stress period. In addition, each patient’s
data are stored in a computer database. This method allows the physical
therapist to create and develop the best joint range of motion for each patient,
make a dynamic assessment of the patient’s exercise tolerance during the
rehabilitation process, and carry out research studies to determine optimal
exercise dosage during kinesiotherapeutic activities.
Different loading levels during the exercise period also give the physical
therapist the opportunity to observe external signs of fatigue, such as changes
in skin color (blanching or redness), sudden perspiration, changes in motor
coordination, discomfort, anxiety, crying, irritability, etc. By comparing these
data, the medical team can assess the load capacity of the child’s body.
Density training – ratio of time spent exercising to total training duration.
Optimal density reaches 60 – 70%, which corresponds to the density of remedial exercises recommended for use in the rehabilitation system according to
V.I. Kozyavkin’s method.
Physical activity load dosage.
Providing effective dosage for therapeutic purposes constitutes one of the
most important conditions for good treatment. This also remains very actual
for kinesiotherapeutic interventions.
Physical activity loads are monitored according to the following indicators:
• physiological: the patient’s pulse (optimal measure at 130 – 150 beats per
min.);
• blood pressure (with a maximum increase up to 180 mmHg; with a minimum increase up to 110 mmHg; exercise sessions should be suspended if the
pulse rate drops below 20 mmHg);
• subjective feelings (“conversational pace”, i.e. it is easy for the patient to
maintain a conversation during the exercise period; the patient breathes freely,
and does not experience any discomfort, fatigue, etc.).
Kinesiotherapeutic practices offer quite a large spectrum of possibilities for
dosing the volume of physical activity loads.
Number of repetitions. This dosage method is very important in the INRS
program. An exercise may be repeated six to ten or even more times on average during the training session. The number of repetitions depends on the
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size of the muscle groups involved in the exercises, and the patient’s individual
characteristics.
Exercise rate. Physical activity load dosage depends largely on the rate at
which exercises are actually performed. Slow, average, and fast rates are all
possible. Slow and average rates are preferred in the INRS program. Physical
therapists should know that a fast pace does not necessarily mean a proportional
increase in the physical load. Exercise rates should sometimes be reduced due
to extreme fatigue.
If a certain rhythm is maintained during the exercise period, it will reduce the
volume of physical activity loads. In addition, the patient can improve his/her
motor skills by doing the exercises rhythmically. Rhythmical movements improve
the patient’s hemodynamic performance, which helps reduce physical loads.
Size and number of muscle groups involved. The physical therapist is able to
establish a direct correlation between the size and number of muscle groups
used, and the physical activity load dosage applied to the patient.
Amplitude of movement. The volume of physical activity loads increases as
the amplitude of movements is magnified. However, it is most important to
amplify physiological movements in the patient’s joints as much as possible
at that very moment. Therefore, physical therapists using the INRS program
usually push joint movements towards maximum amplitudes, but tend to use
numerous repetitions.
Accuracy of movement. Patients suffering from spasticity, ataxia, or
hyperkinesis require more effort to perform precise movements. This is
extremely important for physical activity load dosage and the development of
proper movement patterns.
Exercise complexity. The physical activity load should be increased as the patient proceeds from simple to more complex exercises. The one exception to this
rule can be found in patients suffering from the athetoid form of cerebral palsy,
when simple movements require equal or greater stress on the patient’s part.
Effort level. (passive, passive-active, active, active with resistance to
exercises). Greater active efforts accordingly increase the degree of physical
activity loads.
Starting position – (lying, sitting, standing). The verticalization phase
attained by the CP patient plays an important role in determining remedial
exercise dosage. The lying position is usually used to start the exercise session
during the adaptation period, as well as for patients with significantly reduced
exercise tolerance.
Physical activity duration. The volume of physical activity loads depends on
density training.
It is also important to note that remedial exercises should be performed
consistently and regularly within the INRS program. They represent the binding
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factor that allows the rehabilitation chain to continue running in a logical and
consecutive order.
Remedial exercises should be performed in specially equipped rooms
outfitted with all the necessary equipment thirty minutes every day, and
according to a pre-determined schedule. An individual instructor works with
each patient according to an individually worked-out program, fulfilling the
tasks assigned by the patient’s attendant doctor; the instructor should also
record all entries in a special daily register.
After each exercise session, the room is aired and, if necessary, the equipment
is cleaned with disinfectants.
At the end of the workday, the room is aired again and cleaned, electrical
appliances and devices are switched off, the equipment is disinfected, and the
room is put under guard; therefore, the instructor should record the completion
of all work hours on a card.
Complexes of different exercises recommended for CP patients and complexes
of breathing exercises are described and illustrated in the appendix.

8.6.1. Remedial Exercises Using the Pavuk (Spider) System
The Pavuk system consists of a special and individual training method,
whereby the instructor uses active corrective exercises with elements of passive
correction to remediate anatomical and functional changes in locomotor systems,
and correct abnormal curvatures in the spinal column. This system allows the
physical therapist to apply different physical loads to individual muscle groups,
use various load dosages, and exercise certain functions.

Basic principles of special correction:
• Spinal unloading.
• Stretching (traction).
• Mobilization (increased mobility in the pathologically distorted area).
• Hypercorrection (bending the spinal column in the opposite direction of
the pathological distortion).
• Developing a “muscle corset”.
• Learning to breathe properly.
• Working out skills in order to recreate proper movement patterns.
Guidelines for working with the Pavuk system:
• The patient should be lying on a bed.
• All attachments and straps should be thoroughly checked before any
kind of work is begun.
• Do not leave the patient alone while the Pavuk system is in operation.
• Exercises should be performed in dynamic and static modes.
• Adhere to safety rules.
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Fixation should not make the patient feel uncomfortable during the exercise period; on the contrary, it should help the patient to perform the exercises
more easily.
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8.7. Spiral — the Biodynamic Corrector
As mentioned above, the rehabilitation process according to Prof.
V.I. Kozyavkin’s method opens up new opportunities for faster motor
development. These are implemented by using intensive locomotor training
programs and repeating the same programs. These programs favor the new
functional state of normalized muscle tone and greater amplitude of active
and passive movements, activate the patient’s motivation towards recovery
of good health, attain new levels in locomotor functions, “awaken” cognitive
functions, and develop the patient’s speech and communication abilities in
order to build up correct movement patterns and eliminate abnormal and
primitive motor models.
While developing correct movements, we adhered to a certain precondition,
namely that the motor system and its adaptive possibilities are developed
during the actual movement, based on reverse afferentation, which, in
fact, normally determines and controls the actual movement. In order to
correct the CP patient’s movement patterns, we need to artificially reproduce
physiological muscle spirals, and strengthen hypotonic or weakened muscles,
which have been affected by physical inactivity.
We have managed to meet this challenge by creating a movement
correction suit – the Spiral biodynamic corrector. We used Professor K.O.
Semenova’s ideas on applying the principle of dynamic movement correction
in the rehabilitation program used for CP patients.

Fig. 8.5. Activities using the Pavuk (Spider) system.

The number of repetitions and the duration of these exercises depend on the
patient’s condition and individual characteristics.
It is most important to establish the following elements when working with
the Pavuk system:
a) make sure that traction pulls are symmetrical;
b) ensure that they are placed along the midline;
c) they should be the same length;
d) they should be placed at the same distance from the midline of the
patient’s body.
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Fig. 8.6. Activities using the Spiral biodynamic corrector.
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The basic support elements (vest, shorts, knee pads, elbow pads, foot pads,
and gloves) and a special system of elastic straps compose the main parts of the
Spiral biodynamic corrector.
The support elements are selected according to the patient’s anthropometric
features. Thanks to sectional parts with lateral attachments, these elements can
be securely fastened to the patient’s body. The entire external surface of these
parts is made of special material, which is especially suitable for attaching the
elastic straps together.
The system of elastic straps consists of an axial spiral, main spirals for the
limbs, and additional loads. The elastic spiral loads are distributed along the
trunk and limbs, and fastened to support elements. They are made of special
elastic material, one side of which can be fastened anywhere along the surface of
the support elements, which enables the physical therapist to select the required
physical load and direction, and take into account the patient’s musculoskeletal
characteristics and the objectives of the actual treatment.
Having attached the support elements to the patient’s body, the instructor
proceeds to place the elastic loads, starting with the axial spiral – one of the
main elements of the suit. The axial spiral is aimed at correcting the position
of the trunk, the shoulder girdle, and the pelvis. It is fastened to the vest and
shorts, and laid out in a criss-cross pattern (figure-of-eight) around the patient’s
body. Only the axial spiral is used on the first day of treatment to allow the
patient to adapt slowly to new conditions.
The main spirals for the limbs are placed in the course of the next few days;
they are aimed at correcting the position and movements of the upper and lower
limbs. They are wound around specific areas of the patient’s arms, starting above
the shoulder blade, running across the elbow down to the hand; around areas of
the patient’s legs, starting from the pelvis, running across the knee joints down
to the feet. Additional physical loads can be placed to correct any other disorders
if so required. The load force and attachment areas for the elastic straps are
selected for each patient, depending on the degree of muscle tone disorders,
and the characteristics and severity of deformities and contractures.
Program for biodynamic correction of the spinal column.
The Spiral biodynamic corrector creates a rehabilitation itinerary for the
patient, and allows him/her to wear it for a longer period of time; thus, the
patient can dynamically model his/her own movements or motor functions
during remedial exercise and mechanotherapeutic sessions, when using game
controllers, or while cycling or working out on the treadmill. The physical
instructor gradually works on forming new and nearly physiological movement
patterns in the patient’s body by increasing the number of repetitive movements
or total movements in dynamically corrected physiological positions.
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8.8. Multivector System for Modeling Movements of the
Spinal Column Using Virtual Reality and Games Therapy
We have created a special chair to be used for active mobilization of the
spinal column, and further work on motivating patients towards recovering
his/her good health. The chair is designed with a movable back rest, which
enables the patient to perform movements in the sagittal, frontal, and
horizontal planes. As the patient moves his/her trunk and consequently, the
backrest of the chair, he/she begins to control the virtual object on the display
screen. The software program includes games with three-dimensional graphics,
and elements of virtual reality. Thanks to this program, the information is
collected, evaluated, and processed. It allows the therapist to estimate the
movement amplitude of the spinal column, how quickly the patient responds,
coordination of the patient’s trunk movements, and also gives the medical
team the opportunity to create a database for each patient, assess the dynamic
parameters of mobility in the spinal column during the treatment and, if
necessary, work out and process required statistics. Therefore, by utilizing
certain elements of games and virtual reality, the patient is motivated to
continue the rehabilitation treatment. Moreover, during the process of
mobilizing the spinal column in all possible planes, we improve the patient’s
coordination and increase the amplitude of movements in the spinal column
of any CP patient who has preserved his/her mental abilities.

8.9. The Dolphin Apparatus for Passive Joint Mobilization
of the Spinal Column and Limbs
The Dolphin device constitutes an integral part of the biodynamic system,
which trains patients suffering from organic lesions of the nervous system to
move in another way, and also activates their inner motivation. It helps reduce
posotonic reflexes, relaxes spastic muscles, encourages the formation of purposeful movements, and motivates the patient to continue working on new
movements.
When the Dolphin apparatus is applied for mobilization purposes, the medical team uses both visual stimulants and specially selected music imitating the
murmur of the sea and dolphin sounds to enhance the sense of fish movements.
Mobilization exercises targeting the spinal column, such as Goldfish and Katsuzo
Nishi, as well as the B-R electric massage device can be used as prototypes for
this apparatus.
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Fig.8.7. Mobilization using the Dolphin apparatus.

The patient should be reclining on his/her back. The apparatus creates oscillating movements set at a certain amplitude (35+/-5 сm), which travel through
the patient’s body; the frequency of these oscillations resembles the movements
of a swimming fish. This ensures the formation of sinusoidal waves, i.e. vibrations in the patient’s body extending from the feet to the head. At the same time,
the joints of the spinal column and limbs are passively mobilized, venous blood
flow is stimulated towards lower limbs, limb and trunk muscles tend to relax,
and internal organs and tissue trophism become more active.
The apparatus has several special features, namely the following:
• адаптований для дітей;
• it is adapted for children;
• it is adapted for patients with muscle tone disorders;
• it is possible to change the vibration frequency from 0 to 2.5 Hz;
• it is equipped with removable systems, which allow for modeling the
position of the patient’s feet.

8.10. Dance Movement Therapy in the INRS Rehabilitation
Program
Besides physical rehabilitation, the complex rehabilitation program for disabled children includes another important factor, namely, various influences,
aimed at developing the patient’s mental and emotional condition, expanding
his/her social contacts, and integrating him/her into society. One of these forms
is called rhythmic gymnastics, which we have been using in our INRS program
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for more than ten years. It is based on dance movement therapy, which we have
adapted to the rehabilitation treatment for children of all ages suffering from
neurological impairments.
Rhythmic gymnastics combines simple gymnastics exercises with music,
dancing, jumping, and running. It encourages the patient to use his/her physical
abilities and improves the child’s mental and physical state. Sessions include
games, which draw the children’s attention away from the actual exercises and
encourage them to focus on interacting and communicating through movements
with other participants. Simple gymnastics exercises have a positive impact on
the patient’s entire body, enriching it with oxygen, improving lung ventilation,
intensifying blood circulation , and training the child’s new motor functions
and skills.
Rhythmic gymnastics conducted in groups also broaden children’s social
contacts, strengthen their motivation for recovery of good health, and create
positive emotional surroundings, which will eventually favor their integration
into society.
The medical team forms homogeneous groups, taking into account the
children’s age, diagnosis, severity of illness, and physical development. Sessions
are scheduled two to three times a week; a session lasts 30 to 45 minutes. The
actual methodology is based on games, combined with music and dancing.
The patient’s parents should be actively involved in the process of rhythmic
gymnastics. They should follow the instructor’s directions, and observe how he/
she organizes the sessions. We salute parents who record videos or take pictures
of individual activities during the sessions; they will be able to use them with
their child some time later at home.
All the exercises are performed to music with a distinct rhythm. Clearly
expressed and articulated sounds make it easier for the children to perform
exercises; they can be used instead of the widely-accepted “1 – 2 – 3” rhythm,
help the child to attain a sense of rhythm and beat, and help him/her coordinate
his/her own movements to the music. Practising movements to music transforms
these activities from required lessons to fun and games. We use simple dance
movements – for example, hand clapping, foot stamping, or rhythmic hand
movements and elements of singing along – combined with specific breathing
exercises, which is an important component of rhythmic respiration.
The instructor sets the correct rhythm for exhaling and inhaling,
accompanied by music or rhythmic counting (inhalation – hold – exhalation –
hold). This rhythm is then consolidated at home by having the child repeat
the same exercises. Exercises allow the patient to actively practice holding
his/her breath during inhalation and exhalation periods, and also choose the
appropriate respiration rate. These skills are required to develop differentiated
breathing, an important component of speech development18.
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A session of rhythmic gymnastics consists of three stages: warming-up,
main phase, and final phase, each of which has its own objectives, techniques,
and musical accompaniment.
Warming-up takes five to ten minutes, and encourages the child to adapt to
rhythm. All the participants get to know each other during the first session. The
methodology of the program is explained to both the children and parents; the
basic elements of dancing exercises are also demonstrated. It is very important
for the instructor to attract the children’s attention and encourage them to work
as a team. Simple exercises to warm up muscles are used during the warmup session. The fore-mentioned breathing exercises are used to normalize the
child’s respiration.
The main phase of the activity lasts 20 to 25 minutes, during which a
complex of physical exercises and dance elements are performed. These are all
coordinated by a common game scenario and are accompanied by specially
selected music. When selecting the music repertoire for different groups, the
instructor should consider the children’s age, their mental development, as
well as their individual tastes and wishes. Dance elements diffuse a positive
emotional atmosphere, which encourages the patient to learn new motor and
communication skills. In order to make these exercises really effective, it is
extremely important to have the children and parents focus psychologically on
achieving the set goals. Using actions and words, the instructor should try to
make the children more confident of their own strength and capabilities. The
other active participants of these sessions – the patient’s parents and relatives –
prepare the child psychologically to fulfil the instructor’s requirements, help
him/her do the exercises, and correct the child’s behaviour and movements in
good time.
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8.11. Mechanotherapy
Mechanotherapy refers to performing physical exercises in order to develop
the quality of movements in different joints by using various mechanical apparatuses20. Mechanotherapeutic devices are used to develop muscle strength,
improve coordination, and encourage proper movement patterns. Lower limb
muscles are mobilized through lever devices. The physical therapist finds the
best training regimen by adjusting the length of the levers, load weights, and the
number of repetitions. Block-type devices are usually used to develop strength
and muscle endurance in upper limbs. Patients train on treadmills and stationary exercise bikes in order to form correct movement patterns and improve their
coordination. Other devices, such as vibroextensors, are also used; the latter
diffuse dosages of heat, vibration, and mechanical massage into paravertebral
areas of the patient’s body, thus facilitating mobilization of the spinal joints.
Lever-, swing-, and block-type apparatuses with elastic or spring resistance
are used. The fundamental objectives for applying mechanotherapy in the INRS
program are the following:
it has an active impact on contractile and elastic properties of muscles;
it increases the strength and endurance of hypotrophic muscles;
it increases mobility in joints;
it improves the flow of proprioceptive information from musculo-articular
structures.
Uniform and unvaried movements are repeated in mechanotherapy.
•
•
•
•

The pace of these rhythmic exercises is gradually slowed down and physical
exertion is reduced for five to ten minutes during the final phase. At the end of
the session, the instructor records the positive achievements of each participant,
encourages all of them to repeat the exercises at home, and briefly explains the
child’s mistakes to the parents, and gives suggestions on how to correct them.
According to our experience, rhythmic gymnastics conducted in groups,
based on game techniques using both music and dance, helps the patient
master new motor, speech, and communication skills. Given the fact that these
activities are organized in groups and in favourable emotional surroundings,
the child is able to activate and develop his/her social behaviour, stimulate
his/her motivation towards recovery of good health, and restore confidence in
himself/herself19.
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Fig.8.8. Mechanotherapy.
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Mechanotherapy training allows soft spastic tissues to be stretched.
Mechanotherapeutic sessions reduce joint contractures, enable the patient to
control how he/she disperses strength, and allow the therapist to adjust the
exercises in the right direction.
The training sessions begin with minimal dosages. Physical loads are placed on
different joints and their muscle groups, and regulated by changing the weight of the
load, the length and angle of the swing, and the duration of the actual session.
As a result of mechanotherapy, our patients have shown great improvement
in both local and general hemodynamics and tissue trophism. Increasing muscle
strength, making it possible to dose resistance, and enforcing rhythmic exercises
during mechanotherapy sessions allow us to achieve optimal effects in the
INRS rehabilitation program.
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8.13. Correcting Gait on the Treadmill
Normal human gait is a way of locomotion and is achieved using simultaneous movements that follow a complex trajectory in many joints of the hands and
feet. Abnormal gait constitutes one of the main syndromes of cerebral palsy,
which is manifested by disorders of body posture, incorrect positioning of the
limbs, and requires more effort for the patient to move the body in space.

8.12. Cycling
Cycling constitutes an important component of kinesiotherapeutic methods
in Intensive Neurophysiological Rehabilitation. Exercising on stationary bikes
helps the patient improve mobility in
three joints at the same time, develops
movement coordination, and increases
strength in weak hypotrophic muscles.
Since movements on a stationary bike
resemble human strides, these exercises
can be viewed as preparations for gait,
or a lighter and easier variant of “sittingtype gait”.
Given the logical sequence of movement formations, we use devices that
can perform passive rotational movements, as well as passive-active, and
active movements. Pedaling with passive rotational movements allows the
Fig. 8.9. Cycling.
patient to relax the limb muscles. Both
hand and foot mobility can be trained on Moto-Med bikes. We also use this
option during exercise sessions, when patients perform simultaneous alternative
movements with their hands and feet, which helps improve their coordination.
In order to enhance the effectiveness of these sessions, the exercises should be
carried out in rising sequence with regard to pedaling speed and pressure. This
ensures that patients can adapt gradually to the physical load, and provides the
best regimen for increasing muscle strength.
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Fig. 8.10. Correcting gait on the treadmill.

To rehabilitate patients with abnormal gait, it is extremely important to
successively correct the patient’s posture, have the patient repeat proper hand
and feet patterns while walking, and eventually form a correct way of walking.
Patients, who require assistance to move about, perform exercises individually
on electric mechanical treadmills, or on special corrective walkways. The most
important task is to teach the patient how to transfer weight from one leg to
another, take steps in different directions – forward, backward, sideways – and
maintain a proper stride rhythm.
It is necessary to monitor the status of the patient’s pulse and breathing
during training sessions. Regular exercises strengthen cardiovascular and respiratory tolerance to physical loads.
An exercise session should generally last twelve minutes. There are ten sessions per treatment. The tempo and physical load should be moderate during the
first two days, but should be intensified in the next seven days, depending on the
condition of the patient’s cardiovascular and respiratory systems. Load intensity
should be gradually reduced in the final two or three days. Physical therapists
should constantly monitor the patient’s pulse rate and general condition.
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Assistance-free children are taught and trained to perform different phases
of gait on the PROTEUS treadmill and on the special WOODWAY LOKO
SYSTEM walkway, which enables the physical therapist to reduce the patient’s
weight (up to 40 kg) thanks to a vertical suspension system using a special
vest. This helps even non-mobile adult patients to perform stride movements.
Treadmill speed is set individually for each patient.

8.14. Vibration Therapy
Vibration therapy is a therapeutic action of mechanical vibrations, which are
in direct contact with the tissues of the patient’s body. Thanks to its effectiveness and possible combination with other physiotherapeutic methods, vibration
therapy plays a significant role in rehabilitating patients suffering from motor
and sensory disorders.
According to modern concepts, vibration therapy increases local blood circulation, ameliorates lymph outflow, activates tissue trophism, stimulates the
hypothalamic system, and mobilizes the body’s adaptive capabilities.
The physiological actions of vibration therapy have mechanical, physical,
chemical, and thermal impacts on the human body. The degree of applied
primary mechanisms, which form the entire complex of physiological and
therapeutic responses, depends on the intensity and parameters of the action
(frequency, amplitude), conditions, and impact location.
The human body is able to support and accurately differentiate from 10 to
8,000 Hz; however, it is best to use a range between 10 and 200 Hz when carrying out this physiological act.
Impulses are transmitted from vibroreceptors to the central nervous system
through the anterior horns of the spinal cord. Afferent impulses can be seen in
the parietal area of the cerebral cortex. Elicited by stimulation in proprioceptors,
these afferent flows form the body’s local, segmental, and general responses.
Mechanical vibrations measuring 20 – 50 Hz provoke selective excitation
of mechanoreceptors in blood vessels, as well as autonomic neural conductors,
expanding blood vessels, increasing local blood and lymph circulation, helping
to reduce muscle tone, and activating trophic processes in body tissues.
Mechanical vibrations applied at higher frequencies (100 – 200 Hz) cause
afferent impulses to flow from Pacini corpuscles and thick myelinated fibers to
upper areas of the central nervous system.
Vibrations have an effect on biologically active points, forming reflex types
of reactive responses, which develop in different body systems and organs. At
the same time, there is an increase in the functional lability of neural and muscular synapses and the conductivity of the neural horn cells.
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In general, these vibrations have an effect on 100% of all the muscle fibers.
At the same time, the contractility of muscles increases and metabolism augments without any accumulation of lactic acid, which enables the muscles to
recover more quickly after exercise sessions, and accelerates the repair process following muscle injuries, by blocking afferent pain signals and destroying
muscle trigger points. Vibrations help muscles relax, improve muscle tension,
and increase movement volume. Vibration therapy activates the hypothalamicpituitary-adrenal system and increases levels of glucocorticoids in the blood.
Vibration stimulants activate muscle enzymes - succinate dehydrogenase and
cytochrome oxidase, oxygen reduction processes in the myocardium – intensify
liver tissue respiration, and improve the assimilation of oxygen into tissues.
Vibration therapy increases the elasticity of ligaments and tendons, augments
mobility in joints and ligaments, normalizes the trophic process, and favors the
full release of synovial fluid.
Symptoms calling for vibration treatment:
• muscle shortening (tight muscles) in the legs, appearance of muscle
triggers (spasticity of various origins), including spasticity in CP patients;
• specific condition after fractures, spinal and limb injuries;
• distended tendons and limb muscles;
• multiple sclerosis;
• post-stroke rehabilitation (optimal regimen – amplitude of 3 mm,
frequency of 30 Hz);
• tendinitis in the Achilles tendon;
• imbalance;
• insufficiency in peripheral blood circulation.
Contraindications:
• acute inflammatory processes;
• complex forms of generalized epilepsy;
• rheumatic disease exacerbation;
• stones in the gall bladder or urinary bladder;
• thrombosis, increased chance of blood coagulation;
• heart failure, heart rhythm disorders;
• post-operative condition, including the patient’s condition following
heart surgery (shunts, stents, artificial valves, cardiac pacemakers);
• bone implants;
• pregnancy;
• migraines;
• neoplasms.
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Methods applied for vibration therapy in the INRS program

Vibration massages are carried out on vibratory cushions

1. Adaptation phase; we apply vibrations to healthy limbs or sides of the
body;
2. We use a proprioception regimen and normalize the patient’s blood
circulation;
3. We use a minimal physical load (frequency of 25 Hz., low amplitude);
4. We control the patient’s temperature, respiration, and pulse rate during vibration therapy;
5. We do not use axial vibration loads;
6. The center of mass is gradually transferred to the platform plane.
The complex effects of these mechanical and physical factors, just as dosed
traction, mechanical massage treatments applied to paravertebral areas, and
vibrations using variable frequencies and heat effects are conducive to relaxing
certain muscle groups and mobilizing joints in the spinal column.
We use the following applications: traction, heat, and vibration.

The patient should be positioned in a special way – his/her back and waist
are firmly disposed on the vibratory cushion, and the head is placed on a bolster. The vibratory cushion is set according to each patient’s individual program,
depending on his/her age.
• regimen 1 + heat - the patient is one to two years old;
• regimen 2 + heat – the patient is two to four years old;
• regimen 1 + heat – the patient is four years old or more.
The patient’s general condition and his/her emotional behaviour are evaluated and monitored during the entire procedure. The procedure lasts up to nine
minutes; it should be performed according to schedule. The vibratory cushion
is switched off and the current supply is shut down at the end of the work day.

Fig. 8.11. Vibration Therapy.

Vibration massage techniques help stretch and mobilize muscles, decompress intervertebral discs, relax muscles, and improve blood circulation and
metabolism in paravertebral muscles.
A program is developed for each patient according to the doctor’s indications. The patient’s general condition is evaluated and monitored during the
entire procedure.
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8.15. Apitherapy
We use wax and paraffin applications and bee venom therapy in order to
stimulate the body’s defences, and improve local blood circulation, trophic and
metabolic processes. Before beginning bee venom therapy, we perform an allergy
test to make sure the patient is not allergic to bee products. Apitherapy is applied
along articular gaps occurring between the joints and contractures, in areas with
myofascial trigger points, and painful periosteal zones. Using bee stings, we are
able to dose bee venom and reduce the negative impact of fear in our patients.
Wax and paraffin applications consist in enveloping different muscle groups
and joints in warm appropriate wraps, 2.5 – 3 cm thick, according to the scheme
outlined by the attending doctor. These wax and paraffin applications are prepared in a special wax room. The wax and paraffin wrap is cooled to a suitable
temperature, and then applied to the patient’s body, which should be clean of
oilcloth; it is carefully modeled on the surface of the patient’s body and enveloped in a kind of diaper covering. The procedure lasts twenty minutes. A nurse
notes the procedure in the agenda. In addition to having a thermal effect, these
applications also have an impact on
the musculo-articular system by diffusing biologically active substances
through the patient’s skin.
The wax and paraffin mixture
is produced in our clinics according to a special recipe. It consists
of wax, honey, and propolis extract
in the following proportions: 1 kg
of wax, 20 gm of honey, and 5 gm
of propolis.
Fig. 8.12. Wax and paraffin applications.
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8.16. Games Therapy
Forming correct movements constitutes one of the most important tasks
for rehabilitating patients with cerebral palsy. In addition to physical exercises,
mechanical training devices are traditionally used to increase movement
amplitude, and build up strength, speed, and coordination. Special-purpose
and universal simulators are widely used as they help the patient perform
specific movements despite required efforts. However, these devices are far
from perfect – as is particularly evident when working with children – that
is, they become monotonous and fail to stimulate the child’s motivation to
continue regular exercises.
The employees at the International Clinic of Rehabilitation and the Elita
Rehabilitation Center proposed to combine useful, but rather boring exercises
with interesting and fascinating computer games. After all, are there any
children who do not like computer games?
With this in mind, we developed specialized training devices, equipped with
sensors that record the patient’s movements – flexing and turning the hand,
bending the torso, flexing the foot, etc. The information from these sensors
is transmitted to a computer, and is used to control the computer game. The
movements performed by the patient’s hand, body, or foot coincide with the
movements made by the figure in the computer game. In order to dose the
physical effort that the patient must deal with during the actual game, these
devices are equipped with a regulator ensuring smooth changes in movement
resistance.
Our staff have designed specialized computer games so that the children
can work with training devices. The general algorithm of the game has been
constructed so as to constantly encourage patients to increase their movement
amplitude, and augment the speed and accuracy of these movements. As the
game progresses, the task becomes more and more complicated and requires
better and better movements. An interesting storyline encourages the patient to
perform the exercises correctly and increase movement speed and amplitude,
and helps the patient develop better reactivity and oculomotor coordination.
This software is also valuable for diagnostic purposes. Certain important
parameters are calculated and displayed on the monitor, such as movement
speed and amplitude, or the effectiveness of the game. This data is stored and
can be used to analyze the patient’s progress during the treatment process.
Elements of virtual reality may be used to enhance the emotional impact on the
patient; images are not displayed on the monitor, but on special head mounted
displays, whereas sound is projected through stereo headphones.
Activities carried out with game devices are part of the biodynamic movement correction program – an important element of the Kozyavkin method. The
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International Clinic of Rehabilitation has developed a number of game devices
for training movements – a hand manipulator, a training chair, and a universal
game device. They can be connected to an ordinary computer at home and do
not require any special knowledge of computer technology.
Nintendo, a therapeutic computer game, is part of the comprehensive treatment used in the INRS program; children of all ages are very enthusiastic about
this game. First and foremost, it has a great emotional impact on children;
as soon as they begin the game, they immediately forget that they are ill and
disabled. They, children suffering from CP, become just like all the others. They
turn into athletes, members of a team who have a real opportunity to win the
grand prize, stand on their own two feet, and overcome their illness and the
difficulties of daily life, not only at that moment, while they are playing, but
also in their future adult life.

Fig. 8.13. Specialized computer games.

The main objectives of this kind of work lie in helping patients develop
and improve their functional positions, and ameliorate their sense of balance
and motor control. Computer games therapy increases the child’s motivation
to perform required movements and exercises. Games and tasks, starting
positions and the tempo for performing motor actions are specially selected
for each patient. Personalizing the process means considering the starting
motor condition of each patient.
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Computer activities for children suffering from HEMIPARESIS (stages standing up without assistance, pathological walking without assistance)*
Symptoms:
• limited flexion and extension, abduction and adduction, supination
and pronation in joints of the upper and lower limbs;
• reduced strength in extensor muscles, abducting and adducting
muscles, supinator and pronator muscles, which are responsible for
movements in affected joints of the upper and lower limbs;
• imbalance while standing;
• synergistic movements.

Task No.1. Using the remote control General guidelines:
Fig. 8.14. Nintendo computer games.

General indications for using computer games therapy:
• children should be four years old or more;
• persons should be mentally fit;
• to teach / improve basic functional positions.
General contraindications:
• mental and intellectual disorders;
• children should not be under four years;
• functional inability to maintain a seated position for five minutes.
In order to perform qualitative and effective activities when using computer
games therapy, the instructor should implement the following basic tasks:
1. select games and tasks for each patient;
2. demonstrate and explain the exercises;
3. monitor the accuracy of the exercises;
4. correct the user, if necessary (corrections are carried out visually,
verbally, and actively);
5. monitor the safety of the exercises:
• the patient needs to be reassured with regard to the instructor’s own
location; the instructor may choose his/her own position arbitrarily;
• the instructor’s position should not interfere with the patient’s basic
movements;
• the instructor should choose other key safety positions on his/her
own, taking into account the patient’s individual characteristics.
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• do not drop or throw the remote control;
• use accurate positions and movements for each task;
• movements should be painless, with the largest possible active amplitude;
• the instructor may provide passive assistance when the patient is learning
movements and in case of need.
Bowling exercise – starting position (SP) - upright position, legs apart, the upper
limb is bent and adducted at the elbow. The basic movement consists in extending
and flexing the shoulder joint.
Guidelines:
1. In the upright position - body weight is evenly distributed on both feet;
both heels are planted firmly on the ground; the affected upper limb is
extended and adducted.
2. When the upper limb performs movements, the flexion angle in the
shoulder joint should not exceed 90o.
3. When the affected upper limb performs movements, it is important to
follow the anatomical axis for each joint.
Movements are active (active-passive) with the largest possible amplitude;
they should be painless and isolated.

Task No.2
Tennis exercise – SP - upright position, legs apart, the unaffected (affected)
upper limb is abducted and bent at the elbow, the forearm is pronated.
The basic movement consists in horizontally adducting and abducting the upper limb.
*

Subchapter written together with I.V. Ablikova, specialist in physical rehabilitation
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Guidelines:
1. In the upright position - body weight is evenly distributed on both feet;
both heels are planted firmly on the ground; the shoulder joint is abducted at a 90° angle.
2. When the affected upper limb performs movements, it is important to
follow the anatomical axis for each joint. Movements are active (activepassive) with the largest possible amplitude; they should be painless and
isolated.

Task No.3
Golf exercise — SP — upright position, legs apart, the unaffected (affected)
upper limb is extended at the shoulder and elbow joints; the forearm is supinated.
The basic movement consists in extending and flexing the limbs of the
shoulder joint.
Guidelines:
Basic movements are isolated without bending the elbow, accentuating the
flexion (final position should be fixed).
This task requires good control over extension and flexion amplitude when
the upper limb performs movements (it is possible to amplify the movements,
going from minimum to maximum amplitude).

Task No.4
Boxing exercise – SP - upright position, legs apart, the unaffected and
affected upper limbs are bent and adducted at the elbows, the forearm is
pronated.
The basic movement consists in simultaneously/alternately extending and
flexing the upper limbs at the elbows.
Guidelines:
1. Performing basic movements (simultaneously/alternately) depends on
each patient’s capabilities.
2. Movements should be performed relatively quickly with regard to
anatomical axes of the joints; trunk and lower limb movements are not
performed.

Task No.5
Baseball exercise – SP – upright position, legs apart, the unaffected and
affected upper limbs are bent and abducted at the elbows, the forearm is
pronated.
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The basic movement consists in simultaneously extending the upper limbs
at the elbows.
Guidelines:
1. Basic movements should be accurate, quick, and simultaneous.
2. Active feet and trunk movements are not performed.

Task No.6. Using a platform
General guidelines:
1. The feet are planted parallel to each other.
2. The feet remain planted firmly on the platform when body weight is
being shifted.
Skiing exercise – SP - upright position, legs apart on the platform, the upper
limbs are extended at the shoulder and elbow joints, the forearm is supinated.
The basic movement consists in shifting body weight from right to left.
Guidelines:
1. Do not lean from side to side or perform rotation movements with the
trunk.
2. Body weight should be shifted without loss of balance.

Task No. 7. Using a platform
Snowboarding exercise – SP - upright position, legs apart on the platform,
the upper limbs are extended at the shoulder and elbow joints, the forearm is
supinated.
The basic movement consists in shifting body weight forward and
backward.
Guidelines:
1. Do not lean from side to side or perform rotation movements with the
trunk when shifting body weight.

Task No. 8. Using a platform
Penguin exercise – SP - upright position, legs apart on the platform, the
upper limbs are extended at the shoulder and elbow joints, the forearm is
supinated.
The basic movement consists in shifting body weight from right to left.
Guidelines:
1. A smaller support area may be used.
2. Hands should be maintained in the correct position when the basic
task is being performed.
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Task No.9. Using a platform
Step gait exercise – SP – upright position before the platform, the upper
limbs are extended, adducted, and pronated.
The basic movement consists in stepping on and off the platform (walking and
displacing the legs high and forward, stepping off the platform, and stepping on
and off the platform sideways). The upper limbs are bent at the elbow and shoulder
joints as opposed to the lower limbs, alternating movements are performed.
Guidelines:
1. Walking pace is rhythmic and accurate.
2. Walking and displacing the legs high and forward.

Task No.10. Using a platform
Candle exercise – SP - upright position, legs apart, the upper limbs are
extended, adducted, and supinated.
The basic movement consists in maintaining an upright motionless position
as long as possible.
Guidelines:
1. Body weight is evenly distributed on both legs.
2. Maintain regular breathing.

Computer activities for children suffering from PARAPARESIS (stages –
standing up by a support area/without assistance, walking on the knees/
walking with assistive devices/pathological walking without assistance)
Symptoms:
• reduced strength in extensor muscles, abducting muscles, and
supinator muscles, which are responsible for movements in affected
joints of the lower limbs;
• imbalance while using functional sitting/standing positions, or while
walking;
• synergistic movements.

Task No.1. Using the remote control
Bowling exercise – SP - upright position, legs apart/kneeling, the right (left)
upper limb is bent and adducted at the elbow.
The basic movement consists in extending the elbow and shoulder joints,
and flexing the shoulder joint.
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Guidelines:
1. In the upright position - body weight is evenly distributed on both feet.
2. When the upper limb performs movements, the flexion angle in the
shoulder joint should not exceed 90°.

Task No.2

Tennis exercise – SP - upright position, legs apart/kneeling, the right (left)
upper limb is abducted and extended at the elbow, the forearm is pronated.
The basic movement consists in horizontally adducting and abducting the
upper limb.
Guidelines:
1. In the upright position - body weight is evenly distributed on both feet;
the shoulder joint is abducted at a 90o angle.

Task No.3

Golf exercise – SP – upright position, legs apart/kneeling/sitting on the
knees, the right (left) upper limb is extended at the shoulder and elbow joints;
the forearm is supinated.
The basic movement consists in extending and flexing the upper limbs of
the shoulder joint, maintaining the starting position.
Guidelines:
1. Basic movements are isolated without bending the elbow, accentuating
the flexion (final position should be fixed).
2. This task requires good control over extension and flexion amplitude
when the upper limb performs movements (it is possible to amplify the
movements, going from minimum to maximum amplitude).

Task No.4
Boxing exercise – SP – upright position, legs apart with assistance/kneeling,
the upper limbs are bent and adducted at the elbows, the forearm is pronated.
The basic movement consists in extending and flexing the upper limbs at
the elbows.
Guidelines:
1. Performing basic movements depends on each patient’s capabilities;
the instructor should provide assistance when the patient is in the
upright position, if necessary.

Task No.5. Using a platform

General guidelines:
1. The feet are planted parallel to each other provided that the patient is
able to stand with or without assistance.
2. The kneeling position may be used.
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Skiing exercise – SP - upright position, legs apart/kneeling on the platform,
the upper limbs are extended at the shoulder and elbow joints, the forearm is
supinated.
The basic movement consists in shifting body weight from right to left.
Guidelines:
1. Do not perform rotation movements with the trunk.
2. Body weight should be shifted without loss of balance.

Task No. 6. Using a platform
Snowboarding exercise – SP - upright position, legs apart/kneeling/sitting
on the knees on the platform, the upper limbs are extended at the shoulder and
elbow joints, the forearm is supinated.
The basic movement consists in shifting body weight forward and backward.
Guidelines:
1. Do not lean from side to side or perform rotation movements with the
trunk when shifting body weight.

Task No. 7. Using a platform
Penguin exercise – SP - upright position, legs apart/kneeling on the platform, the upper limbs are extended and abducted at the shoulder and elbow
joints, the forearm is supinated.
The basic movement consists in shifting the body weight from right to left.
Guidelines:
1. A smaller support area may be used.
2. Hands should be maintained in the correct position when the basic
task is performed; legs should also be maintained in the correct position without squatting.

Task No.8. Using a platform
Football exercise – SP - upright position, legs apart/kneeling/sitting
on the knees on the platform, the upper limbs are extended, adducted, and
pronated.
The basic movement consists in shifting body weight from right to left and
fixing the center of body weight.
Guidelines:
1. Control the position of legs, arms, and the back if the patient is able to
shift and maintain balance.
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Task No.9. Using a platform
Candle exercise – SP - sitting cross-legged on the platform, the upper limbs
are resting loosely on the knees in the correct position.
The basic movement consists in maintaining a motionless cross-legged position as long as possible.
Guidelines:
1. Body weight is evenly distributed on both legs; maintain regular
breathing.

Task No.10. Selecting means and motor tasks for each patient, depending on the movements causing the largest problem.
Computer activities for CP patients suffering from tetraparesis with
predominant arm and hand disorders (stage – sitting without assistance).
Symptoms:
Coordination disorders while seated (cross-legged, legs stretched out
straight, kneeling);
A platform is used during the activities.
The patient’s starts out by sitting cross-legged on the platform.
General guidelines:
While basic movements are being performed, the instructor should monitor
the patient’s posture and breathing, and ensure accurate movements without
having him/her make compensatory movements or take up compensatory
positions. The starting position is selected for each patient, taking into account
the initial movement level.
Skiing exercises – SP - sitting cross-legged, holding on to the knees with
both hands.
The basic movement consists in shifting body weight from right to left.
Guidelines:
1. Do not perform rotation movements with the trunk.
2. Body weight should be shifted without loss of balance.
Snowboarding exercise – SP - sitting on the knees, the upper limbs are
resting loosely on the legs.
The basic movement consists in shifting body weight forward and
backward.
Guidelines:
1. Do not lean from side to side or perform rotation movements with the
trunk while body weight is being shifted.
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2. The instructor should help the patient shift his/her weight, if
necessary.
Penguin exercise – SP - sitting with legs stretched out straight, the upper limbs are extended at the elbow, they are supinated and rest against the
platform (if possible).
The basic movement consists in shifting body weight from right to left.
Guidelines:
1. Arms and legs are maintained in a correct position while the basic
task is being performed.
Football exercise – SP - sitting on the knees on the platform, the upper
limbs rest loosely on the knees.
The basic movement consists in shifting body weight from right to left and
maintaining straight posture.
Guidelines:
1. Control the position of legs, arms, and the back if the patient is able to
move about; monitor the patient’s balance. The instructor should help
the patient shift his/her weight, if necessary.
Candle exercise – SP - sitting on the platform, the upper limbs are resting
on the knees.
The basic movement consists in maintaining a motionless cross-legged
position as long as possible.
Guidelines:
1. Body weight is evenly distributed; maintain regular breathing; control
the patient’s posture.
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No.

Content

1

Deep Breathing – used to improve/
teach breathing utilizing the
abdominal muscles.

2

Half Moon – the instructor stretches
the patient’s oblique abdominal
muscles, the serrated muscles,
the broadest back muscles and
helps the patient maintain a static
position with the assistance of
deep back muscles.

3

Warrior – during the exercise, the
instructor places a large load on
the muscles of the thigh and pelvis,
and maintains the patient’s body in
a static upright position.

4

Tree – used to increase muscle
strength in the back, in straight
abdominal muscles, and muscles
of the pelvis and lower limbs.

Activity program using a platform – for patients suffering from
VERTEBROGENIC PATHOLOGIES
Main objectives:
• to increase strength in relevant muscles and muscle groups;
• to improve balance and coordination abilities;
• to heighten endurance and elasticity;
• to restore/provide for symmetrical muscle work.
General guidelines:
1. consolidate and monitor breathing during exercise sessions;
2. watch for correct and accurate execution of assigned movements;
3. select specific exercises for each patient and have him/her perform
them until exhaustion sets in.
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5

Sunny Salute – the exercise is
aimed at maintaining the back
muscles in a static position,
stretching the posterior muscles
of the thigh (half-sinewy muscle,
half-membranous muscles), and
the gluteal muscles.

6

Vertical Knee Stance – the patient
can increase the elasticity of the
thigh muscles while maintaining
the back and abdominal muscles
in a static position.

7

8

9
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Palm Tree – during the exercise, the
patient should feel a static strain on
the back muscles (superficial and
deep muscles), and a load on the
triceps of the calf (gastrocnemius
and soleus muscles).
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10

Chair – the patient can strengthen
the back muscles (superficial and
deep muscles), and the muscles
in the lower limbs (hips, legs, and
feet).

11

King of the Dance – the largest
static load is applied to all the
muscle groups of the back and
the thigh muscles (mainly to the
superficial anterior muscles).

12

Cobra – starting position – the
patient lies on the stomach, but
not on a platform. The exercise
i s aime d at increasing the
flexibility of the spinal column and
strengthening the back muscles
(deep and superficial muscles).

13

Crocodile Rotation – star ting
position – the patient lies on the
back, but not on a platform. During
this exercise, the instructor uses
rotation movements, which are
focused on stretching the back
muscles and maintaining a correct
position.

14

S h o ul d e r S t an d – s t ar t i n g
position – the patient lies on the
back, but not on a platform. The
exercise is used to strengthen
the back muscles (deep and
superficial muscles), and help the
patient control his/her balance
and coordination. The exercise
is not recommended if there are
problems in the cervical spine or
with higher blood pressure.

Triangle – used for rotating the body,
stretching the posterior muscles of
the thigh and strengthening oblique
and straight abdominal muscles.

Dog – the exercise is designed
to stretch and simultaneously
maintain the back muscles in a
proper position; it also strengthens
the muscles in the lower and upper
limbs.
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8.16.1 Hand Training Device

15

Body Rotations – this exercise is
designed to rotate the trunk by
involving the back and abdominal
muscles. The exercise consists
in rotating the trunk in an upright
position and with the trunk bent
forward.

16

Rowing in the Sitting Position – the
exercise is aimed at strengthening
the back muscles (deep and
superficial muscles). During the
exercise, a larger load is also
placed on the muscles of the thigh
(quadriceps).

The first device developed by our team is the hand manipulator, which was
designed to improve hand movements. Depending on the position of the device
handle, the patient can perform flexion and extension movements, or supination and pronation rotations. During the training session, the patient’s arm is
attached to an armrest, whose height can be easily regulated.

Fig. 8.15. Hand training device.

17

18
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Single Leg Rotation – the patient
can use abdominal muscles
(straight and oblique muscles),
back muscles, and muscles of the
lower limbs.

Side Abduction of the Leg – this
exercise is very effective if there
are significant asymmetries in the
legs. It is designed for balancing
functional interaction of muscles.
The patient uses the back muscles,
as well as the muscles of the upper
shoulder girdle and the abdomen.

Fig. 8.16. A screen showing the “Bee” game
used to train the hand to move left and right.

Required loads are set through the resistance regulator. The first exercise
should be performed with little resistance, which is gradually increased as the
game progresses.
Two specialized games – “Bee” and the “Cossacks” – have been developed
for the hand manipulator.
The “Bee” game was designed to train the hand to move left and right,
that is, pronation and supination. This game describes the adventures of a bee
gathering honey from flowers on a small clearing. By moving his/her hand,
the child controls the bee as it flies across the playing field. As soon as the bee
touches a myrtle or a daisy, a drop of honey falls into the bucket. Having filled
the pitcher, the bee moves on to the next game level. At different levels of the
game, it must avoid landing on fly agaric mushrooms, evade bumblebees, and
flee from the rain.
The “Cossacks” game was designed to train the hand to perform flexor and
extensor movements. Flexing and extending his/her hand, and thereby controlling the ship, the player must avoid rocky islands and deal with hostile fleets. At
the next game level, the player rides across the field, where he/she must defeat
enemy forces.
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As each child has his/her own capabilities and limitations, the instructor
should set the game before each training session, and show the child the range
of movements he/she can use during the actual game. Information about installing game settings, along with data on the effectiveness of each game session
are stored in a database, and can be used later to analyze the effectiveness of
these exercises.

game, the child leans forward, backward, sideways, rotates his/her trunk, and
controls the figure in a three-dimensional virtual game world.
While wandering around the park and performing game tasks, the player
must compete with other characters – a spider, a bumblebee, and a caterpillar.
Jumping over bushes and overcoming various obstacles, the player must find
as many flowers as possible, and avoid running into enemies.

Fig. 8.17. A screen showing the “Cossacks” game to train flexor and extensor movements..

Fig. 8.18. The training chair helps the patient train trunk movements by playing games.

In order to assess the effectiveness of computer game devices, the employees
at the International Clinic of Rehabilitation organized preliminary pilot research
studies in a group of 30 children suffering from spastic hemiplegia. These studies
show that the use of hand manipulators in complex rehabilitation improves the
patient’s grip function, increases movement amplitude, and develops strength in
the patient’s hand.

Using the training chair helps the patient to improve volitional control over
body movements, develop coordination, and strengthen muscles.

8.16.2. Training Chair

The training chair was designed to develop coordination in the trunk and
improve posture control. It has a sensor system that determines the position
and movements of the trunk in three planes – bending forward and backward,
bending right and left, and rotations. This information is transmitted to a
computer and used to control the computer game.
A game with three-dimensional graphics – “Bee in the Park” – was
designed for patients working in the training chair. The child sits in the
training chair, whose backrest is fastened to the child’s back. During the
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Fig. 8.19. A game screen designed to train trunk movements.
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8.16.3. Universal Game Device
Our newest development is a universal game device, which can be used
to train movements in different joints. This rather simple device is attached
to the limb, just above and below the joint, and transfers information about
movements to the computer. It can be used to train movements in ankle, knee,
shoulder, and carpal joints.хів у гомілково-ступневих, колінних, плечових
та зап’ястних суглобах.

Fig. 8.20. The universal game device can be used to train movements in different joints.
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The peculiarity of this game is that it combines and exercises two types of
movements – smooth and well-coordinated movements required for moving
about correctly across the playing field, and fast and frequent movements with
large amplitude required by the game figure, who must crack the coconut found
on the tropical island.

New Developments
“Doggie” – a computer game. The hero of the game is a little dog. It travels
with you from the forest to the city. Your journey begins on a beautiful spring
morning. As it wanders through vast open spaces, the dog naturally becomes
hungry and wants something to eat. Your task is to feed him. The seasons
change as you continue travelling. It is easy for the dog to search for food in
spring, when it is warm and everything is turning green. You can also find
food for yourself in summer, when trees turn green and their fruit is available
everywhere. But, summer is followed by autumn and winter… and you finally
arrive in the city. It is cold and snowing in the city, and it becomes more and
more difficult to find food.

In order to organize game training sessions more effectively, the patient
may also use two of these devices and control the computer game by moving
both limbs.
A game describing the adventures of a dragonfly travelling across a tropical
island was designed for patients working with the universal game device. Following specific signs, the dragonfly must find its way and avoid running into
enemies. Having found the coconut, it must use its limbs quickly and frequently
to crack the nut and get the prize.

Fig. 8.22. Training balance in the “Doggie” game,
sitting and standing on a balance board.

Fig. 8.21. A screen showing the game “Dragonfly on the Island”.
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Starting position – the feet are planted firmly on the platform, shoulder
width apart. The basic movement consists in shifting body weight from right
to left and vice versa.
Guidelines: do not perform rotation movements with the trunk. The
activity lasts 15 minutes.
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Starting position – sitting cross-legged on the platform. The basic
movement consists in shifting body weight from right to left and vice versa.
Guidelines: the hands should rest on the knees, or the hands can be used for
support. The activity lasts 15 minutes.
We continue to develop new and indispensable games for disabled
children.
In order to get the patient interested in performing the exercises correctly,
and increasing movement speed, frequency, and amplitude, we have developed
a series of game devices for motor rehabilitation, which combine mechanical
simulators with exciting computer games. The patient is engaged in a computer
game and at the same time is able to perform different kinds of exercises
and practice various joint movements. Thanks to their picturesque qualities,
interesting animation and stories, these games ensure effective exercises
during game sessions, and stimulate the patient’s locomotion abilities.
This combination allows the patient to integrate all the required factors
for successful motor learning and development, namely, selecting correct
movements, giving feedback about successful exercises, and enhancing the
patient’s motivation for these activities, which constitutes one of the keys to
successful rehabilitation.
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the back). The treatment process is focused on improving micro-circulation,
reducing pain, and having a trophic-regenerating effect on tissues and the peripheral nervous system. The doctor prescribes the treatment scheme, whereas
load parameters are selected individually for each patient. The session lasts ten
to twelve minutes during ten days.
Contraindications for undergoing light therapy are the following: skin disorders, hyperkinesis, convulsive syndrome with frequent seizures, decompensated
hydrocephalus, and psycho-organic syndrome.
Patients follow scheduled procedures; these procedures and localized areas,
where phototherapy was applied, are noted in the agenda every day.

8.17. Light Therapy (Phototherapy) in the INRS Program
Therapeutic effects of light are universal; light has specific properties that
have a significant impact on a fundamental link of the body’s vital functions,
namely, blood and lymph micro-circulation.
Under the influence of visible light or an infrared spectrum, the patient can
heighten the elasticity of blood vessel walls and energy activity in cell membranes, accelerate regeneration processes, and stimulate ATP formation, which
increases the bioenergetic potential of cells.
Blue light has an anti-inflammatory, sedative, and relaxing effect, as well as
bacteriostatic and bactericidal properties; it also improves rheological properties
of blood and ameliorates local immunity.
The Intensive Neurophysiological Rehabilitation System promotes the use
of devices, which were developed by Prof. V.I. Kozyavkin and A.M. Korobov,
Director of the National State Institute of Laser Biology and Laser Medecine
at the V.N. Karazin National University in Kharkiv. This collaboration resulted
in newly-developed apparatuses: “Barva – camera”, a photon camera developed
by Korobov and Kozyavkin, “Barva – cylinder”, a photon cylinder developed
by Korobov and Kozyavkin, and “Barva – screen”, a photon screen. The design
features of these devices are large radiating surfaces, which allow light of several
spectral bands to impact specific areas of the patient’s body (limbs, joints, and
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Fig. 8.23. Light therapy.
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9. Factors Limiting Rehabilitation According to
Kozyavkin’s Method
9.1. Neurological
1.
2.
3.
4.
5.
6.

Epilepsy, seizures, and convulsive conditions;
Active, progressive, decompensated hydrocephalus;
Marked disorders of sensorimotor coordination;
Birth defects;
Patient’s condition following neurosurgical operations, presence of shunts;
Mental development delay, lack of language communication.

9.2. Orthopedic
1.
2.
3.
4.

Patient’s condition following orthopedic operations;
Joint contractures;
Deformity of the spinal column, thorax, or limbs;
Osteoporosis.

9.3. Somatic

1. Patient’s condition after acute infectious illnesses;
2. Cardiovascular illnesses, congenital malformations of the heart and
blood vessels;
3. Chronic respiratory illnesses (rhinitis, adenoids, bronchitis, bronchial
asthma, laryngitis, etc.);
4. Skin diseases (allergic, inflammatory);
5. Severe hypotrophy, anemia;
6. Immunodeficiencies.
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10. Information Technology in Standardizing and
Organizing Medical Rehabilitation
There are a number of important national objectives explaining the computerization of health care services.
Widespread implementation of IT in medical and diagnostic processes and
integration into global information space through modern information technology are important components for improving health care services. Thus, work
efficiency can be improved in many medical institutions and diagnostics, and
the quality of treatments can also be ameliorated over a relatively short period
of time. In addition, implementing automated systems to support administrative decisions based on monitoring will allow authorities to effectively control
the timeliness of different decisions, systematically analyze large amounts of
information, and actively supervise work performed in medical institutions.
Medical information science is developing rapidly in European countries.
According to recent research studies, medical information technologies have
grown into a separate and powerful industry, which operates hand-in-hand with
the pharmaceutical sector and the production of medical equipment. Medical
IT has become the third largest field of investment in the health care sector in
EU countries, with a total turnover amounting to 11 billion euros21,22.
Fully aware of the importance and future use of modern information technologies, the administrations of the International Clinic and the Elita Rehabilitation Center believe that medical IT should be one of the top priorities in
our institutions.
Our team achieved great success by developing and implementing the
unified health information system, which provides information techniques
for medical rehabilitation and diagnostic processes, research and scientific
studies, and teaching.
We began working on our information system back in 1990, and in 1991,
we were able to implement and install the first version of our software complex.
This system gave us the opportunity to enter data in the best possible way, as
well as to store and analyze not only the patient’s “registration” data, but also
all medical records, such as complaints, the patient’s life and illness histories,
impartial examination data, functional and laboratory diagnoses, anthropometry, as well as data on prescribed medication and their performance during
the patient’s stay at a rehabilitation facility23.
We have continued to improve the information system, and in 1998, we
developed and introduced a radically new version of this information system,
which involved not only implementing specific sets of tasks, but an integral
programmed infrastructure.
177

Intensive Neurophysiological Rehabilitation System — the Kozyavkin Method

The electronic health record, where all medical information is collected,
became the main component for storing the patient’s data in the information
system. Basic medical information – medical examination data or treatment
results – is entered into the electronic record according to specially designed
uniform medical terminology. Developing this terminology was a required
precondition for successfully implementing patients’ electronic records. It has
become indispensable so that all professionals, who use electronic records concerning a specific illness, are able to communicate in a common and comprehensible language24.
We made use of the experience accumulated by standardizing medical information, which began in several different countries some forty years ago. At
that time, the most successful systems were developed in the USA – the Unified Medical Language System (UMLS) and the Systematized Nomenclature
of Medicine (SNOMED). Unfortunately, unified medical terminology in the
Ukrainian language, suitable for use in different information systems, is still
in its infancy stage in Ukraine.
Another great advantage of the electronic record in conjunction with standardized terminology is that all source documents can be produced automatically. Extracts from the patient’s medical history can be automatically prepared
as coherent and relevant documents after the medical examination, with correct
punctuation and without unnecessary repetition. Extracts can be drawn up in
many different languages as each language has its own scheme, where specific
features are taken into account.
The information system ensures statistical handling of all the gathered
information. A standard statistical analysis was developed for drawing up an
operative data analysis; it was designed to prepare standard statistical reports
of medical institutions according to requirements of each rehabilitation facility, as well as government and regulatory organizations. A special generator of
non-standard requests was developed for non-standard analyses and in-depth
scientific research. It can provide data samples, which meet the user’s requests,
in the Ukrainian language. The question may concern changes in the patient’s
condition or any other information contained in the database.
It is most important to be able to control all the processes in order to ensure
that health facilities function successfully. For this purpose, we developed a
monitoring system, which includes medical, administrative, and technological
monitoring25.

Information Technology in Standardizing and Organizing Medical Rehabilitation

The main component of the administrative monitoring subprogram consists
in analyzing the medical staff’s work operations; it is carried out according to
the following criteria groups: work discipline, additional workloads, deontology
at the workplace, creative research, employee qualifications, etc. General access
to this data constitutes a powerful incentive for improving self-organization and
regulating self-control among all employees.
The technological monitoring subprogram was introduced thanks to the
implementation of the “smart house” concept during the construction of the
International Clinic of Rehabilitation. All engineering services at our clinic –
permanent power supply, lighting, sound, access control to the building, the
boiler room, temperature control in different rooms – are operated by computers. Thanks to analyses of key work parameters, technological monitoring subprograms have enabled us to manage the institution at a much higher level.
An access authorization system was set up to ensure data protection and
respect individual privacy. The high protection level, integrated into the complex, provides users with different priority levels, records operations performed
by the complex, and ensures systematic backup of the database.
Therefore, modern information technologies have become an integral part
of Prof. V.I. Kozyavkin’s rehabilitation program. Long-term practice of using
computer technologies in rehabilitation processes clearly demonstrates their
importance for improving the quality of medical care and ensuring rational
management of medical institutions.

Using the medical monitoring subprogram, we are able to analyze changes
in each patient’s condition, exchange information with all the members of the
rehabilitation team, and make timely adjustments to each patient’s rehabilitation program.
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11. Music Therapy in the INRS Program
It is a well-known fact that rehabilitation requires an interdisciplinary approach, whereby specialists working in different fields should work together to
plan and carry out rehabilitation programs for each patient. Music therapy is
one of the methods gaining more and more recognition and being increasingly
used in comprehensive rehabilitation programs.
According to definition, music therapy is a method of alternative medicine,
which uses specially composed musical programs to correct emotional abnormalities, motor and speech disorders, psychosomatic illnesses, and communication and behavior problems.
Music therapy constitutes an important component in the Intensive Neurophysiological Rehabilitation System. We do not usually use music therapy as
a primary, isolated method of influence, but mainly as a complement (through
musical accompaniments) to other corrective techniques in order to enhance
their impact and effectiveness. A specially selected repertoire of compositions
accompanies most rehabilitation procedures, such as massage treatments, peripheral joint mobilization, rhythmic gymnastics, remedial exercises, mechanotherapy, etc.
One of the most important tasks of music therapy in the intensive rehabilitation system, especially at the beginning of the rehabilitation course, is to create
a positive emotional environment that will help the patient adapt to conditions
at the medical institution, a relaxing atmosphere, and build up a feeling of
mutual trust between the patient and the medical staff. Adapted musical accompaniment during kinesiotherapeutic sessions and specially developed music
programs encourage the patient to acquire new motor skills. Music therapy gives
children the opportunity to express their feelings, broaden their social contacts,
and facilitates language and communication skills.
Music therapy programs take into account each child’s psychological and
emotional features and are aimed at creating a positive supportive environment,
where the child can participate actively at his/her own level of development.
This promotes a feeling of self-esteem in each child, motivates him/her to get
more involved in the rehabilitation process, and helps the physical therapist to
fulfil the set rehabilitation goals.
Music therapy tasks are implemented during the main rehabilitations sessions of the INRS program. During massage treatments and peripheral joint
mobilization, musical programs are selected according to the patient’s age,
emotional disorders, his/her mental and intellectual development, and the ethno-cultural environment where he/she grew up. Quiet music is usually played.
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Many children respond very well to popular songs from children’s films or
cartoons. When conducting sessions or activities with patients from different
regions, we encourage parents to play musical songs or compositions, which
their child enjoys listening to at home. Hearing familiar music allows the patient
to adapt more quickly to conditions at medical institutions, helps the patient
relax, favors better psychological contacts between the child and medical staff,
and creates a positive emotional environment. We tend to use classical compositions when working with older patients, who have attained a certain level
of musical education.
One of the most important tasks of music therapy is to turn the patient’s
mind away from uncomfortable feelings, which sometimes appear during joint
mobilization, or stretching exercises. Besides having an impact on patients, music also spreads a positive emotional mood among the medical staff, heightens
work efficiency, and reduces feelings of fatigue.
There are other approaches to using music therapy during remedial exercise
sessions and mechanotherapy. The main task here does not lie in having the
patient relax, but stimulating him/her to master new movement skills. In this
case, we prefer to play more vibrant, brisk, and major music. We pay a lot of
attention when selecting music with distinct rhythms. We often play moderately fast music or musical compositions with a fast-paced marching tempo at
a frequency of 80 to 100 strong sounds or beats per minute. This kind of music
increases the body’s general tone and encourages the patient to become more
involved in the actual rehabilitation program.
Music has a general activating influence on the patient and helps him/her
master new skills and encourages him/her to get more actively involved in the
rehabilitation process. Combined with making a psychological impact on the
patient, music therapy is aimed at building up the child’s self-esteem and belief
in his/her own strength.
Music therapy is not limited to passive listening during rhythmic gymnastics. Combined with dance movement therapy, it constitutes one of the most
important medical factors. Rhythmic activities in groups are aimed not only
at developing and improving the patient’s motor areas, but also developing the
child’s social behavior, activating his/her motivations towards recovery of good
health, and strengthening faith in himself/herself.
The main method consists in organizing a children’s game with music and
dance, in which the parents take an active part. A session of rhythmic gymnastics consists of three stages: warming-up, getting acquainted, main phase, and
final phase, each of which has its own musical program that is repeated in all
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the following sessions. All the exercises are performed to music with a distinct
rhythm. Clearly marked sounds make it easier for the patient to perform exercises; they can be used instead of the widely-accepted “1 – 2 – 3” rhythm; they
can also teach these children rhythm, musicality, and how to coordinate their
movements to music. Practising movements to music transforms these activities
from required lessons to fun and games. We use simple dance movements – for
example, hand clapping, foot stamping, or rhythmic hand movements – combined with singing along and specific breathing exercises.
The fact that these activities are organized as games helps children to turn
their attention away from their own actions and to focus on interacting and communicating with other participants through movements. A positive emotional
environment helps patients master new motor and communication skills.
In conclusion, music therapy, applied as a method to correct and adapt
psychological and emotional, motor, communication, and behavior disorders,
constitutes an important part of the INRS program. Music therapy within the
complex of the neurological rehabilitation program helps relax the patient,
eliminates stress during treatments, helps the patient develop new motor skills,
expands social communication, and motivates him/her to get more actively
involved in the actual rehabilitation program.

12. Motivation as an Aspect of Rehabilitation in
the INRS Program
Many years of experience working with the Intensive Neurophysiological
Rehabilitation System have shown us that, in the first few days of treatment,
many patients become more active, are more willing to get involved in
rehabilitation activities, get more interested in other people, and “awaken”
psychologically.
Such changes undoubtedly have a positive effect on the overall dynamics of
functional recovery and rehabilitation. Even better results can be achieved by
combining the patient’s “awakening” with psychological and social influences,
aimed at motivating the patient to continue rehabilitation. According to
many publications, books, and our own experience, psychological and social
factors play an important role in rehabilitating patients suffering from chronic
neurological disorders, affecting both the progress and results of treatment.
Motivation is one of the most important among all these factors.
We have developed a complex program of measures in the INRS, which are
aimed at enhancing the patient’s motivation towards recovery of good health
and involving him/her in the rehabilitation process. This program comprises
the following components:
1) creating a favourable atmosphere during rehabilitation procedures;
2) coordinating a value system between the patient and the doctor;
3) forming new social contacts;
4) making the patient aware of his/her newly-acquired motor abilities
and having him/her use them.
1) A favourable atmosphere during rehabilitation procedures is an important
prerequisite, which can have a positive motivating impact on the patient. It
is mainly created by the rehabilitation team. Positive encouraging relations
and mutual trust should prevail in all contacts between the patient and
rehabilitation specialists.
When coming in contact with disabled persons, it is important to avoid being
over-protective, an attitude which adversely affects the patient’s motivation
and prevents him/her from taking responsibility for the actual treatment. It is
imperative to establish a delicate balance between the level of social support
and over-protection when communicating with such a patient. Both the lack
of contact with other people and over-protection lower the patient’s motivation
to overcome the illness.
The physical environment in the medical institution plays an important role
in creating a pleasant atmosphere during rehabilitation as it has a great impact
on the patient’s mental state. A range of bright colours, eco-friendly interiors,
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specific lighting, ornaments that symbolize spring revival of nature, combined
with specially selected music on all the premises, help the patient relax and have
a positive psychological impact on him/her and the parents, which contributes
to successful rehabilitation.
2) Coordinating the patient’s value system with that of the rehabilitation team
constitutes an important factor in activating motivation towards recovery of
good health. One of the practical methods of aligning these value systems is
by actively involving the patient and his/her family in organizing and setting
up rehabilitation goals. This helps the patient work better in order to achieve
these rehabilitation goals, raises the patient’s and the family’s feeling of
satisfaction, enables the patient to acquire needed functions and follow the
regimen of activities, reduces depressive reactions in patients, and motivates
them to continue rehabilitation treatments. By allowing patients to take part in
developing rehabilitation tasks, the physical therapist encourages them to take
responsibility for their personal treatment and allows them to be more actively
involved in the rehabilitation process.
An important prerequisite for such work is providing the patient with
information about rehabilitation activities, projected results of therapeutic
intervention, and the procedures and prognosis of the patient’s rehabilitation
course. The patient should receive this information before visiting the clinic –
in specially prepared publications, in conversations with doctors and medical
staff, as well as in conversations with other patients. The rehabilitation team
should also pay special attention to receiving timely feedback from the
patient about the actual progress of the his/her rehabilitation process and
the dynamics of his/her condition, which can be transmitted through the
Internet, by mail, or by phone.
3) Forming new social contacts and awakening the patient’s interest in
everyday life are major motivating factors. Motivation to undergo treatment
and rehabilitation is linked to the level of the patient’s social integration. In
our practical work, we encourage patients to form new relationships. During
intensive rehabilitation, we always try to remind the patient about daily goals in
real life. We organize different group activities; during their stay at the clinic,
patients can spend their free time with their peers, take walks in picturesque
surroundings, or play together in modern and fully equipped playrooms. In
addition, we regularly organize excursions and trips, whereby patients learn
how to live and communicate in a group.
4) An important motivating component of the INRS program is the patient’s
awareness and use of his/her new movement abilities, which appear during the
rehabilitation process. A characteristic feature of the INRS can be seen when
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a new functional state is formed in the child’s body; first and foremost, muscle
tone is normalized and movement amplitude increases in the joints. The patient
begins to form new movements and acquires new skills during the process of
intensive correction. As the child becomes more and more aware of these new
abilities, he/she is more motivated to train these movements and functions,
and he/she becomes more stimulated to take a more active part in the actual
rehabilitation process. Aware of what he/she has really achieved, the patient
knows that he/she can achieve even more.
We have developed a number of methods and measures in order to implement
our program and enhance the patient’s motivation to continue rehabilitation.
The behavior and attitude of all the members of our rehabilitation team, as
well as their coordinated activities constitute an important component of this
program.
All activities have a psychotherapeutic impact on our patients, even such
purely physical procedures like massage treatments or joint mobilization, or
when patients or medical staff run into each other in the corridors or hallways
of our clinic. The patient’s ability to communicate encourages him/her to take
an active part in rehabilitation, and helps us evaluate the achieved results more
positively.
Therefore, in order to implement an active motivating influence in the
INRS program, we have drawn up a number of techniques, which are, in fact,
focused more on enhancing the patient’s motivation and building up his/her
social contacts.
Rhythmic gymnastics enables patients to work in groups; it was worked out
by combining game methods with music and dancing. A positive emotional
environment helps the patient master new motor and communication skills.
Parents are encouraged to take an active part in group activities. These
activities are not so much aimed at developing and improving the patient’s
motor abilities, but more at developing children’s social behavior, activating
individual motivation to recovery of good health, and strengthening faith in
themselves.
Competitions between children represent another, somewhat similar form
of conducting group activities in the INRS program. They are an excellent way
of enhancing the patient’s motivation to continue rehabilitation and stimulate
his/her social integration into the community. Sports and games create a happy
atmosphere and a marked positive mood, encourage the children to interact
socially, and build up faith in themselves. During these competitions, we do
not emphasize victories of one team over another, but we prefer to demonstrate
the children’s individual achievements and progress in motor and mental
development to others, and above all, to themselves.
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Our computer games designed for rehabilitation have
a major impact on motivating
our patients. Using a special
game controller, the patient
can perform particular exercises and develop movements
in any joints while playing a
computer game. Thanks to
their bright design, interesting animation and stories,
these games are used to organize effective training sessions for patients in order to
stimulate their locomotion
abilities. Elements of virtual
reality significantly increase
the patient’s emotional involvement in these exercise
sessions.
Music therapy, art therapy, and many other rehabilitation methods have a great
impact on motivating patients
during the INRS program.
Therefore, one of the most
important new components in
the INRS is a comprehensive
program of measures aimed
at enhancing motivation to
recovery of good health and
to involving patients and
parents in the rehabilitation
process. Not only does motivation encourage the patient
to make progress in his/her
motor and mental development, but it also favors social
integration of disabled persons into the community.
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Fig. 12.1. A child’s drawing.

Fig. 12.2. Diploma.
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14. Appendix

Basic block of exercises for spinal mobilization and peripheral joint mobilization

Catalogue of Remedial Exercises in the INRS Program
Basic block of exercises for spinal mobilization and peripheral joint mobilization
Limited functional movements in the joints

Passively bending the trunk
Passively rotating the
sideways in the prone position. shoulder joint in different
SP – lying on the stomach, head
positions.
Raising and lowering the head Rotating the head sideways in
in the supine position.
the supine position.
Starting position (SP) –
lying on the back.
The instructor raises and lowers the
patient’s head.

SP – lying on the back.
The instructor rotates the patient’s
head sideways.

Bending the head sideways in
the supine position.
SP – lying on the back.
The instructor bends the patient’s
head sideways.

Bending the head sideways in
the prone position.

Raising and lowering the
trunk in the prone position.

Passively bending the
patient’s flexed legs at the
knees sideways.

Passively bending the patient’s Passively bending the trunk
flexed leg at the knee towards sideways in the supine
the straightened leg.
position.

SP – lying on the stomach.
The instructor bends the patient’s
head sideways.

SP – lying on the back; the patient’s
legs are bent at the knees and support is
on the feet.
The instructor immobilizes the
patient’s feet with one hand, and
bends the legs sideways with the other
hand.
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SP – lying on the stomach.
The instructor immobilizes the
patient’s lumbar region with one
hand, and raises and lowers the trunk
with the other hand.

SP – lying on the back; one leg is
extended straight out; the other is bent at
the knee and support is on the foot.
The instructor immobilizes one of
the patient’s feet with one hand, and
bends the other leg, which is flexed at
the knee, towards the midline. The
instructor then returns to the SP.

Raising and lowering the
trunk in the supine position.

SP – lying on the back.
The instructor immobilizes the
patient’s abdominal region with one
hand, and raises and lowers the trunk
with the other hand.

SP – lying on the back; the patient’s
arms are extended along the trunk; the
instructor immobilizes the patient’s legs
in a straightened position.
Holding the patient’s arms, the
instructor rotates the patient’s trunk
alternately sideways.

facing sideways; the patient’s arms are
extended along the trunk; the instructor
immobilizes the patient’s legs in a
straightened position.
Holding the patient’s arms, the
instructor rotates the patient’s trunk
alternately sideways.

SP – lying on the back; the patient’s
arm is bent at the elbow at a right angle.
Supporting the patient by the elbow
with one hand, holding his/her forearm
(hand) with the other, the instructor
performs circular movements in the
shoulder joint in different positions
towards a soft barrier.

Passively abducting and
adducting the patient’s
extended arm.

SP – lying on the back; the patient’s arms
are extended straight along the trunk.
Supporting the patient by the elbow
with one hand, holding his/her forearm
with the other, the instructor abducts
and adducts the patient’s extended arm.

Passively flexing and extending Passively rotating the hip joint Passively abducting and
the patient’s straightened arm. in different positions.
adducting the patient’s
SP – lying on the side; the patient’s arms SP – lying on the back; the patient’s leg extended leg.
are extended straight along the trunk.
Supporting the patient by the elbow
with one hand, holding his/her
forearm with the other, the instructor
flexes and extends the patient’s
straightened arm.

is bent at the knee at a right angle.
Holding the patient’s knee with
one hand, and his/her ankle (foot)
with the other hand, the instructor
performs circular movements with
the patient’s foot in different positions
towards a soft barrier.

SP – lying on the back; the patient’s arms
are extended straight along the trunk, legs
extended.
Immobilizing the patient’s pelvis with
one hand, holding his/her foot with the
other hand, the instructor abducts and
adducts the patient’s extended leg.

Passively abducting and
adducting the patient’s flexed
legs at the knees.

Passively performing outward
and inward rotations in the
hip joint.

Passively flexing and extending
the hip and knee joints.

SP – lying on the back; the patient’s
legs are bent at the knees with support
on the feet; the instructor immobilizes
the patient’s feet.
Holding the patient’s knees, the
instructor abducts and adducts the
patient’s legs.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
Immobilizing the patient’s pelvis with
one hand, holding his/her foot with the
other hand, the instructor performs
outward and inward rotations of the
patient’s leg.

SP – lying on the side; the patient’s
“lower” leg and arm are extended straight
out. The “upper” arm is bent at the elbow
and support is on the palm.
Supporting the patient by the pelvis
with one hand, holding the foot of his/
her “upper leg” with the other hand, the
instructor flexes and extends the patient’s
leg in the hip and knee joints.
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Basic block of exercises for spinal mobilization and peripheral joint mobilization

Basic block of exercises for spinal mobilization and peripheral joint mobilization
Satisfactory functional movements in the joints

Passively flexing and
extending the elbow.

Passive supinating and
pronating the forearm.

Passively flexing and
extending the knee joint.

Raising and lowering the head Rotating the head sideways in
in the supine position.
the supine position.

Bending the head sideways in
the supine position.

Passively supinating and
pronating the foot.

Passively flexing and
extending the radial carpal
joint of the hand.

Passively flexing the back and
plantar section of the foot in
the ankle joint.

Raising and lowering the head Raising, rotating the head
in the prone position.
sideways, and lowering the
SP – lying on the stomach.
head in the prone position.

Raising and lowering the head
and shoulders in the prone
position.

Raising and lowering the head Bending the patient’s flexed
and shoulders in the supine
legs at the knees sideways.
position.
SP – lying on the back; the patient’s

Bending the patient’s flexed
leg at the knee towards the
straightened leg.

SP – lying on the back.
Immobilizing the patient’s shoulder
with one hand, holding him/her by
the forearm with the other hand,
the instructor flexes and extends the
patient’s elbow.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
Immobilizing the patient’s knee with
one hand, holding him/her by the foot
with the other hand, the instructor
performs external and internal
rotations of the patient’s foot.

SP – lying on the back; the patient’s
arm is bent at the elbow at a right angle.
Immobilizing the patient’s shoulder
with one hand, holding him/her by
the palm with the other, the instructor
performs external and internal
rotations of the patient’s forearm.

SP – lying on the back; the patient’s
arm is bent at the elbow at a right angle.
Immobilizing the patient’s forearm
with one hand, holding his/her hand
with the other hand, the instructor
flexes and extends it.

SP – lying on the stomach.
Immobilizing the patient’s hips
(pelvis) with one hand, holding his/
her foot with the other hand, the
instructor flexes and extends the
patient’s knee joint.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
Immobilizing the patient’s leg with
one hand, holding him/her by the
foot with the other, the instructor
flexes the patient’s ankle joint towards
the sole and backwards.

Starting position (SP) – lying on the
back.
The patient raises and lowers the
head.

The patient raises and lowers the
head.

SP – lying on the back; the instructor
immobilizes the patient’s abdominal
region with both hands.
The patient raises and lowers the head
and shoulders.
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SP – lying on the back.
The patient rotates the head sideways.

SP – lying on the stomach.
The patient raises, rotates the head
sideways, and then lowers it.

legs are bent at the knees and support
is on the feet; the instructor immobilizes
the patient’s shoulder girdle.
The patient bends both legs alternately
sideways.

SP – lying on the back.
The patient bends the head sideways.

SP – lying on the stomach; the
instructor immobilizes the patient’s
lumbar region with both hands.
The patient raises and lowers the head
and shoulders.

SP – lying on the back; one of the patient’s
legs is extended straight out; the other is
bent at the knee and support is on the foot.
The patient bends the flexed leg at the
knee inwards, and returns to the starting
position.
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Bending the trunk sideways in Transferring an object from
the supine position.
one hand to the other.
SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the instructor immobilizes the
patient’s legs in a straightened position.
The patient bends the trunk
alternately sideways, while sliding
both hands along the body.

SP – lying on the back; the patient’s
legs are extended straight out and
immobilized by the instructor; the
patient’s arms are extended on both
sides; the patient holds a gymstick (ball)
in one hand.
The patient transfers the gymstick
(ball) from one hand to the other, and
then returns to the SP.

Bending the trunk sideways in
the prone position.
SP – lying on the stomach; the patient’s
head faces sideways; the patient’s arms
are extended straight along the trunk;
the instructor immobilizes the patient’s
extended legs.
The patient bends the trunk
alternately sideways, while sliding
both hands along the body.

Basic block of exercises for spinal mobilization and peripheral joint mobilization

Performing rotation
movements in the shoulder
joint in different positions.

SP - lying on the back; the patient’s arm
is bent at the elbow at a right angle.
The patient performs rotation
movements in the shoulder joint in
different positions.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out.
The patient abducts and adducts the
extended legs.

Simultaneously performing
outward and inward rotations
with both extended legs.

Alternately raising extended
legs in the supine position.

SP – lying on the back; the patient’s arms
are extended straight along the trunk.
The patient abducts both arms from
the trunk sideways and raises them
above the head. The patient then
returns to the SP.

arms are extended straight along the
trunk.
The patient raises the arms above the
head, and then returns to the SP.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk and both hands are holding the
gymstick.
The patient raises the arms above the
head, holding the gymstick in the
hands, and then returns to the SP.

SP – lying on the side; the patient’s
head is on a bolster; the “lower” leg
and arm are extended straight out; the
“upper” arm is bent at the elbow and
support is on the palm.
The patient alternately moves the
“upper” leg forwards, flexing the hip
and knee joints, and then moves it back,
extending the hip and knee joints.

Performing circular
movements with a gymstick,
held in straightened hands
in front of the body.

Flexing and extending the
straightened arm in the
shoulder joint.

Extending the arms in the
shoulder joint and moving
them behind the back.

Performing outward and
inward rotations of the
extended leg.

SP – lying on the back; the patient
holds the gymstick in straightened hands
in front of the body.
The patient performs circular
movements with the gymstick.
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SP - lying on the back; the patient’s arms
are extended straight along the trunk; the
legs are also extended straight; one leg is
immobilized by the instructor.
The patient bends the legs alternately,
and pulls them up towards the trunk.

Abducting and adducting legs
bent at the knees.

Raising a gymstick above the
head with extended arms.

SP – lying on the side; the patient’s
arms are extended along the trunk.
The patient extends the arm in the
shoulder joint and moves it behind
the back. The patient then returns to
the SP.

SP - lying on the back; the patient’s arms
are extended straight along the trunk; the
legs are also extended straight out.
The patient bends the legs alternately,
while sliding both feet along the floor.

Flexing and extending the
Abducting and adducting
legs at the hip and knee joints. extended legs.

Abducting extended arms from Raising extended arms above
the trunk sideways and raising the head.
them above the head.
SP – lying on the back; the patient’s

SP - lying on the side; the patient’s arms
are extended straight along the trunk.
The patient flexes and extends the
straightened arm in the shoulder joint.

Alternately bending the knees, Alternately bending the legs
while sliding the feet across
and pulling them up towards
the floor.
the trunk.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out.
The patient performs outward and
inward rotation movements of the
extended leg.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out; the feet are positioned so that the
heels and big toes touch each other.
The patient simultaneously rotates
both legs outwards, keeping the
heels together, and then rotates them
inwards, keeping the big toes together.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the legs are bent at the knees with
support on the feet.
The patient abducts and adducts both
legs.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out.
The patient raises one extended leg,
and then returns to the SP.

195

Basic block of exercises for spinal mobilization and peripheral joint mobilization

Alternately raising extended
legs in the prone position.

SP – lying on the stomach; the patient’s
head rests on the back of both hands;
the legs are extended straight out.
The patient raises one extended leg,
and then returns to the SP.

Supinating and pronating the
forearm.

SP – lying on the back; the patient’s
arm is bent at the elbow at a right angle;
the forearm and the hand are raised.
The patient alternately performs
outward and inward movements of the
forearm.

Alternately performing outward and inward rotations of
the foot in the prone position.

SP – lying on the stomach; the patient’s
arms are extended straight along the
trunk; one leg is bent at the knee and
raised, the other leg is extended straight
out; the instructor immobilizes the
patient’s pelvis with one hand.
The patient alternately performs outward and inward rotations of the foot.
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Bending the pelvis towards
both sides.

SP - lying on the back; the patient’s arms
are extended straight along the trunk; the
legs are also extended straight out.
The patient uses the pelvis to pull up
the extended leg so that it seems to
become shorter, and then returns to
the SP.

Flexing and extending the
arm at the elbow.

SP – lying on the back; the patient’s
arms are extended straight along the
body.
The patient flexes and extends the arm
at the elbow.

Alternately flexing and
extending the leg at the knee
in the prone position.

Simultaneously flexing and
extending both legs at the
knees in the prone position.

Flexing and extending the
radial carpal joint of the hand
with straightened fingers.

Extending the radial carpal
joint of the hand, and simultaneously closing the hand into
a fist.

SP – lying on the stomach; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out; the instructor immobilizes the
patient’s pelvis with one hand.
The patient alternately flexes and
extends the leg at the knee.

SP – sitting on a chair; the patient’s
forearm rests on the table; the patient’s
hand hangs over the edge of the table.
The patient flexes and extends the
hand with straightened fingers.

Basic block of exercises for spinal mobilization and peripheral joint mobilization

Performing movements
sideways in the radial carpal
joint.

SP – sitting on a chair; the patient’s
forearm and hand rest on the table; the
fingers are extended straight out.
The patient moves the hand
alternately towards the thumb and
little finger.

Performing circular
movements with the foot.

SP – sitting on the floor (on the edge of
a chair); the patient’s legs are extended
straight out.
The patient performs circular
movements with each foot.

Flexing the back and plantar
section of the foot in the ankle
joint.
SP – sitting on the floor (on the edge of
a chair); the patient’s legs are extended
straight out.
The patient extends and flexes each
foot.

SP – lying on the stomach; the patient’s
arms are extended straight along the
trunk; the legs are also extended straight
out; the instructor immobilizes the
patient’s pelvis with one hand.
The patient simultaneously flexes and
extends both legs at the knees.

SP – sitting on a chair; the patient’s
forearm rests on the table; the patient’s
hand hangs over the edge of the table.
The patient raises the hand, closes
it into a fist, and then lowers it in a
relaxed manner.
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Block of exercises to form and improve locomotion and verticalization

Block of exercises to form and improve locomotion and verticalization

Forming and improving locomotion
Forming and improving rolling over movements

Passively-actively rolling over
from the prone position; the
instructor provides support
for the patient.

SP – lying on the stomach; the patient’s
arms are extended forwards.
The instructor helps the patient roll
over, supporting him/her by the
shoulder.

Passively-actively rolling
over from the prone position;
the instructor supports the
patient by the pelvis.

SP – lying on the stomach; the patient’s
arms are extended forwards.
The instructor helps the patient roll
over, supporting him/her by the
pelvis.

Forming and improving crawling movements on both hands and knees

Passively-actively rolling over
from the prone position; the
instructor holds the patient by
the bent leg.
SP – lying on the stomach; the patient’s
arms are extended forwards.
Inclining the patient’s bent leg, the
instructor helps him/her roll over.

Moving forwards with support Moving forwards by pushing
on the hands.
the foot against a resistance
SP – lying on the stomach; the patient’s area.
hands are extended forwards; the hands
are immobilized by the instructor; the
legs are extended straight out.
Leaning on both hands, the patient
tries to use the hands to pull himself/
herself forwards.

SP – lying on the stomach; the patient’s
arms are extended forwards; one leg is
bent at the knee and abducted to one
side.
The patient pushes the foot against
the instructor’s palm.

Forming and improving alternative crawling

Actively rolling over to one
side from the prone position
with support on the palm.

SP – lying on the stomach; the patient’s
arms are bent at the elbows with the
palms facing downwards.
Extending one arm, the patient tries
to roll over to one side.

Using the hand to reach for
an object lying on the opposite
side.
SP – lying on the back.
The patient tries to reach a toy lying
on the opposite side of the body.
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Passively-actively rolling over
from the supine position;
the instructor supports the
patient by the shoulder girdle.

SP – lying on the back.
Inclining the patient’s shoulder girdle,
the instructor helps him/her roll over.

Passively-actively rolling over
from the supine position; the
instructor holds the patient by
the bent leg.
SP – lying on the stomach.
Inclining the patient’s bent leg, the
instructor helps him/her roll over.

Moving forwards by pushing
the foot against the floor and
using the hands to pull the
body forwards.

SP – lying on the stomach; the patient’s arms are extended forwards; one
leg is bent at the knee and abducted to
one side.
The patient tries to simultaneously
push the foot against the floor and
use both hands to pull himself/herself
forwards.

Moving on all fours, using the Moving on all fours, using the Moving on all fours, using the
opposite arm and leg.
same arm and leg.
arms.
SP – standing on all fours.
The patient simultaneously displaces
one arm and the opposite leg forwards
and backwards.

SP – standing on all fours; the
instructor immobilizes the patient’s arm
and leg on one side of the body.
The patient simultaneously displaces
the non-immobilized arm and leg
forwards and backwards.

Moving on all fours, using
the legs.

Moving on all fours on the
knees, while holding a roller
in both hands.

SP – standing on all fours.
Leaning on both hands, the patient
takes several “steps" forwards and
backwards on the knees.

SP – standing on all fours.
Keeping the legs immobile, the
patient uses both arms to take several
“steps” forwards and backwards.

SP – standing on all fours; the patient
holds a roller in both hands.
Moving the roller forwards
(backwards), the patient displaces the
knees forwards (backwards).
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Block of exercises to form and improve locomotion and verticalization

Forming and improving walking on the knees

Forming and improving gait without assistance

Walking on the knees, held up Walking forwards-backwards
by the instructor’s hands.
on the knees with both hands
SP – kneeling; the instructor holds the
placed on a ball (bolster).
patient with both hands.
The instructor pulls the patient
slightly towards him/her, stimulating
the patient to walk forwards on the
knees.

SP – kneeling.
Placing both hands on the ball
(bolster), the patient moves forwards
and backwards on the knees.

Walking on the knees, holding
on to wall bars with one hand.
SP – kneeling with the side towards the
wall bars; the patient holds on to the
wall bars.
Maintaining the back as straight as
possible, the patient walks forwards
and backwards on the knees.

Flexing and extending the leg
at the hip joint; the patient
stands facing and holding on
to the wall bars for support.
SP – standing facing the wall bars and
holding on to them with extended arms.
Standing on one leg, the patient
bends the other so that the thigh is
in a horizontal position; the patient
then extends the leg and moves it
backwards.

Forming and improving gait with assistive devices

Shifting body weight from one
leg to another, while standing
with the assistance of a
rollator.
SP – standing with the assistance of
a rollator; one of the patient’s legs is
placed in front of the other.
The patient shifts his/her weight from
one leg to the other while moving
forwards and backwards.
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Alternately bending and raising
one leg with support maintained
on the other extended leg, while
standing with the assistance of
a rollator.
SP – standing with the assistance of a
rollator.
Shifting his/her weight to one foot, the
patient bends and raises the other leg.
The exercise is repeated on the other
side of the body.

Walking in place; the patient
stands with his/her back to
the wall bars, holding on to
them for support.

SP – standing with the back to the wall
bars and holding on to them with both
hands.
The patient walks in place.

Flexing and extending the leg
at the hip joint; the patient
stands with his/her side to the
wall bars, holds on to them for
support.
SP – standing with the side to the wall
bars and holding on to them with one
hand.
Standing on one leg, the patient
bends the other so that the thigh is
in a horizontal position; the patient
then extends the leg and moves it
backwards.

Raising the legs as high as
possible; the patient stands
facing and holding on to the
wall bars for support.

SP – standing facing the wall bars and
holding on to them with extended arms.
Standing on one leg, the patient raises
and places the other leg as high as
possible on one of the bars.

Walking in place with the
back to the wall bars.

SP – standing with the back to the wall
bars; the patient’s arms are extended
straight along the trunk.
Leaning against the wall bars, the
patient walks in place.
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Forming and improving verticalization
Forming and improving head control

Bending the head backwards
with assistance.

SP – lying on the stomach; the patient’s
arms are bent and positioned on both
sides of the body.
The instructor asks the patient to raise
the head, offering to assist him/her.

Bending the head backwards
while lying in the prone
position on a ball.

SP – lying on the stomach on the ball;
the patient’s arms are extended straight
along the trunk; the legs are also
extended straight out.
The patient tries to raise the head.

Forming and improving sitting positions

Turning the head sideways
while lying in the prone
position on a ball.

SP – lying on the stomach on the ball;
the patient’s arms are extended straight
along the trunk; the legs are also
extended straight out.
The patient tries to turn the head
towards each side.

Sitting up with assistance.

SP – lying on the back; the patient’s
arms are extended straight along the
trunk and holding on to a gymstick; the
legs are also extended straight out.
Holding on to the gymstick, the
instructor pulls the patient up to the
sitting position.

Rotating the trunk sideways
Sitting straight in an inclined
with support on the elbow and position, while drawing a
hand.
roller closer to the body.
SP – lying on the back.
The patient rotates the trunk
sideways with (or without) the
instructor’s assistance, supporting
himself/herself on the elbow and
trying to extend the arm at the elbow
for further support on the hand.

SP – the patient’s trunk is bent
forwards; the patient sits on the heels;
the arms are extended straight out, and
both hands hold on to a roller.
The patient draws the roller closer to
the trunk, thus straightening the body
into a sitting position.

Forming and improving standing movements near a support area

Moving the head while gazing
fixedly at a moving object.

SP – lying on the stomach; a cushion
is placed under the patient’s chest; the
patient leans on the forearms.
The patient fixes his/her gaze on a bright
object, raises the head and moves it side
to side, following the moving object.

Bending the head forwards
with assistance.

SP – lying on the back; the patient’s
arms are extended straight along
the trunk; the legs are also extended
straight out.
The instructor asks the patient to raise
the head, offering to assist him/her.

Passively-actively rotating the
head sideways.

SP – lying on the back; the patient’s
arms are extended straight along
the trunk; the legs are also extended
straight out.
The instructor asks the patient to raise
the head; the instructor then asks the
patient to turn the head sideways,
offering to assist him/her.

Alternately shifting body
Standing up with body weight
weight on the foot of each leg, on the “front” leg, holding on
holding on to the wall bars for to the wall bars for support.
support.
SP – kneeling facing the wall bars;
SP – Kneeling facing the wall bars; the
patient’s trunk is straight; both hands
hold on to the wall bars for support.
The patient displaces the leg forwards
and uses the foot for support. He/she
then returns to the SP. The exercise is
performed with both legs.

the hands hold on to the wall bars for
support; the trunk is straight; the other
leg is displaced forwards with body
weight on the foot.
The patient stands up on the “front”
foot, and then returns to the SP. The
exercise is performed with both legs.

Standing up from a sitting
position, holding on to the
wall bars for support.

SP – sitting on a chair before the wall
bars.
Holding on to the wall bars with both
hands, the patient tries to stand up
from the chair.

Maintaining the head, which is
bent forwards (2-3 sec.)

SP – lying on the back; the patient’s head
rests on a half bolster; the patient’s arms are
extended straight along the trunk.
The instructor pulls the patient’s
shoulders slightly upwards. The patient
tries to straighten the head and maintain
it in this position for 2-3 sec.
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Improving balance

Forming and improving standing up movements without assistance

Improving balance in the sitting position

Alternately moving the legs
forwards with body weight on
the foot.

Bending the trunk sideways
and forwards.

SP – kneeling; the patient’s hands rest
on the floor.
The patient moves one leg forwards,
putting weight on the foot, and then
returns to the SP. The exercise is
performed with both legs.

Standing up from the oneknee kneeling position.

SP – kneeling on one knee; the patient’s
hands hang loosely at the sides of the
body; the other leg is displaced forwards
with body weight on the foot.
The patient stands up on the “front”
leg and then returns to the SP. The
exercise is performed with both legs.
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Alternately moving the legs
forwards with body weight
on the foot and maintaining
balance.

Using both hands to stand up
from the one-knee kneeling
position.

Standing up from the sitting
position, while holding the
arms straight out in front of
the body.

Using extended hands to
stand up from the sitting
position.

SP – kneeling; the patient’s trunk is
straight; the hands hang loosely at the
sides of the body.
The patient moves one leg forwards,
putting weight on the foot and maintaining his/her balance in this position, and then returns to the SP. The
exercise is performed with both legs.

SP – sitting on a chair; the patient’s
arms are extended straight out in front
of the body.
Displacing body weight forwards,
the patient tries to stand up from the
chair.

SP – kneeling on one knee; the patient’s
hands rest on the floor; the other leg is
displaced forwards with body weight on
the foot.
The patient uses the hands to stands
up onto the “front” leg, and then
returns to the SP. The exercise is
performed with both legs.

SP – sitting on a chair; the patient’s
hands hold on to the edge of the chair.
Displacing body weight forwards and
leaning on his/her extended arms,
the patient tries to stand up from the
chair.

SP – sitting on a chair (on the floor).
The patient bends the trunk sideways,
using the hand to pick up an object
lying on the floor.

Moving the pelvis sideways.

SP – sitting on a chair (on the floor) or
on a balance ring; the trunk is straight.
The patient moves the pelvis from side
to side, trying to keep the thorax and
shoulder girdle immobile.

Bending the trunk sideways,
forwards, and backwards.

SP – sitting on a chair (on the floor);
the patient’s hands are placed behind
the back (or they hold a gymstick).
The patient bends sideways, forwards,
and backwards.

Alternately shifting body
weight from one buttock
to the other, forwards, and
backwards.

SP – sitting on a chair; the patient’s
hands are placed on the hips; the trunk
is straight.
The patient shifts body weight from
the right buttock to the left buttock,
then forwards, and backwards.

Maintaining body balance
while the support area is
being moved.

SP – sitting on a ball (on a bolster).
The instructor immobilizes the
patient’s pelvis, and moves the ball
(bolster) sideways, forwards, and
backwards.
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Improving balance in the kneeling position

Improving balance in the upright position

Squatting down on the heels
in the kneeling position
(holding on to the wall bars
with both hands).

SP – kneeling before the wall bars;
the patient holds on to them with both
hands; the body is straight.
The patient squats down on the heels,
and then returns to the SP.

Alternately squatting down
on each heel in the kneeling
position (holding on to the
wall bars with both hands).

SP – kneeling before the wall bars;
the patient holds on to them with both
hands; the body is straight.
The patient squats down on the right
heel, and then returns to the SP. Then
he/she squats down on the left heel,
and returns to the SP.

Shifting body weight from
one knee to the other in the
kneeling position (holding
on to the wall bars with both
hands).

Walking in place, raising the
knees up as high as possible;
the patient supports himself/
herself against a wall.

Alternately bending the trunk
to each side and forwards,
while supporting himself/
herself against a wall.

Squatting down, while
supporting himself/herself
against a wall.

Alternately squatting down
on each heel in the kneeling
position.

Maintaining balance, while
standing near a wall.

Shifting weight from the toes
to the heels.

Shifting body weight from
side to side, while maintaining
balance.

SP – kneeling before the wall bars;
the patient holds on to them with both
hands; the body is straight.
The patient shifts body weight from
one knee to the other.

Alternately moving each leg
backwards and raising it in
the kneeling position.

Squatting down on the heels
in the kneeling position.

Shifting body weight from
one knee to the other in the
kneeling position.

Inclining the body forwards,
Maintaining balance in the
backwards and sideways in the kneeling position.
kneeling position.
SP – kneeling on a balance board

SP - kneeling before the wall bars;
the patient holds on to them with both
hands; the body is straight.
The patient moves one leg backwards,
raises it, and then returns to the SP.
This movement is repeated with the
other leg.

SP – kneeling; the body is straight.
The patient shifts body weight from
one knee to the other.
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SP – kneeling; the body is straight.
The patient squats down on the heels,
and then returns to the SP.

SP – kneeling; the body is straight.
The patient inclines the trunk
forwards, backwards, and sideways.

SP – kneeling; the body is straight.
The patient squats down on the right
heel, and then returns to the SP. He/
she then squats down on the left heel,
and returns to the SP.

(trampoline); the body is straight.
Kneeling, the patient tries to maintain
his/her balance.

SP – standing with the back against the
wall; the patient places the palms of both
hands against the wall for support (or
without support).
The patient walks in place, raising the
legs as high as possible.

SP – standing with the back against the
wall on a balance board; the palms are
placed against the wall for support (or
without support).
Standing on the board, the patient
tries to maintain his/her balance.

SP – standing with the back against the
wall; the patient places the palms of both
hands against the wall for support (or
without support).
The patient alternately bends the
trunk to each side and forwards.

SP – standing; the feet are planted
parallel to each other, shoulder width
apart.
The patient shifts body weight
forwards on to the toes, and
backwards, on to the heels, trying to
maintain his/her balance.

Shifting body weight forwards Rotating the trunk sideways
and backwards, while
near the wall bars, while
maintaining balance.
maintaining balance.
SP – standing on the floor (on a
balance board or a trampoline); one foot
is in front, the other behind.
The patient shifts body weight
forwards and backwards, while trying
to maintain his/her balance. The
position of the legs is reversed and the
exercise is repeated.

SP – standing facing (or with the side
towards) the wall bars on a balance
disk; the patient holds on to the wall
bars with one hand (both hands).
The patient rotates the trunk
sideways, while trying to maintain
his/her balance.

SP – standing with the back against the
wall; the patient places the palms of both
hands against the wall for support (or
without support); the feet are against the
wall (or 0-20 cm away from the wall).
The patient squats down and gets up.

SP – standing on the floor (on a
balance board or a trampoline); the
feet are planted parallel to each other,
shoulder width apart.
The patient shifts body weight to the
right and to the left, while trying to
maintain his/her balance.

Rotating the trunk sideways,
while maintaining balance.
SP – standing on a balance disk.
The patient rotates the trunk
sideways, while trying to maintain
his/her balance.
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Improving balance while walking

Maintaining balance with
Maintaining balance with eyes
eyes closed, while standing on closed, while standing with
a line with the feet positioned both feet together.
one behind the other.
SP – standing on the floor (on a balance
SP – standing on the floor (on a
balance board or a trampoline); one
foot is in front, the other behind, but
positioned in a line.
The patient stands with his/her eyes
closed.

Shifting body weight forwards Walking forwards, backwards, Using a Stepper.
and backwards while balancing. and sideways while balancing.
SP – Standing on the Stepper.

board or a trampoline); the feet are
together
The patient stands with his/her eyes
closed.

SP – standing on a balance board
(trampoline); one leg is placed in front.
The patient shifts body weight
forwards and backwards, while trying
to maintain his/her balance. The
position of the legs is reversed, and the
exercise is repeated.

SP – standing on a balance board
(trampoline).
The patient walks forward, backwards,
and sideways.

The patient walks.

Walking along a line(s).

Walking along “the fir tree”.

Walking with eyes closed.

Walking on the trampoline.

Walking and avoiding obstacles. Walking and coming to a halt
SP – standing.
(turning around), according to
spoken orders.
The patient walks, stepping over toys,

Improving balance while standing on one leg

Rotating the trunk sideways,
while balancing on one leg,
and using both hands for
support.

SP – standing with one foot on a
balance disk (or a balance board), and
holding on to the wall bars with one
hand (both hands).
The patient rotates the trunk
sideways, while trying to maintain
his/her balance.

Rotating the trunk sideways,
while balancing on one leg.
SP – standing with one foot on a
balance disk (or a balance board).
The patient rotates the trunk
sideways, while trying to maintain
his/her balance.

Raising the leg as high as
possible.

SP – standing.
The patient walks along two lines (one
line), both forwards and backwards.

SP – standing; both hands hang loosely.
Bending the leg, the patient abducts
it sideways, and then returns to the
SP by reversing the movement. The
exercise is repeated with the other leg.
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Pretending to put on a sock,
standing on one leg.

SP – standing on one leg.
The patient tries to put on a sock or a
stocking. The exercise is repeated with
the other leg.

SP – standing.
The patient walks with his/her eyes
closed.

SP – standing; one arm is extended
before the patient’s body, and the other
hangs loosely.
The patient raises the leg bent at the
knee on the same side as the extended
arm (or on the opposite side of the
extended arm).

SP – standing on the trampoline.
The patient walks forward, backwards,
and in circles.

Abducting the raised leg
sideways.

SP – standing.
The patient walks along a “fir tree”
pattern.

balls, etc.

SP – standing.
The patient walks, comes to a halt, or
turns around, according to spoken orders.

Maintaining balance with
eyes closed, while standing on
one leg.
SP – standing on one leg on the floor
(on a balance board or a trampoline).
The patient stands with his/her eyes
closed.

Walking around a large ball.

SP – standing.
Holding on to the large ball with one
hand, the patient walks around it, and
stops when the order is given.

Walking up the stairs, down the
stairs, and sideways.
SP – standing.
The patient walks up the stairs, down
the stairs, and sideways.
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Block of exercises to improve different functions
Improving posture

Improving coordination in the neck and trunk

Improving posture while sitting

Alternately raising and
lowering each shoulder.

Deflecting the trunk.

SP – sitting on a chair (on the floor).
The patient alternately raises and
lowers each shoulder.

Alternately performing circular
movements with each shoulder.

SP – sitting on a chair; the patient’s
hands are placed on the hips.
The patient deflects the trunk, turns
the elbows towards the back, and then
returns to the SP.

SP – sitting on a chair (on the floor).
The patient alternately performs
circular movements with each
shoulder.

Improving arm coordination

Performing movements
in all planes with the arm
straightened out in front of the
trunk.

SP – standing (lying on the back, or sitting); the patient’s arm and forefinger are
extended straight in front of the trunk.
The patient draws his/her name in
the air (or on the wall). The exercise is
repeated with the other hand.

Alternately raising the
shoulders.

SP – sitting on a chair in front of a
mirror.
The patient alternately raises the right
and left shoulder.

Improving posture while standing

Performing circular
movements in the shoulder
joints with straightened arms.

Performing “horizontal
scissor” movements with
straightened arms.

Squatting with a ball between
the knees.

Sliding the ankle along the
tibia of the other leg.

Alternately flexing the toes
backwards and extending
them.

Deflecting the trunk.

SP – sitting on a chair (on a bolster), or
lying; the patient’s arms are extended
sideways.
The patient performs circular-like
movements with both arms.

SP – sitting on a chair (on a bolster),
or lying.
The patient performs “scissor-like”
movements with both arms extended
out in front of the trunk.

SP – standing (or with the back against
the wall).
The patient squats, holding the ball
between the legs. He/she then returns
to the SP.

Turning the foot outwards.

SP – standing (or with the back against
the wall).
The patient turns the foot outwards,
keeping it firmly on the floor.

Alternately displacing the
shoulders forwards and
backwards.

SP – sitting on the chair with the side to
the mirror.
The patient alternately displaces the
shoulders forwards and backwards.

Simultaneously turning both
feet outwards.

SP – standing (or with the back against
the wall).
The patient simultaneously turns both
feet outwards.

Improving leg coordination

Performing movements in
the air in all planes with a
straightened leg.

SP – lying on the back (sitting on a
chair, standing).
The patient draws his/her name in the
air (or on the wall) with a straightened
leg. The exercise is repeated with the
other leg.
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SP – lying on the back.
The patient slides his/her ankle over
the tibia of the other leg, starting at the
knee and moving down to the foot.

SP – sitting on a chair (standing).
The patient flexes the toes towards
both legs, and then extends them.

SP – standing; the patient’s hands are
placed on the hips.
The patient deflects the trunk, turns
his elbows towards the back, and then
returns to the SP.
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Improving posture while walking

Walking in place, raising the leg Walking with maximum
as high as possible.
outward rotation of the legs
SP – standing.
and feet.
The patient walks in place, trying to
raise the leg as high as possible.

SP – standing.
The patient tries to walk with
maximum outward rotation of the legs
and feet.

Block of exercises to improve different functions
Activating trunk and neck muscles

Walking in place, raising the
legs as high as possible and
abducting them sideways.

SP – standing.
The patient walks in place, trying
to lift the leg as high as possible and
abducting the bent leg sideways.

Raising and lowering the head
in the supine position.

SP – lying on the back; a half bolster
is placed under the patient’s head; the
patient’s feet are bent at the knees with
support on the feet.
The patient lifts the head, looks at the
knees, and then lowers the head.

Raising and lowering the head
in the prone position.

SP – lying on the stomach; a cushion
is placed under the patient’s chest; the
instructor immobilizes the patient’s legs
and arms.
The patient lifts the head, looks forward,
and then returns to the SP.

Raising the arms, which are
placed behind the head, and
bringing the shoulder blades
together in the prone position.

Simultaneously raising
opposite extended arms and
legs in the prone position.

Raising and lowering the trunk
while lying on the side.

Raising and lowering the hips,
and simultaneously deflecting
the back.

SP – lying on the stomach; the patient’s
hands are “locked” behind the head;
the instructor immobilizes the patient’s
extended legs.
While inhaling, the patient raises the
elbows, bringing the shoulder blades
together. Exhaling, the patient returns
to the SP.

212

Activating muscles

SP – lying on the side; a small bolster
is placed under the patient’s waist; the
arms are crossed over the patient’s chest
with the palms lying on the shoulders;
the “lower” leg is bent at the knee; the
“upper” one is extended straight out.
The patient raises the trunk while
inhaling. Exhaling, he/she returns to
the SP.

SP – lying on the stomach; the arms are
extended straight forward; the legs are
also extended straight out.
While inhaling, the patient raises
the extended hand and the opposite
extended leg. Exhaling, the patient
returns to the SP.

SP – lying on the back; the patient’s
arms are extended along the trunk with
the palms facing down; the patient’s legs
are bent at the knees with support on
the feet.
While inhaling, the patient raises the
hips above the floor, deflecting the
back. Exhaling, he/she returns to
the SP.

Simultaneously raising the head
and the shoulder girdle above
the floor.
SP – lying on the stomach; the instructor
immobilizes the patient’s extended arms
and legs.
The patient raises the head and shoulder girdle, and then returns to the SP.

Raising the arms, which are
spread apart on each side, and
bringing the shoulder blades
together in the prone position.

SP – lying on the stomach; the patient’s
arms are bent at the elbows at a right
angle and spread apart with the palms
facing down; the instructor immobilizes
the patient’s extended legs.
While inhaling, the patient raises the
arms, bringing the shoulder blades
together. Exhaling, the patient returns
to the SP.

Deflecting the body while standing on all fours and holding on to
a roller with both hands.
SP – standing on all fours; the patient
holds a roller in both hands.
While inhaling, the patient moves the
roller forwards, deflecting the trunk; the
legs remain in the same position during
the exercise. Exhaling, the patient
returns to the SP.
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Activating arm muscles

Deflecting the trunk sideways
while standing on all fours and
holding on to a roller with both
hands.

SP – standing on all fours; the patient
holds a roller in both hands.
While inhaling, the patient moves the
roller sideways, deflecting the trunk
sideways; the legs remain in the same
position during the exercise. Exhaling,
the patient returns to the SP.

Raising the leg and lowering it
on the opposite side.

SP – lying on the back; the patient’s
arms are extended along the trunk with
the palms facing down; the legs are also
extended straight out.
While inhaling, the patient raises an
extended leg, rotates the trunk and the
hips, and then lowers the leg on the
opposite side while exhaling. While
inhaling, the patient raises the extended
leg again and exhaling, returns to the
SP.

Flexing the legs and drawing
them close to the stomach.

SP – lying on the back; the arms are
bent at the elbows at a right angle and
spread apart with the palms facing
down; the legs are extended straight out.
While inhaling, the patient bends the
knees and draws the legs close to the
stomach. Exhaling, the patient returns
to the SP.

Rotating the hips.

SP – lying on the back; the patient’s
hands are placed behind the head; the
legs are bent at the knees with support
on the feet.
The patient rotates the knees from side
to side.

Rotating the trunk sideways
while simultaneously bringing
one palm to the other.

SP – lying on the back; The patient’s
extended hands are spread wide on
the sides of the body; the instructor
immobilizes the patient’s extended legs.
While inhaling, the patient rotates the
trunk, bringing one palm over to touch
the other one. Exhaling, he/she returns
to the SP.

Deflecting the back and
simultaneously providing
support on the palms.

Raising extended arms and
maintaining them before the
body.

Raising and lowering a
gymstick behind the back with
extended arms.

Raising the arms, which are
spread apart and bent at the
elbows.

Abducting the straightened
arm sideways.

Raising the straightened arm
forwards.

Flexing the elbows to lower the
trunk backwards.

Lowering and raising the trunk
while standing on all fours.

SP – lying on the stomach; the patient’s
arms are bent at the elbows with support
on the forearms.
While inhaling, the patient straightens
the elbows with support on the palms.
Exhaling, he/she returns to the SP.

SP – lying on the stomach; the patients
arms are spread apart and bent at the
elbows at a right angle with the palms
facing down.
While inhaling, the patient raises
the arms, thus bringing the shoulder
blades together. Exhaling, he/she
returns to the SP.

SP – sitting on the floor; the patient’s
legs are half-bent; the arms are placed
behind the back with support on the
hands and fingers facing forwards.
The patient flexes the elbows to lower
the trunk backwards. Then, he/she
straightens them to raise the trunk.
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SP – lying on the stomach; the patient’s
arms are extended before the body; the
legs are also extended straight out.
While inhaling, the patient raises the
arms above the floor. Exhaling, he/she
returns to the SP.

SP – standing on all fours.
While inhaling, the patient abducts
the straightened arm sideways.
Exhaling, he/she returns to the SP.

SP – lying on the stomach; the patient
holds the gymstick behind the back in
both hands.
While inhaling, the patient raises the
stick, thus extending the shoulder joints.
Exhaling, he/she returns to the SP.

SP – standing on all fours.
While inhaling, the patient raises the
arm forwards, looking at the hand.
Exhaling, he/she returns to the SP.

SP – standing on all fours; the patient’s
arms are placed a little wider than
shoulder width; the knees are placed a
little behind the hip joints.
The patient lowers and raises the
trunk by flexing the elbows.
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Block of exercises to improve different functions

Activating leg muscles

Raising and lowering the
straightened leg in the prone
position.

SP – lying on the stomach; the hands
are placed under the head; the legs are
extended straight out.
While inhaling, the patient raises the
straightened leg. Exhaling, he/she
returns to the SP.

Alternately raising and
lowering straightened legs.

SP – lying on the stomach; the patient’s
arms are extended along the trunk; the
legs are also extended straight out.
While inhaling, the patient raises the
straightened leg. Exhaling, he/she
returns to the SP.

Raising and lowering the
straightened leg while lying on
the side.

SP – lying on the side; the “lower” leg
is bent at the knee; the “upper” leg is
extended straight out.
While inhaling, the patient raises the
“upper” leg. Exhaling, he/she returns
to the SP.
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Raising and lowering the leg
bent at the knee in the prone
position.

SP – lying on the stomach; the hands
are placed under the head; one leg is
bent at the knee at a right angle; the
other leg is extended straight out.
While inhaling, the patient raises the
bent leg. Exhaling, he/she returns to
the SP.

Pretending to ride a bicycle in
the supine position.

SP – lying on the back; the patient’s
arms are extended along the trunk; the
legs are also extended straight out.
The patient alternately flexes and
extends the legs, pretending to ride
a bicycle.

Drawing bent legs up to the
stomach.

SP – lying on the back; the patient’s
legs are bent at the knees with support
on the feet.
While inhaling, the patient draws the
legs up to the trunk. Exhaling, he/she
returns to the SP.

SP – standing on the knees; the patient’s arms are
crossed over the chest.
While inhaling, the patient maintains the back in a
straight position and leans backwards. Exhaling,
he/she returns to the SP.

Inhibiting hyperkinesis
Inhibiting hyperkinesis in the trunk and neck

Raising and lowering the hips.
SP – lying on the back; the patient’s
arms are extended along the trunk; the
legs are bent at the knees with support
on the feet.
While inhaling, the patient raises
the hips. Exhaling, he/she returns to
the SP.

Raising and lowering the
Extending the leg while
straightened leg, extending it
standing on all fours.
backwards while lying on the side. SP – standing on all fours.
SP – lying on the side; the patient’s
head is placed on a bolster; the legs are
extended straight out.
While inhaling, the patient raises the
“upper” leg. Exhaling, he/she lowers
the leg, extending it slightly backwards.
While inhaling again, the patient raises
the same leg once more. Exhaling, he/
she returns to the SP.

Leaning backwards with a straight trunk.

While inhaling, the patient
straightens and raises the leg to a
horizontal position, and then returns
to the SP.

Turning the head sideways
while the extended arms and
legs are immobilized.

SP – lying on the back; the instructor
immobilizes the arms extended along the
trunk and the straightened legs.
The patient turns the head sideways,
looking at a bright object that the
instructor displaces to the side.

Turning the head to both sides
in the prone position while the
extended arms and legs are
immobilized.

SP – lying on the stomach; the patient’s
chest rests on a half bolster; the instructor immobilizes the arms extended along
the trunk and the straight legs.
The patient turns the head to both sides.

Raising and lowering the head
while the trunk is immobilized.
SP – standing on all fours; the
instructor immobilizes the trunk.
The patient moves the head upwards
and downwards.

Raising the head and deflecting Leaning the head forwards
the back while the extended
while the arms and legs are
arms are simultaneously
simultaneously immobilized.
immobilized.
SP – lying on the back; the patient’s
SP – lying on the stomach; the instructor
immobilizes the patient’s arms, which are
extended along the trunk; the legs are
straightened out and slightly apart.
The patient raises the head and trunk,
thus bringing the shoulder blades
together, and then returns to the SP.

head rests on a half bolster; the instructor immobilizes the patient’s arms, which
are extended along the trunk and the
straightened legs.
The patient raises the head above the
bolster, looking straight forward, and
then returns to the SP.
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Block of exercises to improve different functions
Inhibiting hyperkinesis in the hands

Alternately abducting the extended arms sideways while the
legs and head are immobilized
in the midline position.
SP – lying on the back; the patient’s
arms are extended along the trunk; the
straightened legs are immobilized with
a brace; the instructor maintains the
patient’s head in the midline position.
The patient alternately abducts the
straightened arms as far as possible.

Abducting one arm while the
other arm and straightened
legs are simultaneously
immobilized.

SP – lying on the back; the patient’s
arms are extended along the trunk; the
instructor immobilizes the straightened
legs.
The patient abducts the arm as far
as possible while the instructor
immobilizes the other hand.

Flexing and extending the
elbows while the straightened
legs are immobilized and the
head leans backwards.
SP – lying on the back; the patient’s
shoulders rest on a half bolster; the
head leans backwards; the instructor
immobilizes the straightened legs.
The patient flexes and extends the
elbows.

Inhibiting hyperkinesis in the leg

Flexing and extending the
elbows in the supine position;
the legs are bent at the knees.

SP – lying on the back; the patient’s
head rests on a bolster; the arms are
extended along the trunk; the legs are
bent at the knees with support on the feet.
The patient flexes and extends the
elbows.

Raising the extended arm while Alternately flexing and
the other arm and straightened extending the elbows.
legs are simultaneously
SP – lying on the back; the patient’s
arms are extended along the trunk; the
immobilized.
SP – lying on the back; the patients
arms are extended along the trunk; the
instructor immobilizes the straightened
legs.
The patient raises the extended arm
as far possible while the instructor
immobilizes the other hand.

Block of exercises to improve different functions

legs are also extended straight out.
The patient alternately flexes and
extends the elbows.

Alternately sliding the heels
along a support surface; the
head is immobilized in the
midline position.

SP – lying on the back; the patient’s
hands are extended along the trunk; the
legs are also extended straight out; the
instructor immobilizes the patient’s head
in the midline position.
The patient alternately flexes and
extends the legs at the knees, sliding
the heels along a support surface.

Drawing bent legs up to the
stomach (the extended arms
are immobilized and the head
leans forwards).

SP – lying on the back; the patient’s
head rests on a half bolster; the
instructor immobilizes the patient’s arms,
which are extended along the trunk; the
legs are also extended straight out.
The patient bends the legs, draws
them up to the trunk, and then
returns to the SP.

Flexing and extending one leg
in the hip and knee joints while
the other straightened leg is
simultaneously immobilized.

SP – lying on the stomach; the patient’s
arms are bent at the elbows and resting
on the palms; the patient’s head is
turned to one side; the instructor
immobilizes the other straightened leg.
The patient flexes and extends the leg
in the hip and knee joints on the same
side as his/her turned head.

Straightening the legs (the
arms crossed over the chest
are immobilized and the head
leans backwards).

SP – lying on the back; the patient’s
shoulders rest on a half bolster; the head
leans back; the instructor immobilizes the
arms crossed over the patient’s chest; the
legs are bent with support on the feet.
The patient simultaneously straightens
both legs, and then returns to SP.

Simultaneously sliding the
heels along a support surface
(the extended hands are
immobilized and the head leans
forwards).

SP – lying on the back; the patient’s
head rests on a half bolster; the
instructor immobilizes the patient’s arms,
which are extended along the trunk; the
legs are also extended straight out.
The patient bends the legs, slides the
heels along a support surface, and
then returns to the SP.

Alternately straightening the
legs (the arms crossed over the
chest are immobilized).
SP – lying on the back; the instructor
immobilizes the arms crossed over the
patient’s chest; the legs are bent with
support on the feet.
The patient alternately extends the
legs, sliding the heels along the floor.

Alternately straightening the legs.

SP – lying on the back; the patient’s arms
are extended along the trunk; the legs are
also extended straight out.
The patient alternately flexes and extends
the knees, sliding the heels along the floor.
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Block of exercises to improve different functions
Modeling hand functions

Block of exercises to improve different functions

Average complexity level

Minimum complexity level

Passively flexing and extending Passively flexing and extending Passively flexing and extending
the metacarpophalangeal joints the proximal interphalangeal
distal interphalageal joints of
of the fingers.
joints of the fingers.
the fingers.
SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
patient’s metacarpus with one hand.
Holding the phalanges of the patient’s
fingers with the other hand, the
instructor proceeds to flex and extend
them.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
proximal phalanges of the patient’s
fingers with one hand. Holding the
middle and distal phalanges with the
other hand, the instructor proceeds to
flex and extend them.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
middle phalanx of the patient’s second
to fifth fingers. Holding the distal
phalanx of the patient’s finger with the
other hand, the instructor proceeds to
flex and extend it.

Simultaneously extending the
radial carpal joints and flexing the
metacarpophalangeal joints.

SP – sitting on a chair; the forearm
rests on the table; the hand rests on the
base of the palm.
The patient simultaneously extends
the radial carpal joint and flexes the
metacarpophalangeal joint by forming
a “roof” with the hand. The patient
then straightens the hand.

Clenching the hand into a fist.

Passively performing
movements in all the planes in
the metacarpophalangeal joint
of the thumb.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
patient’s wrist with one hand. Holding
the patient’s first metacarpal bone
with the other hand, the instructor
performs movements in all possible
planes.

Passively flexing and extending Passively flexing and extending
the first metacarpophalangeal the interphalangeal joint of the
joint of the thumb.
thumb.
SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
patient’s first metacarpal bone.
Holding the proximal phalanx of the
patient’s thumb with the other hand,
the instructor proceeds to flex and
extend it.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The instructor immobilizes the
proximal phalanx of the patient’s
thumb with one hand. Holding the
patient’s distal phalanx with the other
hand, the instructor proceeds to flex
and extend it.

SP – sitting on a chair; the forearm
rests on the table; the hand hangs
loosely at the edge of the table.
The patient clenches the hand into a
fist and then straightens the fingers
towards the floor.

Flexing and extending the middle
phalanx alternately from the
second to the fifth finger.

SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the instructor or the
patient immobilizes the middle finger,
which should be exercised.
The patient flexes and extends the middle phalanx of the finger (alternately
from the second to the fifth finger).
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Flexing and extending the interphalangeal joints of the fingers.

SP – sitting on a chair; the hand is
clenched into a fist and rests on the base
of the palm.
Maintaining the metacarpophalangeal joints in a flexed position, the
patient extends the fingers, and then
clenches the fingers into a fist again.

Extending the metacarpophalangeal joints of the fingers and maintaining flexion in the interphalageal
joints of the fingers.
SP – sitting on a chair; the forearm rests
on the table; the clenched fist is on the
edge of the table.
The patient extends the metacarpophalangeal joints of the fingers. The
interphalangeal joints of the fingers
remain in the flexed position.

Spreading and bringing the fingers
together.

Flexing and extending distal phalanges
of the second to fifth fingers.

Clenching the fingers into a fist.

Flexing and extending the distal and
proximal interphalangeal joints of the
fingers.

SP – sitting on a chair; the patient’s
forearm and hand rest on the table; the
fingers are straightened out.
The patient spreads the fingers apart,
and then brings them together.

SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the radial carpal
joint and the fingers are straightened out.
The patient clenches the fingers into a
fist, and then straightens them out.

SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the instructor or the
patient immobilizes the middle finger,
which should be exercised.
The patient flexes and extends the distal
phalanx of the finger (alternately from
the second to the fifth finger).

SP – sitting on a chair; the hand is half bent;
support is on the elbow, which rests on a small
cushion; the radial carpal joint and the fingers are straightened out; the instructor or the
patient immobilizes the proximal phalanx.
The patient flexes and extends the distal
and proximal interphalangeal joints of
the fingers.
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Block of exercises to improve different functions

Flexing and extending the
distal interphalangeal joints of
the fingers.

Separately flexing and
extending each finger.

Flexing and extending the
metacarpophalangeal joints of
the thumb.

Flexing and extending the
thumb.

Performing circular
movements with the thumb.

Performing thumb opposition
to the other fingers.

SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the radial carpal
joint and the fingers are straightened
out; the instructor or the patient
immobilizes the middle phalanges.
The patient flexes and extends the
distal interphalangeal joints.

SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the instructor or the
patient immobilizes the first metacarpal
bone.
The patient flexes and extends the
proximal phalanx of the thumb.

SP – sitting on a chair; the back of the
patient’s hand rests on the table; the
fingers are straightened out.
The patient performs circular
movements with the thumb.
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SP – sitting on a chair; the hand is half
bent; support is on the elbow, which rests
on a small cushion; the radial carpal
joint and the fingers are straightened; the
instructor or the patient immobilizes the
fingers, which should not be exercised.
The patient flexes and extends each
finger.

SP – sitting on a chair; the patient’s
palm rests on the table; the thumb hangs
over the edge of the table.
The patient flexes and extends the
thumb.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion.
The patient alternately brings the pad
of the thumb to meet the pads of the
other fingers.

Block of exercises to improve different functions

Maximum complexity level

Flexing and extending the
interphalangeal joint of the
thumb.

Alternately flexing straightened Alternately extending the
metacarpophalangeal joints of
fingers into a fist.
SP – sitting on a chair; the patient’s hand the straightened fingers.
is half bent; support is on the elbow, which
rests on a small cushion; the interphalangeal joints of the fingers are extended straight
out, but the metacarpophalangeal joints of
the fingers are flexed at a right angle.
Пацієнт почергово згинає кожен
The patient alternately flexes each
finger into a fist, and then returns to
the SP.

SP – sitting on a chair; the patient’s hand
is half bent; support is on the elbow, which
rests on a small cushion; the interphalangeal joints of the fingers are extended straight
out, but the metacarpophalangeal joints of
the fingers are flexed at a right angle.
The patient alternately extends each
finger, and then returns to the SP.

Gradually flexing and clenching
the fingers into a fist, and then
unclenching and extending them.

Abducting and adducting the
thumb.

Alternately raising each finger.

Alternately flexing and
extending each finger.

Adducting the thumb alternately
to the metacarpophalangeal joints
of the fifth to second fingers.

SP – sitting on a chair; the hand is
half bent; support is on the elbow, which
rests on a small cushion; the instructor
or the patient immobilizes the proximal
phalanx of the thumb.
The patient flexes and extends the
distal phalanx of the thumb.

SP – sitting on a chair; the patient’s
forearm and hand rest on the table; the
fingers are straightened out.
The patient abducts and adducts the
thumb.

SP – sitting on a chair; the patient’s
forearm and hand rest on the table; the
fingers are extended straight out.
The patient alternately raises each
finger from the surface of the table.

Rolling the palm over a rubber
cylinder.
SP – sitting on a chair; the patient’s
forearm and hand rest on the table; the
palm faces down.
The patient rolls the palm over the
rubber cylinder.

SP – sitting on a chair; the patient’s
forearm rests on the table; the hand is
clenched into a fist and rests on the base
of the palm.
The patient alternately straightens and
flexes each finger.

Clenching the fingers around a
foam rubber ball.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the
elbow, which rests on a small cushion;
the patient holds the foam rubber ball
in the palm.
The patient clenches and unclenches
the fingers around a foam rubber ball.

SP – sitting on a chair; the patient’s
hand is half bent; support is on the elbow,
which rests on a small cushion; the fingers
are extended straight out.
The patient gradually flexes the fingers
in the distal interphalangeal joints, then
in the proximal and metacarpophalangeal joints, and clenches them into a
fist. Then, he/she reverses the action,
unclenching and extending the fingers.

SP – sitting on a chair; the back of the
patient’s hand rests on the table; the
fingers are extended straight out.
The patient alternately brings the
thumb to meet the metacarpophalangeal joints of the fifth to second fingers.

Flexing and clenching the fingers into
a fist, and overcoming resistance.
SP – sitting on a chair; the patient’s hand is
half bent; support is on the elbow, which rests
on a small cushion; the patient holds a foam
rubber expander in the fist; the extremities of
the patient’s finger squeeze the expander.
The patient clenches the fingers into a fist
and squeezes them even more deeply into
the expander. Then, he/she unclenches
and extends them.
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Block of exercises to improve different functions

Block of exercises to improve different functions
Minimum complexity level

Clenching a round rubber grip
by the fingers and palm.

SP – sitting on a chair; the patient’s hand
is half bent; support is on the elbow, which
rests on a small cushion; the round rubber
grip rests in the patient’s palm.
The patient clenches and unclenches
the round rubber grip.

Clenching a foam rubber expander with straightened fingers.

SP – sitting on a chair; the patient’s hand
is half bent; support is on the elbow, which
rests on a small cushion; the foam rubber
expander rests in the patient’s palm.
The patient clenches and unclenches
the foam rubber expander between four
straightened fingers and the straightened
thumb.

Performing passive movements
in the transverse anterior
metatarsal joint of the foot.

Performing movements in the
Performing passive movements
anterior metatarsal-metatarsal in the metatarsal-phalangeal
joint of the foot.
joints of the foot.
SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes the patient’s
heel and the anterior metatarsal bones with
one hand. Holding the metatarsal bones
with the other hand, the instructor performs
passive movements in the anterior metatarsal-metatarsal joint of the patient’s foot.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes the metatarsal bones with one hand. Holding
the patient’s toes with the other hand,
the instructor flexes and extends the
metatarsal-phalangeal joints of the
patient’s foot.

Performing passive movements
in the intermetatarsal joints of
the foot.

Performing passive movements in
the proximal interphalangeal joints
of the second to fifth toes and in the
interphalangeal joint of the big toe.

Performing passive movements in
the distal interphalangeal joints of
the second to fifth toes and in the
interphalangeal joint of the big toe.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes the
patient’s heel with one hand. Holding
the metatarsal bones with the other
hand, the instructor performs passive
movements in the transverse anterior
metatarsal joint of the patient’s foot.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes one metatarsal bone with one hand. Holding
the adjacent metatarsal bone with the
other hand, the instructor performs
passive movements in the intermetatarsal joints of the patient’s foot.

Average complexity level

Moving the feet outwards and
inwards, on to the heels, and
the toes.
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Modeling foot functions

SP – sitting on a chair; the patient’s legs
are bent.
The patient alternately moves the feet
outwards and inwards, on to the heels,
and the toes.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes the proximal
phalanges of the patient’s foot with one
hand. Holding the middle and distal
phalanges of the second to fifth toes and
the distal phalanx of the big toe with the
other hand, the instructor proceeds to
flex and extend them.

SP – lying on the stomach; the patient’s
leg is bent at the knee at a right angle.
The instructor immobilizes the middle
phalanges of the second to fifth toes and
the proximal phalanx of the big toe with
one hand. Holding the distal phalanges
with the other hand, the instructor
proceeds to flex and extend them.

Flexing and extending the toes. Seizing small objects with the toes
SP – sitting on a chair; the patient’s
and raising them from the floor.
legs are bent; the feet are planted on
the floor.
The patient flexes the toes into a
“claw-like” position, and then extends
them.

SP – sitting on a chair; the patient’s legs
are bent; the feet are planted on the floor.
The patient tries to seize a serviette or
any other small object with the toes and
raise it from the floor.
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“Living requires movement.”

Block of exercises to improve different functions

Aristotle (384 – 322 BCE)

Breathing gymnastics: A Catalogue of Exercises.

We have developed different breathing exercises according to Prof. Kozyavkin’s method, which we use when
treating patients suffering from organic lesions of the nervous system, including cerebral palsy.

1. Static breathing exercises

Goal: Strengthening and relaxing respiratory muscles, accentuating normal chest excursion, stretching the
pectoral muscles, and strengthening the interscapular muscles.

1.1. Static breathing exercises without using objects
Raising the toes while one of
them is immobilized.

SP – sitting on a chair; the patient’s
legs are bent; the feet are planted on
the floor.
One of the toes rests on the floor (or it
can be immobilized by the instructor).
At the same time, the patient raises
the other toes and then lowers them
to the floor.

Spreading and bringing the
toes together.

SP – sitting on a chair; the patient’s
legs are bent; the feet are planted on
the floor.
The patient spreads the toes apart,
and then brings them together.

Performing active movements
in the metatarsal-phalangeal
joints of the foot.

SP – sitting on the edge of a chair; the
patient’s leg is straightened out; the
heel rests on the floor; the instructor
immobilizes the metatarsal bones.
The patient flexes and extends the
toes.

Maximum complexity level

Raising the foot and
overcoming resistance.

SP – sitting on a chair; the patient’s
legs are bent; one foot is placed on top
of the other.
The patient raises the “top” foot with
the “bottom” foot and then lowers
them. The exercise is repeated for the
other foot.

Rolling the foot over a rubber
cylinder.

SP – sitting on a chair; the patient’s
legs are bent; one foot is planted on the
floor; the other one rests on the rubber
cylinder.
The patient rolls the foot over the
rubber cylinder.
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Flexing the toes and
overcoming resistance.

SP – sitting on a chair; the patient’s
legs are bent; the feet are planted on
the floor.
The patient pulls the foot backwards,
inhibiting this movement by flexing
the toes towards the floor.

1.1.2. Starting position: Lying on the back; the patient’s legs
are bent and both feet are on the mat; the patient’s arms
are extended along the body; the instructor places his/her
hands on the costal cartilages of the patient’s thorax.
Task: The patient inhales deeply through the nose.
Holding the patient’s thorax and abdomen, the instructor creates some resistance to the inhalation process. At
the “height” of inhalation, the instructor reduces resistance, allowing the patient to inhale more deeply. During
the deepest phase of exhalation through the mouth, the
instructor compresses the patient’s thorax and abdomen,
helping him/her exhale.

1.1.3. Starting position: Lying on the back; the patient’s legs are bent and both feet are on the mat; the
patient’s arms are extended along the body.
Task: The patient inhales deeply through the nose
and exhales slowly through the mouth.

1.1.4. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body.
Task: Inhaling through the nose, the patient pushes out
the stomach. As the patient exhales through the mouth,
the stomach is sucked in. The thorax should not move.

1.1.5. Starting position: Lying on the back; the patient’s
legs are bent and both feet are on the mat; one palm lies
on the patient’s thorax, the other on the stomach.
Task: Inhaling through the nose, the patient pushes
out the stomach. As the patient exhales through the
mouth, the stomach is sucked in and the palm moves
downwards. The thorax should not move.

1.1.6. Starting position: Lying on the back; the patient’s
legs are bent and both feet are on the mat; one palm lies
on the patient’s thorax, the other on the stomach.
Task: Inhaling through the nose, the patient pushes
out the stomach. As the patient exhales through the
mouth, the stomach is sucked in and the palm presses
down on the abdomen, helping the patient exhale.
The thorax should not move.

Flexing the joints in the foot,
thus increasing the arch.
SP – sitting on a chair; the patient’s
legs are bent; the feet are planted on
the floor.
The patient flexes the joints of the
foot, thus increasing the arch, and
then returns to the SP.

Standing on the toes and lower- Raising and lowering the toes
ing the feet near the wall bars.
while standing with the back to
SP – standing facing the wall bars; the
the wall bars.
patient holds on to the bars with both
hands, standing on the toes.
The patient stands on the toes, and
then lowers both feet to the floor.

1.1.1. Starting position: Lying on the back; the patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body; the
instructor places his/her hands on the costal cartilages of the patient’s thorax.
Task: The patient inhales and exhales deeply through
the nose. Pressing the patient’s thorax the instructor
helps the patient to exhale.

SP – standing; the patient’s back is
against the wall bars; the feet are planted
about 10 to 20 cm from the bars; the knees
are slightly bent.
The patient raises the toes, and then
returns to the SP.
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1.1.7. Starting position: Lying on the back; the
patient’s arms are extended above the head.
Task: While inhaling, the patient alternately exerts
the arm, leg and trunk muscles, and then exhales,
relaxing them simultaneously.

1.1.9. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body.
Task: The patient inhales slowly, expanding the
thorax; two active exhalations are performed.

1.1.11. Starting position: Lying on the back; the
patient’s arms are bent and placed under the head.
Task: The patient sucks in the stomach while
exhaling, and pushes it out a little while inhaling.
The exercise is repeated in the sitting and standing positions.

1.1.13. Starting position: Sitting on a chair.
Task: The patient inhales slowly through the nose;
during exhalation, he/she exerts the arm and leg
muscles, and then relaxes them.
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1.1.8. Starting position: Lying on the back; the patient’s legs are bent and both feet are on the mat; the
patient’s arms are extended along the body.
Task: The patient uses stomach breathing. During
the deepest and slowest inhalation phase, the patient
sucks in the stomach (the thorax should not move),
and pushes it out while exhaling.

1.1.15. Starting position: Kneeling; the patient’s
hands are clasped tightly behind the back.
Task: As the patient inhales through the nose, the
thorax becomes taut, and the shoulder blades are
brought together. The patient returns to the starting position while exhaling.

1.1.16. Starting position: Standing; the patient’s legs
are planted shoulder width apart; the hands are
placed on the waist.
Task: The patient inhales deeply, taking short
sniffing breaths through the nose, and then exhales
freely.

1.1.10. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body.
Task: The patient inhales as deeply and slowly as
possible, and then exhales as slowly as possible.

1.1.12. Starting position: Sitting in the lotus
position; the patient’s hands rest on the knees.
Task: After inhaling through the nose, the
patient tries to hold his/her breath as long as
possible, and then exhales freely.

1.1.14. Starting position: Standing on all fours.
Task: While inhaling deeply, the patient pushes
out the stomach, and sucks it in while exhaling
slowly.

1.1.17. “Hedgehog”. Starting position: Standing; the
patient’s legs are planted shoulder width apart; the
hands are placed on the waist.
Task: The patient takes short sniffing breaths
through the nose while inhaling and exhaling.

1.2. Static breathing exercises using objects
Goal: Strengthening respiratory muscles, accentuating normal chest excursion, and learning
how to exhale slowly.

1.2.1. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body; a
bag of sand is placed on the patient’s chest.
Task: As the patient inhales through the nose, the
thorax expands and the bag of sand rises; the chest
and bag of sand fall as the patient exhales through
the mouth.

1.2.2. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient’s arms are extended along the body; a
bag of sand is placed on the patient’s chest.
Task: As the patient inhales through the nose, the
stomach pushes up and the bag of sand rises; the
chest and bag of sand fall as the patient exhales
through the mouth.
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1.2.3. Starting position: Lying on the back; the
patient’s legs are bent and both feet are on the mat;
the patient holds a balloon in his/her fingers.
1.2.4. Starting position: Sitting on a chair; a wide elastic
Task: The patient inhales through the nose, and
blows on the balloon to keep it floating in the air. band is wrapped around the patient’s chest; the patient
holds the ends of the band in each hand.
Task: While inhaling deeply through the nose, the patient
tightens the elastic band, which intensifies resistance in
the thorax. During maximum inhalation, the patient
loosens the band, which strengthens the inhalation process. Then, the patient exhales as slowly as possible.

1.2.5. Starting position: Sitting
on a chair; a wide band is
wrapped around the patient’s
chest; the patient holds the
ends of the band in each hand.
Task: While inhaling deeply
through the nose, the patient
should not tighten the band. During maximum exhalation through
the mouth, the patient tightens
the band, which strengthens the
exhalation process.

1.2.6. Starting position: Standing on all fours; the patient’s
arms are bent at the elbows;
the palms are placed at the side
of the chest; the patient’s chest
is positioned close to the floor;
a table tennis ball lies before
the patient’s face.
Task: The patient inhales
through the nose, and then
tries to blow the ball away as
far as possible.

1.2.7. Starting position: Standing on
all fours; the patient’s arms are bent
at the elbows; the palms are placed
at the side of the chest; the patient’s
chest is positioned close to the floor;
a table tennis ball lies before the patient’s face; two lines form a 50-cmwide corridor before him/her.
Task: The patient inhales through
the nose, and then tries to blow the
ball so that it stays within the limits
of the corridor.

1.2.8. Starting position: Sitting in
the lotus position; the patient holds
a handkerchief in both hands; it is
raised in front of the face.
Task: The patient inhales through
the nose, and blows at the handkerchief to make it flutter.

1.2.9. Starting position: Sitting
in the lotus position; the patient
holds a balloon in both hands.
Task: The patient inhales
through the nose and inflates
the balloon.

1.2.10. Starting position: Sitting at
a table; there is a burning candle
on the table.
Task: The patient inhales through
the nose and blows out the candle.
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1.2.11. Starting position: Sitting
at a table; there is a glass full of
water on the table.
Task: The patient inhales through
the nose and blows bubbles into
the water through a straw.

1.2.12. Starting position: Sitting at
a table; there is a basin full of water
on the table; small toys are floating
about in the water.
Task: The patient inhales through the
nose and blows on the toys to make
them move around on the surface.

1.2.14. Starting position: Standing; a wide band is
wrapped around the patient’s chest; the patient holds
the ends of the band in each hand; the elbows are held
close to the patient’s trunk.
Task: While inhaling deeply through the nose, the patient tightens the elastic band, thus intensifying resistance. During maximum inhalation, the patient loosens
the band, which strengthens the inhalation process.
Then, the patient exhales as slowly as possible.

1.2.16. Starting position: Sitting or
standing; the patient holds a small
pipe, a wind instrument, or a whistle.
Task: The patient inhales and plays
on one of the labial or wind instruments.

1.2.13. Starting position: Standing; the patient places a feather or
a light wad of cotton on the palm
and raises it before the face.
Task: The patient blows on the
feather and tries to keep it floating in the air as long as possible.

1.2.15. Starting position: Standing; a wide band is
wrapped around the patient’s chest; the patient holds
the ends of the band in each hand; the elbows are held
close to the patient’s trunk.
Task: While inhaling deeply through the nose, the patient should not tighten the band. During maximum
exhalation through the mouth, the patient tightens the
band, which strengthens the exhalation process.

1.2.17. Starting position: Sitting
or standing; the patient holds a
bottle of soap bubbles.
Task: The patient blows soap
bubbles.

1.2.18. Starting position:
Sitting or standing at a table.
Task: The patient works with
different devices to strengthen
respiration.
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2. Dynamic breathing exercises

Goal: Strengthening respiratory muscles, strengthening abdominal muscles, accentuating normal chest excursion,
stretching the pectoral muscles, strengthening the interscapular muscles, and learning how to exhale slowly.

2.1. Dynamic breathing exercises without using objects

2.1.1. Starting position: Lying on the back; the patient’s legs are bent and both feet are on the mat; the
patient’s arms are extended along the body.
Task: While inhaling through the nose, the patient
raises his/her bent knees to the thorax. The shoulder
blades should remain on the floor.

2.1.2. Starting position: Lying on the back; the patient’s legs
are bent and the feet are on the mat; the patient’s arms are
extended along the body with both palms facing down.
Task: While inhaling through the nose, the patient raises
both hands and places them above the head on the mat. During exhalation, the patient returns to the starting position.

2.1.3. Starting position: Lying on the back; the patient’s legs
are bent and the feet are on the mat; the patient’s arms are
extended along the body with both palms facing down.
Task: While inhaling through the nose, the patient slides
both arms upwards along the mat and above the head
(without raising them). During exhalation, the patient
returns to the starting position.видиху повернутися у
вихідне положення.

2.1.4. Starting position: Lying on the back; the patient’s
legs are positioned straight; both arms are extended
and lie near the patient’s head.
Task: While inhaling through the nose, the patient
raises both legs bent at the knees to the thorax, and
holds them in this position with both hands. The patient should not raise the head or shoulder blades.

2.1.5. Starting position: Lying on the back; the patient’s
legs are bent and both feet are on the mat; the patient’s
arms are extended sideways with both palms facing up.
Task: While inhaling through the nose, the patient first
clasps both hands around the chest and squeezes it.

2.1.6. Starting position: Sitting in the lotus position;
the patient’s arms are extended along the body,
slightly apart with both palms facing down.
Task: While inhaling through the nose, the patient
turns both palms up, and then returns to the starting
position while exhaling.
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2.1.7. Starting position: Sitting in the lotus position; the patient’s arms are bent at the
elbows and raised on both sides; the forefingers point upwards.
Task: While inhaling through the nose, the patient turns the head sideways. While
exhaling, the patient blows on the finger and returns to the starting position. The
exercise is repeated with the patient turning the head to the other side.

2.1.8. Starting position: Sitting in the lotus position.
Task: While inhaling through the nose, the patient
raises both arms sideways and upwards. While exhaling
through the mouth, the patient lowers both arms.

2.1.9. Starting position: Sitting in the lotus position.
Task: While inhaling through the nose, the patient
raises both arms sideways and upwards. While exhaling through the mouth, the patient clasps both arms
around the chest and squeezes it.

2.1.10. Starting position: Sitting on the knees.
Task: While inhaling, the patient raises both arms
upwards. While exhaling, the patient lowers the
trunk into a horizontal position and stretches both
hands forwards as far as possible.
2.1.11 Starting position: Sitting on a chair; the patient
locks both hands behind the back of the neck.
Task: While inhaling through the nose, the patient
spreads the elbows sideways, and brings the shoulder
blades together. He/she then leans the trunk forwards.
While exhaling through the mouth, the patient bends
the head and moves both elbows forwards.

2.1.12. Starting position: Standing; the patient’s legs
are planted shoulder width apart; both arms are extended along the body.
Task: While inhaling through the nose, the patient
raises both arms upwards. While exhaling through
the mouth, the patient bends the body forwards.

2.1.14. Starting position: Standing; the patient’s legs
are planted shoulder width apart; both arms are extended along the body.
Task: The patient inhales through the nose. While
2.1.13. Starting position: Sitting on the knees; the exhaling, the patient raises each leg in turn, using
patients drops the head forwards; both arms are both hands to help out, and maintains each position
extended in front of the body.
for 5-10 sec. He/she returns to the starting position
Task: While inhaling, the patient stretches both arms to resume inhalation.
forwards along the floor, dropping the head down,
and raising the hips. While exhaling, he/she returns
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to the starting position.

2.2. Dynamic breathing exercises using objects

Goal: Strengthening respiratory muscles, accentuating normal chest excursion,
stretching the pectoral muscles, and strengthening the interscapular muscles.

2.2.1. Starting position: Lying on the back; the patient’s arms are extended along the body; both hands
hold each end of a gymstick.
Task: While inhaling through the nose, the patient
raises the arms holding the gymstick and places them
on the mat. While exhaling through the mouth, he/
she returns to the starting position.

2.2.2. Starting position: Lying on the back; the patient holds a ball resting on the stomach.
Task: While inhaling through the nose, the patient
raises the ball above the head with both hands, and
places them on the mat. While exhaling through the
mouth, he/she returns to the starting position.

2.2.9. Starting position: Kneeling, two partners face each other; their arms are bent at
the elbows; the palms are placed on each side
of their chests; a table tennis ball lies in the
middle, just between both of them.
Task: Both partners blow on the ball together, trying to get it to roll between the other’s
arms. The thorax should be maintained close
to the floor.

2.2.10. Starting position: Standing; the patient’s legs are
planted shoulder width apart; both arms are bent at the elbows; the forearms are abducted sideways; an elastic band
is wrapped around the patient’s ribs; the patient holds the
ends of the band in each hand.
Task: While inhaling, the patient tightens the band and intensifies the pull by moving both hands towards the middle.

3. Teaching the patient how to breath regularly through the nose.

Goal: learning how to breathe correctly and rhythmically, and performing breathing reflex exercises.

2.2.3. Starting position: Sitting in the lotus
position; the patient holds a gymstick with both
hands.
Task: While inhaling through the nose, the
patient raises the gymstick above the head. While
exhaling through the mouth, he/she returns to
the starting position.

2.2.5. Starting position:
Kneeling; the patient’s
arms are bent at the
elbows, the palms are
placed on each side of
the chest; a tennis table
ball lies before the patient’s face.
Task: The patient crawls
forwards and blows on
the ball.
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2.2.6. Starting position:
Kneeling; the patient’s
arms are bent at the
elbows, the palms are
placed on each side of
the chest; an inf lated
balloon lies before the
patient’s face.
Task: The patient crawls
forwards and blows on
the balloon.

2.2.4. Starting position: Sitting in the lotus position;
the patient holds a gymstick with both hands.
Task: While inhaling through the nose, the patient
places the gymstick behind the head. While exhaling
through the mouth, he/she moves the gymstick in
front of the body.

2.2.7. Starting position:
Standing on all fours; a
tennis table ball lies before the patient.
Task: The patient crawls
forwards on all fours and
blows on the ball lying
before him/her. While
blowing, the patient
should maintain the thorax close to the floor.

2.2.8. Starting position:
Kneeling; the patient’s
arms are bent at the elbows; the palms are placed
on each side of the chest;
a tennis table ball lies in a
hoop before the patient.
Task: W hile in haling
through the nose, the patient tries to blow on the
ball so that it rolls round
along the hoop. While
blowing, the patient should
maintain the thorax close
to the floor.

3.1. Starting position: Lying on the back; the patient’s
legs are bent and both feet are on the mat; both hands
lie on the patient’s stomach.
Task: While inhaling through the nose and counting to
three, the patient pushes out the stomach. While exhaling
and counting to six, the patient sucks in the stomach.

3.2. Starting position: Lying on the back; the patient’s
legs are bent and both feet are on the mat; the hands
are extended along the body.
Task: As the patient inhales through the nose, the
instructor keeps the patient’s mouth firmly closed,
counting up to three. The patient then exhales freely.

3.3 Starting position: Lying on the back; the patient’s
arms are extended along the body; both legs are bent
at the knees.
Task: The patient inhales through the nose, counting
to three, and holds his/her breath, counting to three.
Then, the patient exhales through the mouth, counting
to six, and holds his/her breath, counting to three.

3.4. Starting position: Lying on the back; the patient’s
arms are extended along the body; both legs are bent
at the knees.
Task: The patient inhales through the nose, taking
short and sudden breaths, and counting gradually
3-4-5. He/she then exhales slowly, counting 6-8-10.

3.5. Starting position: Lying on the back; the patient’s arms are extended
along the body; both legs are bent at the knees.
Task: The patient inhales through the nose, taking short and sudden breaths,
while both arms squeeze the thorax, counting 3-4-5. He/she then exhales
freely, counting 6-8-10.
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4. Sound gymnastics
Goal: Strengthening respiratory muscles, learning how to breathe slowly, improving air
distribution in the lungs, and performing breathing exercises for speech development.

3.6. Starting position: While walking calmly.
Task: While inhaling through the nose, the
patient takes three steps, and holds his/her
breath, taking three more steps. The patient
then takes 6-7 steps while exhaling, and holds
his/her breath during the next three steps.

3.8. Starting position: Standing.
Task: While walking, the patient breathes easily
and rhythmically. He/she inhales through the nose,
counting to 3-4, and exhales, counting to 6-8.
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3.7. Starting position: While walking calmly.
Task: While inhaling through the nose, the
patient takes three steps and raises both extended arms upwards and sideways. During
exhalation through the mouth, the patient
takes six steps and lowers both arms.

3.9. Starting position: Standing.
Task: While inhaling through the nose jerkily
and counting to three, the patient sniffs at the
air and pulls in the stomach. He/she exhales
deeply, counting to six.

3.10. Starting position: Sitting on a chair before a table; the patient’s arms
rest on the table.
Task: The patient inhales alternately through the nostrils. He/she presses
one finger to one nostril and exhales through the other nostril.

4.1. Starting position: Sitting on a chair before a
table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through the
mouth, pronouncing the sound “A…”. The patient
should soften and intensify the sound.

4.2. Starting position: Sitting on a chair
before a table; the patient’s arms rest on
the table.
Task: After inhaling through the nose
as deeply as possible, the patient exhales
slowly through the mouth, pronouncing
the sounds “A, O, U…”.

4.3. Starting position: Sitting on a chair before a
table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through
the mouth, pronouncing the sounds “A, O, U…
Eh, Ee…”. The patient should pronounce these
sounds both loudly and quietly.

4.4. “Snake”. Starting position: Sitting on a
chair before a table; the patient’s arms rest
on the table.
Task: After inhaling through the nose
as deeply as possible, the patient exhales
slowly through the mouth, pronouncing the
sound “S…”.

4.5. Starting position: Sitting in the lotus position,
the patient’s arms are placed as close as possible to
the trunk; they are bent at the elbows; both palms
face up and both hands are raised sideways.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through the
mouth, pronouncing the sound “Si…”.

4.6. Starting position: Sitting on a chair before
a table; the patient’s arms rest on the table.
Task: After inhaling through the nose as
deeply as possible, the patient exhales slowly
through the mouth, pronouncing the sound
“Ps…”.

237

Afterword

4.7. Starting position: Sitting on a chair before a
table; the patient’s arms rest on the table.
Task: The patient pinches the nose lightly with
two fingers, inhales, and stops. The patient then
exhales, pronouncing the sound “Pff…”.

4.8. Starting position: Sitting on a chair before a
table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through the
mouth, pronouncing the sound “Mee…”.

4.9. Starting position: Sitting on a chair before a
table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through
the mouth, pronouncing the sound “Pee…”.

4.10. “Beetle”. Starting position: Sitting on a
chair before a table; the patient’s arms rest on
the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through
the mouth, pronouncing the sound “Zh…”.

4.11. “Car”. Starting position: Sitting on a chair before a table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through the
mouth, pronouncing the sound “Br… br…”.

4.12. “Wind”. Starting position: Sitting on a chair
before a table; the patient’s arms rest on the table.
Task: After inhaling through the nose as deeply
as possible, the patient exhales slowly through the
mouth, pronouncing the sound “Sh…”.

4.13. “Airplane”. Starting position: Sitting
on a chair before a table; the patient’s
arms rest on the table.
Task: After inhaling through the nose
as deeply as possible, the patient exhales
slowly through the mouth, pronouncing
the sound “U…”.
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The problem of developing new methods for treating children with cerebral palsy has been
relevant at all times and in all the countries of the world. Before you lies a book, summarizing
many years of experience gained by our collaborators working at the therapeutic rehabilitation
clinic, headed by Professor Volodymyr Ilyich Kozyavkin, correspondent and member of
the Academy of Medical Sciences of Ukraine. Professor Kozyavkin founded the clinics in
Lviv and Truskavets. For over 25 years, these clinics have provided rehabilitation treatment
to patients suffering from various forms of cerebral palsy (CP) and patients suffering from
after-effects related to multiple traumas, infections and vertebrogenic pathology, and have
also focused on preventing severe lesions of the nervous system in children with perinatal
pathology.
Volodymyr Ilyich Kozyavkin is the author of a fundamentally new technology for
treating patients with cerebral palsy – the Intensive Neurophysiological Rehabilitation
System – known worldwide as the “Kozyavkin Method”. This rehabilitation system has
been officially recognized in Ukraine, and due to its effectiveness and performance, has won
wide international recognition. This system has been used to treat over 40,000 patients from
60 countries with stable and positive results.
Developed under Professor Kozyavkin’s guidance, our rehabilitation school is known
not only in Ukraine, but also in many countries of the world. Professor Kozyavkin has
written over 150 publications and seven monographs. For the first time in the practice of
treating patients with organic lesions of the nervous system, active therapeutic influence was
attributed to the spinal cord, neck, and spine structures for helping this category of severelyill patients recover their motor, speech, and intellectual functions. The author's method of
biomechanical correction of the spinal column was introduced to rehabilitation practice;
this particular application actually leads to the normalization of muscle tone in patients and
increases their locomotor activities, facts that have been observed by doctors, the patients
themselves, and their parents.
A number of interesting projects have been implemented under Professor Kozyavkin’s
guidance: an advanced approach to training human movements, the formation of correct
movement patterns using the multi-modal rehabilitation concept of influences and impacts,
and the Spiral movement correction suit. Specialized rehabilitation computer games were
developed to heighten our patients’ motivation and provide more effective exercises. Thanks
to patients’ active participation in the rehabilitation process, these games greatly improve
their motor abilities and contribute to forming new motor functions. An electronic medical
record, giving access to prompt analyses, was developed for each patient and quickly put into
operation. We also set up monitoring programs, which reflect the dynamics of changes in our
patients and the continuity and quality of work performed by our rehabilitation specialists.
In addition, an architectural project – “Intermedical Eco-City” – has been designed on the
Arabat Spit, and the construction of an ecological healthcare town has begun; 35,000 square
meters of facilities have already been built.
Thousands of grateful children's smiles, drawings, and responses, reflecting these
new rehabilitation possibilities, testify to the competence and effectiveness of Professor
Kozyavkin’s method.
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