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A B S T R A C T

Cerebral palsy (CP) is one of the major forms of developmental disorders. There are different approaches and contro-

versies in rehabilitation treatment. The Neuronal Group Selection theory could provide theoretical explanation for Stoj-

~evi} Polovina rehabilitation method. The aim of the study was to evaluate long-term impact of intensive and continu-

ously performed rehabilitation on the motor autonomy level children with CP. Motor autonomy levels, defined according

to the Gross Motor Function Classification System (GMFCS) and Gross Motor Function Measure (GMFM), were ana-

lyzed in 24 children with CP at the beginning of the study and at the last visit. During rehabilitation, GMFM scores in-

creased above the expected value of initial GMFCS level in the majority of patients. Intensive rehabilitation had signifi-

cant influence on motor improvement in children with CP.
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Introduction

»A major function of animal and human nervous sys-
tems is the coordinated control of limb and body move-
ments. Coordinated motor activity enables an animal to
explore its environment and to sample and attend to sen-
sory stimuli, and it is essential for its survival within its
econiche. Initially, however the motor capabilities of
newborn higher vertebrates are generally inadequate to
accomplish any of these vital tasks, and these capabilities
undergo profound changes over an extended period of
postnatal development. This period is of particular inter-
est in human infants, many of whose motor abilities at
birth appear to be among the least developed when com-
pared to those of other vertebrate species. A child’s con-
tinued progress in achieving precise control of motor
functions is an obvious prerequisite for its further behav-
ioural, cognitive, and social development...«1–3.

Theoretical frameworks for the development of motor
control are found in three main theories: the Neural

Maturationist Theories, the Dynamic System Theory
and the Neuronal Group Selection Theory (NGST).

Neural-Maturationists Gesell and Amatruda claimed
that »maturation is the net sum of the gene effects oper-
ating in a self-limited time cycle«, a concept which virtu-
ally left no place for interaction with the environment4,5.
The idea that behavioural patterns emerge in an orderly
genetic sequence, resulted in the recognition of general
developmental rules such as the cephalocaudal and cen-
tral-to-distal sequences of development. These notions
prompted the pioneering work on »developmental diag-
nosis«, consisting of neat series of tests for the assess-
ment of developmental milestones5. Motor development
was considered to be the result of an increasing cortical
control over lower reflexes.

The ideas of Kugler et al., known as the Dynamic Sys-
tems Theory, is based on the principles of non-equilib-
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rium thermodynamics; systems which maintain energy
by interaction with the environment thus creating glob-
ally stable structures over extended periods of time6.

Thelen et al. considered development as a dynamic
system where continuously occurring changes of the en-
vironment can induce discontinuous changes (transi-
tions) in behaviour7–9.

The Dynamic Systems Theory and the Neural-Ma-
turationist Theories differ especially in their view on the
role of the nervous system in motor development. The
Neural-Maturationist Theories consider the maturatio-
nal state of nervous system as the main constraint of de-
velopmental progress, whereas in the Dynamic Systems
Theory the neural substrate plays a subordinate role10.

According to NGST, successful developmental coordi-
nation between neuronal activity and biomechanics of
the musculoskeletal system is based on variation and is
the result of somatic selective processes within brain cir-
cuits. Selection acts to match possible motor commands
to constraints posed by neural structure and kinematics.
This selection occurs for particular neuronal groups when
their activation in a given context matches given envi-
ronmental and internal constraints as compared to com-
peting groups. The mechanism of selection in the ner-
vous system is synaptic change (by a variety of detailed
mechanisms) leading to selective amplification or dimi-
nution of neuronal group responses. The selection of
neuronal groups ultimately allows for discrimination and
categorization of sensory inputs and the integration of
sensory and motor processes to yield adaptive behaviour3.

The NGST proposes three mechanisms to account for
the production of adaptive behaviour by rich nervous
systems: developmental selection, experiential selection
and reentrant signalling. Each mechanism acts within
and among collectives consisting of hundreds to thou-
sands of strongly interconnected neurons, called a neuro-
nal group. According to the theory, primary repertoires
of neuronal groups are established during development.
While anatomical structures in a given area of the brain
are modally alike in different individuals of a species and
are constrained by genetic programs, enormous epige-
netic variation occurs during development at the level of
fine axonal and dendritic ramifications and connections.
This developmental process leads to the formation of de-
generate networks of neuronal groups whose dendritic
trees and axonal arbors spread over relatively wide areas
with a great degree of overlap11. Degeneracy as a term
means the ability of elements that are structurally differ-
ent to perform the same function or yield the same
output12. After most of the anatomical connections of the
primary repertoires have been established, the activities
of particular functioning neuronal groups continue to be
dynamically selected by ongoing mechanisms of synaptic
change driven by behaviour and experience. The neu-
ronal group is considered to be the basic functional unit
or unit of selection. Experiential selection leads to the
formation of secondary repertoires of neuronal groups in
response to particular patterns of signals. Because of the
changes that occur in synaptic efficacies, upon later en-

counters with signals of similar types, the previously
selected circuits and neuronal groups in such secondary
repertoires are more likely to be favoured over others.
Specific neuronal groups are selected over others in a
competitive fashion. Unlike natural selection in evolu-
tion, which results from differential reproduction, expe-
riential selection results from differential amplification
of synaptic populations. The theory proposes that coordi-
nation and reinforcement of patterns of neuronal group
selection must occur among various locally mapped re-
gions of the brain. Different maps must also be coordi-
nated. The NGST proposes that mapped regions ex-
change and coordinate signals by a higher order selection
process called reentry. Reentry can be defined as ongoing
parallel signalling between separate neuronal groups oc-
curring along large numbers of ordered anatomical con-
nections in a bidirectional and recursive fashion.
Reentrant signalling can take place via reciprocal con-
nections between and within maps (as seen in
corticocortical, corticothalamic and thalamocortical radi-
ations) as well as via more complex arrangements seen in
the connections among cortex, basal ganglia and the cer-
ebellum. Reentry is a dynamic process that is inherently
parallel and distributed11,13.

Hadders-Algra suggests that extension of the NGST
to the domain of developmental motor disorders, such as
cerebral palsy (CP) and developmental coordination dis-
order (DCD), could offer new insights into the mecha-
nisms directing this type of dysfunction. Studies indicate
that children with severe types of CP have deficits in pri-
mary variability with no appropriate functional activity
in primary neuronal networks. Children with mild and
moderate forms of CP, as well as children with a complex
form of minor neurological dysfunction (MND) have re-
duced repertoires of primary neuronal networks. All chil-
dren with CP and children with complex MND have defi-
cits in selection and inappropriate processing of afferent
information. These children as well as children with sim-
ple MND have deficits in secondary variability and inap-
propriate coordination of parallel networks of secondary
neuronal repertoires. The resulting concepts might in-
spire the development of innovative and effective thera-
pies for these disorders10.

The rehabilitation method developed by Stoj~evi} Po-
lovina is a self-developed method whose basic elements
can be explained by NGST. The most important charac-
teristics of the rehabilitation method, that makes it uni-
que, are the intensity of physiotherapy and the process of
following normal development regardless of chronologi-
cal age, while respecting individual variations14. The hy-
pothesis of the Stoj~evi} Polovina method is that specific
and very intensive therapy can influence experiential se-
lection and consequently reentry.

The natural course of disease can be described using
the Gross Motor Function Classification System (GMFCS),
which is considered to be stable. There is a strong corre-
lation between GMFCS levels and Gross Motor Function
Measure (GMFM) scores15. Therefore, the impact of re-
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habilitation can be observed in relation to these two mea-
sures.

The aim of the study is to evaluate the possibility of
changing the natural course of cerebral palsy by the spe-
cific therapeutic method created by Stoj~evi} Polovina
and to propose a theoretical background for this method
using the NGST.

Patients and Methods

Study design and patients

Twenty-four children with CP were included in the
study. All children were diagnosed with CP based on pub-
lished diagnostic criteria16. Before the beginning of the
study, all children had already received rehabilitation in
other institutions, usually the Neurodevelopmental treat-
ment (NDT) approach17.

Motor development was analysed at the beginning of
the study (when children started a new rehabilitation
protocol) and at the last visit, using GMFCS and GMFM
in combination15,18,19.

All children underwent rehabilitation according to
the Stoj~evi} Polovina method14.

Some children due to anatomical and dynamical con-
tractures, underwent orthopaedic procedures and/or bot-
ulinum toxin applications as adjuvant intervention/s
during the rehabilitation. Orthopaedic procedures and/or
botulinum toxin applications were not in and of them-
selves a form of treatment, but rather were a necessary
precondition for the treatment of patients with anatomi-
cal or dynamic contractures. Because of the possibility
that different orthopaedic procedures and/or botulinum
toxin applications could influence GMFCS levels and
GMFM scores, two groups were formed in order to show
that the rehabilitation itself regardless of additional pro-
cedures has an impact on the natural course of disease15.
One group consisted of patients treated only with physio-
therapy (N1=12) while the other group consisted of pa-
tients treated with physiotherapy combined with ortho-
paedic surgery and/or botulinum toxin treatment (N2=12).
During the initial assessment there were no significant
differences between the groups with respect to the sever-
ity of impairment assessed by GMFCS.

The study was approved by the Ethics Committee of
the Polyclinic. Informed consent was obtained from the
parents.

Treatment

The treatment by itself is a combination of intensive,
variable sensorimotor stimuli through the facilitation of
automatic reactions (some facilitation of automatic reac-
tions is used in a way similar to NDT, the majority of fa-
cilitations are self developed), Vojta therapy (not in all
patients), complex combinations of passive movements in
chosen postures, normal active movement when possible,
audio-visual stimulation and occupational therapy17,20.

The therapy lasts a minimum of three hours per day
(often even more), without strict time restrictions. Due

to the high intensity of physiotherapy, parents are the
key figures in the rehabilitation process. They are edu-
cated and trained to perform therapy, continuously, sev-
eral times per day. Therapies are performed by following
the process of normal development whenever possible,
regardless of chronological age, but respecting individual
differences. The initial therapeutic focus is on particular
developmental sequences in which the children’s overall
performance is closest to normal. Parents and caregivers
are instructed to inhibit all unwanted patterns of move-
ment, to promote normal motor patterns and to encour-
age spontaneous activity within the developmental mile-
stone which is the current focus of therapy throughout
the day (i.e. not only during active physiotherapy). For
example, if a child’s focus of therapy is learning to crawl
properly, the child is discouraged from standing or at-
tempting to walk during spontaneous activity.

The main tasks for the rehabilitation team are to de-
termine the developmental sequence/s within which the
focus of therapy is to be carried out and to define the in-
tensity of the treatment. This is unique for each child
and because of that the rehabilitation program is always
personalised.

The use of any assistive mobility devices (walkers,
crutches, canes) were strongly discouraged except for
wheelchairs when absolutely necessary, and orthopaedic
shoes in some children. Selective use of different ortho-
paedic procedures and/or botulinum toxin application,
mainly because of anatomical and/or dynamical contrac-
tures, in some children (regardless of the degree of dis-
ability) was also part of the treatment.

Measurements

The severity of cerebral palsy was based on GMFCS,
which is a reliable and valid system that classifies chil-
dren with CP by their age-specific gross motor acti-
vity15,19,21,22. The GMFCS describes the major functional
characteristics of children with CP in each level within
the following age windows: prior to the second birthday;
between age 2 and 4; between 4 and 6; and between 6 and
12. The description for each level is broad and is not in-
tended to describe all aspects of gross motor function.
The distinction between GMFCS levels is usually based
on functional limitation, the need for assistive mobility
devices (walkers, crutches, canes) or wheeled mobility,
and to a lesser extent, quality of movement21. At the be-
ginning of the study all children who already used as-
sistive mobility devices were assessed with them, while
during the study and on the last visit the assessment was
performed without assistive mobility devices (with the
exception of wheel chairs in Level V patients).

Motor function was assessed with the GMFM18. The
GMFM is a widely used criterion-referenced, clinical ob-
servation tool with a scale from 0–100 that was devel-
oped and validated for children with CP or Down syn-
drome23. It has excellent reliability and demonstrated
ability to evaluate meaningful change in gross motor
function in children with CP. The GMFM consists of 88
items grouped into 5 dimensions: lying and rolling (17
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items), sitting (20 items), crawling and kneeling (14
items), standing (13 items) and walking, running and
jumping (24 items). The GMFM were scored by observa-
tion of a child’s performance on each item. Scores for
each dimension are expressed as a percentage of the
maximum score for that dimension. A total score was ob-
tained by adding the scores for all dimensions and divid-
ing then by the total number of dimensions. Each dimen-
sions contributes equally to the total score18,21.

Statistical analysis

All statistical analyses were performed using SAS
(version 9.1.3). Data are presented as median, minimum
and maximum, and proportions. Differences between
groups of independent numerical variables were analy-
zed using the Mann-Whitney U test, while the Wilcoxon
matched pair test was used to determine differences be-
tween initial and final values. Differences in the preva-
lence of categorical data were measured using the c2-test
and Fisher’s exact test. Statistical significance was de-
fined as a p-value of 0.05 (p<0.05) in all analyses.

Results

The study included 24 children, 11 boys and 13 girls.
The median age at the first assessment was 19.5 months
(min=12, max=55) and the median duration of rehabili-
tation was 50.5 months (min=17, max=93). Six children
were diagnosed as spastic diparesis, 3 hemiparesis and 15
spastic tetraparesis.

There were no statistical differences between group 1
and group 2 according to gender, gestational age, age at
first assessment and duration of physiotherapy (p>0.05).
Data of baseline characteristics are presented in Table 1.

At first assessment, the number of children (N1+N2)
per GMFCS level was as follows: Level II-one, Level

III-five, Level IV-eight, Level V-ten, while at the last
visit: Level I-two, Level II-two, Level III-nine, Level
IV-seven, Level V-four.

The GMFCS levels (N1+N2) were statistically signifi-
cantly higher before rehabilitation in comparison to the
levels after treatment. Study group 1 (N1) did not differ
significantly to study group 2 (N2) according to GMFCS
levels at the initial assessment (0.065), however, differ-
ences were recorded at the last visit (0.004). In both
groups, significantly higher GMFCS levels were observed
at the beginning of the study in comparison to GMFCS
levels observed at the last visit (p1=0.013, p2=0.013).
The GMFCS levels according to groups are presented in
Figure 1.

The median GMFM1 (before the treatment) in group
1 was 15.20 (minimum, maximum; 1.90, 61.40) while the
median GMFM2 (after the treatment) was 51.95(mini-
mum, maximum; 1.90, 96.40). The median GMFM1 in
group 2 was 20.80 (minimum, maximum; 6.70, 48.20)
and median GMFM2 was 58.85 (minimum, maximum;
30.80, 78.60). The difference in GMFM1 and GMFM2 be-
tween groups (N1 vs N2) was not statistically significant
(GMFM1, p=0.755; GMFM2, p=1.000) neither at the
initial nor at the final assessment; while in each group a
significantly higher GMFM scores were observed at the
end of the study, i.e. GMFM2 was higher than GMFM1
(group 1, p=0.003; group 2, p=0.002) (Figure 2).

Discussion

Children with CP receive a variety of long-term physi-
cal and occupational therapy interventions to facilitate
development and to enhance functional independence in
movement, self care, play, school activities and leisure. A
considerable degree of uncertainty remains about the ap-
propriate therapeutic approaches to manage the habilita-
tion of children with CP24. The review of the literature
indicates that convincing evidence for beneficial effects
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Fig. 1. GMFCS levels before (GMFCS1) and after treatment

(GMFCS2).

Fig. 2. GMFM score before (GMFM1) and after treatment (GMFM2).



of intervention programmes is lacking25,26. Furthermore,
it is generally believed that intervention does not, on av-
erage, change the natural course of the disease, which is
confirmed with the stability of the GMFCS level15.

GMFCS has become an important tool to describe mo-
tor function in children with CP. Palisano et al. con-
ducted a study to assess the stability of the GMFCS by
examining whether children with CP remain at the same
level over time. Their data showed that seventy-three per

cent of children remained at the same level for all rat-
ings. Furthermore, there was a tendency for children
younger than 6 years to be reclassified at a lower level of
ability. Children initially classified in levels I and V were
the least likely to be reclassified27. Several studies con-
firm the prognostic stability of GMFCS in children with
CP21,22,28.

The results of our study show significant changes in
GMFCS levels. All study children except one (regardless
of additional orthopaedic surgery and/or botulinum toxin
application), had better GMFM scores, and in half of
them motor improvement was good enough to be reclas-
sified toward a higher level of ability (lower GMFCS
level) at the end of the study. It is important to stress
that ten children were initially classified in Level V. This
could implicate that the rehabilitation method that was
conducted in the study had an important influence on
the natural course of disease.

There is no doubt that GMFCS classification is a reli-
able and valid system for children with CP in average
conditions (natural course of CP, common therapeutical
approach), but the main differences between our study
and many others are the intensity and type of treatment.
Arpino et al. showed that intensive treatment was ten-
ded to have a greater effect than non-intensive one; how-
ever results were not statistically robust. A treatment
was defined to be intensive if it was undertaken for more
than three times per week29. It was reported that chil-
dren who were treated four times a month improved
more than children treated once a month30. Conversely,
no significant differences were found in the gross motor

function scores of children who were treated five times a
week over a six-month period instead of twice a week31.
Trahan et al. define intensive physical therapy as four-ti-
mes weekly over a four-week period followed by an eight-
-week rest period without any treatment32. The recom-
mended therapy »dose« in our study was 3 hours per day
(often even more). The average duration of continuously
performed therapy was 50.5 months in group 1 and 56
months in group 2.

Is it possible to change the natural course of CP? We
believe it is.

Neuronal plasticity allows the central nervous system
to recover from brain injuries by reorganizing neuronal
networks in response to environmental stimulation. The
basic mechanisms that are involved in plasticity include
neurogenesis, programmed cell death, and activity-de-
pendent synaptic plasticity. Repetitive stimulation of sy-
napses can cause long-term potentiation or long term de-
pression of neurotransmission. These changes are associ-
ated with physical changes in dendritic spines and neu-
ronal circuits33,34.

The Neuronal Group Selection Theory could provide
a theoretical explanation for the rehabilitation method
developed by Stoj~evi} Polovina.

Children with CP usually follow the natural course of
disease; it means some motor improvement is possible
due to normal growth and development but within their
GMFCS level despite common rehabilitation therapy.
Clinical findings suggest that children with CP have a re-
duced primary repertoire, impaired secondary selection
and sensory input10,35. Reduced primary repertoire will
probably lead to limited selection and hindered reentry.
The final result could be one of the various types of CP.
According to the theory, motor development depends on
developmental diversity and variation, experiential se-
lection and reentry. Developmental diversity and conse-
quently primary repertoires are clearly diminished in
children with CP but competition between groups still
exists during experiential selection. In children with CP
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TABLE 1
BASELINE CHARACTERISTICS OF STUDY GROUPS (ACCORDING TO CURRENT THERAPY)

Group 1 (physiotherapy)
n=12

Group 2 (physiotherapy+botulinum
toxin/orthopedic therapy) n=12

p-value

Gender (n)

Male 5 6 0.682

Female 7 6

Gestational age (weeks) 31.5 (28.42) 33.5 (28.41) 0.630

Age at first assessment (months) 17 (12.55) 23 (13.46) 0.977

Diagnosis (n)

Spastic Diparesis 2 4

Hemiparesis 3 –

Spastic Tetraparesis 7 8

Duration of physiotherapy (months) 50.5 (17.79) 56 (24.93) 0.378

*data are presented as median (minimum, maximum) unless noted otherwise



competition between normal and abnormal motor pat-
terns results in the selection of abnormal patterns be-
cause these patterns are more common and become fixed
in given neuronal groups.

It is hard to predict at what level reduced repertoires
will produce CP because the whole process is very dy-
namic and depends on many segments. An essential part
of the theory known as »degeneracy« plays an important
role in the rehabilitation process. Degeneracy means
that, given a particular threshold condition, there must
in general be more than one way of recognizing a given
input signal in a satisfactory way. This implies the pres-
ence of multiple neuronal groups with different struc-
tures, each capable of carrying out the same function
more or less well: degeneracy entails that some non-iso-
morphic groups must be isofunctional13. The Stoj~evi}
Polovina method assumes that even in a case of reduced
repertoire some »lost functions« can be »hidden« in other
neuronal groups.

What is the role of therapy here? We believe that spe-
cific and very intensive therapy can affect experiential
selection and consequently reentry.

During the rehabilitation process, maximal efforts
were taken to change the natural course of the disease
creating conditions to favour competition between nor-
mal and abnormal movement patterns, by as much in-
tensive rehabilitation as possible. During rehabilitation
all team members tried on the basis of »normal« sen-
sorimotor experience to anticipate which activities could
promote the selection of those neuronal groups that
would be closest or equivalent to normal development.
Spontaneous activities were strictly controlled by block-
ing abnormal motor patterns and promoting normal mo-
tor patterns whenever they occurred. In such a way spe-
cific sensory input was produced that could allow selec-
tion from those parts of the repertoire which normally
could not be selected because of strong competition with
abnormal patterns. It means rehabilitation has to pro-
duce, like selection pressure in natural evolution, »thera-
peutical selection pressure« in which desired specific
neuronal groups will be selected over others in a competi-
tive fashion.

It is very clear that most of the sensorimotor informa-
tion coming to the child with CP depends very much on
its achieved developmental level and quality of motor ac-
tivity, rather then the child’s chronological age, because
these motor activities predominate and will in the end be
modelling forthcoming selections. Constant repetition of
abnormal patterns will lead to its selection. Any continu-
ously performed abnormal patterns at a lower develop-
mental level will influence milestones that follow (i.e. if
the child crawls in a diparetic pattern it will probably
walk in a diparetic pattern). Because of that, the founda-
tion of the Stoj~evi} Polovina method is to follow normal
motor development and insist on each developmental se-
quence(s) until the child begins to use it in the best possi-
ble way, whenever is possible. The starting point of the
therapy is the developmental milestone(s) in which
child's overall performance was closest to normal. During

therapy, maximal efforts were invested to try to achieve
increased variability of movements on each developmen-
tal level to encourage an increased variability of move-
ments and better selection at the developmental mile-
stones that followed. In terms of the NGST, it could mean
that favourable network group combinations are selected
in a competitive fashion as a result of the treatment.

In almost all patients, Vojta therapy was performed
during the selected period of rehabilitation. According to
the Vojta theory two global motor complexes are induced
during therapy: reflex rolling and reflex crawling. Nei-
ther of them is fully present in normal motor develop-
ment but their components are found in normal motor
chains. Regularly performing Vojta therapy can enhance
their selections. The Stoj~evi} Polovina method and Vojta
therapy have some additional similarities: both are per-
formed by parents trained in the treatment method, both
focus on the intensity and continuity of treatment. De-
spite the similarities, clear philosophical and practical
differences between the two methods exist. After Vojta
therapy children try on their own elements which they
practiced during therapy. In such a way competition be-
tween wanted and unwanted motor patterns is still ongo-
ing. In the Stoj~evi} Polovina method there is a tendency
to perform the therapy almost all day long, combined
with the other techniques mentioned, trying in that way
to actively and constantly promote specific selections.

Intensive facilitation of normal postural reactions
(mainly self-developed, some similar to NDT) may also
lead to the selection of the most favourable neuronal
groups.

Passive movements in chosen postures, depending on
the developmental milestones, are an important part of
the therapy for several reasons: a) they can easily be
learned by the parents who will then provide sufficient
intensity of treatment; b) diverse passive movements will
provide different sensory input signals which otherwise
would not be possible due to the reduced repertoire or dy-
namic contractures; c) they will prevent fixed anatomical
contractures. Many controversies about using passive
movements exist, especially in the standard NDT treat-
ments where passive movements are generally avoided.
Despite this, Guzzetta et al. showed that no difference
was detected when contrasting active versus passive tasks
using functional magnetic resonance imaging36. Weiller
et al. were also exploring the representation of passive
movements in humans and showed that passive move-
ment was able to produce activation of most of the corti-
cal areas involved in motor control37. Furthermore, Mar-
tin Staudt showed that passive motion results in cortical
activation, while Konczak asked a question how much
passive motion one should apply to actually see some
functional improvement38,39.

All the mentioned parts of the therapy should create
specific motor experiences and activity individually ada-
pted for each patient. Surprisingly, little is known of the
importance of motor experience and activity-dependent
processes in shaping development of the motor system
and the behaviours they control40. In the developing vi-
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sual system, Wiesel and Hubel (1965) first described in
kittens the progressive loss of responsiveness by the pri-
mary visual cortex to an eye deprived of vision, thereby
providing the premier physiological model of activity-de-
pendent plasticity41. Presumably, a similar mechanism
operates in the developing corticospinal system. Activity-
and experience-dependent mechanisms assure that neu-
ral events at the time of motor circuit formation play a
critical role in the long-term function of the system40–47.

Continual audio visual stimulations and other tactile
stimulations are performed during the treatment. In
that way therapy is much easier to perform and very of-
ten becomes a game with some specific tasks. How can
that be connected with NGST? Edelman says that per-
ceptual categorization does not occur solely in a particu-
lar sensory area which then executes a program to acti-
vate motor output. Instead, the consequences of continual
motor activity are an essential part of the perceptual pro-
cess itself. Perception depends upon action. This implies
that the neural structures that carry out various catego-
rizations must contain multiple sensory and motor maps,
forming what Edelman has called global mappings. Neu-
ronal group selection within such mappings occurs in a
set of dynamic re-entrant loops that continually match
gestural and postural movements to several kinds of sen-
sory signals11.

After a brief description of the treatment principle
and its NGST theoretical background one major differ-
ence must be stressed between the Stoj~evi} Polovina
method and some other methods which also explain
themselves through NGST.

As stated earlier, somatic selection in the nervous sys-
tem results from the competitive strengthening of neural
connections involved in the generation of »successful«
movements (e.g. those involved in touching an object or
bringing it to the centre of the visual field). As a result of

selective synaptic change, movements that help to ac-
complish the task become more probable on average than
others3. Studies on normal motor development indicated
that frequent experience with trial and error enhances
the process of selection48–50. Some authors propose pro-
grams in children with CP which require considerably
more repetition of the trial and error experience and be-
lieve they might benefit from ample opportunities to try
to actively develop motor skills35,50. The basic problem in
these programs is the fact that children with CP and con-
sequently reduced repertoire cannot find »successful«
movements on their own. Their spontaneous activities
will follow the natural course of disease. According to
Edelman, there is little direct evidence that the nervous
system precomputes desired trajectories, computes com-
parisons between actual movements and desired ones, or
uses explicit error signals to adjust individual compo-
nents of the motor control system and minimize future
error13.

Conclusions

1. There is a chance for changing the course of the dis-
ease in some children with CP.

2. The intensity and type of physical therapy together
with highly motivated parents can provide conditions
for motor and overall improvement in children with
CP.

3. The aim of intensive rehabilitation is to produce ther-
apeutical selection pressure which will favour the se-
lection of those neuronal groups whose combination
will lead to normal development or the closest equiva-
lent thereof.

R E F E R E N C E S

1. CRATTY BJ, Perceptual and motor development in infants and
children (Englewood Cliffs, NY: Prentice-Hall, 1979). — 2. THELLEN E,
Dev Psychol, 25 (1989) 946. — 3. SPORNS O, EDELMAN GM, Child Dev,
64 (1993) 960. — 4. GESELL A, The Embryology of Behavior (Harper
&Row, New York, 1945). — 5. AMATRUDA CS, Developmental Diagnosis.
Normal and Abnormal Child Development, 2nd ed. (Harper&Row, New
York, 1947). — 6. KUGLER PN, KELSO JAS, TURVEY MT, On the con-
cept of coordinative structures as dissipative structures. I: Theoretical
lines of convergence. In: STELMACH GE, REQUIN J (Eds) Tutorials in
motor behavior (North Holland, New York, 1980). — 7. THELLEN E, Dev
Psychobiol, 18 (1985) 1. — 8. THELLEN E, CORBETTA D, KAMM K,
SPENCER JP, SCHNEIDER K, ZERNICKE RF, Child Dev, 64 (1993)
1058. — 9. ULRICH BD, Dynamic systems theory and skill development
in infants and children. In: CONNOLLY KJ, FORSSBERG H (Eds) Neu-
rophysiology and Neuropsychology of Motor Development. Clinics in De-
velopmental Medicine No. 143/144 (Mac Keith Press, London, 1997). —
10. HADDERS-ALGRA M, Dev Med Child Neurol, 42 (2000) 566. — 11.
EDELMAN GM, Neuron, 10 (1993) 115. — 12. EDELMAN GM, GALLY
JA, Proc Natl Acad Sci USA, 98 (2001) 13763. — 13. EDELMAN GM,
Neural Darwinism. The Theory of Neuronal Group Selection (BasicBo-
oks, Inc., USA, 1987). — 14. STOJ^EVI]-POLOVINA M, Cerebralna pa-
raliza s aspekta fizikalne medicine i rehabilitacije. In: KRI@ M, MIKLO-
U[I] A, GAZDIK M (Eds) Rano o{te}enje mozga – cerebralna paraliza
(August Cesarec, Zagreb, 1988). — 15. ROSENBAUM PL, WALTER SD,
HANNA SE, PALISANO RJ, RUSSELL DJ, RAINA P, WOOD E, BART-

LETT DJ, GALLUPPI BE, JAMA, 288 (2002) 1357. — 16. Executive
Committee for the Definition and Classification of Cerebral Palsy, Dev
Med Child Neurol, 47 (2005) 571. — 17. BOBATH K, BOBATH B, The
neuro-developmental treatment. In: SCRUTTON D (Ed) Management of
the Motor Disorders of Children with Cerebral Palsy (JB Lippincott, Phil-
adelphia, 1984). — 18. RUSSELL DJ, ROSENBAUM PL, AVERY LM,
LANE M, Gross Motor Function Measure (GMFM 88 and GMFM 66)
User’s Manual. Clinics in Developmental Medicine No. 159. (Mac Keith
Press, London, 2002) — 19. PALISANO RJ, ROSENBAUM PL, WALTER
SD, RUSSELL DJ, WOOD E, GALLUPPI BE, Dev Med Child Neurol, 39
(1997) 214. — 20. VOJTA V, PETERS A, Das Vojta-Prinzip. Muskelspiele
in Reflexbewegungen und motorischer Ontogenese (Springer, Berlin,
1996) — 21. PALISANO RJ, HANNA SE, ROSENBAUM PL, RUSSELL
DJ, WALTER SD, WOOD EP, RAINA PS, GALUPPI BE, Phys Ther, 80
(2000) 974. — 22. WOOD E, ROSENBAUM P, Dev Med Child Neurol, 42
(2000) 292. — 23. RUSSELL D, PALISANO R, WALTER S, ROSENBA-
UM P, GEMUS M, GOWLAND C, GALUPPI B, LANE M, Dev Med Child
Neurol, 40 (1998) 693. — 24. LAW M, DARRAH J, POLLOCK N, RO-
SENBAUM P, RUSSELL D, WALTER SD, PETRENCHIK T, WILSON B,
WRIGHT V, BMC Pediatr, 7 (2007) 31. — 25. BLAUW-HOSPERS CH,
HADDERS-ALGRA M, Dev Med Child Neurol, 47 (2005) 421. — 26.
BLAUW-HOSPERS CH, DE GRAAF-PETERS VB, DIRKS T, BOS AF,
HADDERS-ALGRA M, Neurosci Biobehav R, 31 (2007) 1201. — 27.
PALISANO RJ, CAMERON D, ROSENBAUM PL, WALTER SD, RUS-
SELL D, Dev Med Child Neurol, 48 (2006) 424. — 28. BODKIN AW, ROB-

S. Polovina et al.: Intensive Rehabilitation in Children with Cerebral Palsy, Coll. Antropol. 34 (2010) 3: 981–988

987



INSON C, PERALES F, Pediatr Phys Ther, 15 (2003) 247. — 29. ARPINO
C, VESCIO MF, DELUCA A, CURATOLO P, Dev Med Child Neurol, 50
(2008) 14. — 30. MAYO NE, Am J Phys Med Rehab, 70 (1991) 258. — 31.
BOWER E, MICHELL D, BURNETT M, CAMPBELL MJ, MCLELLAN
DL, Dev Med Child Neurol, 43 (2001) 4. — 32. TRAHAN J, MALOUIN F,
Dev Med Child Neurol, 44 (2002) 233. — 33. JOHNSTON MV, ISHIDA
WN, MATSUSHITA HB, NISHIMURA A, TSUJI M, Brain Dev, 31 (2009)
1. — 34. JOHNSTON MV, Dev Disabil Res Rev, 15 (2009) 94. — 35.
HADDERS-ALGRA M, Dev Med Child Neurol, 42 (2000) 707. — 36.
GUZZETTA A, STAUDT M, PETACCHI E, EHLERS J, ERB M, WILKE
M, KRAGELOH-MANN I, CIONI G, Pediatr Res, 61 (2007) 485. — 37.
WEILLER C, JUPTNER M, FELLOWS S, RIJNTJES M, LEONHARDT
G, KIEBEL S, MULLER S, DIENER HC, THILMANN AF, Neuroimage, 4
(1996) 105. — 38. STAUDT M, Neurosci Biobehav R, 31 (2007) 1150. —
39. HADDERS-ALGRA M, GRAMSBERGEN A, Neurosci Biobehav R, 31

(2007) 1213. — 40. MARTIN JH, Neurosci Biobehav R, 31 (2007) 1125. —
41. WIESEL T, HUBEL D, J Neurophysiol, 28 (1965) 1029. — 42.
MARTIN JH, KABLY B, HACKING A, Exp Brain Res, 125 (1999) 184. —
43. MARTIN JH, LEE S, Neuroreport, 10 (1999) 2277. — 44. SALIMI I,
MARTIN JH, J Neurosci, 24 (2004) 4952. — 45. QUARTARONE A, BAG-
NATO S, RIZZO V, MORGANTE F, SANT’ANGELO A, BATTAGLIA F,
MESSINA C, SIEBNER H, GIRLANDA P, Exp Brain Res, 161 (2005) 114.
— 46. HEIDE G, WITTE O, ZIEMANN U, Exp Brain Res, 171 (2006) 26.
— 47. EYRE JA, Neurosci Biobehav R, 31 (2007) 1136. — 48. HADDERS-
-ALGRA M, BROGREN E, FORSSBERG H, J Physiol, 493 (1996) 289. —
49. VEREIJKEN B, THELEN E, Dev Psychobiol, 30 (1997) 89. — 50.
HADDERS-ALGRA M, BROGREN CARLBERG E, Postural Control: A
key issue in developmental disorders. Clinics in Developmental Medicine
No.179. (Mac Keith Press, London, 2008).

S. Polovina

»Prof. Milena Stoj~evi}-Polovina« Polyclinic for Physical Medicine and Rehabilitation, Kosirnikova 14, HR-10000 Za-

greb, Croatia

e-mail: poliklinika@zg.t-com.hr

INTENZIVNA REHABILITACIJA U DJECE S CEREBRALNOM PARALIZOM: NA[ POGLED NA
TEORIJU NEURONALNE GRUPNE SELEKCIJE

S A @ E T A K

Cerebralna paraliza (CP) je jedan od glavnih oblika razvojnih poreme}aja. Postoje razli~iti pristupi i proturje~ja u
rehabilitacijskom tretmanu. Teorija neuronalne grupne selekcije mogla bi dati teorijsko obja{njenje rehabilitacijske
metode po Stoj~evi} Polovina. Cilj studije bio je ispitati dugoro~ni u~inak intenzivne i kontinuirano provo|ene rehabi-
litacije na razinu motorne autonomije u djece s CP. Razina motorne autonomije definirana prema klasifikacijskom
sustavu Gross Motor Function Classification System (GMFCS) i Gross Motor Function Measure (GMFM) analizirana
je u 24 djece s CP na po~etku studije i prilikom zadnjeg posjeta. Tijekom rehabilitacije rezultat GMFM se u ve}ine djece
pove}ao iznad o~ekivanog s obzirom na po~etnu razinu GMFCS. Intenzivna rehabilitacija je imala zna~ajan u~inak na
motori~ko pobolj{anje u djece s CP.
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