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Abbreviations
AI: Asymmetry index. Activated voxels in the left cortex – activated voxels in the right
cortex)/all activated voxels in cortices concerning to a brain region
EPI: Echo planar imaging
FLASH: Fast Low Angle Shot
fMRI: Functional MRI
LPD: Left dominant. Group of patients with Parkinson’s disease formed according to the
predominantly right-sided symptoms
MR: Magnetic resonance
MRI: Magnetic resonance imaging
MS: Multiple sclerosis
RPD: Right dominant. Group of patients with Parkinson’s disease formed according to the
predominantly left-sided symptoms
T: Tesla
TE: Echo time
TI: Inversion time
TR: Repetition time
UL: Upper Limb
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Neuroplasticity, introduction

Neuroplasticity is the ability of nervous system to perform short- or long-term functional
and strutural changes to the external or internal influences.
Plasticity depends on time, it can be experience-induced and it is influenced by environment
and internal state, for example motivation and attention.
Neuroplasticity can be investigated with various methods including morphological, cell- and
molecular biological, electrophysiological methods and functional neuroimaging techniques
such as magnetic resonance imaging (MRI) which can be mostly applied in human. By the
help of this imaging technique numerous appearance of neuroplasticity has been detected on
different areas of nervous system to the various stimuli.
Not only the structure of a brain area can be investigated by MRI but its function too. This
method is called „functional” magnetic resonance imaging (fMRI) which is a blood oxgen
level-dependent (BOLD) neuroimaging technique.
Reorganization of speech function and motor system
The two structurally and functionally identical brain hemisphere enable that in case of
unilateral injury the lost functions can be reorganized in the homologue structure. The
symmetry assures the reorganization ability of the most important brain functions. The
hemisphere where the language centers are located is the dominant (language dominant). This
is usually the left hemisphere.
According to the literary data, injuries affecting the left hemisphere and language centers can
cause contralateral language reorganization. It has not been analyzed so far, whether
asymmetric hand usage can influence the language cerebral organization. Thus, in one of our
study I have investigated the reorganization of language-generating structures in obstetric
brachial plexus injury.
Out of frequent neurological disorders stroke and multiple sclerosis (MS) are the most
frequent in which the reorganization of motor system has been investigated.
There are numerous unanswered question in Parkinson’s disease compared to stroke and MS,
such as: to what extent does the course of disease itself define clinical picture and to what
extent the disease compensatory reorganization.
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Studies

Obstetric peripheral upper limb injury and speech reorganization

Aim
Our aim was to study whether such functional factors such as asymmetric hand usage can
influence brain lateralization. Thus: Can obstetric peripheral upper limb (UL) injury and
asymmetric hand usage as a consequence of this injury influence language lateralization?
Subjects and Methods
In this study, 15 subjects (6 men and 9 women, mean age: 15,9±5,4 years) with obstetric
brachial plexus injury were included who were, from their birth, under continuous medical
care. All of them suffered from a unilateral obstetric brachial plexus palsy involving the C5Th1 nerve roots. The injured nerve roots were identified by clinical examination at birth and
later we confirmed them by electrophysiological methods. There was neither history or sign
of brain injuries, speech disturbances, nor physical examination indicated these signs. All
subjects had a normal range of intelligence according to clinical impression, education, or
intelligence quotient (IQ test). All of them attended primary school, secondary school, or
university at least with moderate-to-excellent performances. Eight subjects, who had only
moderate school performance, underwent Raven IQ testing and scored in the range of 81 to
118. The patients’ histories and results of physical examinations were registered before the
functional MRI examination. There were five subjects with a left-sided and ten with a rightsided injury.
According to the usage of the right hand, we categorized subjects into three groups:
(1) 5 subjects with left-sided UL injuries with complete usage of the right hand,
(2) 5 subjects with right-sided UL injuries and preserved writing with the right hand,
(3) 5 subjects with right-sided injury without ability to write with the right hand.
Paradigm
Internal word generation paradigm demonstrates activity in speech centers (Broca and
Wenicke areas). Block design technique was used to map eloquent speech centers.
MRI
Our examinations were conducted on a 1-Tesla Siemens Magnetom Harmony type clinical
MRI scanner.
To characterize language lateralization in individual subjects, we calculated an asymmetry
index (AI) of frontal activity in the course of functional MRI: AI = (activated voxels in the
left frontal cortex – activated voxels in the right frontal cortex)/all activated voxels in frontal
cortices.
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Results
Association between the Presence of Right-Sided Upper Limb Injury and Language
Lateralization
Positive values of AI indicate that the activation is more pronounced on the left than on the
right side (AI = 1 corresponds to a complete left-sided lateralization; AI = -1 a complete rightsided language lateralization). The mean AI in subjects with right-sided UL injury was
+0,32±0,38 (range, -0,54 - +0,85), the mean AI in subjects with left-sided UL injury was
+0,66±0,25 (range, +0,44 - +0,95). Subjects with right-sided UL injury showed a more rightsided language lateralization compared with subjects with left-sided UL injury.
Correlation between the Degree of Right-Sided Hand Usage and Language Lateralization
The Spearman’s rank correlation showed a negative correlation between the usage of the right
hand and the left-sided language lateralization (AI), R= -0,699, p<0,01.
Correlation between the Severity of Right-Sided Upper Limb Injury and Language
Lateralization
The more nerve roots are involved and weaker the functions of right UL, the more right-sided
is language lateralization.
Conclusions
(1) The right-sided UL injury was associated with a shift of language lateralization from
the left to the right.
(2) The severity of the damage and the degree of the asymmetric hand usage strongly
correlated with the degree of the participation of the right hemisphere in language
production.
(3) We found only a left-to-right shift of language lateralization and not a complete
switching of language lateralization. The latter occurred in one subject only.
(4) According to our study a peripheral injury may induce changes in brain organization
and may effect even those morphologically intact brain regions that do not directly
control the altered function.
Reorganization of motor system in Parkinson’s disease

Aim
Our aim was to map the role of ipsilateral motor system in adaptive reorganization in
Parkinson’s disease.
According to the asymmetric beginnig of Parkinson’s disease we formed two groups of
patients and we contrasted the brain activity in them. We do not have to face performance
differences due to using a passive movement fMRI paradigm. We can more precisely
investigate the role of the structures of the less affected hemisphere in the reorganization. It is
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difficult to examine when we compare the activation of the normal with the Parkinsonian
brain where the functions of the less affected hemisphere are also impaired.
Subjects and Methods
10 right-handed patients with Parkinson’s disease were included in this study. We also
included a group of 5 healthy controls in order to demonstrate the physiological response to
the passive movements. In this examination we used the same settings as used in the patient
groups.
We grouped the patients according to the predominant side of symptoms; thus, a right-sided
dominant (RPD) and a left-sided dominant (LPD) group was formed with 5 patients in each
group. There was no difference in the severity, duration and treatment of PD between the two
patient groups. There were more men in the RPD group.
Paradigm
Passive finger movement paradigm applying sensorimotor stimuli is appropriate to detect
activation in precentral and postcentral gyrus. The total examination protocol consisted of a 4finger passive movement task on both hands. The movement-rest cycle (30 s each) was
repeated five times according to the block design technique.
MRI
To reduce dyskinesia, we performed the fMRI examinations in the practically ‘OFF’ state.
Our examinations were conducted on a 3-T Siemens TIM Trio MR scanner.
Results
In both groups of patients passive movement paradigm was applied on the left and on the
right hand as well.
RPD Group
Within-group analysis of right-fingers’s movement (more affected side) showed significant
activated foci in the contralateral (left-sided) primary sensorimotor cortex and thalamus,
in the ipsilateral (right-sided) secondary somatosensory cortex and in the inferior frontal
gyrus.
The movement of left fingers (less affected side) is associated with activation in the
contralateral (right-sided) primary sensorimotor cortex and thalamus, in the ipsilateral (leftsided) secondary somatosensory cortex.
LPD Group
LPD patients during left-fingers’ passive movement (more affected side) showed activations
in the contralateral (right-sided) sensorimotor cortex, in the ipsilateral (left-sided) secondary
somatosensory cortex and caudal part of inferior frontal gyrus.
LPD group during right-fingers’ passive movement (less affected side) activated contralateral
(left-sided) primary sensorimotor cortex, secondary somatosensory area, inferior frontal
gyrus, ipsilateral (right-sided) inferior frontal gyrus and secondary somatosensory cortex.
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Contrasting LPD and RPD Groups
We contrasted the two patients groups with two paradigms. During the between-group
analysis the right-fingers’ movement in right-sided Parkinson’s disease contrasted to the leftsided PD resulted in significant
differences on the fMRI in right putamen, right sensorimotor cortex and bilateral prefrontal
cortex.
Conclusion
Our study suggests that in the less affected brain hemisphere motor-related areas including
primary sensorimotor cortex, supplementary motor area and basal ganglia may play a role in
the reorganization of motor system in Parkinson’s disease. However, we could demonstrate
this reorganization only in Parkinson’s disease with right-sided dominant symptoms.
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