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INVESTIGATION ON THE BRAIN STRUCTURE
AND BRAIN NETWORKS OF PATIENTS
WITH PARKINSON DISEASE

ABSTRACT

With the increase of the aging population, the incidence of Parkinson disease (PD) has
become higher and higher, inducing heavy social load. Recent researches have shown that
physical changes tend to occur before the clinical symptoms. So it is quite significant to detect
physical changes and study the following functional changes.

This study recruited 20 PD patients and 12 normal controls (NC) and collected their diffusion
tensor imaging (DTI) data. With the DTI data, the structural brain networks of PD patients were
investigated from the prospective of brain network global properties, node properties and
connectivity properties. The correlation between the brain network parameters and Hoehn-Yahr
score was further studied. What’s more, we calculated the network resilience of two groups and
analyzed the factors that may have influences on network resilience of PD patients. The results
showed that PD patients had a decrease connectivity strength and network efficiency compared
with NC. There were significant group effects in the nodal characteristics of several brain regions.
The distributions of hub regions in both groups were in high consistency. Some region connections
in PD patients were damaged, mainly in the basal ganglia and the frontal lobes. In addition, the
significant difference was found in the fiber length between the two groups. The network
resilience of PD patients decrease with the network strength and heterogeneity, and influenced by
the fiber length as well. The results of structural brain network show that PD is a disease related to
white matter lesion and regional connectivity disorder.

Key words: Parkinson disease, DTI, structural brain network, network resilience
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INVESTIGATION ON THE BRAIN STRUCTURE
AND BRAIN NETWORKS OF PATIENTS
WITH PARKINSON DISEASE

With the increase of the aging population, the incidence of Parkinson disease (PD) has
become higher and higher, inducing heavy social load. An epidemiological survey found that the
incidence of PD was 1% ~ 2% for 65-year-old or elder, and 3% ~ 5% for 85-year-old or elder.
According to a study in 2007, Chinese Parkinson's patients accounted for around half of the global
population: there were 4.10 million PD patients all over the world and 1.99 million PD patients in
China in 2005. It’s predicted that there will be 8.67 million PD patients over the world and about
4.94 million PD patients in China in 2030. According to a study from Nanjing in 2010, one PD
patient may spend 48.0% of his or her annual income on this disease. In a word, PD patients suffer
from heavy pressure both physically and economically.

The clinical motor symptoms of PD are static tremor, bradykinesia, muscle rigidity and
posture instability. In addition, there are also some non-motor symptoms such as the smell
disorders and the autonomic nerve disorder. The common classification of PD is Hoehn-Yahr
grade, which was published in 1967. There are five basic stages. Phase I: unilateral body involved,
but the impact is limited or the functional decline is not obvious. Phase IlI: the body of the midline
or bilateral involved, but does not affect the balance function. Phase Ill: the static reflex appears
for the first time. When turning one’s body or being pushed with one’s feet close together, it is
difficult for the patient to keep balance. The patient’s daily life is affected but still can live
independently. Phase IV: patient can’t do activities but can walk and stand. Phase V: unless given
help, the patient can only lie in bed or in a wheelchair. As physical changes tend to occur before
the clinical symptoms, early diagnosis is of great significance.

Brain is an extreme complicated nervous system, which is divided into six parts, including
the cerebrum, the diencephalon, the midbrain, the pons, the cerebellum and the medulla oblongata.
The medulla oblongata is the regulating center of breathing, blood pressure and heart rate. The
pons provides fibers to link different regions. Midbrain is the center of cortical reflex. All three are
often referred to as the brain stem, responsible for regulating the overall state and maintaining
vital signs. The cerebellum is responsible for physical balance and movement. The cerebrum is the
highest processor of all kinds of life activities. Through the graph theory the complex brain can be
abstracted into the network. Studies have shown that the brain network has the characteristics of
"small world", which has large clustering coefficient and short characteristic path length. This
organization can achieve the function of the local brain unity and ensure the overall efficiency as
well. The brain network can be divided into structural brain networks and functional brain
networks. Structural network is composed of neural connections, representing the anatomy of the
brain. Functional network is composed of statistical association between functional activities of
brain regions, which represents the collaborative effect of all parts of the brain. In this study, we
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focused on the structural brain network.

MRI (Magnetic Resonance Imaging) is a widely used imaging technology. Based on the
principle of NMR (nuclear magnetic resonance), the electromagnetic wave signal is processed,
reflecting the internal structure of the object. Early VBM (voxel based morphometry) studies
showed that the volume of the substantia nigra and basal ganglia of PD patients was contracted. In
addition, the hippocampus and the thalamus also suffered, which may be associated with cognitive
impairment. Excessive accumulation of iron in the substantia nigra is also one of the symbols of
Parkinson disease. As a kind of paramagnetic material, the iron can change the T2 and T2 * value
and then change the electromagnetic wave signal. However, the signal may be affected by many
other factors, which can hardly be ruled out.

DTI (Diffusion Tensor Imaging) is a noninvasive nuclear magnetic resonance imaging
technology. In a magnetic field, water molecules in different tissues can present different diffusion
state. For some brain tissues in random order, the diffusion property of water molecules is nearly
isotropic. For some brain tissues in good order, the diffusion property of water molecules is nearly
anisotropy. Based on the above principle, DTI can track the white matter fiber, which has been
widely used to reflect the microstructure of brain. Common DTI parameters include FA (fractional
anisotropy) and MD (mean diffusivity). The FA value of white matter is higher than that of the
gray matter and CSF. The DTI-based researches have mainly investigated the brain structure of
PD patients from two aspects: one is from the perspective of different brain regions; the other is
from the perspective of the structural brain network. For the former, Chan focused on the basal
ganglia area, found that the FA value reduced obviously in the substantia nigra and striatum in the
patients with PD. Peran pointed out that the FA value decreased in the thalamus and the substantia
nigra of PD patients. For the latter case, Wei used the graph theory to compare the structural brain
network between the PD patients and the normal controls and found that the motor network in PD
suffered topology efficiency decreases. Agosta analyzed the DTI data of the PD patients with mild
cognitive dysfunction and found the fiber loss in the frontal lobe and parietal lobe. Li used the
deterministic fiber tracer techniques to construct the structural brain network and found that the
network strength and the global efficiency is lower in PD group than that of the NC group. In
addition, the overall efficiency showed the negative correlation with PD’s duration. They also
found that orbital frontal gyrus (ORBsupmed. L), the pillow back (SOG. L) and wedge leaf (CUN.
R) showed significant differences between the two groups, suggesting Parkinson's disease may
lead to the cognitive dysfunction.

This study recruited 20 PD patients and 12 normal controls (NC) and collected their diffusion
tensor imaging (DTI) data in Shanghai Ruijin Hospital. Based on the DTI data, the structural brain
network can be reconstructed. The process is as follows. (i) Track the water molecules and set the
restrictive conditions (FA<0.15 or bending angle >45< for stopping tracking. (ii) Through the
AAL (Automated Anatomical Labeling) brain atlas, the brain is divided into 90 regions. Each
region corresponds to one node for the network. The structural brain networks of PD patients were
investigated from the prospective of brain network global properties, node properties and
connectivity properties. The correlation between the brain network parameters and Hoehn-Yahr
score was further studied. What’s more, we calculated the network resilience of two groups and
analyzed the factors that may have influences on network resilience of PD patients.

The results showed that the structural brain network had the small-world property in both PD
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patients and the healthy controls. PD patients had a decrease connectivity strength and network
efficiency compared with NC. To investigate whether the fiber weight would influence on the
global parameters, we constructed both weighted networks and binary networks and found that the
results were in high consistency. However, the cluster coefficient of PD patients in the binary
network was higher than NC, suggesting the fiber weight of PD patients decreased a lot.

There were significant group effects in the nodal characteristics of several brain regions. The
degree and strength of STG in PD group were larger than those of the NC group and showed a
significant positive correlation with the H-Y grade. The degree and strength of AMYG in PD
group were smaller than those of the NC group and showed a significant negative correlation.

There are some edges which existed in more than 80% of the healthy controls and
disappeared in more than 80% of the PD patients: ACG.R—ORBsupmed.R; CAL.L—HIP.L;
FFG.L—INS.L; PUT.L—MFG.L; PUT.L—IFGtriang.L; PUT.L—ORBsupmed.L; PUT.R—
ORBsup.R; PUT.R—MFG.R; PUT.R—ORBsupmed.R; THA.L—PUT.L; THA.L—PAL.L;
THA.R—ORBsup.R; STG.L—LING.L; STG.L—MOG.L; STG.R—MOG.R. The damaged
regions were mainly located in the frontal lobe and basal ganglia, suggesting the decline of
cognitive function and sports function respectively. What’s more, this paper investigated the edge
differences in terms of their Euclidean distance and fiber length. The results indicated that the
Euclidean distance and fiber length of linked regions in PD were shorter than those of NC. In
order to explore the distribution of fiber length, this paper divided all fibers into 11 groups
regarding their length. The results showed that PD patients had more short edges and less long
edges than NC.

Resilience refers to a system’s ability to resist the external environment changes or its
internal failure. These changes and failures are always unpredictable and irreversible. So the
evaluation to a system’s resilience is of great significance. Barabasi came up with a tool to
guantify the network resilience recently. The resilience of a network was defined based on its
network topology. We applied this parameter to the structural brain network and analyzed the
factors that may have influences on network resilience of PD patients. The network resilience
turned out to have a significant positive correlation with network strength and heterogeneity. We
compared the network resilience between the PD group and the NC group. The results showed that
there were significant group effects in the network strength and network heterogeneity and the
nodes with large strength contributed much more to the network resilience. What’s more, we
investigated how the fiber length influenced on the network resilience. The results showed that
fibers with longer length were more likely to link two nodes with large nodal strength and thus
contributed much more to the network resilience.

The results of structural brain network show that PD is a disease related to white matter
lesion and regional connectivity disorder. The neuroimaging markers have the potential to serve as
a diagnostic measure for PD.
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