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Ihgetd 5> 4L (Segregation):
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(Nature Rev. Neurosci., 2:229, 2001)
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J TP £ (Small-world networks)

Regular Small-world Random 1A o o % g &g . T
osl * C(p)/C(0) O ]
u]
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ool HPY/LRO) ® . ]
p=0 > p=1 I * oo e ¢
Increasing randomness 0 e e U— —
0.0001 0.p01 0.0 01 1
— Regular P Random
Table 1 Empirical examples of small-world networks g
networks networks
—actal L random f::actual Grarcl-:nm
Film actors 3.65 299 0.79 0.00027 Small-world
Fower grid 18.7 124 0.080 0.005 i
C. elegans 2,66 225 0.28 0.06 networks:
Characteristic path length L and clustering coefficentC for three real networks, compared blg C
to random graphs with the same number of vertices (n) and average number of edges per but small L

vertex (k). (Actors:n = 225,226,k = 61. Power grid:n = 4941,k = 2.67.C. elegans. n = 282,
k = 14.) The graphs are defined as follows. Two actors are joined by an edge if thay have
actad in a film together. We restrict attention to the giant connected component” of this
araph, which includes ~90% of all actors listed in the Internet Movie Database (available at
http://us.imdb.com), as of April 1997. For the power grid, vertices represent generaors,
ransformers and subslations, and edges represent high-vollage ransmission lines
hetween therr. For C elegans, an edqe joins two neurons if they are connacted by either
a synapse or a gap junction. We treat all edges as undirected and unweighred, and all
verices as identical, recognizing that these are crude agpproximations. All three networks
show te small-worle phenomenon: L = L gpgon BUT C 3 Cranaom-

ERAE A5 KL L(p)
IR ZH C(p)

(Watts & Strogatz, Nature, 1998)
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Histslogical or
imaging data

Functional brain network

Sensorimotor
Premotor

Temporal pole

Graph theoretical analysis

(Nature Rev. Neurosci., 10:1, 2009)
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Akaike's information criterion (AIC)

I o P(k)~k™Y for three fits of the degree distribution
= 0 goo. . - Power Law Pl " N
- 7 ik T T )~ AR e e
Sl T=0.55 d g '§' -~ -é ( ) €
y=18 - Exponential
T =0.60 -60) =
10-3 y =22 (:) ‘1 1.4 1 1
< } 'i ......
Error bars:
120 0 i
il ~Exp Truncated 95% confidence
Power Law Intervals.
10! 10? 10° Y B a 8 o 5"
k Level

(Heuvel, et al., Nuerolmage, 43:528, 2008) (Bassett, et al., PNAS, 103(51):19518, 2008)
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Cellular functional network

P 2 7 7 O 4. 00 L 41 ] RO AE

| s ® /|\ith R4S

N ’ @ Exponentially truncated
power-law/E 77 o

® 31 [l 4544 (community
structure)

® fh> 77 2. (hub node)

® Top panel: a cellular functional
networks constructed from MEA data
of cat; each node corresponds
approximately to one neuron; circle
Size corresponds to node degree.

® Bottom panel: a whole-brain structural
network constructed from histological
data on macaque cortex; each node
corresponds one brain area.

Whole-brain structural network SOCTRmTTTeEE (Natu re Rev. NeurOSCi., 10: 1, 2009)
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(b) ~ Raw signals
W / ’“ PP F:"h'- , .'_-.'I "'._J'I'.l LY
N>k EEGH . D prr e, b
g Band pass fiter ime
T ~ Filterec signals
A1
w .
7 Hilbert transform
il
P ﬁ (i) Instantaneous phase

Ui ’ 4T
ot JWWIMVWANNVANWANWY =
1

o2 WV AWM

~
-
-
-

A

WHZIN

(iii) Statistical identification of synchrony
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Hilbert Transform:
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(Junfeng Sun and Michael Small, Physical Review E 80 (2009):046219)
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s(t) = x(t)+w(t) TGS 0 (¢)
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s(t) = b(t)
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(Junfeng Sun and Michael Small, Physical Review E 80 (2009):046219)
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S48 F 1% (mean phase coherence, MPC)E A BRI £ 1548
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(Junfeng Sun and Michael Small, Physical Review E 80 (2009):046219)
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(Junfeng Sun and Michael Small, Physical Review E 80 (2009):046219)
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Neurological and clinical profiles in terms of lesion site, gender, age, and clinical
neurological scores (NIHSS).

Lesion site Gender Age NIHSS 1 NIHSS_2
(male/female) (vears)
Left-hemispheric 3/9 73.7+101 148+44 78+29
stroke
Right-hemispheric 3[4 71.1+£9.2 13.7+50 6.7+£247
stroke
Bilateral stroke 7/6 67.5+128 11.7+35 52+227

Patients are grouped according to lesion sites (left hemispheric ischemic stroke,
right hemispheric i1schemic stroke, and bilateral stroke patients). NIHSS_1 was
recorded within seven days after the onset of stroke, while NIHSS_2 was recorded
two months after the injury. Data are listed as mean * standard deviation. NIHSS
was sienificantly lower two months after the injury compared with those within
seven days after the onset of stroke ("p <0.01,""p < 0.001).

(Wenging Wu, Junfeng Sun, et. al., Clinical Neurophysiology, in press )
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« 30 min EEG recording with
subjects seated in resting
state with eyes closed

« EEG data at 16 scalp loci;
10-20 system; reference to
\ linked earlobe

e Sunray LOQWY-N systems,

12-bits A/D, 100 Hz

'« Filtered to alpha frequency
band (8-13 Hz)

* Phase synchrony of pairs
of channels calculated from
15 segments (each 10 s) for
each subject

(S. J. Luck, An Introduction to the Event-Related Potential Technique, The MIT Press, 2005)
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(Wenging Wu, Junfeng Sun, et. al., Clinical Neurophysiology, in press )



Phase Synchronization Index
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Global Phase Synchronization h Left infra-Hemisphere Phase Synchronization
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(Wenging Wu, Junfeng Sun, et. al., Clinical Neurophysiology, in press )
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(Wenging Wu, Junfeng Sun, et. al., Clinical Neurophysiology, in press )
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Inter-hemisphere Phase Synchronization gy

A0 - Pearson's comalation coefficient: R=0.028 h A0 Pearson's correlation coafficient. R= -0.634
p=0.826 g p=0.001
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NIHSS: National Institute of Health Stroke Scale
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(Wenging Wu, Junfeng Sun, et. al., Clinical Neurophysiology, in press )
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Characteristic path length, binary network
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Characteristic path length, weighted network
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(Newman MEJ, SIAM Rev., 2003, 45: 167-256)
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Clustering Coefficient, binary network

T Al A}
A Yio| -
-T \V o
A
\ -
v L
A
- - |- v  Stroke-L
1 A Stroke—-R
Stroke-B
i e Control
32 40 48 56 64 72 80 88 96

Number of edge

Clust—-Coef (mean +/- std)

Clustering Coefficient, weighted network
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NIHSS-2 vs. Clustering Coefficient
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Node strength (mean +/- std)
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Number of edge: 96
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