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‘Small-world-ness’ metric for human brain functional networks based on
network efficiency

SI Shuai-zong®, ZHAO Hai, YU Chong, LIU Xiao, ZHU Jian
(School of Computer Science and Engineering, Northeastern University, Shenyang 110004, China)

Abstract: Small-world structures of human brain functional networks can promote the information forwarding and
integration among brain regions with low energy consumption and connection cost. However, traditional metrics have
the problem of low accuracy during ‘small-world-ness’ measurement of human brain functional networks. In order to
solve this problem, we proposed a ‘small-world-ness’ metric named efficiency based small world (ESW) index with the
consideration of the high efficiency characteristic of human brain. The validity of the ESW on simulation networks under
different edge densities and node scales is verified by comparing with the traditional measurement including clustering
coeflicient, characteristic path length, new small world index o and w. Simultaneously, the ‘small-world-ness’ of real
world human brain functional networks is verified. The variation on the ‘small-world-ness’ of healthy volunteers (HV)
with different thresholds is found firstly. Then, by comparing and lanalyzing the ‘small-world-ness’ of HV, patients
with childhood onset schizophrenia (COS) and patients with attention deficit hyperactivity disorder (ADHD), it is showed
that the ‘small-world-ness’ of COS and ADHD patients weakens. The study on the small-world-ness of human brain
functional networks provides a reference for the relevant researchers, which means we can explore the working and
connection patterns of human brain from the aspect of network topologies.
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A K w BB B RE I b 8 IR — AN 9 285 e 0t /) thE SR PR
NS R IFEE.
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I 55 A P 2 A IR S, B AT 0Nt S e s SRk
AT 50 BT, SR B 45 a1 5 s, B S5(a) IS5 SRR B,
W B AT AR A, B p R, 0.29 < ¢ <
0.75. HI AT 50, ZE 46 H oo 4805 0 A2 By 5 0 45 1) /)N
T R PR AT ) I 3 B PR AR /S, [FRE, 1 5(b) A

SREIR, 5001 < p < L WNEA -0.6 <
w < 0.8, Vu st DL AT 7T 4 R R 1,
T 1A — S 285, T 18 ) 4 RUASE /N e, X B2 )] AL
A ARABLI J& 1, B4 5 22 6 RE IR 33 w B R FE AR ALL.
Wk, A8 o AT w B /0Nt 50 5 48 A BE 5 4 B AH G
W7 N ot B A MR 1 £ 90 288 330 47 06 B4y #. T
I, AR SCHE H I o FR bR BE RS 7E 58 ) 1) p (B Y [ P9 X6 A
[ R R RR] 4% 6] /Nt A 3 A7 0 s, L e P AR
Fw. FAh, B 5(c) B 4h FE IR, Bl 5 ) 48 FIURS (1 38 K,
3 <o <77 HAER AR K. SR AR X @) e
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SE AT, 5, Bk 7 AN R BRAE R 45 20 ) 4g 5 &
FE 5 (HV) 1 T £ W 28 /Nt FUARe A 00 2 A A FL I,
XFEC AT AN [F]/MEE A E FR PR E HV 5 B COS
J% ADHD 5 A (1] 1 /)5t 57 ) e 25 31

T LICK T 2 Ak A B Dl 5E P 2% 11~ 1)
JaB AR B 2 Fh/INH SR e TR bR T 35 45 L. 1 5, 5
HV 7E A [ BB~ 45 21 (1 106 2 g I 2% 1) /) S RE
AT HE . I FE R I, B8 A AL )38, 1 DR R 4 SR 24
i 1 J 350 2850 e S i 2 T, RO B AR G S T Uk /).
FHNGE R C/Crana > 2,L/Lyana =~ 1,90 > 0.75,
02 < w < 04,0 > 2,XRPARHBEE T H
0 1y e TP 286 35 22 30 HE /Nt S AR 1, 12 45 R T O
WE 7N R T Ae 2 B At SRR 4 iR [
AF AR R I, M p = 0.1, %45 (1) /5 1 5 4
I3 O B S, T PR IS X 48 1) 28 5% 0 A TR RE B K. &3
R as Z) 7N G ) 8 B2 4 4 U e S
AT A 33 S 1 e 25T, 9% ke B 3R BN G 1) /s SR
HATLE G W BAL SR AEAEEEZ R R HIX,
73 B % COS H & 1 ADHD £ 34 I T fig 9 48 11 /) i
SR PESEAT A . B S HV ) g5 BT B
I, COS 35 A ADHD £ 2 1 /)8 thE FE 4R 1 A X T
HV ] 2k 5. 53 48, W 50 K B0, ECAR AL & Fh /s i
T 58 J7 15 #R e 15 15 31 COS 3 Al ADHD £ 2 i
Thag W 2 B A /N SRR PE I 4518, (B 42 C/Crana TR
o ) 58 S5 A AT T HV 218 B T KR T
O F COS, C/Crana = 14.6382,0 = 12.466 5; % T
ADHD, C/Cianqa = 15.8851,0 = 15.7194). HE2 &
Kl 4(c) BT LA B, GBS ) I 46 ) 48 5 I L I 4% A 42
AT, 3¢ W AE A AL G0 1K) WS /M FL ) 52 Fa 45 S o B
G 3y £ IR 4% (18] /0 the SRR P 3 AT ) BN AR AR — 2 1)
R 22, BZ ) fe A B MR 22 B, W AT R,
FHXT T HV, COS 835 11 J5 i al an & A2 1 w3 IR FRAIK,
4 JR) 2 7 AN 22 55 3 o W A6 iy T ADHD J 5 1) =)
K Bt 4 JR 28 AT P PRAIG. SR &5 SRR B COS
BE ARG DGR RE ) T B, T2 A5 B K
I} & 7142 7t ADHD & % WI1E J&5 55 45 B 8 & K2R
&R RN R HR A PR B

=1 ELRINGEMEHN/NMEAES
Network threshold N K  Egiob Flocal FEcost L C/Crand L/Lrana %) w o
HV 0.04 140 4 0.2587 0.5485 0.2187 0.4327 5.1055 30.7296 1.3755 0.7567 —0.1385 22.34
HV 0.1 140 8 04454 0.7355 0.3454 0.5339 2.7905 12.6007 1.0903 0.9259 0.0868 11.5575
HV 0.3 140 22 0.6258 0.7542 0.3258 0.5189 1.7131 3.2523 0.9229 0.8210 0.3571 3.5214
HV 0.5 140 36 0.7501 0.7876 0.2501 0.5753 1.4892 2.1544 0.8612 0.7501 0.3716 2.5018
COS 0.04 140 4 02948 0.3820 0.2548 0.3045 4.2658 14.6382 1.1742 0.6470 0.2653  12.4665
ADHD 0.04 160 4 0.2339 04586 0.1939 0.3631 3.8077 15.8851 1.0301 0.6151 03123 15.7194
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