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Fig.1 Flowchart of transcranial magnetic stimulation



2023; 50 (3

TEW, % SRR R EIRZ T RIS FR s B E T RE R 4 B #00 -587-

1.3 HIFERE

VEFH A A Rl BB R R AR B4, SRR
1 000 Hz, JCZEHLMLIEIL323@iH, % /% 10-20 [F Fx
FRUESIBRAM AT 2 75 TMS HIRT, T2t
FRAE B S min ARG R EE, 10 d rTMS IR
JPEEHUS PRI R 24 h, ZEAHIRIAOIREE R REEBE
5 min A HR (1) i B 5508
14 =RITHE

UPDRS J& H A A )72 B9 PD I IR PE i 3%
AT —Fh A . A RO RN T Bk i
PD A EMFRIE AN E . UPDRS/ AL, II, III, IV
DUy, Hobh UPDRS-IT3E 13404 H, £40~4
5+, UPDRS-II £ 27 4 H, ®40~4 47,
UPDRS-IVAE 114N H, 5532, 33, 34, 394H
Fok0~44r, HARZHMHK024r. /MASPD R
e R AR S E A OE 2, UPDRS-ITIEAR R H
H# E 1505 3, UPDRS-IIPEAL B & 10z shih 27
UPDRS-II il UPDRS-II1 # 5 T £ 34 X1z sl DI RE Y
AN MG Ar, UPDRS-IV PEAL B35 M6 Y7 IF &
iIE ,  FEAR TV ZE I DR B AR AT ST N Bl
UPDRS 1T/ 6 %F AR-PD £ 55 1 K AR AT H]3
HIFIEE 10 RASE 445 AU EA T IR R EA

2 e AR S AN T RE M 4% 5 AT

21 FRERD PEERBEETE K% (sSLORETA) &%
it 1 MINT152 Bl 7 L S 118 S A A v R 471
B, YR A ) R R T B K S . B P AR R L
5 mm 25 [A] 3 BER R 43 8 6 239K % . 7F Brodmann
DX 3 114 i A5 12 R T A MNI 2] Talairach 23 [#] (1)
&Y M IE . SLORETA B 4% 55 75 #i 25 fi 1) 2%
Talairach % [H] HREMA Z 1 FL T Sl LAAG T FeL Ot 286
P Ir bR AR EE 2o Sk B AR A5 55 5 R i )2
HL % RS 5 Z A SE R AR N
o =KJ (1)
Hro W REBNVLEEWGES, KN mxn
(m<n) HEFTIEIRYZREL, TR nx<] 4E NN K2 )2 FL I
WIS 5 o A B8 % 1Y) Tikhonov-Philips iF
WAL o RASME—fig, 1B DAL ik i A A R g AT
Tl
0=|r-kKI| +afJ|’ (2)
Hrba (a20) NIEMLSEL, O MHINE.
I EMU A, BIALSRAS TR, A
J= Vg (3)

V=K'[KK"+aH] (4)
1"
H=E — 7I (5)

Hrr, ESREANIEERE, 1w i,
22 [NIhREMZHDE

TERGERER 26, 9 sk — R A W] LA B
FERIPZE A o 9 s R DL R T s TR R AT
FEPE IR BE G BT DR 28% R SEAS L B o3 o il DX
SCRT A5, W PR I DX 2 [ 114 [] 25 a2 SR A X2 [
MR, TR eI R LS 45 45 AR 2
] R EK R 2, MR 4fE Brodmann 43 X 5 48 HhHEHR 82
AKX, (Brodmann area, BA) /EHMEET &, @
i SLORETA 15345 1| (%) B 3 %% B 5008 FH Bz 7k b AR
KABOTEAFA X RBUERE, [ R RELR,,
(e LT FRoR N

n z xiyj - Z‘xijzfyj

i=lj=1

Ry = (6)

(3 s[5

Horbr, n WHEARZSEL, X v WA BEREAS S

BT EAS A 181 PD B E I HL IR & A R
BORREDN I MES , IFE1T Fisher-Z 8442 5 HIE S
o IR FRA B AR ¢ G e X B A T R
FAE 2 AR R 5 fe 54T FDR BGIE 7, [S{E Y 3
PRI JE 28 18- 15 B R T4 115 S8R A SR X B T
5 280 MO R B R T 1 1 2R I PR A Mk X 2 (1]
A1 FOR, X REI /N T BB R W
A X Z [N A AR SN 0 Fo, i A5 31—
AT DARAE NN X Z [RIAH DGR A A R, MR8 ik
W RURIT RS A AR AL E T AR A I T e 0 45
2.3 BNINBEMZRAFE

JRytR AR A4 Ry R iE ] LK i DI E 0 248 254 T4
R, JRERREAE T 20 B N 28 118 B 5T A A Mg
X, 4R RRIE oA 0 285 v 4R s ol i X
HF R 2

e w0 I JR BB R AE J& Y A5 (node degree,
K), How ORS00 8 AR 09 5S4 Y,
R AR R

K, = ﬁhg (7

Hrr, NS S8 b B R ITER

T BIEZAE (clustering coefficient, C) 3
7 5T ASUAE 3 0 A Y 22 TR) R R 4 Y T RE
PP, A R R AT RIS




*588- EMUFESEYIRHR

Prog. Biochem. Biophys. 2023; 50 (3

oW 2 (3)  TESECEERMERE KR AHT; RIS YIRS,
M K(K-1) A FHAES BT IR Z REDLIEE (5 000 7K 46 )

o Wk 5 R R B KA R R SE PR i
AL, MR KA SR AT RRAETE I B R 4R

S3ATT I D fE X 26 0% A 42 SR R S 2 B
IR RE. FHEBARRKEE . PN AN 4%
WA T SR IE ;P IRSE RO I I M 4
A R R PIE; FHERSAR I 2k
25 T BT A Y SR SR AR A BE RS- (R B, R
A2 K (characteristic path length, L) Y& X2
AIRIR N

1
L=MN_UZ¥5 (9)

Horp ) NFIRTT S, d3RRT 5 5T R
JIBAR K
24 ST

ENTETROp I G N e E e S EEA S e

Gy, XF 8 AAAT FH XA Y F-ratio F8 1| 14 70
ST ARG R HL AN [R] Bk DX G 25 S bk Y it 2
R HEBORAS IE 25 PRk, Horh P<0.05 7R %
H e AR 25 R AT 22 5

3 5 X

31 IERERDTER

rTMS $ll#4HT J5 AR-PD 8 il R B R PE4-n
1R, AHEF R BRT AR-PD BB 3 R3S 1Y
UPDRS. UPDRS-II. UPDRS-III 34344 5 14 i 3%
Fefk (P<0.05), UPDRS-IV ¥¥43 45 5 TG i 454k
(P>0.05), FHIrTMS Jli% /5 AR-PD 3515 52 fig
TREFH N el B AR 7 AR 3RTT IE R AE

Table 1 UPDRS scores of PD patients pre— and post—-rTMS

pre-rTMS post-rTMS t-value P
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Table 2 Results of significant difference of EEG tracing pre— and post—-rTMS at different frequency bands

Frequency band Brodmann area Lobe Transverse plane Sagittal plane Coronal plane

R

£
»
-

u

) BA40 Parietal lobe

0 BA10 Frontal lobe
al BA10 Frontal lobe
02 BA10 Frontal lobe
B1 BAIll Frontal lobe
B2 BA11 Frontal lobe

B3 BA4 Frontal lobe

Y BA10 Frontal lobe

(2) 10 ®

2 2
Q o
=] g
= =
O O
0
Channels Channels

Fig.2 Binary matrices of AR-PD patients pre— and post-rTMS
(a) pre-rTMS; (b) post-rTMS.
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Fig. 3 Brain functional network of AR—PD patients pre— and post—-rTMS
(a) pre-rTMS; (b) post-rTMS.
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Fig. 4 Comparison of network eigenvalues pre— and post-rTMS in AR-PD patients

(a) Average degree. (b) Average clustering coefficient. (c) Characteristic path length. *P<0.05.
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Fig. 5 Correlation between the change of average clustering coefficient of brain functional network and the change of
UPDRS in AR-PD patients
(a) UPDRS; (b) UPDRS-II; (c) UPDRS-III.
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Effects of Transcranial Magnetic Stimulation on Brain Functional Networks in
Patients With Akinetic—rigid Parkinson’s Disease’

LI Jia-Li*?, YIN Ning"?, YAO Yao”, FENG Ke-Ke”, LI Run-Ze"”, LIU Shuo'?,
YIN Shao-Ya¥", XU Gui-Zhi'*"™

(VState Key Laboratory of Reliability and Intelligence of Electrical Equipment, Hebei University of Technology, Tianjin 300130, China;
DKey Laboratory of Bioelectromagnetics and Neuroengineering of Hebei Province, Hebei University of Technology, Tianjin 300130, China;

3)De])(zrtm6nt of Neurosurgery, Tianjin Huanhu Hospital, Tianjin 300350, China)

Abstract Objective The efficacy of repeated transcranial magnetic stimulation (rTMS) as a noninvasive
neuromodulation technique in patients with Parkinson’s disease (PD) has not been fully validated. In this study,
we combined clinical scale evaluation, brain electrical source and brain network to explore the effects of high-
frequency repetitive transcranial magnetic stimulation on patients with akinetic-rigid Parkinson’s disease (AR-PD).
Methods A total of 18 patients with AR-PD were included. The EEG signals were traced by standard low-
resolution electromagnetic tomography (sLORETA), then the brain functional network was constructed by
complex network theory, and the network topological characteristics were compared and analyzed from the
perspective of collaborative work between brain regions. Results The results showed that there were significant
differences in prefrontal cortex and primary motor cortex after magnetic stimulation (P<0.05). The network
connectivity of brain regions associated with motor sensory production, motor planning, and motor execution was
significantly enhanced (P<0.05) and the change in the mean cluster coefficient of topological features of brain
functional networks was significantly correlated with the change in Parkinson’s uniform rating scale score
(P<0.05). Conclusion It is speculated that rTMS improves the information transmission ability of AR-PD
patients from motor sensation generation to motor execution. This study can provide a theoretical basis for the
relationship between the improvement of motor symptoms of AR-PD patients by rTMS and the reintegration of

sensorimotor network.

Key words akinetic-rigid  Parkinson’s  disease, repetitive transcranial ~magnetic  stimulation,
electroencephalogram, brain functional network
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