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ABSTRACT

It is known that paired associative stimulation (PAS) can induce plastic changes
in the central nervous system. The PAS involves the pairing of the electrical single
pulse stimulation to a peripheral nerve and single pulse of transcranial magnetic
stimulation (TMS) over the primary motor cortex. The purpose of the present study
is to investigate the effect of PAS involving transcutaneous spinal cord stimulation
(tSCS) and TMS on corticospinal excitability of multiple lower-limb muscles. Ten
healthy males participated in the present study. In total, 120 paired stimuli were given
to each subject every 9 seconds for 18 minutes. Before and after PAS, corticospinal

excitability was evaluated in the rectus femoris (RF), vastus medialis (VM),
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biceps femoris long head (BF), tibialis anterior (TA), soleus (SOL), and medial

gastrocnemius (MG) muscles. The results showed that PAS facilitated corticospinal
excitability in the BF, SOL, and MG muscles. Furthermore, facilitatory effect of PAS

on corticospinal excitability was observed 30 minutes after PAS. These results indicated

PAS combining tSCS and TMS could widely induce plastic changes in excitability of

the lower-limb motor cortex. However, PAS did not facilitate corticospinal excitability

in the RF, VM, and TA muscles. These results also showed a difference in facilitatory

effect of PAS on corticospinal excitability among lower-limb muscles, suggesting the

existence of a hierarchy of plastic changes in the primary motor cortex. These findings

have elucidated the neural mechanism underlying plasticity changes and may provide

beneficial information related to motor learning and neurorehabilitation.
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1. 3 EB®7O0b30

AREERIL PAS 12X 540 A & 2 DHi TR ORI
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F72. PAS MARIERIZBWT, T 6 M5
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F1 Preiffliz100% & L CIEHMIL L 7-MEP 0% b (P = fEHERE %)

% Pre Post0 Post5 Post10 Post20 Post30
RERE R 100 124.8 103.9 123.2 1139 1184
+( +184 + 8.6 +17.0 +155 +10.5
PIRIIL 55 100 127 108.8 120.8 122 1284
+( +184 +12.1 +11.1 +12.0 +12.0
KRERZFES 100 159.9 145 132.3 141.2 166.5
+( +21.7 +21.6 + 86 +98 +129
CilESEgiin 100 101.6 1074 118.7 110.5 129.8
+( +49 + 57 +53 + 6.8 + 76
v g AR 100 1254 107.3 113.1 116.6 130
+( +114 +33 +59 + 6.3 + 6.2
JHEHE 75 100 128.4 110.6 111.8 118.8 126.6
+( + 96 + 52 + 48 + 6.1 + 5.7
n=10 KEREFH YA ABRZ5EFH *p<0.05
400, -
[ T T
300 L
— T |
g I T T T ' : B
# 200! I - T ' | ; - ;
ﬁ ¢ I ; T ;] I T : i m | I : I::
5 L
S 100 E Q g H ] H E =g = 2= T 7
] r i = A 1 za 1 <
= - s ¥ % % % %
S
) 0"
&
=t 0777 Pz —_ Pz
H B ER BT XH BERERA
> 250
A
§ 200! T F 5
® i | = T I =
2 150 = 7 ’j i I elit ool
- T ' I
S ] A — & H :I
w0 B B 5 Ej | [ ] 5 % i T ?'
L | ] A || 1
50! * % E 3 E 3 E 3 i * E 3 * *
O "post0 5 10 20 30 ~ Post0 5 10 20 30 PostO 5 10 20 30
(min) (min) (min)

K3 K2 B1F 5 PASAABRDOLEILEK
HEBIE A AR O MEP % 100% & L CIEHL L 7= MEP AL &7 3 . BNI A ABEHIID & 4 3 ¥ 7 %2573, SOTRCIE, ok
RS, RO TS IS (25%), RO LIASESISE (5%), ONFOWMARAMEE & O/MiE % F. Ko 1 34%
HENHDH T EwRT (p<0.05) .

3 2 Friedman %€ & Wilcoxon D55 NAMARE DFEFR (p fiE)

Wilcoxon OFF FEMAE (Pre & k)

i Friedman f72 Post0 Postb Post10 Post20 Post30
KI5 0.757 -
LN 0.353 —

KEETHER  <0.001 0.005 0.005 0.005 0.007 0.005
TR 0.030 0.959 0.241 0.009 0.203 0.009
v I A 0.008 0.047 0.074 0.059 0.022 0.007
BEIA 0.001 0.007 0.139 0.037 0.022 0.005
W30 3 RI2 BT, KIRZHES, o A8, B BES D PAS 12 X % [ V)25 {L1E Hebb HI |2 %
JELR > Bz B Bl s LR 1 & BCRE$™ & MEP DK DY F T AMEDOWMZLEZEZHN TV D
WD SN (R, 3). Hebb HI & &, [V F T AR Za—a by
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LCTWwhb. AKEFZETH:72 tSCS &, HFRiRMRIZ
B DR A BLAAMST 2 FHTh Y, KM
EREH L THEO TS ICENZIUIN L72—K
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72PAS L, 6 2D FHHHIZK L CHEIZAAT
HIERWHEIZL, 3OO THMIZBT L RER
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L CTPAS % i L 72HF2ETIE, BEHIZBWT
R B IT B B AR U O BRI 2 B RS
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