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[Abstract] Objectives: To observe the effect of repetitive transcranial magnetic stimulation(¥TMS) on motor
function recovery at different intervention time after spinal cord hemisection in rats. Methods: 42 SD rats
were separated into five groups randomly, including normal control group(n=6), sham group(n=6), SCI group(n=

10), ArTMS group(n=10) and SrTMS group(n=10). T10 spinal cord hemisection model was made in SCI group,

HEETB . 1 4B E B R 2= SL Rl I K A 7E I8 (45 . 2007JL12)
E—1EFEE N L (1973-) , @ BALEE I, BE 2+ #F 587 17 A BE R e
H1i% : (010)58823335  E-mail : py10335@163.com



op A HA 2 AR 2012 4E5E 22 B85 12 1 Chinese Journal of Spine and Spinal Cord,2012,V0l.22 ,No.12 1097

ArTMS group and S‘TMS group. In sham group, the vertebral laminae of rats were removed while keeping
spinal cord intact. The rats in normal control group did not receive any surgery. RTMS (10x5sec bursts of
10Hz at 35% maximal stimulator output, each burst separated by a 2min interval) was delivered daily 5 days
per week for 2 weeks. The treatment began at 4 days after surgery for acute group (ArTMS group) and 18
days after surgery for subacute group (S'TMS group). The rats in normal control group, sham group and SCI
group did not receive any intervention. Motor functional recovery was assessed by using BBB locomotor rating
scale and the Horizontal Ladder Scale before surgery and at 3 days, 10 days, 17 days, 24 days, 31 days, 38
days after surgery. The tibialis anterior was surgically removed for observing muscle shape, and diameters of
different muscle types were merssured by ATPase staining (pH 4.6) at 38 days after surgery. Results: The
BBB score(21) and the percentage of correct steps of Horizontal Ladder Scale(100%) were normal in normal
control group, sham gourp and SCI group, ArTMS group, SrTMS group before surgery, which remianed un-
changeed in sham group after surgery compared with those before surgery. The BBB score and the percentage
of correct steps in SCI group, ArTMS group and SfTMS group at 3 days after surgery decreased significantly
compared with those before surgery. The BBB score of SCI group and SrTMS group at 31 days and 38 days
after surgery and the percentage of correct steps at 24 days, 31 day, 38 days after surgery improved signifi-
cantly compared with those at 3 days and 10 days after surgery(P<0.05). In ArTMS group, the BBB score in-
creased significantly at 17 days, 24 days, 31 days, 38 days after surgery compared with those at 3 days and
10 days (P<0.05). The BBB score and the percentage of correct steps between SCI group and SrTMS group
showed no difference from 3 days to 38 days after surgery. The BBB score and the percentage of correct
steps in ArTMS group at 3 days and 10 days after surgery showed no significant difference compared with
those in SCI group and SrTMS group. The BBB score of ArTMS group at 17 days, 24 days, 31 days and 38
days after surgery improved significantly compared with those in SCI group and SrTMS. The Horizontal Ladder
Scale of ArTMS group was significantly higher at 17 days, 24 days, 31 days, 38 days after surgery than SCI
group and was higher at 24 days, 31 days, 38 days after surgery than SrTMS group(P<0.05). ATPase staining
of paralysis tibialis anterior of right low limb showed the diameters of I, 2A, 2B type muscle fibers in SCI
group decreased compared with normal control group and sham group (P<0.05). The diameters of type 2A
muscle fibers decreased in ArTMS group than in normal control group and sham group (P<0.05). The diame-
ters of type 2A and 2B muscle fibers were significantly greater in ArTMS group than those in SCI group (P<
0.05), but for 1 type muscle fibers there was no significant difference between ArTMS group and SCI group.
In SITMS group, the diameters of 2A and 2B muscle fibers significantly decreased compared with normal
control group and sham group (P<0.05), and 2B muscle fibers decreased significantly than those of ArTMS
group (P<0.05). Conclusions: rTMS in acute stage of SCI improves the functional recovery and alleviate mus-
cle atrophy partially after spinal cord hemisection in rats, which shows better effect than subacute stage.

[Key words] Spinal cord injury; Repetitive transcranial magnetic stimulation; Spinal cord hemisection; Func-
tional recovery; Rat
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ARHT LA B P22 5 (P<0.05) ,SCI 41 Al S'TMS
HARJE 31d A1 38d I BBB PE0 A FFik &2, 5K
J& 3d F10d HECA W 22 5 (P<0.05) ; ArTMS
HAJG 17d.24d .31d.38d Bf 9 BBB ¥4 B . 75

# 1 SCI £ ArTMS 270 SrTMS A X R AR 5 & i 18 & i BBB iE4 (x£s)
Table 1 The BBB scale of SCI group, ArTMS group and SrTMS group at different time
KI5 3d K5 10d R 17d RIF 24d RJF 31d RIE 38d

3d 10d 24d 31d 38d

Sggﬂ (n=8) 0.25+0.46 0.50+0.53 1.63+2.45 3.50+2.67 425425502 5.38+2.450
group

ATMSH (n=7) 0.430.54 1572127 6.00+2.947259  0.57£2.447299 12572637207 13.86+2.127207
ArTMS  group
SrTMSZ (n=0) 033052 0.50£0.55 1.83+2.64 4.17+2.79 5.00+2.4572 6.332.1612

SITMS group

T OS5 RAARE 3d L P<0.05, @5 K5 10d H 4 P<0.05,®5 [ i 18] 4 SCT 41 H % P<0.05, (@5 ] i 7] 5, SrTMS 41 L 4 P<

0.05

(DCompared with 3 days after surgery, P<0.05; @Compared with 10 days after surgery, P<0.05; (3)Compared with SCI group at

the same time, P<0.05; @Compared with SrTMS group at the same time, P<0.05
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0.05);ArTMS 20 AR J& 3d 1 10d 4 & 1E#f K 5
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#& 2 SCI#A . ArTMS A7 SrTMS AAREH B Sk PHEFLIRLSSERE

A‘TMS 41 AR J5 17d .24d 31d . 38d & 2 1F % R 1]
& F SCI 4 (P<0.05) ; R J5 24d .31d.38d 22
IEA A 8 & T SITMS 41 (P<0.05)
22 LA ELGL

1EH X B4 AT AR ALK BRAT J5 IR A L]
W1 A 2A F1 2B RYFLET 2 | 45 R ILET 2 1 i HE
G SCL ALK RA G 38d 47 )5 Bz A WLALZR
YR W SRR AN, 3 RULET 4k BRSO O IR
AR TFARA LB B AN (P<0.05) ; ArTMS 44K
SRULZT S %5 hy 103, ILET 4 o) 22 e ] DL 2 gt 1 Y
2B RIS IEE XA FARALRBEEZR TR
H e 2A 5 IE R IR A AR R 4 b A AR An
(P<0.05),2A HIFI 2B B YLEF 2 5% SCI 2 B & 3%
HL (P<0.05) ;SrTMS 41K FL45 BUILEE 4k 354 AN TR
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0.05),3 BUNLEF 4k 5 SCI 4 b4 25 55 00 W 3 1k
2B RULEF4E 5 ArTMS 2H Ui i As g, 25567
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Table 2 The percentage of correct steps of Horizontal Ladder of SCI group, ArTMS group and SrTMS group

at different time

KJE 3d AR 10d RJs 17d R 24d K5 31d A 38d
3d 10d 24d 31d 38d

SCI4 = 5 . .

SHiLn=8) 1.88+1.96 5.88+2.23 9.75+2.32 1375429672  16.13x2352  20.00+3.597%
group

ArTMSH (n=7) 2.29+1.89 6.43+2.51 16.00£2.5872  32.14x4.677237  40.86+3.857290  4500+3.567257
ArTMS group
SITMSZ (n=6) 0.67+1.21 6.67+2.16 12.00+3.03 18.17+2.562  20.83x3.920%  23.17+3.8202

SITMS  group

OS5 RIA AR 3d LEE P<0.05;Q5 WA ARE 10d F# P<0.05 ;)15 7 i 6] 5 SCI 41 He 5 P<0.05 ;@5 [l I} 8] 5 SrTMS 20 [ 4%

P<0.05

(DCompared with 3 days after surgery, P<0.05; 2 Compared with 10 days after surgery, P<0.05; 3)Compared with SCI group at

the same time, P<0.05; @Compared with SrTMS group at the same time, P<0.05

R3I BARRARHEEWAN 18 2A B85 2B BRFHER

(xs, um)

Table 3 The diameters of typel, type2A, type 2B muscle fibers of tibialis anterior of different groups in rats

144

2A # 2B #

Type 1 Type 2A Type 2B
Al 0 —
IE ¥ 5§ FRAL (n=6) 31.81+3.33 60.326.27 49.93:4.23
Nomal control group
B (n6) 30.62+2.98 61.76+7.02 48.55+3.88
am group
SCIAL.(n=8) 24.1942217 44.14+327" 35.13+3.53"
SCI' group
ATTMSE (n=1) 28.18+4.62 52.51+3.952 47.8725.342%
T group
SIS (n=6) 28.83+3.74 46.33£3.79" 38.135.36"

S'TMS  group

(D4 1R 6 B T AR AL I8 P<0.05;@15 SCI 41 ILEE P<0.05;3)5 SrTMS 41 [L4E P<0.05
(DCompared with normal control group and sham group, P<0.05; @Compared with SCI group, P<0.05; 3)Compared with S'TMS groupP<
0.05
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B 1 ARJ5 38d A JE R T ILY) A ATP Bk 4 (0 (10x40 £5) a T AL 1 8 2A B 2B BUYLLF4Etf i, HEFI % b
SCI 4 1 7 2A 7 2B RUPLELF e 2 48 A5 4, £F 4k A B3 K ¢ ArTMS 41 2A F1 2B AU BILEF 4k b SCI 41 1 36 , 15 L 2T 4k 1] B 475
K d SrTMS 2H 2A F1 2B #IILEF 2 b F % 2 RS T AR 228 40, ILZT 2 ) B 4

Figure 1 ARJ5 38d i 47 J5 IR R WLYI A ATP filf 2 44 {4 (10x40 %) a The type 1, type 2A, type 2B muscle fibers of
tibialis anterior of right low limb by ATPase staining in sham group were full and tight b The type 1, type 2A, type 2B

muscle fibers of tibialis anterior of right low limb by ATPase staining in SCI group were atropy and the space among

muscle fibers was enlarged ¢ The diameters of type 2A and 2B of tibialis anterior of right low limb by ATPase staining

in ArTMS group were more full than those of SCI group,but the space among muscle fibers was still enlarged d The di-

ameters of type 2A and 2B of tibialis anterior of right low limb by ATPase staining in S'TMS group decreased signifi-

cantly than those of normal group and sham group, and the space among muscle fibers was enlarged

3 iFig
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W AR S, RIS 24d & EHE S B IEH RS T
SITMS 41K B, A AE A AL ATP il 75 4 2 48
ArTMS 41K FR 2A BUAT 2B 29 fLEF 2 45 SCI 20
S BERE T SrTMS 2 KBRS Y LET 4k 2545 AN ) 7
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JIE 45 20 1] B K SITMS 41 K L 3 AU LA 4k
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(R 58 2 28 0T AR AR 5 58 [ A SR 4200 B
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WV SE s D Re R E g, IR SR AE M 22 1
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3 VRS2 06 20 25 TE B 28 LU IR T 1A T 4R
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