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AAEA. Y] FEEFAY FUIAR @ SHAAR, TUT B4 €9 A4 JHAIANERYY FHE ARG e
5.8 e AH-stdt. shA] dR9 S5 SHd BUIHE gt uke9E (response vector)ZT BEAND 27 © TH Ao EX A
= ke AR EAT ALy BAEY BPETE 0.4720.35 m/sollA 0.68+0.52 m/sE FF F71E BT A% S Z 7oA
= 32 R EgY wEAld ALY 715 2 699 RS g2 109.7 £ 148.5 nvelA 1459+ 180.7 uv 2 Fkelioy fo £E2
Sch (p(0.055). EZ F35 LEo wjZA S 2ATAME @ 2Hte] AdAFY TAE FUME BT BYPFE Fo AREY 2
& B%o] ¥zte AL e wel S teketA wEm, RPER Fo due BIEA A9 A d¢ g2Ede o 5 Uk 3
A9 ML A8l M2 =Y e AL &S Hedy ﬂx}~ BIYPFH Aol Fate] A E Hot, dE, T2 FH W AFAA
#3837 AHEE F e A S B FI

Abstract : In this study, muscle activity was measured using surface EMG (sEMG) during a voluntary maneuver (ankle
sorsiflexion) in the supine position was compared pre and post gait training. Nine patients with incomplete spinal cord injury
participated in a supported treadmill ambulation training (STAT), twenty minutes a day, five days a week for three months.
Two tests, a gait speed test and a voluntary maneuver test, were made the same day, or at least the same week, pre and
post gait training. Ten healthy subjects’ data recorded using the same voluntary maneuvers were used for the reference.
sEMG measured from ten lower limb muscles was used to observe the two features of amplitude and motor control
distribution pattern, named response vector. The result showed that the average gait speed of patients increased significantly
1o{0.01) from. 0.47+0.35 m/s to 0.68 +0.52 m/s. In sEMG analysis, six out of nine patients showed a tendency to increase
sne right tibialis anterior activity during right ankle dorsiflexion from 109.7 +148.5 uV to 145.9+180.7 pV but it was not
significant (p{0.055). In addition, only two patients showed increase of correlation coefficient and total muscle activity in the
wft side during left dorsiflexion. Patients’ muscle activity changes after gait training varied individually and generally depen-
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ded on their muscle control abilities of the pre-STAT status. Response vector being introduced for quantitative analysis showed
good possibility to anticipate. evaluate, and/or guide patients with SCI. before and after gait training.
Key words : Voluntary, Motor Control SEMG Training Spinal Cord Injury
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1. ZIMEX

AHATE Y3 NEAAEH Y (IRB, local review bo-
ard)7} QE8 B9Md AE olF e SCI 3t (408 +
139 Al 94 8, 94 7t A Faka EdEdE 9 (S-
TAT, supported treadmill added training)el] 37Fstsdc). 2
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T3 (TS, triceps surae)olld A=HE 719 2§ Ao 54
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2. BHEH-HZHEs LA EYcs FH (STAT,
Supported Treadmill Ambulation Training)
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4. EMG HIOIE #=5

A ZHorRH ZARE 7] ¥ BMCA (b-
rain motor control assessment, [9])) ZEEZS A4e9h
FAATE ¥ X9 dFHAFE, dulldd, €232, 14
=, O}EI*J—']:*T_L (quadriceps, adductor, hamstrings, tibialis
anterior, and triceps surae) ¥ H2<3 F&3Z(abdominal
and paraspinal muscle)ol F&aldc). deld ¥ &-2 2000
Hz go9 Ao ERZEE 500 Hz, 29 F¥UEZ 30 Hz
g Argetgich e B3 334 wrEE%ler BMCA ¥
BLr Aye e 3 BL H4H e Fo AT
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(a)

(b)
Fig. 1 Tests in the study:
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Table 1. Profile of the spinal cord injured patients
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(a) STAT, (b) gait speed test using GAITRite, and (c) BMCA test.
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Patients Age ASIA Gender ~Time since Level of Orthosis
tvear) Score injury (month) Injury Pre-STAT | Post-STAT
1 51 D m 9 s 5 5
2 30 c m 1 T12 3L 3L
3 62 D m 10 T12 0 0
4 20 c m 8 C6-7 3 3
5 39 D m 19 C5 4 0
6 24 c m 6 T4 1R 1R
7 42 D f 6 C5-6 2 0
8 50 c m 20 T12 4 4
|9 49 c m 12 12 ) o

1: Scale for orthosis: Alphabet following number is indicating right and left side.
0= no KAFO, 1= one KAFO, 2=two KAFQ, 3=one AFO, 4=two AFO. 5=one HKFO, 6=two HKFO
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Fig. 2 Averaged Rnorm of ten healthy subjects during
right ankle dorsiflexion

o 4 gl A 1 Wy A A}Ae RAFT RE 47
o] EMG Aol #7 5z FrielAel Hdstd EMGHE
UebdTth 73 2= 1099 A4S A% 2ot Rum©l ¢
AHAA ®JFE agolth AU A4 Norme HE 4

© TAS WEL 2% o2 Zo5S ¢  U%Th
R [R, Ry Ry Ry Rs Rg Ry Ry Ry Ry ] (A1)
norm \/2R,‘2
Where R, =right quadriceps, R2=right adductor, Rs=

right hamstrings, R4 = right tibialis anterior, and Rs = right
triceps surae. Re¢ to Rio are the same muscles each in the
left side.

d
1. 28 &5
BE S5 ¥y 2o 2% &9 (p<0.0l) T Z7}
2 Rgch 999 SCI #A4F] A 2y £t 047£035

m/sAA 068+ 052 m/sE E718AT (Table 2). o152 A}

Table 2. Gait speed changes pre and post STAT (Unit : m/s]
No Gait speed | Gait speed ' Speed
Pre-STAT Post-STAT |improvement
1 1.156 1.75 52.2%
2 0.87 1.23 41.4%
3 0.57 0.84 47.4%
4 0.45 0.64 42.2%
5 0.48 0.60 25.0%
6 0.15 0.29 93.3%
7 0.23 0.28 21.7%
8 0.14 0.25 78.6%
9 0.19 0.21 10.5%
AVE. 0.47 0.68 45.8%
STD. 0.35 0.52 26.6%
o83l x| - A24, A2F, 2003
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Fig. 3 Examples of EMG activities of TA and TS during
the right ankle dorsiflexion: EMG activities above the
solid line are from pre-STAT and activities below the
solid line are from post-STAT
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Table 3. Integrated muscle activity of tibialis anterior
(TA) and triceps surae (TS) during right ankle dor-

siflexion. (Unit: ¢V)
, Pre(S1) Post(S2)
Subjects
TA TS TA TS
1 274.6 21 373.3 22.6
2 9.8 3.3 24.0 4.2
3 3256 11.0 383.1 8.5
4 71.9 9.1 38.8 5.9
5 35.7 8.2 60.6 2.9
6 1.0 1.0 1.0 1.0
7 9.5 4.9 17.9 10.4
8 1.0 1.0 1.0 1.0
9 3.8 1.7 16.5 5.2
AVE. 81.4 6.8 101.8 6.8
STD. 126.5 6.5 157.8 6.7
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Table 4. Integrated muscle activities of TA and TS during

left ankle dorsiflexion. (Unit: uV)
) Pre(S1) Post(S2)
Subjects
TA TS TA TS
1 184.9 7.7 233.6 9.2
2 1.0 1.0 1.0 1.0
3 133.71 1.0 39.3 1.0
4 1.0 1.0 1.0 1.0
5 111.5 7.6 88.2 6.2
6 12.7 1.3 18.1 1.0
7 41.8 5.0 39.8 5.1
8 1.0 1.0 1.0 1.0
9 34.9 12.0 24.8 7.8
AVE, 58.0 4.2 49.6 3.7
STD. 68.3 4.1 74.4 34
2% 33 F 3o vehidch 2 13 39 44 STAT 9

£ MUEEE G BAEG] 9 HE B ohldh ¥E
2200l el TA % TS el AEol 489 2
Gz gels e SAE 2719 FAFEA e AEEe
Saw wEs Bael oFely F Eohen SarshA A4

3 Zojm AT Pl v RY&rE BPE #A 2&
Ay FE D ALY BFo] $EAME IS U
3 321, 3o BlE wlg 2 Fe BAvh =3 4 63 8
% STAT ojdelut ook dthe WS Holn YA &
R 32 HEAY £E5dAM TA 2 TS Z&0dA 2
EMG g A%gHoz »9Fu o 999 SCI &4 F

ZAE o]l F7% 69 (8A 1, 2, 3,5 7, 99 F TA
EMG z2 814+ 1255 uv oA 101.8+157.8 W& F7t3$d
o1} gukdl fogFedle A ZIET (p<0.055). H7)
q AAQe ZAE e TAAA 231641029 v, TSelA
235119 uwv ok 259 Fol flE #4E 6% 82 %
oA 1002 ®7)19 BER ZV|HAEY ov #&49 2T
Fto] &L&4FQ 10 v ol&al Aol diAE golth [101
s8]y 2AEY ZAE 1 A 49 A$+= STAT F
3% F4E B

2-2. T& U= 2 =52 ¥ A2 WS

E 45 & @29 w2 we 5o 4g2Y 2=
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Z 2Qlke’ Zyleke Hod ujg FAE HUA (asymmetry)

Hol Z3E EAch

89 SARE IiH
a9 244 BdE AN AGE AR E§ FAEF
HHL of-$ et olojA WMEAF(CV, coefficient of vari-
ance) #ol 2%°lsttt olet YHE #AEL "H'or cheFet
EASE HHS RgFUT a7 4= #2439 £E AF9
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RTS
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200 uV l
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Fig. 4 An example of lower limb muscle coactivation: A
good pattern of subject 3 was shown at pre-STAT (r =
0.98) but it became worse at post-STAT (r = 0.24) during
left dorsiflexion

o Healthy subject 0.9+ 0.01, 287 6£111.6 V) J

<
o

T 7.
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g oz Z
s o

100 200 300 400 500 640

0.2

-0.4sf

Muscles activity during right ankle dorsiflexion (xV)
- Tenlower limb muscle summation

Fig. b Muscle coactivation pattern, i.e. response vector,
of nine subjects during right ankle dorsiflexion. Vector
directions show each patient increment and decrement.
Arrow direction is always indicating from pre-STAT to
post-STAT; X-axis is a summation of ten lower limb
muscles during dorsiflexion. Y-axis is the correlation co-
efficient between each patient and ten healthy subjects.
All vectors except Subjects 4, 8, and 8 during right dor-
siflexion are facing right and/or upward that is meaning inc-
rement of correlation coefficient and total muscle activity
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o Healthy subject (0.9920.02, 266 5475 4uV) | ment, [13) o2 18 A& AolwH gao g olgsl7]d
: I = s B = 2A ggae] wekslt. S8 87 29 A9 By &%
F.o™ ] = 5 owAE wE w93 viokd 242EFH H39 A
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: og® BERHIA o wWe BAS THBEY 27}
o >

2 R 28EFY F7hE RoA &8 AT FoM T

’ P - 100 150 20 250 00 350 a0 Wo 28Rz 10 uV o8l Z§ 58 HIPTFHE AT

0247 5 Bk BPEFHo] IEAofol wAE FFole BN =

i B&we o] g spAEFAolg BHT dddol AT

0.4 N _ B

Muscies acivity during lef ankle dorsiflexdon (V) I HAAE 4 A stn ok £3 Maegele T [14]¢] 3t

- Ten lower limb muscle summation ;q E“"%‘ ]o_];-é__ Eﬁﬁﬂ %331]01 OE?S}UJA1 }\\_\;_u':l_ 0(}_8}';(]

F 3e 2% AF (1518 22 A d™sle] 2EE #5

Fig. 6 Response vectors of the left dorsiflexion from the St AT HEeAszso] A7 gL Hol: HEo) A
same patient group: only two vectors, pre-STAT and s6, o) ] _ .

! = ¥R pa B O =
show increment. Response vector of patient 4 is too s- = s S e E‘ﬁ%—m} 2 STA_T a5
mall to discuss vas] BYe u), Ry Seuisiel £ @ A3 A

A A7) AEASFTE r=0.89 (p<0.01), r=094 (p<OO0DE
2% 5% 62 A7 AANFAs FAES TARE HHS Ut o]Ae Ba Fd To A= 3@ de) e o
Hag MHES 27 BoFa gtk XF2 $E wE e o mAe Dol gLos ey
107he] 3kA] 259 & Folx, Y &2 279 st g5
AZE NGRS ABBAE BelFD otk HH 4, 6, 2. HYRH %0 SAYS WEO| B3t
8% xﬂ—ﬂfs& e ﬁl}ﬁl_g% RAEE AT wEeoA B2 SCI gA59 549 3 Z(motor control circuit)?t 4
$5 S 5 e Yo Glol AR 4Rl Eoh gawgor £4e You IREAR ANE Raolas 4
AR WA 259 FEE Foldm AFE @ F At WAZ go amy gerer AL ok S BA T8AC
9% 459 £52 7158 33 6lE W LA 60l A qe geey gol w8 de ddE woltd 2gad
):] =g = O = 5 1.0 P
Bl & 25 A5 2 A S 42 K92 & 5 3 Aoisesl Aus A7k £4d 2ol <4 4% (6] 2
ANg (170l wet ezl HeEgold: Ao A o &
E 9 AE-AE SEAA 75AHY EE A TG =FHEol
1 Baaco 28 s ojFojA 1 itk [18]. wekA SCI AEY F &FA 2

E=4
Aeke d$ AL 2§ BT WEIE FFAFA} ohd o

B dAfdde w9 £ne Tdme ZFEE o}FHe oo gEow Q3 Y Aow B & §v [19]

SCI 8zt 8e ZAste A3t oldd 3¢ A7 AREL B AydMe B2t} HE olslE 43l BMCA =
(12104 walz Aol (20-594)9 AHzsh= =71 1.33 2EZ FoM 4 hdEa HRd 54 25§ sty
w/s, M 23 £57 177 m/sYS 24U uf B AT HYatgek dE wEFe @@y FAYeR Ao FET
9 F#A459 &2 (019 m/s - 1.15 m/s)E mE =¥ & (TAF ZFTS) g FEs=o] o]FAE LFoln
A Al ME&ro ZE E vAe £R4A WA BEX [14], AA<le 258 Eato drhd o] &FAY 259 A
7 9ee & 4 ddch STATY & AR=A 5 FaHl @#l el (reciprocation pattern)o] A@He|x wHEZelA <&
3 2)E STAT %o YUY 2y F&d 25 & vXe F et (2 2). W= uiE AojAel 10 9 HAIE o
AEH7A £293 AL BT ¥E BE #x¢] wHIsEe JolE 712 S Al AP(NLEINE B
Z7 Zo] 105 %ol 93.3%0° o2& olE HIor F4 09 (p<0.05) oo FAHASTE LeEr F2 A
BOE BE @150 Fo +FE (<00 BPEEI F MR wjFS o]R7] SjsiME TA ¢ TS ol9e Z8&E9
tetdtke AL uj$ FEG g Alglolt E OE AlEe gEe Bdasid. e A5EN SAEdAME 2 A8
2 A FAEG, 7, 90 RYFAA detA F2 A5t So| WAEs o] wiwz FTaEC [20] AAow= HskA
Bz71E Feslgoy 2F 1y Agaee Hxr] 2Agglo) gE ZE5EEE0] B FUYAE Av v A T E F
T BPAF] 7] Ao Aot e Be&re & As7)% g}, olzlgk "Wl # (contralateral) <59 #HEE
712 By-e 93e= ¥FIE /4A(spinal circuit develop- A0 HAAY AEE Frlsks 22 AE E 5 o (210

o) &3 A A4, A2F, 2003
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