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Abstract

Objective: To investigate the changes in electrophysiological, kinetic and kinematical parameters during myoelec—
tric controlling robot—assisted elbow training in stroke patients, and to provide a more comprehensive and quantita—
tive evaluation method.

Method: Eight subjects with chronic upper extremity paresis after stroke attended a 20-session elbow training us—
ing a myoelectric controlling robot. EMG of biceps and triceps, elbow torques and angle signals were recorded
synchronously during the experiment.

Result: After the 20-session training, there were statistically significant improvements in Ashworth scale and
Fugl-Meyer scale for elbow (P<0.05). After training in maximal voluntary isometric contraction(MVC) experiment,
elbow flexion, and extension MVC torques increased significantly (P<0.01). The moment torque-EMG ratio of tri—
ceps increased significantly(P<0.05). Root mean square error(RMSE) between target angle and motion angle also
decreased significantly (P<0.05).

Conclusion: The myoelectric controlling robot-assisted elbow training could improve joint moment torques, muscle

efficiency, and motion accuracy for stroke patients. These parameters could quantitatively reflect motor function of
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stroke patients from different aspects, and possesed the potential value in applied in clinical evaluation of motor

function.

Author's address School of Engineering, Sun Yat—Sen University, 510275

Key word electromyogram; rehabilitation robot; hemiplegia; stroke ; elbow

A A rh B E 2700 5N BT K
PR 2 220200 3 N 38 B A AR R RN S R
iz 70 5N 2tk e B R A 3% R
TR I S T A e R B T A T S AR R 24
PGy ARSI, bR S IR Bl T vh A
M RGO R EIBORERE , S ms shThRE . BR
T HATIRIRT AR RS AN, ST S
AL N A BN ZRAT LS 555 1) R s i) 4R
IR, AT B TR VI 2Rk B2, 1 ooz sh Pl , s
IEIRE . AR TR0 A& B MIT-Manus®™, &
AT LA B B3R B DG83l , SERER BN TR
SN GRrpal LIS Wi S8 3 42 iz s S BE . ARM
guide 1] LA B & & JE 47 i T8 98 5, Bi-Ma-
nu—Track™ 38 I H2 B VLA LRSS, Sl s
JA IO AT F3hNZR, UL E B9 R BT R AL &
AT hy fi e 8 5 1 b 1 2 A A RSN 5, R
1B B REIR I , R SR 7Y T A5

T AR MR R YT, ST 5 R
FEANOE R PEAL . T B P SRR e R A
FEOU 2 P 5 D A8 132 S P BRI A AR B A T
i, 4 Brunnstrom I $2& 18 (19 iz 2 ¥k & PF M .
Fugl-Meyer & & "', RMI iz 3Jj 5 %" Neurological
scale PPAL", JTAESK H A7 Chino 5" B 1 —F
BAPEAL 5VE  IA p PPAT G (STAS) o 4R T, i
FAMM T HEZ IR T IR AR W, J2—FhF i i i
WA A R LA s S i Vg R . BT,
IR 277 A B AR SO e 28 & HEA T 1
fi o N Cheng 238 1 RMSE, IS] I IEMG %5 %
PEO I T J5 e 8 5 i Zh D RE RIS . Katarzy—
na SEUIHE I TSk LS =Sk LAY AR T e BT D
B S EF ANTENUA PR Y225 . Loredana 5%
U 35 Bl A B 32 Sl RTINS R S5 S Al
GG is SR 22 . BRSO T
UFROPEAR AR ER B 1 R B — 5T, R AR
JEORE 2 2R B 0 e 8 B s sl B R 45 25
SE PR .

R INGRAT: 55 B 5 U B AU T o6 1 ek
K FRE ST QL HCHR T LD B0 FE B, Tesch 280 F
1990 4R T # 2 ILARCR R, R 7E R — L
PSR ACE T AR LA 2 A PR Al o LT =
KT SR RE ST . Hortobagyi 25" TE B 2715 4 B
HROER N PRI B2 LA ZBCRAE . Glykeria
SN SE  BUE AR BB BT S, R R
RO L N AR LRI LA Ao 22 LA AR A A 4
LA e R AN ZRad A v o T M B B 22
&5 P AE R REAUEE T B BTt 5B sh
YA, ATRE M ZUARCRA BT BT T35, i
ST I A 3 B BRI A R R
iz Bl A% B L B — 4> B 2R AR, Rohrer 1T
2002 4F4H IR T FERL R A B A R N ol R
IR0 BlF- 1 B BRSO o Derek S5 i 1 7155
AR AR H AT IV Ab IR 8 5 B A A L
ARz g iz s - R 22 Sk Ah , — LAl
SR Tt TIE P i R A8 3 7 DT T R JUL R R R
JULPA L [l A i 2 2 B S AR AT
25

AT LA P A RS AL e A B2 T O
e S8 20 YRS 51 T ol R RRE SN 2, TR, B AR
PLER AT A1 T AR 2 kg BE AL I, mT LIAEI 5
RSS2 E R R A ] B ) s e 2y
55, HBITE TA56 T - U L 05 iR 25 |
DB SRR KNS A USE SRR
M LA PO e B I Zrad R rhiz 3 2
REMKIZ NGO A i £ 5 s Sh R MHE S 1 N AE
HLRI AT S T A FHRIE R

1 Fi&
1.1 SEEeif

ARSI FRATT AR T 8 8 1 i 4 P i
MR H P 7o B Bt SEAE R
50.9 % AEWAVEEITE 39—62 % . SEX k2 v AR N
(5.7 £ 4.2)4F, ZAXHE B AGLbRIE . D2 E ZEh T

www.rehabi.com.cn 803



Chinese Journal of Rehabilitation Medicine, Sep. 2012, Vol.27, No.9

AN 5 i S ) D L DA A Y R A ) S K
PR AR ) 20 64 H s @321 E B ILIT A
SRR 15 T AR ; B2 0 Bl — S LS Ik =3k
JURAG AT 2 LA 5

SRS T — I I RS ML g A A B
AR O IR o 3215 el 20 Yl ZR2H ik, 75 6
Jil A 5 A, A e 2D AT 3 IR, IR 2 AT 5 IR
IRt A rh, 2 M5 PR AL 28 KT8 E TR, b
B, JH SR AN 900, WLIE 1, R E T —
Mzt d b s a5 N O fE—
FREL b SN TR A s as T TS S i
ISR B2, 2 BN I ST ) 46 £ S
YEFFTE 90° , AU Hh A R[4 MV C S5, 45 791 S50 H
3 BN RREE 5s, TEMGE B P e 5 R R
THE WSS =SB AE S 28 =28, 32
HAETCH I AT OO 42 i 5T BB H AR dEA 7
fif e At Hh iz 3, iz sh3 Bl 00—90° (WP A7) .
S0 AN D (BT R R AR R LA AR
H—AL 5 B LR AL 28 5 5 (] L B2 (b4 B 0 56 AR
=K WU fe R A 32 55 K I 4 (maximal - voluntary
isometric contraction, MVC) JJ 4[] b $2 40 H & i) 71
B e itk B, LA AR S S
MVC R e r T4k, FEtad Fvh il s~ =3k
A= SRR ILRLAR & RS I RO M T
SR BT
1.2 Hdesbpt

ABIESE P 2 B R ALEE Fugl-Meyer bz )
IREVEIN N Ashworth £, HI T FA, L0 g 2 fg
AR AT B ILER . 55 oh , FRATTE XS LR L

E1 SZEEA

- _]:Eﬁx?few‘%ﬁ-—l

804  www.rehabi.com.cn

NS T 22 70

1.2.1 MVC 5 amak 4 =S =Sk Wi ok &
SIS S i AR A R N O IR B i S 8
SR () S I D9 K T RE T o

122 JiHE-WIH .

ZH: moment (i)
MEratio =+=L— (1)

i EMG , (i)

Forr, moment (i) S8 i f I 22065 10 ) I 519 )
i, EMGJZXT AR WL 5 S B R TR AL 45 s
PR, NN T e SR R . 1AL
B 7 Rl — WL 24 A AT, AR LA 2% A R
PRI ST IR fiE
1.2.3  JFSCT S HARM LRI RER 2 .

1 N 5
RMSE = sqri(— E le, — angle,
a4 (N - (angle, — angle,)") (2)

o N T A RO 7 K 5 angle, J2& i 15 %)
X I JE ST SEBR A BE 5 angle S i WP ZI BAR AL . 34
DT MR ZE S T R I OCTT B AR ER R B 12 2k
EO
124 X2 shE Y R (root mean square,
RMS) :

(3)

T e s
ﬁ;J(’)-

Horp J () RAE ¢ S ZI6 R A OGS AR B, N R I
TEA R E KR . T A S sl Ry I et 1
iz g B o i sh TR AR

I SPSS A4 5%k 52 W 2 Y1 2R i 5 I 2 ) Y
Fugl-Meyer I B IRETFINE , Ashworth 3%, =3k AL
RN MVC 36, N EG, T M R S
H bR A B2 285 AR ZE RN OC Y #A 2 8 B Y 4 7 ik
rGeit ot o L FHECXT ¢ 46 B0 7E 959 {7 B XTIl
GREr RIS 1 DL B 6 S BGHT 1B 35 22 SR
IR A AE RH S5 13X 6 4150 5 I 2Rt a]
Z I AL R

2 &R
2.1 Fugl-Meyer fil Ashworth i &

DL 20 a8 5 X o A B xR B, I RS
Fugl-Meyer 7MEAF1E .35 22 5% (P=0.019) , YIZR)5 HE



PHMEAE 4L 20124 5275, oW

B2 illZ8I/E Fugl-Meyer B ThEETENE RS
Ashworth 2R EDHEZHFR

Fugl-Meyer & #% Ashworth 3%
30 3.0
25
26
2.01
22 L5
18 1.01
0.5 .
PLIE T I [ = VIR YIRS

YIGRHTIE N T 29.9% . 38 2 Foxet ¢ K 36 %6 He & B, 3l
ZRHTJE Ashworth Z3{EAA7E A i 9 22 5% (P=0.037) , V|
R LI ZRAET TR T 23.4%,
2.2 MVC 14

DL 3. S Gtk A0 e ZBEMVC S5 5
YIZRET [a] HAT 1 25 2R PR C &R (P<0.001; a=0.751),
Horpa WERPE I RERPR . BT k02 R, =k
WEMVC I HTE SR 20 IR 5 565 1 kIR AH B
A B ERZER(P=0.006), H ET+ T 78.91%., itk
PERLG 5 5 IR A B B 25 0 2 v ¢ & (P<
0.001; a=0.433), BCXfekzde2s KR, —LLMVC
JIHEAESE 20 Y25 555 1 N Rt AR e A 3510
Z5(P=0.012)H._EF+ 17 37.01%.
23 SRR

UL 4, 2R I H A BT IS R B, =Sk LY
15 WUH HE 5 s a] S B 2 A R 56 &R (P=0.004,
a=0.339) , 1Mt =3k L% I3 6 L AR BE 55 Bsf ) - A f
FHILRE X FR (P=0.897,a=—0.017) , 38 1t e % ¢ 46
B FE S 1 2R 555 20 RN ZRAY FI UL Ll 22
SR, =Sk RN B AR I e oAy B
225 (P=0.045) , I 255 EL N ZRmT BT T 71.8%, —
Sk LAY 6 L, B AE I 200 ) A B 3 22 5 (P=
0.181) , Yk Ll gk EF T 15.7%.
24 EohtEE

DLEL5 . Gtk [l H o3 A KB, 905 i 152 22 (root
mean square error, RMSE )5I|k} 0] 52 8 & 25 1)
LR X 2 (P=0.004,a=0.339) . AL, FoAi T3 i lie %o
KRG EGER 1 2R 5 56 20 RN ZR R F- 34 34 5 i
W2 e K IINZRRT G AR S B 25 5 (P=0.014) , 1)I|
Ja LN ZRET FRE T 61.5%

B3 20%xilgEiER, E=KALMVC 3L
ZAMMVC ZE PR XT AENTHIER

Z3RILMVC 523
50/
T 40
7z i’
Z 30 AT
i 20 ‘ [l H '
E 10
1 5 10 15 20
HIERl @i
ZRWIMVC 5286
50

w s
o O

1 5 10 15 20
PIIEZRY €8

B4 20k ER, E£=LAMVC LGN
ZSKAMMVC LG SRR LRI TR B R

i

15 0 15 20
plERVe

AT (N -m)
S

—_
(=]

(=]

601

wn
(=]

T L
sz s
—t

—
(=l ]

15 10 15 20
NIERIS
25 s
DL 6, I X 20 4R LA K I ZRE a) #EF 7
LR WA 8 R B0, G 2 s 3 O i S 1 25
B[] 3 A 3% B HS B AR A9 4k P o6 R (P=0.329, a=
4.522) . F34b,EATEON R BEXT ELES 1 R 2R 5

www.rehabi.com.cn 805



Chinese Journal of Rehabilitation Medicine, Sep. 2012, Vol.27, No.9

E5 20%ilgdiEd, ELHEE LR PSRN XTIEE
AEMBERAENEARIRENTUELR

Gl

El6 20xilgidEd, ELMHB KL
BT RS IROENESR

(°1s)

2 60001

s

K

7% 5000

JL\"Pl:\\4000 i | i - | ll
= 1 1]
ﬁ

413 30001

g

;52000-

= 1 5 10 15 20

PERVS

20 RN ZR - 34 F 7 f 2 sh B A3 AR I R B1,
BB VIR AN 20 I SR AFAE I A W B 10 35 22 5 (P=
0.494) , 55 20 (RN ZR HLE 1 IRINZE EFH T 12.6%

3 iTig

H F e Im R AL ) S i R PEAS ik e 3R
AL TSR, O T IR AR B S R AT L o
FNEEHA LIZREN SN SEGIA
FPEAE AT 2, Hd, Bowden S5 25T
PR P AL A S P [RDIR 2, OF HL o b 7L
ZHHEENMH N . Claudia Casellato 552
iz S T R GE M e F8 R A T AR A = iz 3l
SH BTG . Viagt S5 AT T i S8 E FINE
WNIIB A SN 2E R O Aot TS50
TERIAHICNE . FE TR AR & W5 BUR , A5
X 8 AR Fh S e AR AT T 20 YR JULFB R R e AR
B N B I O BRI 25, F9T T e S e R
RATH KA B )5 LA KB B2 5 TH I S8
ARG O, il A5 3 R T8 R NLHY

806  www.rehabi.com.cn

Ve, 56T H s A B2 5 08 3l A 38 5 LR 22 R0 OGS
AR RS Z SRS B F 4GB
SINREM AR EE . AW — 5 THE R 1 LH i
SRS N A B 0 0 565 R YN 2k iz SR HERE T
MRS A T TGS T e s 3h )
AE . 73— J7 I Ry ixX Se 500 T il R PPAL 3 44 1
S/

IR 7 S B AR X AR AR ) 8 2R R
Ty S SRR, T 12 Bl AR a2 B AT AR
5 s . AP SCERE RN T iz ob 5 O
WERR T Y UL PR Ay P55 7, [ DG 19 Y R BT LS B3
(] 241 SR Qi 28 5 A A ] g 5 4 S5 JUL AL ) 2%
ar R AARR, R — MILHRAE S EA R DIRiZ 3l
PMEPERIR AL O, A DFRE e it — R
VP B B ASERLAE HY LD X4y P 5 565 ) FEAA e —
FEMRFR . TREANMIBES 5N IHEE S
ey o AN DA IR RS N S EY AL -7 PN
WA P LU 3, SRR LA R8I 50 1
I AR S VAT =S LR MVC 3R 344 kg .
XA RE T ZRad A v LA 4 Ar PEFR LA A3 % 56
VIR A B o Ekmn R B . Sy — i, is
FSHCE B RGN RLEG M R, A
SCEFE T A SEN Tz sh B, JC iz sh
1825 B AR AR B2 AR 2 RO M 2 s B R 3
TR Hrp RO IZ sl S B AR EE 1 5 A 15
ZE U TR T IE SR B S B E Rz shii
MBS PR R S A R I Rt fe
1B SR A R IR i35 o Flash Al Hogan™ 7E
HABARI P R A B R E 81z sh 2 s F i
(o e 2B ILAPESZEREAIR 1 iz Shry s -
JEO, — Se S B T AR R AL I ZRad B b iz 2o
WA B B SRR G R bz s a
B BT URBE BV BEA T T B, IXATRESE T
AWETER B2 82 HARIRER L [ itz 8l , £E1z
Sl b R T SR bR A S ST s s A
8 22 S AN BT A8 8119 1 5G4 #A B2, 5 Brandon It F 2]
() S5 12 Sl il 2 5 T 22 ALY

A FE AR UE BT T 52 3l R vl R A A TE AL
L Bl 127 a3l T IS S I RE A Pk . AR
1Mz ) V-8 BRI Zrad B v A AR 0, DL



FRELE 4L 200240 5078 oW

TERLR AR DFTE I AE , B U Bl A S 2 F,
/NP N HIUBREE #5635 32 I 2 AR 3z gl vl >k i+
Yo, it — 2 xtia g P FEEA T sE . L EILAL
g1 Gs 8 E AT S EES AR, T LA fii
WE SR 132 B R G 2 IR LA — B 2 T A
5o AN AR RIBETE 45 A T REVE A S o ek
e PRPPAG 2 880, Al B B RN 7 il oty 2 4 R K
SBT3 PR 2 A IR 74l

Sk

(1] FEZ AR R BRABEFE G LG B i 2008—
2009[M AL - Fp IR A Rk4x 45 R Rk, 2010.

[2]  American Heart Association, American Stroke Association.
Heart Disease and Stroke Statistics—2004 Update[EP/OL]. http:
/Iwww.americanheart.org/downloadable/heart/
1072969766940HSStats2004Update.pdf. Accessed 2004.

[3] Krebs HI, Volpe BT, Ferraro M, et al. Robot—aided neurore—
habilitation: from evidence—based to science—based rehabilita—
tion[J]. Top Stroke Rehabil, 2002, 8(4):54—70.

[4] Reinkensmeyer DJ, Schmit BD, Rymer WZ. Assessment of ac—
tive and passive restraint during guided reaching after chron—
ic brain injury[J]. Ann Biomed Eng, 1999, 27(6):805—814.

[S]  Hesse S, Schulte-Tigges G, Konrad M, et al. Robot-assisted
arm trainer for the passive and active practice of bilateral
forearm and wrist movements in hemiparetic subjects[J]. Arch
Phys Med Rehabil, 2003, 84(6):915—920.

[6] AR AR A ML NRZERE H ik, 2001.219—228.

[7] Fugl
hemiplegic patient, a method for evaluation of physical perfor—

of Rehabilitation Medicine,

Meyer AR, Jaasko L, Leyman I, et al. The post—stroke

mance[J]. Scandinavian Journal
1975, 7: 13—31.

[8] Wilson BA, Cockburn J, Baddeley AD. The Rivermead Behav—
ioral Memory Test [M]. Titchfield: Thames valley Test Compa-—
ny, 1985.

[9] Cote R, Battista RN, Wolfson S, et al. The Canadian neuro—
logical scale: Validation and relibility assesment[J]. Neurology,
1989, 39(5): 638—643.

[10] Chino N,Melvin JL. Functional evaluation of stroke patients
[M]. Tokyo:Springer—Verlag, 1995:19—31.

[11] Cheng HS, Ju MS, Lin CCK. Improving Elbow torque output
of stroke patients with assistive torque controlled by EMG
signals[J]. J Biomech Eng, 2003, 125: 881—=886.

[12] Katarzyna KS, Yin F, Ken H, et al. Weakening of synergist
muscle coupling during reaching movement in stroke patients
[J]. Neurorehabil Neural Repair, 2011, 25: 359—368.

[13] Zollo L, Rossini L, Bravi M, et al. Quantitative evaluation
of upper-limb motor control in robot—aided rehabilitation]J].
Med Biol Eng Comput, 2007, 49(10):1131—1144.

[14] Tesch PA, Dudley GA, Duvoisin MR, et al. Force and EMG
signal patterns during repeated bouts of concentric or eccen—
tric muscle actions[J]. Acta Physiol Scand, 1990, 138(3):
263—271.

[15] Hortobagyi T, Garry J, Holbert D, et al. Aberrations in the
control of quadriceps muscle force in patients with knee os—
teoarthritis[J]. Arthritis Rheum, 2004, 51(4): 562—569.

[16]  Glykeria P, Eleftherios K, loannis GA. Neuromuscular ef fi
ciency during sit to stand movement in women with knee os—

teoarthritis[J]. J Electromyogr Kines, 2011, 689—694.

(18]

[19]

[20]

(21]

(22]

[24]

(25]

[26]

[27]

(28]

(29]

[30]

(31]

[34]

Plaiz T, Denzler P, Kaden B, et al. Motor learning after re—
1994, 32(10):

covery from hemiparesis[J]. Neuropsychologia,

1209—1223.
Rohrer B, Fasoli S, Krebs HI, et al. Movement smoothness
changes during stroke recovery[J]. J Neurosci, 2002, 22:

8297—8304.

Derek GK, Alicia NM, Leonard EK, et al. Alterations in
reaching after stroke and their relation to movement direc—
tion and impairment severity[J]. Arch Phys Med Rehabil,
2002, 83:702—707.

Jan SG, Jurriaan HG, Alfred CS, et al. Spinal reflex proper—
ties in the long term after stroke[J]. J Electromyogr Kines,
2012, 234—242.

Fimland MS, Moen PM, Hill T, et al. Neuromuscular perfor—
mance of paretic versus non-—paretic plantar flexors after
stroke[J]. Eur J Appl Physiol, 2011, 111:3041—3049.

Nathan N, Marlena P, Diane N, et al. Quantification of func—
tional weakness and abnormal synergy patterns in the lower
limb of individuals with chronic stroke[J]. J Neuroengineer—
ing Rehabil, 2006, 3: 17.

Rong S, Kai—yu T, Xiaoling H, et al. Assistive control sys—
tem using continuous myoelectric signal in robot—aided arm
training for patients after Stroke[J]. IEEE T Neur Sys Reh,
2008, 16(4):371—379.

Mark GB, David JCS, Steven AK. Evaluation of abnormal
synergy patterns poststroke: relationship of the Fugl-Meyer
assessment to hemiparetic locomotion[J]. Neurorehab Neural
Re, 2010, 24(4): 328—337.

Claudia C, Simona F, Marta G, et al. Simultaneous measure—
ments of kinematics and fMRI: compatibility assessment and
case report on recovery evaluation of one stroke patient[J]. J
NeuroEng Rehabil, 2010, 7:49.

Erwin V, Jurriaan HG, Kim ES, et al. The relation between
neuromechanical parameters and Ashworth score in stroke
patients[J]. ] NeuroEng Rehabil, 2010, 7:35.

Han H, Nienke H, Carla N, et al. Energy expenditure of
stroke patients during postural control tasks[J]. Gait & Pos—
ture, 2010, 321—326.

John WC, Stuart AY, Dobrivoje SS. Coactivation of ankle
muscles during stance phase of gait in patients with lower
limb hypertonia after acquired brain injury[J]. Clin Neuro—
physiol, 2012,123(8):1599—1605.

Manal K, Buchanan TS. A one—parameter neural activation
to muscle activation model: estimating isometric joint mo-—
ments from electomyograms[J]. J Biomech, 2003, 36 :1197—
1202.

Delp SL, Loan JP. A graphics—based software system to de—
velop and analyze models of musculoskeletal structures|]].
Comput Biol Med, 1995, 25:21—34.

Flash T, Hogan N. The coordination of arm movements: an
experimentally con firmed mathematical model[J]. J Neurosci,
1985, 5:1688—1703.

Wiegner AW, Wierzbicka MM. Kinematic models and human
elbow flexion movements: quantitative analysis[J]. Exp Brain
Res, 1992, 88:665—673.

Alt Murphy M, Willéen C, Sunnerhagen KS. Kinematic vari—
ables quantifying upper—extremity performance after stroke
during reaching and drinking from a glass[J]. Neurorehabil
Neural Repair, 2011, 25(1):71—80.

Brandon R, Susan F, Hermano IK, Richard H, et al. Move—
ment smoothness changes during stroke recovery[J]. J Neuro—

sci, 2002, 22(18):8297—8304.

www.rehabi.com.cn 807





