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Facilitation Characteristics of Motor Evoked Potentials in Stroke
Patients with Subcortical Lesion

Tai Ryoon Han, M.D., Jae-Young Lim, M.D., In Sik Lee, M.D., An Na Heo, M.D.*

Department of Rehabilitation Medicine, Seoul National University College of Medicine
Department of Rehabilitation Medicine, National Rehabilitation Hospital*

Objective: To characterize the facilitation response of motor evoked potentials (MEPs) in stroke patients
with subcortical lesion and to suggest the useful parameters of MEPs as an objective tool for the motor
impairment after stroke.

Method: MEPs induced by cortical stimulation were obtained at both thenar muscles in 15 stroke
patients with subcortical lesion. Motor cortex was stimulated with 130% intensity of threshold during
rest, minimal and moderate voluntary muscle contraction. We analyzed the MEP amplitude or area in
130% threshold intensity at rest (R), on minimal contraction (Fui), and moderate contraction (Fpa.). A
ratio of Fr.x in both hemispheres (interhemispheric facilitation ratio, FR), a ratio of Fu.x to R (facilitation
index, Flr), and a ratio of Fuex t0 Fuin (Flvin) in each hemisphere were also analyzed. The amplitudes and
areas of MEPs were expressed as a ratio to their compound muscle action potentials.

Result: 1) Ten subjects had smaller Fi., in the affected side than in the unaffected side, 0.45+0.15 and
0.8640.30, respectively. Fna in affected side were larger than those in unaffected in five subjects. 2)
Fhuiv (Frmax / Frin) Of affected side was significantly smaller than that of unaffected regardless of Fp.x or
FR, 1.86+0.77 and 1.1610.32, respectively(p<0.05).

Conclusion: Flym can be useful parameter as an objective tool indicating the current motor dysfunction
in stroke patients because it has a consistent abnormal value in affected side regardless of different pat-
tens of MEP responses.
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Table 1. General Characteristics of Patients

Subjects(%)
Demographics
Age" (years) 59.5+80
Sex
male 6(40.0)
female 9(60.0)
Durations” (months) 32421
Type of stroke
Hemorrhage 7(46.7)
Infarction 8(53.3)
Lesion location
Basal ganglia 8(53.3)
Thalamus 4(26.7)
Others 3(20.0)

Values are number of cases (%).

1. Age, duration; Values are mean+standard deviation.
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3. MEYHI SYHS 4 3
AN A=2E HNAEY] 30%0A AlRetd 5%% & 1. B8 9X|2 FAQ v
A FAEZAA SHFEHEY fdEHe e A
2 Aes TEIAR el oF 6 Ax F A hgsat 158 EFM SEREHA7 e,
A 3HolA AL WEFo] 100 4V o)de] He HAa A=y B9 FLEgle] A} FR A4AE Hwdt
A= Ak, $EGR] A2E Ha 5 A AS FE W, FSe FE IAEe FAT Ael7t g
slo] AAIE Fatdn. TR 130%9 A= A= AAE S 22.1+2.1, AZdAM= 21.0+1.4
Zolgh Al HA FFE A, TR FF A A2 ASEt 2 2ol #AZd g fosA A=A AU
ot WA AZ HWTE AFstq DS FA T2 (p=0.02)
A ERAA} 0|9kt 2o $EFTANE BE o
28 & oA s wue z12eke 7 = 22 A Table 2. Definitions of Parameters of MEP"
o 2o whog 2=RubHdYE 3. 3 TA o R = MEP at rest
A 53 AFsted o] W fd NS HEslete WY CMAP?
= Addsign. B3 oA AFste] FAT2e Fo o= MEDP at minimal contraction
A 7183 BT 28] v AES P min = CMAP
FEFLA WER A9 FHL AEH A
- MEP at moderate contraction
g9 AN Be FAAY. ¥ APE o = Ap
Al Ax F8% 5 TEEAde] 1EH v
g AFAA B2 2%H9Y AE5F byes Facilitation Ratio(FR) = 2fiected Fuw
W &% R, F (facilitation) mn. Fua? 391319 Unaffected Fr
o ol Ee #29 Funst 459 Fuudl 1S 33 Facilitation Index(FI)
H] (interhemispheric Facilitation Ratio, FR)2}x Flun = Finax / Frnin
93, 229 B39 FuuE Fan, RE W @& & Flg = Fovar /R
2 A (Facilitation Index, FDE]'-T’— 78]946]':11‘ 2z} 1. MEP: motor evoked potential
Fliny, Flz 2 g elst%iHTable 2). 2. CMAP: compound motor action potential
Table 3. Mean Fmax values in regard to FRY
Fmax Affected side Unaffected side
FR <1 Amplitude” 0.311+0.31 0.81%+0.19
(n=10) Area” 0.34+0.33 0.79+0.26
FR >1 Amplitude 1.04+0.46 0.65+0.25
(n=5) Area 0.86+0.30 045+0.15

Values are mean + standard deviation
1.FR : interhemispheric facilitation ratio (affected Fmax/unaffected Fmax)
*p< 005
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Table 4. Facilitation Index(FI) of Area and Amplitude of MEPs in Affected and Unaffected Side

Affected side Unaffected side
FIg" Area 821%+1040 8.96+9.34
Amplitude 5494503 8.34+8.58
Flvin® Area* 1.16+0.32 1.86+0.77
Amplitude 1.58+1.38 1.64+043

Values are mean+S.D.
1. FlIg: Fmax/R
2. Flmiv: Fmax/Fmin
*:p<0.05

Table 5. Comparison of Flun” between Unaffected Side and
Affected Side of MEPs area in regard to FR?

Flvm Affected side Unaffected side
FR < 1* 1.22+0.35 1.78+0.67
FR > 1% 1.04+0.24 2.02+0.99

Values are mean +S.D.

1. FImiN: Frnax/Frmin

2. FR: interhemispheric Facilitation Ratio (affected
Fmax/unaffected Fmax)
*:p<0.05
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Fig. 1. Changes of area of MEPs in facilitation by voluntary muscle contraction in response to FR. 1. FR: interhemispheric Facilita-

tion Ratio (affected Fmax/unaffected Fmax)

7R o] Zagt FAFolold] o]E AFPAoR FA
B+ A AN =7} dokE QR
b 2 Roz AAYL, LERIANS

g8t i w2
22 whgo] FEAAA NN F2 UYehde Sold A
g4 @il 7154 4% ¥ (functional perfor-

mance) & VI TR 25 U7 M B ATAS
27 wrge] 542 AR EZBHRE A
g ok B e 3544 A BE 24
hgo) WEE %zﬂﬂoi et AR7F OHAE 3
2% %2 ol 12 e ke R A
Ber zw g &1 9% £EFeAd
bl Sl 553 2
7

Qs o)A
s& LEREIAAS e A
o

2

JX‘L‘

g st 7é‘£°ﬂ A
= T’/‘r"c}?ﬂ HgE %
£ B9 HET
Bz st

ARA AgelMe] Fo dFd dr=e
HolA A== At Valls-Soles & 3t
7R 8RN FolH 5 Al A7IA=sE
Hladtged, 23E ASAEAM o
J S W WZe] /P AR F
o Aol oi7le A Ay $BAAA B =
3d Ao Husgirt o m**‘é = A
FTEYA AxolM Ak FEUMoRE JPE WE 7
g 53 HaPA) dojxrg 1 ow Fzsivlg
AA7F o g@oAAle 97] wEd Fxlolu A=
Jd wet ojuisiAl Hslek] 3
F5 7IHAdo] £5 BEd AANE
A & dFexe Al deide
gttt 3 Al 7Hg FEHR A%k A
I A NAAY dAdY 2 a7 2
F AR A A oR g HEE Hgloy
43 Id Agze] S} 229 He=
iz ZlfJ} %‘fﬁO] *Ci 2Adsie AAl 2o A
e 2ol F#glol £
°?4_6i AEFTE FE °lE

oy -d }-ﬂJ s o]o

X o Ho [0 @ T o S

b

T A L
> 1
rO et &L ofy & r_E
o rl‘l
r>

_ﬁ
N

i
u

[T AU [ A P> R Rl A =)
b,
o

o

7M1
it
nE

el

0\
¥ ujo r

o}
AL
=
L

U )
r'\l

i)
2

O
X
Hor e X8

mhxé
o (8 £

A A 2 2

palt

g,

ANAFos ¥ weg 78 o o8] AF Coilol
AHE A EE, Coiltld B2 A3 A7l f& AR

gdo] ato] Wio] T2 Coil& AHEE AFE9 ook
g F2L e ddoE U] ofd. MY B
o] AHEEE 8% TYH 4¥ U9 EHE EW 8
A 1L A FAF AF7|E gA o
Hel Aoz it 259 AR 4o ZFE
A7) o, webA] F 83 AFio AR &
A3 uhe-g A& ¢ gt 9¥3Ye Y2
1HH0}L frERe] FAddde w5 TEAZ £ 9n

e 2= 93 ARE AFEA & dee A,

L AxdAe dgdd o|Y7tA ASAA ARE
XS FLF Aol oh” weba 2 dFedAe
e 5 NS AT 84 ZYE 0|83
91, A 92 2AL d& 712 AR 1 cm HE
o] AR o] Rz EAE viEld A1 HALE AY
ATt

2 A7d FEER =2 HAFEA T 7L
2 wE AAE 53 AAUF FHANER 2 oY F
s A B wEA Al ¥4t &, %M%
oy A= 7ol uhel Wsket] ggol & 4
2 oug T2 gt E 110% A= 70‘511
9= 130% A= ZAEz 73 A9t 7o) A
9] o7t e AR Yo} 110%9 %
Zo2 HU FAAdEe HY AL 4T F e
Eolut 2 ol A IAFE V] delMe
o}, weld B Apdre olg A% £52 B3
224 #A AW AAE FIua F97] o
130%2] =2 73 AAE o438 Fuax, Fain,
Z Aot

o 15 Oiol'
o r2 e r°"

_q}h

r r&ﬁ. & 5
oy A I e e

(
)

foll

M b sy
oL 2 o

Z22 AN A|AFoE fiE $EHEAY
L uheo] okio] theksith, wx HZo] AlsHAl AW
g #RlMNE SFFLANTE vehA] e 397t
B3l #FAE T @ A AHE BN E 859

]
~
[{e]

|



F A5 wg FAE dojAm FEGX]
Ae] 2 Fo] Zrade} a3y, Trom-
F5o] A3d HlE fAFIAY 238 A

Aol s Easidet B delA

Fuux®] W€ FRZ Holsla 120}
A & 239 IEE} e F 7% #EEET o)A
Atde EETRYY {EOM Hzo] B e

Yele A g2 2 337k A9 ;q;g =

MM FEREAAY Fo] dE2A Yehhe F & &
TN A= FSo] frolsA zolvhe AFe ‘?ixi
o Fhuwel®. ©l€ FRe] 180 2AY &L ¢ =
FoN E59] Fuadl 2719 A B2dMe F
A7V HE FHA FEFEANY] 3] whgo] A

£9M Holid rigl

79 Yoo 1 IF 35 &
AT B £aE k)

)& AARR,
AR
2 o) BEY &5
£ #a9) AEE] o]
%M.o_i o] Fof Ao}

Ho

L
Agﬂw E}EH ME% B
7L ol WEA oF aaFroﬂ = SM‘HOk
ﬂom

2) WA Fhywel A9 2710 gglo] B2o)A
QA v 28 2] Wi HEF B A
o WH YUE Uehis ARA 272 §88 o

goer.

1]
y
Ho
ro

—

Escudero JV, Sancho J, Bautista D, Escudero M, Lopez-
Trigo J: Prognostic value of motor evoked potential
obtained by transcranial magnetic brain stimulation in
motor function recovery in patients with acute ischemic
stoke. Stroke 1998: 29: 1854-1859

10.

11.

12.

13.

14.

-80—

Rapisarda G, Bastings E, de Noorhout AM, Pennisi G,
Delwaide PJ: Can motor recovery in stoke patients be pre-
dicted by early transcranial magnetic stimulation. Stoke
1996: 27: 2191-2196

Traversa R, Cicinelli P, Pasqualetti P, Filippi M, Rossini
PM: Follow-up of interhemispheric difference of motor
evoked potentials from the affected and unaffected hemi-
spheric in human stroke. Brain Res 1998: 24: 801-808
Heald A, Bates D, Cartlidge NE, French JM, Miller S:
Longitudinal study of central motor conduction time fol-
lowing stroke. 2. Central motor conduction measured
within 72h after stroke as a predictor of functional out-
come at 12 months. Brain 1993: 116: 1371-1385

Palliyath S: Role of central conduction time and motor
evoked response amplitude in predicting stroke outcome.
Electromyogr Clin Neurophysiol 2000: 40: 315-320
Trompetto C, Assini A, Buccolieri A, Marchese, R,
Abbruzzese G: Motor recovery following stroke: a tran-
scranial magnetic stimulation study. Clini Neurophysiol
2000: 111: 1860-1867

ARG, dAY, A5, A4, & 25
2 g3t 25 gzte] $7 )5 B,
3] x] 2003: 27: 314-319

Hummelsheim H, Hauptmann B, Neumann S: Influence of

29l &
oAl o) 5}

physiotherapeutic facilitation techniques on motor evoked
potentials in centrally paretic hand extensor muscles. Elec-
troencephalolgr Clin Neurophysiol 1995: 97: 18-28
Hauptmann B, Hymmelsheim H: Facilitation of motor
evoked potentials in hand extensor muscle of stroke
patient: correlation to the level of voluntary contraction.
Electroencephalogr Clin Neurophysiol 1996: 101: 387-394
Barker AT, Jalinous R: Non-invasive magnetic stimulation
of human motor cortex. Lancet 1985: 11: 1(8437): 1106-
1107

Berardelli A, Rona S, Inghilleri M, Manfredi M: Cortival
inhibition in Parkinson’ s disease: A study with paired
magnetic stimulation. Brain 1996: 119: 71-77

Rossini PM, Caramia MD, Zarola F: Mechanism of ner-
vous propagation along central motor pathways: noninva-
sive evaluation in healthy subjects and in patients with
neurological disease. Neurosurg 1987: 20: 183-191
Catano A, Houa M, Caroyer JM, Ducarne H, Noel P:
Magnetic transcranial stimulation in non-haemorrhagic
sylvian stroke: interest of facilitation for early functional
prognosis. Electroencephalolgr Clin Neurophysiol 1995:
97: 349-354

Han TR, Kim JH, Lim JY: Optimization of facilitation

related to threshold in transcranial magnetic stimulation.



LAEH HHO| o EF XM 2SREET

O &R H}

(M)

J

0l
Im
0x

15.

16.

17.

Clin Neurophysiol 2001: 112: 593-599

Lim CL and Yiannikas C: Motor evoked potentials: a new
method of controlled facilitation using quantitative sur-
face EMG. Electroencephalor Clin Neurophysiol 1992:
85:38-41

Mills KR, Kimiskidis V: Cortical and spinal mechnism of
facilitation to brain stimulation. Muscle Nerve 1996: 19:
953-958

Nielson JF: Standardization of facilitation of compound
muscle action potentials using a modified myometer dur-
ing magnetic stimulation in healthy volunteers. Electroen-
cephalogr Clin Neurophysiol 1994: 93: 23-28

- 81~

18.

19.

20.

Thomson PD, Day BL, Rothwell JC, Dressler S, Maertens
de Noordhout A, Marsden CD: Further observations on
the facilitation of muscle responses to cortical stimulation
by voluntary contraction. Electroencephalogr Clin Neuro-
physiol 1991: 81: 397-402

Valls-Sole J, Pascual-Leone A, Brasil-Neto JP, Cammaro-
ta A, McShane L, Hallett M: Abnormal facilitation of the
response to transcranial magnetic stimulation in patients
with Parkinson’ s disease. Neurology 1994: 44: 735-741
FeE, AT, QAD: A7) A2 4B WIS D TS £
=634 9. o A &) 8 3) A} 2000: 24: 65-71





