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Diagnostic Value of Magnetic Motor Evoked Potential Parameters in
Intramedullary Myelopathy

Sang Hyeok Seo, M .D., Yong Bum Kim, M.D.*, Heui Soo M oon, M.D.*, Pil Wook Chung, M.D.*,
Jae Young An, M.D., Jong Seok Bae, M.D.", Minky Kim, M.D.",
Kyong Jin Shin, M.D.*, Byoung Joon Kim, M.D.

Department of Neurology, Sungkyunkwan University School of Medicine, Samsung Medical Center,
Kangbuk Samsung Medical Center* , Seoul Medical Center ", Hanmaeum General Hospital

Background: Transcranial magnetic stimulation (TMS) is a non-invasive diagnostic method particularly suited to
investigation the long motor tracts. The clinical value of TMS in most spinal cord diseases has still to be made.
Diagnostic value of magnetic motor evoked potential (MEP) parameters in intramedullary spinal cord lesions was
investigated. Methods: MEP elicited by TMS was recorded in 57 patients with clinically and radiologically defined
intramedullary myelopathy. Twenty five patients with cervical myelopathy (CM) and 32 thoracic myelopathy (TM)
were included. Recordings were performed during resting and minimal voluntary contraction at both abductor pollicis
brevis (APB) and tibialis anterior (TA) muscles. Stimulation threshold(ST), amplitude, and central motor conduction
time (CCT) were measured at resting and facilitated conditions. CCT was calculated by two means; central motor laten-
cy (CML)-M using magnetic transcranial and root stimulation, and CML-F using electrical F-wave study. The results
were compared between patient groups and 10 normal control group. Results: Facilitated mean ST recorded at TA was
elevated in both CM and TM compared with control group. Resting mean CML-M at TA was significantly prolonged in
both CM and TM, and CML-M was absent or delayed in 37.1% of CM and 8% of TM at APB with facilitation.
Facilitated mean MEP amplitude at ABP was lower in CM than in TM, while MEP/M ratios were not different signifi-
cantly between groups. Conclusions: Magnetic motor evoked potential has diagnostic value in intramedullary
myelopathy and localizing value in differentiating between CM and TM by recording at APB and TA. It is a noninva
sive way to investigate the functional status of motor tracts of spinal cord.
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AAAS opr ] 43S 5 A AEE HAWHst
o AZA FF AFHEZAZHcentral motor
st 753 455 H7t
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conduction time, CCT)S &%
St WO 2 o]§ate] ot
Ao A7 Y sfieha E44 doj7t 4x
AHo| A2 W B2 &5 9 A4 AB =7 DR EH
A7 el FAAAeE dAaAS AB/A]7] oF
LA} 22 7158 AAPE =&0] "

A G7A] Ao A MEPY| st Biis BA] gt
A2 sjiatEor Ak RO B 7%t ¢
gk A4 (extramedullary myelopathy, EM)3 &
= Y e 93t 43S (intramedullary myelopa—
thy, IM)S2 3A L& & ek F 74 HeH9 +#
2 AAE HE e A3 HARE 5t o= A
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Table 1. Characteristics of patients and controls.

of QIR Sl HAY HEpeFo
M3l o] 948 34, 3
HE A A B2AAY, Fe A

jubad
of
ol
£
zl
1T
ox
R
o, >

rlo
)
ox
=2
)
=
fo
o
2
U -ﬂ‘
_12.1_1‘
>
o
1o
e
ro,
rlo
Nu)
2
ox.
o,
£

o
T A 19 2 AP AR F
7Aoo & gt 899 A= HHHGlo] FHgo)A
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oA ALttt AL LZRE MEP AAF A7 7t
A Bt 7172 23.8(38. 770 Lo] et WY A=
A7) 58 GgANA Yeh= HHY A RS Ve R
AR AEE HHo] WY ALE AF A, (cer-
vical myelopathy, CM), A5 47} A=A g o
HE B H$E F85F Y (thoracolumbar
myelopathy, TM)22 F&3}%3L, 27]378 G/l A
WO AT FRSHA] g2 A Aol AASIA
A AASH AALE 7]eo = HHY HAE

A Q2o E ARTA FAtolv 47
Aol gl 105 AN AT T TR
MEPE Ald¥ste] ZAA| =2 4Fgth,

2. MEP

Magstim 200 ©]-&35to] L A57t o A3 HEo
A 37442 MEP AARE Alstgltt, A=2 o A7)
2.0 teslad A% 90 mm 98 A271E o] &3t o
g, &, 32oA A=t MY A= FeE] Fe
o €% A=719 s4S T AFotr dFA AT
(abductor policis brevis)ollAl 7|SstHA TS5
ANFHS BESHAA FdA=0] Yehhe & 2ot
71583, A48 &% 2~3 em, A% 3~4 cm He
X& AFsta AREZoNA 7I18sHHA FA 22 B
o7 FHdA=o| fEEE XS ol 7|Esgh, B3
22 71Z2H oA A TH 2% 3H HE A4 A=
sto] FEE= AAE 7I1EsH 7189 U E+= 200
uV, Fue o3k 10 Hz~10 kHz 2 3o H 439
A=Z 7hste] 23] ol MF Aol BEAEE AFY Al
715 YA (stimulation threshold, ST)2 A3d}x, FX
ANA 25% F7HZ A=FA712 4319 A2 7hsto] &

Groups Number of Age(year) Height(cm) Duration(months)
patients

CM 25 476+12.8 167.0+7.0 28.5+47.2

™ 32 484+121 168.2+5.8 20.0+ 30.7

CTL 10 30.0+3.5 174.0+3.9

CM; cervical myelopathy, TM; thoracic myelopathy, CTL; normal control
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S 4A3] o]¥AI7l AEl(resting state)olA 7|F3}tL,

oF 10%2] A T4ES =3 AE (facilitation) o A
T oz HARE HhESITh AR o 7155
AE Idiz FAT AEE ASAE Y BlElE Y 254
A= AR F o AARE Alske] E71E ST

CCTe tha 22 7 7H] W o= Z+7h AAbst it

1) CML-M = central latency — peripheral latency

2) CML-F = central latency — (F latency + M

latency — 1)/2

NZ WBEE(MEP/M ratio) o33 Zo] M 79| 7l
Z3} MEPS| Z1Z9] B| 2 31t}

MEP/M (%) = (resting MEP amplitude/M ampli—

tude) X 100

oj9} Zr2 W o2 A3 SF T HYolA ol E
5 Ao SRFAYGATH AHSLAA 715 2429
A= 9% CML-M, CML-F @ MEP/M& F3to] RAk
2] 9] 28 BEFHALOA Hold off B QG2 Bstgint

4. S

7§91 &7]-8 SPSS 12,0 ©]-&-38to] CM, TMH 4
iz 7ko] ST, CCT, ¥ ZZH|9 F#S ANOVA
test2 M]3} Tukey s post hoc testZ ZF o 7+

FU ML-HBM APV |I2SFLML XE| &

I'-'."-
12
J
S

Hatol Fo7t Zol7t A=Al Hydth A4 Sl Hig
E4L& Mann-Whitney U test2 £43+42H p<0.05
A A5 FYT Apol7}k Q= Aoz HYd

Z o

5789} tigetate] W vl 5.3:12 WAL Wk
CMellA E&7F 19, AA7E 678010, TMOA FA7}
29, A7t 3Wolqlet, ALY BHAFL 47.6+
12.8, 48.4+12. 141920 HF AF-E CMo| 167.0+
7.0 cm, TMO] 168.2+5.9 ecm2 T+ 7ol 428t 2}o]
7t fglth S o2 RE MEP AE7HAY £147]
7He 7kz 98.5+47.3, 20.0+30. 7L E o] S Kol
&3tth(Table 1), YA o= AstA] 28, AR BRI
27] 59 {7 & U WL 9 CMIT T™M A4 A
o9 Fo3t Ztol= YA CM FAboll A A9 4Fzt
= WAL g7lo] Fo5HA| F7tElo] lglet, A4 o) o
Q& CMI TM F 3t F31gt X}OIL Aot A
A A 38 BE a5 WS Byt CM ¥ TM
] A7) FE I 27 4 WY fAE ZH CMY] 7
T 247 F 137 llA] HHo] AFFof F3tE o] ﬂr@ﬂm
on, o] F 2% SFWIe] AF 5 fEaAT
FEEH UG TMOA = & 318 & 3 golA A9 A%
AT BHET AA F2 F 582 Ay i ¥
Hg Byt 179 SxtolAf o] Z} ] %‘“‘% HAFE Al
gotglon o] F 2o iy FuFo] v Fo]F] W
o] TEE oY A 9ul= gle Ao Asiqlch

>_’1. Olﬂ rlo

100 %
%
S g O cM
e}
2 = : M| ™
é : : : : [ CTL
; e
0 ; : ;
APBT TAT FAOBT FTAT
Method oof recording

ABPT, TAT,; resting threshold by recording at abductor pollicis brevis and tibialis anterior muscles respectively, FAPBT, FTAT;
facilitated threshold by recording at the above muscles respectively, CM; cervical myelopathy, TM; thoracic myelopathy, CTL; nor-
mal control

*: p<0.05 comparing with normal control group*

Figure 1. Stimulation threshold by different recording sites and conditions. Mean thresholds by recording at tibialis anterior muscles

were significantly higher in cervical or thoracic intramedullary myelopathies than those in normal controls. There was no statistically
significant difference between cervical and thoracic myelopathies.
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TN LEAHAE AAE AAstel
AE 9 W GRS S, F ook gEsle
HZAHNA FHH WAL Agstel SFsrgon
FA79 F ohe BFo) A 43543 MEPAAIA 7153
L 2jel AABINA Z1S3ch CMY T™ B4 2
ARG 2 W4 k0] BREEE Aol S Holx] egke

—_

3. = x| (ST)

SRR QAT A 7153 MEPHAL A o] A9 ST+
gRAoA 48+8.4%%0d Bls] AA e eIA=
58.9+15.6%%2™ CM At A= 60.0£16.5%, TM
A E 57.5+15.0%2 523t 2oz ¢llch 1
U 219 CMEHAL A= 100% Aol = o]t Alof T

AQAZLAA A7t 715EHA] EShnh 2% FFAY
STE AAFeloA 36+8.2%, CMOl|Al 46.1+13.8%, TM
oA 48.0+13.6%F CM, TM TAZ ELolA Z7}15
Ao FAHoRZ Fogt Aol glhFigure 1).

AREZLNA 71838S o o|&A Y ST+ BAUNA
64.0%£9.6%, CMOIA 85.9+14.1%, TMo|A 82.0+
191%2 A=927F fostA F7tEeH, 2555
Aol Z+2} 47.0+8.3%, 67.3+13.4%, 70.3+15.9%2
F2gt Aol & Hh(p<0.05).

4. SFH=AIZHCCT)

CM, TM ¥ FArto|A CCTY B2 Figure 20| B
£ Hhet 2t} ERAYGH A 7153 CCTE CMellA
o]¢ Alo] CML-Mo©] 12.4+10.3 msec, CML-F7}

A 25 "
5 —
=
g
g§ 15
8E .
Q
: :
8 .
0 . . G . "
CML-M APB CML-MTA CML-F-APB CML-F-TA
Resting recording
B 25
c 20
k=]
-
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8%
E-p 10 e
c .
S h ﬁ —
5 o , , ,

CML-M APB

CML-MTA

CML-F-APB CML-F-TA

Facilitated recording

OocM @&ET™™ ECTL

APB: abductor policis brevis muscle, TA: tibialis anterior muscle, CML-M; central motor conduction latency using cervical root
stimulation, CML-F: central motor conduction latency using F-wave (Refer to the description in methods), CM; cervical myelopathy,

TM; thoracic myelopathy, CTL; normal control
*; p<0.05 comparing with normal control

Figure 2. Mean central conduction time of normal controls and patients with cervical or thoracic myelopathy. In patients with cervi-
cal myelopathy, central conduction time recorded at abductor pollicis brevis muscles were delayed comparing with normal control
group either at resting(A) or facilitated state(B). CML-M recorded at tibialis anterior muscles was the single parameter significantly

different between patients and normal control.
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12.7+10.9 msec?ldl B3 TMAINE 22 9.3+£2.4,
8.8+3.6 msecZ zolE YL, LEF Alol= CMY
A CML-Mo] 11.8+6.1 msec, CML-F7} 9.1+6.9
msec?ld B3 TMlA& 242t 8.6+2.8, 7.2+3.0
msecE TMO| H3] CMoA F5417 HAZAIZke] 4o
A Aoy FAHLE {3 Zpol= ofY it BHH
ARZZA 7123 CCTE CMofA o]g Ao CML-
Mo] 21.4+3.7 msec, CML-F7} 15.2£5.7 msec?ld|
H|3 TMAlAE Z2F 19.6+2.9, 13.0+4.0 msecZ A}
o|F Holx ¢gkoki, I&4F Alole CMol4 CML-M
20.6+4.6 msec, CML-F 12.9+4.4 msecSld] H|3|
TMAA = 227 19.6+2.9, 11.6+4.7 msecZ CMI}
TMOA] B4 CCT 2o]E Holx] ygrom HAF =7
o Hlgto= Heo] Sl F SAFEOA B CCT7H
Az o] Qo o] A ARG EZAA 7|53 CML-M
AN F9 g 2ol & B A tHp=0.016).

4w ato A MEPAAMS] AYFAo] ¢t=ElAY
CCT7} = e A9 =5 FEAIE A o| Table 2
ojty, CMEAFS] 26.1%00A o] Al TEA| & Lof A
71E% CML-Mo| A= o] AU MEPHAR @40l

U HLHSM X7 2SREXS K72l ZIHH THX]|

HFEEA Gron =% A= 37.5%04 v
CML-Mo] 7|Z&5itt, dtd o] TMEA M= Zh2
9.6% 2 8.0%00 A%t SFREA AT A vAY CML-M
o] 7|Z2Htt, AAZZ 7IFNME CMI TM BF
50% ©14+9] Aol A CML-Mo] HA= At 3HE]7] ¢
QI E3| o] Aof| 7|23 CML-MY] o] Hol= 3t
A7F CMEHAF] 76.9%, TMEALS] 61.1%2 71 W3ttt

CML-F9] o]4& Kol 9= CMI TM $HAtof| A
33 2ol g Ho|A| Tt

5. =

A7\ Aol gt B85 A9 XEa vwst A=
Table 33 2t} MEPAAL it X Eo| vlsf| HA7L A
sl ot ojghk Alo SRR A ToA 7|53 MEP/M
ratio= AAFIo)A 14.2+11.8%, CMoA 10.4+9.6%,
TMOA 22.8+41.0%% Ao v CMEAA A
Zo| F5HA AAaHP o TMoA = HAZL A8l
AZAZZo|A 7123 MEP/M ratiox= o Ao AARl
AN 6.2+9.0%, CMAIA 5.0+4.5%, TMoA 8.7+
12.7%2 Aol & HolA| &ttt

Table 2. Percentage of patitents with absent MEP or prolonged CCT (%)

Recording . -
- Resting state Facilitated state
condition
CCT CML-M CML-F CML-M CML-F

Recording  site APB TA APB TA APB TA APB TA

CM 26.1 76.9 52.2 61.5 375 53.3 50.0 333
Groups ™ 9.7 61.1 46.9 55.6 8.0 435 34.6 273

Total 16.7 67.7 49.1 58.1 195 47.4 409 29.7

MEP; motor evoked potentials.

CCT; central conduction time, CML-M; central motor conduction latency using cervical root stimulation, CML-F; central motor con-
duction latency using F-wave (Refer to the description in methods), APB; abductor policis brevis muscle, TA; tibialis anterior mus-
cle, CM; cervical myelopathy, TM; thoracic myelopathy, CTL; normal control

Table 3. Mean amplitudes of MEP and MEP/M ratios

Recording Resting state(mV Facilitated state(mV MEP/M ratio at
condition ing state(mV/) actll eg(mv) resting state(%o)
Recording site APB+(SD) TA +(SD) APB+(SD) TA +(SD) APB TA
CM 142+1.23 0.17+0.20 1.98+2.34* 0.56+0.42 104 5.0
Groups ™ 2.32+2.89 0.23+0.44 3.68+2.99 0.83+1.09 22.8 8.7
CTL 184+131 0.21+0.23 4.17+0.83 1.66+1.38 14.1 6.2

MEP; motor evoked potentials.

MEP/M; MEP ratio to the mean amplitude of compound motor action potentials.
APB; abductor palicis brevis muscle, TA; tibialis anterior muscle, SD; standard deviation, CM; cervical myelopathy, TM; thoracic

myelopathy, CTL; normal control
*; p<0.05 comparing with normal control
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