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A measurement method of muscle fiber conduction velocity
for surface EMG signal of muscle diseased patient
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Abstract

A new approach to the measurement of muscle

fiber conduction velocity by surface electro-
myography(EMG) is developed, based upon a
robust time-delay estimation algorithm. Unlike

previously reported methods, it does not require
the Gaussian assumption of raw EMG signal, and
can be applied accurately in non-gaussian
impulsive EMG signal. For five healthy subjects
the conduction velocity in the biceps brachii and
vastus medialis was measured and compared with
various other techniques.

As a result, the average muscle fiber conduction
velocity was 4.59+0.20m/s in case of Dbiceps
brachii and 5.67+0.33m/s in vastus medialis.

N B
2 A 5 (electromyogramEMG) & 2 &0] $3.0]gt
@ o) TR 24 (muscle fiber) & wal HEg

- oo
LI L

% a9 % A9 (motor unit actor potential :
MUAP)9] 7|&ojtt a3ez oy ZAH{S 3§
54199 HAEZFZ(conduction velocity)e 49
A7 gFe £4 4% WXE F8Y 842
g3 & B9 289 I2Rd @& LAdx
Aze Fasedsille 7lEFor TG ARSE
o] ¥ste] oA 71AF PAeld, 7FH 2§ &
AE 717 gAY AL 2AHR A=4£Ee WEE
ERATozAN YoM A4S Ade F4F HR
24 24% F U2l

195597, Buchthall3]# Stalberg[4] %
(needle electrode)22 Y& SFAP(single
action potential) 2 ZF8 FATY ZHF AER%
9 F43& A =&t 19703 Lindstrom([1] &
8 H(invasive) Y G4 & BAE7 fste g7
A F(surface electrode) L2 T LAE Az 9
Fas A2HEY G BAY ARERE 2HY 5
A HlFEH(noninvasive) WHE HudFPon
2 olF2 oY AFAEN o] AA YAANA A}
37l HeEd 5o Erogny FHPF A
= AZE AR g8 A5 HE gndEs o %
3o THF VEEEE AFHOIL on-linel2 &
A F UAEE 37 A AT A% gEHAG
(5161.

o] AFES FEHA F

&) & <

DZ

fibe

P

rlo
3

-

-

2

fut §
L

PRe APY A

Fn AAA7 270e] EW HIoRHE Xd%
Af oA 43 2FE AF Alelg AlRld
ZHFgoEN dHF AEETE Z2HsE Ao
. H. Zorn[6]9 ‘¢ 3% 4 (cross-correlation)?t g
€ 8% IHF AELE 2 e dy A
3 Alolg) AAE FHHoR 71 BHEsE AT A
2 dnEL Z2HF BAESE FH7) 88 A
24 AA Azadg FAHA o8 7R FHL AE
st 28y 99 2E MHELS ¥ 2AE A
3E FAse s 9 F8Eo EAH EAo ¢
Al FERIY A2 7HHE FAH dEAMe ¢
DYEE L8P HAozA o FE BEXE Hojus
7 -AIQE £ F&ol EAde RS ARLEE
£Xo] BrledittE TEE ¢S /A Yo ®
AA dAd A ez BEH AL Az Y
o] &F58H Jgolu Mo 4oz g
7153 4% &4 W g8 FS B2
XY ZAE A&7 dgs] viekslo, olx &%
A7dde] 502 AH3Y HAE 2Z A (impulse)
&l HrtsElol AFHY ¢AE AF 2dmgE 4
oA FEZHE Aoz veiyd7]l zdrz B
AFAME ol ¢dLe A7 st B
Vet opvet 7w &£48x2 ¥FFEY rmE g4
SHE AT AL £ Y ZFA(robust) A A
4 41 &g olgdy A2 2 AR AESE
X UL AUdstHoh Ad wEe A4 A
oke] #AqA HAF F+ e AL A F

tlo rlt ey

i

fir & rlo ot
i

BAISE  g-stable 88 ¥ 2d[8]8 uigoz
2o B4 x4 RUWEEZE o]g3 FNOC(fractional

negative order covariance)®} «a-stable £ X 59
23 S e g o] &3 MD(minimum dispersion)®]
A3 AAdD FH dagES $Ho= 39 FAE
Aok £ AR 7R AAA A dndEe
thekst HE FX9 Rrg g ddtd 7E o7
7HA e si-AY¥ee FPE AAd 2
TEE AT en9], B dFoe Al 243
gzte] B 2HE MEJ g-stable BEXFFE B
9y 4 + Qe 2234 FSE =8z LS B
olx, g HPAE gyo HF AELEE
Z74 48L& #3838 a2 A5 L Hrsqgc. o &
A A4 AHA sHo2RE o FulE(biceps
brachii)® W& 3L (vastus medialis)®] T8 AR
AEE ez HAYsd 7|& A3 ZAFe v
A-FAFoTHN AAIG W wlEdAdes UdEEg
o},

3‘5@

GLTETRE o]



19978 EHatai

Iy 19 YA A 45<Y(transverse myelitis) & 2
913t vlul% Z 3. (cauda equina syndrome)ol} 2%
gz}7} ol Ful(biceps brachii)el ¥E& FAL U
Y 7oz F3¢ AR AZE YUY 4 ¢
oF vlaa A el et

o) 9

D S S (R V'S

x10? toamten) G
(a) (b)
Iy 1 EdW 23 E A%
(a) BN (b) °iuE 357 81
Fig. 1. Surface EMG signal (a) normal subject
(b) cauda equina syndrome patient
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Fig. 3. Typical example of the EMG recordings
259 AFATR

AM Fd

¥ (innervation zone)

o ggoz W AL Riasly £3% 19 39
FAZE AR FRFoEZN, v=D/r(v=A%H
%, D=dFAlolg] Ag, r=AAd)E F& F ¢
o},

E 1% ® 20| olFuiy UyEgogRy B
WHoR 13 4R AREEE 44 Jehgd

E 1 4Ad 244 1SR FNR)

Table 1. Muscle fiber conduction velocity of
subjects(biceps brachii)
WA SHHF AEEE[m/s]
FNOC 4 MD %4
S1 4.15%0.39 4.1710.25
S2 5.50%=0.87 5.35*=0.61
S3 4.48%0.72 444+0.37
S4 4.74+1.05 445+057
S5 438%1.33 4.22+0.43
- - 466*0.22 453+0.18
3
459%0.20
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Table 2. Muscle fiber conduction velocity of
subjects(vastus medialis)

- ZA® A= % (m/s]
FNOC %3 | MD %%
Sl 6.2211.55 6.58+0.85
S2 5351224 527%0.95
S3 6.53+2.06 6.061.79
54 514*1.66 5.25+2.74
S5 527*152 503*1.57
5 @ 5.70+0.32 564=0.34

5.67*0.33
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Table 3. Comparison of muscle fiber conduction
velocity with other studies.
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