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1. WHEBRES L UEHEE

WERE IIRFELBMHI0% (FE#25213.9%) &L,
REBIL I ABHLEARERE Lz, 9, HhifllE
% & BIODEX SYSTEM 3 (Biodex #t#) #HW\ T,
RHESER - FBORKMER S (Maximal Voluntary
Contraction, MVC) % #l%€ L7z BIERM ZBIZH D
BEEIEMAREAS00L 25 X127, KBEEE XV T
BFIcEZEL, RESEERO 7Yy P 7L — MIEE
L720 ¥ T AFOFHH 28R ENAEIC X 5 BRI
JEEBYHLERIE 0° T b, MIRBHORRN LS
RYEYHEIC & 2 2 RS E8) 3 I ERE30°» 5
ThEl, MVC DHEIER, 7+—3I VT Ty TEL
TEWEPHOEREEMEHESE E8 % 3 H1TDH
#, SHLUURAENCTERGEBEHEED L IXERE
EEN 21T o 72 EEIEEEIZ MVC I5E & F—IL T,
EHESEED LCRIEMHTRORKH N D50%,
T b H50% MVC OEB)RE TORFN % K
JBEIEEERBE Lz, ZOBE, HEBREEZICR
BEHhEE=51) 078, 50% MVC D% #H
7z, EBREEKTIZ50% MVC DMERFASARTTRE &
ol:REE L, 7 ABLAEEHOBEEIE2H
DEOEBEBVTIT o7,

2. HERDISHE
FERK O BN ITKEEM®E (blue sensor

H,M wave H wave
(every one minute)

e v

MEDICOTEST A/S) % vy, I AHAEITED AR
BIUHIRBEHHEICE S, IERFEEIITITY, B
BOBLEBELEH 2 cm & L7z, HEXIZEEK0.01
#, BERENIE 2 kHz I THEMEKT 7 (Bio Amp
ML132, AD Instruments) {2 & YI8iEL, ¥ 7V »
TR 5 kHz T, A/D #2133 (MacLab 8s, AD
Instruments Pty Ltd) # 4~ L C, /83— VFNLarEa—
FIZHYRAAT, HiEE M ¥ (compound muscle
action potential) {3, EBSEEES:RE (KEHRE)
DHE, BEROREHELEEMNIZ03Hz, 1ms
BOERETERRHT A LIZI VT AfHh bl
L7, HIE2EE 1, ELCTRONIC STIMULAOR 3F46
(ZHRHWHBHAR) 2RV, ABEBORERIZ, B
Zbmm DRV METHATO Y ZIZEHEOA L THE
DAAZHRNERE AV, R OEVIEE CHEAE
TR EER IS T — T CTHRE L2, BEMI,
EHEREAVT, BEE LY H2 c;iBfLERICE W
72, RESHEEESREE (BWERE oBAICiE, K
BRELFELAFEEZAV, BEFEORIICLD, ©
FAPO HiKE M2 EE L, BHHESH =2 —
O EEMRE UCEMEL 7,

T/, WHHOEFBRREB L OBIRGOIEOF &
THERT A0, REHEHKE T -3EEEEFoe 5
AR LBEIREHORAHEROLILLBEL .

3. HESLUMEREN O -

Fig. 1 124, EHREOHNIE HEBIUO M ED
DI A IV IR R LI F T2 bu— e LT,
EENRTORBIRETORAHE (LT, Hmax) B X
Uik EM#E (DT, Mmax) %38k L, Z0OIREHE
ZEHAI L 720 RICGESIRE SHEST S CEBKR TS
5 F T 1582, REEOKET Hmax DAL 72,
E5IC, EBRTESRD»S5109% % T 144812 Hmax
B LU Mmax 255 L7c, FORIZIENHE, 200%,
3074125 Hmax B & O Mmax 28 L7 B

H,M wave

10 15 20 30 min

Rest T(- Exercise >T<

Recovery ——— >

Fig. 1. Experimental procedure for recording of H wave and M wave.
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72 % B ST Hmax B & U Mmax @ 5 [8] D HEIEE %
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720

F7o, THOREB L ESI THEZIZEN L H Kl
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Hmax 7 5 KRR % T, MRS X
D L 7B/ NHIE OB EAB0% & 7 RIS &
HIE RO /MR % & L, Hthr& HI#F L 7210,

4. F—2N1E
1) REHFEA

50% MVC TOREREL X O FEBEEIT- /- F
B ok SN RAMEBEXEE 2 2% EmR L, &
BIREEBALE A 5 1085/ (Start-50% MVC) & FHE 5712
TEBREPRT § 5 EAT D108 # (End-50% MVC)
DFFEM ZEIRL T, HMEL ROz, HEROREK
i, BI2RA Y MENI VS BEBTEER T -
L, BoEE SN L ERRRERG, B X ONEE)
B THEBOLIOBE O YR ERL ko7, Boni:
H10F M DR & FH BB O FHED %O K E
i, HIend bt mET W,
2) HEB LU MK

EHAICEEE L 72 5[ Hmax & Mmax DR Y
ZALIZ DWW T, —ICBLE SR ATIS TRE Z 1T - 726
TEE) R AR & GEERE TEAZ O Hthe 8 & O Mthr ©
HAHE (FRZERELHEOMEEI00% & L) DOBE
12, Heodb b t REER T, &7 — 7 I FHE
EHERAE TR LT,

FaHLER 21, Stat View-J5.0 #fH L T, »Fih
LAEEKEIZIS%E L TREZIT- 20

5 R

1. BEFRIEREHFENOE(L

Table 1 {21&, 50% MVC T 2 B EMEE) I &
b T ARB L O EEN L ARG &8 B4
MO 10F M L EE TEAO IO B TR SR
MR ORESE L FHE AR L7, ESRE %

& s U CEENE T ELHT O W O B B AR E A E
CKREL< 2D (p<0.05), FHEEBITHEIEL 2o
f: (p<001)o

2. EEREICH I A5 (X8 HIERED
1t

JEBAEN B EBIEF O ¥ 5 A 5 Hmax, Mmax ¢ #L%!
MM ZEIL % Fig. 2-A ICRLZ, 9 AHD
Hmax (JEFH OFLBIZE B L 7245, FHiE 52 TFE
BT 2 RN ICE L DRSO O N, O
DHRIIEHBREMIIEN L ERZXD 720D, &H
BRECHMZEMABO SNz, T, HES5HD
Mmax (IZ L L %A o 72,

Fig. 2-B 1213, RBEEEEERIB L OCREYH 04
HWERFZ DO T A Hmax/Mmax DORREELE R L
7o EEETREEB T IE %I Hmax/Mmax (&, <k
W& B L CB7.837T+1297T%ICHEIZIRT L (p<
0.01) 2512, ZOBETIXEFSRTH LGS, 304
FBIIBWVTH74.9011089% TH -7 (p<0.01)o

3. EBRBHEICHTAE T A8 (ENE) HIBIRIED
1t

EESEREEEHEO v 5 A5 Hmax, Mmax O #E
B 2 FREERIZE L % Fig. 3-A (Z/R L7z, JEBIEY M EH)
BGE %, EHHTHDH L T AHD Hmax 1342.74%
WIRT L7z, 20, EBEEEOLBIIEY, HEE
ESHIIEA L, EERTERICIE25.7% & % -7 fi
L) R EEERSZRTILE, EbIZ
Hmax (& EH L7245, LEEOL X2 ChE L
DITEFHRTHEMI0THERTH 72, B, Mmax &+
i & AARICE L L e d o 72,

Fig. 3-B (213, EMEHTEEHHE L ORIEHO £
WERE O 7 XK Hmax/Mmax DRFENE/LERL
72 REAEEEERE THEE, HhHThibe T A
@ Hmax/Mmax (&, ZTHEEE L T70.13£8.85%
WHBIKT LA (p<0.01), ZO%IE4IZEEDLA
LehS, THHE CIERERICEL CTHFEICRT
LTw/ (p<0.05),

Table 1. Change of electromyogram in the plantarflexion and dorsiflexion.

integrated EMG (mV - s)

mean frequency (Hz)

start-50% MVC  end-50% MVC  start-50% MVC  end-50% MVC

agonist duration (s)
M. tibialis anterior (n=10) 420.8xt134.4
M. soleus (n=10) 330.8+123.1

0.443£0.20
0.632+0.21

0.653+0.23*
0.614+0.24*

73.171+6.93
60.65+5.74

43.24+13.56%*
44.33£7.23%*

mean®=SD *p<0.05 **p<0.01



48 INZYNC e 5

Hmax and Mmax (% of control value)
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Fig. 2. Change of H wave amplitude of the muscle fatigue before and after where the soleus muscle becomes an

agonist.

One example of the typical subject Hmax and Mmax in Fig. 2-A.
Mean and standard deviations of the Hmax/Mmax of ten subjects in Fig. 2-B.

4, EBRBRESLIUCEBERBIROE S A8 H KR
ENZE1E
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TEEERIRON o208, BEEETIE, BEH
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% £
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Fig. 3. Change of H wave amplitude of the muscle fatigue before and after where the soleus muscle becomes an

antagonist.

One example of the typical subject Hmax and Mmax in Fig. 3-A.
Mean and standard deviations of the Hmax/Mmax of ten subjects in Fig. 3-B.

AHEIIWINL-Z LiE, 50% MVC OffiE % #EE+
L7202, EENHAOBNBE A vV RAFEGHERE TS
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EhTwi H EIRIEEIE, BELSETLTL 218
MABD SN/ze TOFBIE, «EB—a2-—Tr DR
TEMISB IR T, RO _OOFEREZE L LN D,
Thbt, OFEH = 2 — 0 v~ Ib #{H O,
OSENFHIEFT L) y BB E NS5 o —y EREDIHEH

BORTICL-oTHlIERI SN e @B a—1
DRBDIETTH 5,

B TI3 R BT E B e 12 2 BB IRE O B K
T D50% (50% MVC) &\ ) BEIEE A I H I E
5 X TR STz, EEIFIIZIZ50% MVC IZH4 T
LRI EEI TH 572 L EZ SN LS, EEhREGRE
DFEBIZEIEF D HEITT H 2 L2 H50% MVC (2
HMUTEHANEREL TV AIZOEDLLY, EBRT
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[l After-Hthr

After-Mthr
**p<0.01

M\

Dorsiflexion

Fig. 4. Comparison of Hthr and Mthr means by before and after exercise in plantarflexion and dorsiflexion.
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BIZIRES T 5 EHE L TWwb, KIFZETH50% MVC
DFF % RE LT 5 &L\ o) BEEN 2 EB) R E O &7
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Changes of Agonist and Antagonist Spinal Motor Neurons Excitability by

Muscle Fatigue: analysis of H-reflex and M waves of evoked electromyogram

WANG Guoxiang?, Kiyoshi ONARI2), Kotaro KAWAGUCHI?
Fuminari KANEKO?3 and ZHAO Jinhua®

DGraduate School of Medicine, Hiroshima University

Anstitute of Health Sciences, Hiroshima University School of Medicine
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This study examined the chronological changes of H-reflex and M waves in soleus muscle before and

after fatigue induced by isometric ankle joint plantar/dorsal flexion to clarify the changes of agonist/antago-

nist spinal motor neurons excitability involved in muscle fatigue. Subjects were 10 healthy males who per-

formed ankle joint isometric exercise at 50% maximum voluntary contraction (MVC). Results were: (1)

After plantar flexion caused soleus muscle fatigue, the soleus muscle Hmax/Mmax (amplitude ratio between

maximum H-reflex and M waves) stayed at a low value for a long time. (2) After dorsal flexion caused tibialis

anterior muscle fatigue, the soleus muscle (antagonist) Hmax/Mmax fell to 70.13£8.85% of the resting

value and then gradually recovered. (3) After the tibialis anterior muscle fatigue, the soleus muscle (antago-

nist) Hthr (H-reflex threshold) significantly increased as compared with the resting value. Results (2) and

(3) showed that the agonist’s fatigue inhibits not only the agonist but also non-exercised antagonist spinal

motor neurons.



