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Elucidation of Strain Mechanism Focusing on Spinal Reciprocal Inhibition

by
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ABSTRACT

Excessive co-contraction interferes with smooth joint movement via mechanisms
including failed spinal reciprocal inhibition against antagonists. However, the function
of spinal reciprocal inhibition during co-contraction remains unclear. To investigate
the influence of changes in contraction intensity during co-contraction on spinal
reciprocal inhibition, 20 healthy adults were subjected to four stimulation conditions:
a conditioning stimulus—test stimulation interval (CTI) of — 2, 2, or 20 ms or a test
stimulus without a conditioning stimulus (single). Co-contraction (change in soleus
muscle [Sol] vs. tibialis anterior [TA] activity) was examined at task A 0% vs. 0%
maximal voluntary contraction (MVC), task B 5% vs. 5% MVC, task C 15% vs. 15%
MVC, task D 5% vs. 15% MVC, and task E 15% vs. 5% MVC.

At CTI of 2 ms, the H-reflex amplitude value was significantly lower in tasks A, B,
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C, and D than in the single condition. Among the tasks, the H-reflex amplitude values
were lower for A, B, C, and D than for E. At CTI of 20 ms, the H-reflex amplitude was
significantly lower in tasks A, B, C, D, and E. Among the tasks, the H-reflex amplitude

was significantly lower from task A and B to task E. For co-contraction <15% MVC,

reciprocal Ia inhibition may be modulated depending on the Sol vs. TA muscle activity

ratio. D1 inhibition was equivalent when the Sol/TA ratio was equal or TA muscle

activity was high. During co-contraction with high Sol muscle activity, D1 inhibition

decreased from rest but D1 inhibition remained.
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Je 47 WF 92 C, co-contraction T % E B 1 o
SIEHUH RS 2 PIHIENTE = 2 — 1 v & ]
L, MignEs 2z HES L2 LML Tw
%8 Co-contraction ¥ RI & OFf7e T b 51 H
T % i E, Nielsen 5 O JEATHIZE T, co-
contraction H (Ui 58 & I AKAE & 9 RIDSE) 2> 7
ol MELTVREY. L L, oKk
138, co-contraction H' o Ui B8 0 $54E & LT
BAES MV 2 & VT W5, Mo frifzeic B v
TH R, LRI IE ORI Z 515 4 B
USSR FE (X BT bV 2 Z4HE & Ly 8112
RAET NV 7 #4818 & L 72 co-contraction Tl%, &
BEEE I ICEB S L Twab 2 b, Tl
T (TA) & e J A4 (Sol) OikBhE A A2
JEThR»o 72D H 5. F72, HEGHRIFE
L RIOIPHI L, KHOMmIEE = I L > TEAL
THIERHESATLR I cozths,
MBI EICHFH LT, EMomt ) 7
V= ENLEBHEMOEEGEEEL, RIZFT
W5 2 EYR D 5.

Co-contraction 1 @ RIHEAME 7 B3 % 720121
3OOKEEHIEF LN, 1) KR T
1, et — HBHHERE (CTD A% 10ms LN O &
R £ 0, RIFEHE O FERIH] T 5 Tafd X
] L 2 RES T & T v, RIOMEIZIE, &
BRI O 2 7 AT T & % D1 o fES
LWLETHA. i) Co-contraction 5 £ & L C,
I FE TORATIIZECIEBET MV 7 R4RIEE L C
Wh 720, B E B LSS ETH S,
iii ) RIIX, TA & Sol i By & % [ AEFE 12 L 72
co-contraction & TA & Sol D & B/ O E & % %8
t & 72 co-contraction THEFS 45 2 & T, RIZ®
TSNS L IZBIET bV 2 1AKAE L CHIHIEE A
WAL % % P BIREIC S 2 D D .

Z 2T, KW o BRI Sol & TA @ co-
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contraction ' D f ik B & O F G ZAL 2 A<, RIO
ANZALDO—EWALPIT LI L L LT

ARWFgE ORI, K 5E FE @ co-contraction H X
TA O & B £ 7% » co-contraction F 13 RI ®
FERET & 2 Takll BUHIH & D1INHIAYE) < RET 5.

1. B &

1.1 % %

SRR A 204 (BH104%, KHE10%4)
Ext e L7 (E#200+075, HRE1672+
82cm, 1KES56.8+79%g). ARFZEIX, ~V ¥
FEHEILESVWLDOTHY, KEOHREBEES
DABEFTHEM L 72, BBRE I EEBRANE L O
WERE OMEFNZ DOV T OFHE +5501247v, EBR
SINNOFAE A 729 2 CTHEERE FEHi L7z

1. 2 AERA

SEGUAHT TAT VS, M E R A1 B B ET100°
BERIFT 1207, ERISI110° & L7z, JERIEiIL IR
ol L CHERMSZILL 2w E e 7y b
L— b (e TEmkaHt) X hEE%
To7- (K1), /-, HEEIERE L CLEBEE %
&3, TALSollc hx ANs XHRL7:. #
BRI T IS R AT h e o1k, FEBREAT o 72,

1. 3 FHEMEEER

FiifEX (EMG) 13 Ag/ AgClER % v
C (Blue Sensor, METS), 7& & [ #f &t 20mm T
Sol NEISE D #ilE, TADFGEIZEAF L7z, 7 —
A AL EMG AR & B S AR 0 [ 12 B A
L 7-. EMG 1§ 5 1% 3 I #5 (FA-DL-720 - 140,
4 ASSIST) T100H5 12841 L 72 © H A/D % i
(PowerLab 8/30, AD Instruments) L, > 71
VTR HI0kHZz T8 =V F v a o — 525
FRL7z. NV R/XAT 45 =13 10Hz 2> 5 1kHz
& L7z, 57— %3 LabChart 7 (AD Instruments) %

i LT L 72
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1. 4 BEEibILY

FAE b V7 OBIEICIE, RIS E IR LT
W57y ML= MRS SN2 EE bV s
T2 — (PrIRpsER L) (IS TllE L 72,
BAET NV 271349 > 7)) v 7 %500Hz, low-
pass-filter # 190Hz (T-K-K-1268b, 77 #-#% 25 1.3&
FeX4x) T, PowerLab 8/30 (AD Instruments) % fifi
MLUADERLRIZ, 75742 EonR—vF
NVar¥a—gIZWYAAT 7 — % 3 LabChart
7 (AD Instruments) % ffiff L CHEAT L 72

1. 5 BEXRH

EERRIHIE, BXUREEERE (SEN-8203, HAG
) #H, 74V L—%— (SS-104], AANE)
A LC, RN (Fefhkeb lms, R %
Fhti L7z, Sol-H KHF, MPEOFHEIRIZIE, BRI
|2 Sol T 5 720012, HARHEEEE Vv, B
A R T, et A B C R A 5
Wi L7z, TAOMBEDFEFEITIE, B R % 0
W 272002, BUBRITEZ vy, BEEEEF TR
BEEHIRR O AT\ - T4l s £ L7279

1. 6 RIDEHE
RIOFHICIE, %E4705ES Y cHw s RTw
5FHEESEIZL, TAOZEARE (ZEPEE i)

FER A3 Be B ET 100°, FEBIE 120°, FEBAET 110°127%5E L7z, Sl TA O ZRANRE Cd 2 B L 72
BRI Sol DOSTHECAFETd 2 IEHEIZHIBL L 72, 7 — A &L EMG #R & BB ORI B L 72

VRIS L 72 %, BRBRIIM & L C Sol-H K 4t
FIREOZAL 2708 L7 WM&, CTI%
-2ms, 2ms, 20ms, ZePFHIEE L7 BRI O 2
(single) # MM A 7244fFE L7z, CTI -2ms i3 514
RO B2, 2ms |25 b Ta il KINHI %5 8
20ms (4% b DLIPHIE A% 9 s 4t ke
L7z MSE 45t T > 5 200l 4
Stk x5 X3¢ v MEMGL, AFR60 EH# L 7.
FIBOHREIX03Hz & L72. & FENE LRI oK
Ba A7, S o EEREI1X, TAOME
B L7 SRBRH o MR B X, H RS
DEREA A Z\AAF LT Tt IR AT 2
7201 Sol-M i ik KIEIEAE (Mmax) @ 15-25%
275 X HIZRE L.

1. 7 Co-contraction iRz

TA & Sol @ fix KB & LA (MVC) % &Hill L,
co-contraction if & X Sol vs TA, A : 0%MVC vs
0%MVC, B :5%MVC vs 5%MVC, C:15%MVC
vs 15%MVC, D :5%MVC vs 15%MVC, E:
15%MVC vs 5%MVC D53 L L7z, Task Ak
DARBEIET V¥ A TIT, REB T3S L
DREE AN, E=F —1L, HBEEOIZE
X, MiGEIEE 74— RNy 7 TE B L) IREE
L7z, 74— Ny 27 D72dDEMGKIEIE, 4
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W% WA IALEL L 72 #4212, 501point @ A
L—T VT WIEE L7z, co-contraction 1, JE
RIET A AT D B 72\ X 9 12 Foot plate |2 C [ 72
L7z, #HEHEIZE, HiESEr—E2L%5b L)
243 I2HHE % 4772, 4 co-contraction 1 @
background EMG & J& BYHi b v 7 13 & BB T
? 30-50ms & fEHT L L7z (3R1).

=1 HiEEL NV

Sol TA Sol / TA ratio
Task B 453+0.17 4.95+0.21 0.95+0.05
Task C 15.30=£0.38 15.13+0.52 1.03=0.03
Task D 4.75+£0.21 16.03+0.49 0.30%£0.02
Task E 15.40+0.45 5.11+0.38 3.27%+0.23

(% MVC) (Mean = standard error)

1. 8 XBE&FIE

FEERFNEIZB 21277 9. MVC i Sol & TA Tt
#l % 47>, Sol & TA ®5%MVC, 15%MVC % %
Hi L7z, AR BRI B & S i e
%Ak L7, WIS 13 44510 (single, -2ms, 2ms,
20ms) % J ¥ ¥ LI5S ORI L 7z, IO
1303Hz THEME L7z, OS2 31y M5
ML, TSI OKREE ANz Filk
21413 % co-contraction FEEEHIZ FENE L 72, 45 co-
contraction RE ] TlE 357 L R E % A7z,

1. 9 #hstinig
F— Z RN E LT, Sol-H SETHRIEE & M iR
MEE L, B DIRNE D peak-to-peak fH THHH L

=1
i
Hiiin
L
[in]

0.3 Hz,
A%t x 5B F2H Li#E

—179 —
72. £ co-contraction #f #H » RI ® fEH1 1%, Sol-H
PSR W % d5 K MG IR IR T B L C % 2R
12 TH W L 72 ([Amplitude of the Sol H-reflex /
Amplitude of the Sol Mmax] x 100).

MEMILEL & LT, % co-contraction iRE O single
® L%, 4% co-contraction #f #H O single 5 {4 & it
D35 L DILEZIZIX, co-contraction FiE & Hill L
et 23R & L 72 A 7E — RSB 5 #r T &
1Tv, FHHBMEE LT, % co-contraction 7 i O
single O H.B 14 Turkey % % FI 2 70 % & HOEHOE %
fT\v>, £ co-contraction 3R O single 414 & o> 3
S L DRI, It D & S tHisE |2 Bonferroni
IEZAT 572, RG34 (single Bk <) 12
B3 % co-contraction #AE [t 0 Ta A FCHH] £ D1#)
il O PPl 2 T A BE, ST 527
H SRR 12 single @ H BHREIRME T L T %
FRLIZTHEH L 72 ([Amplitude of the conditioned
H-reflex / Amplitude of the test H-reflex] X 100). #t
RHLER L LT, KHIMSZ BT % co-contraction
PR O LB, co-contraction Fi i & F) Sk 14
D2 & L7z BAEIE —IeEE T 2 4T\,
HIRMUE & LT Turkey ¥ 2 F\» 72 2 B L EROE
Zfrol. WIN S HREKEIZS% & L7

2. # R

2. 1 FBEMERETOHRSHRIEE
Co-contraction i #8H & FH SO 2E K & L 72
S E ZICHLE 5 AT OGS, IS E

EIE 1min rest I

\ - J

Y Y Y Y Y
NREE | EES | esim FEB REB FEB REB

ES A% B or _ or B or _ or
BREA|REC REC R C R C

= xmﬁmﬁ Mm H B or _ or B or _ or
= (mMvC) (MR RR{E) (15-2550%m:1) BRED 3 min rest BMED BRED 2ED

M2 ST >
Co-contraction 752 (Sol vs TA) 14 Task A (0% MVC vs 0% MVC), Task B(5%MVCvs5%MVC), Task C(15%MVCvs15%MVC), Task D

(5%MVC vs 15% MVC), Task E(15% MVC vs 5% MVC) Td %.
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9% F0 [F (3, 57) =74.237, p<0.001, partial ;>
=0.796], co-contraction #f B 1L E R R % RO F
[F (4,76) =1.286, p=0.283, partial #°=0.063], co-
contraction i & FI G AEMNIIE S HAE & 728
72 [F (12, 228) =6.800, p<0.001, partial 1*=0.264].
T1% 5 17 single
v 7 AFHEARIEME 2 b &1, FEMmes L
T Turkey % % V2 72 £ B LB E O E, co-
contraction it H TIXHREL RO L o7z (R
2). L7z o7T, ZEMIcs35e 7 XHH
FHRIEMEOZALIE,  SBRRER R L 72 b
DTIE W LR SN

co-contraction i & O 5 i

2. 2 FIHEGEOLEE
Fil B4t single & LoD 341t & o ILELIZIE, xF
SO & 5 tHisE 12 Bonferroni fifi IF 2 47> 72 (K 3).

single & IL# L CTask A, B, C, Did2ms (p<0.001),
20ms (p<0.001) TH SCHHRIEM A A Z I L
72. Task ElX, 20ms (p<0.001) @& CTH RIS
fEDH B LT

2.3 Co-contractionzReEME D HR SR IE(E (4)

il 412 B 1) 5 co-contraction FfRE ] o L 85
(20, POEE TR S WO AT oA A,
SMETEME % BOF (2,38) =71.388, p<0.001,
partial 7°=0.790], co-contraction i} T £ %) %
W [F (4, 76) =7.548, p<0.001, partial 7°=0.284],
co-contraction i fE & Hll B4R ClE s HAE M % 72
%72 [F (8,152) =7.135, p<0.001, partial 1*=0.273].
FEL LC, SELBHEOME, CTI-2ms
T3 co-contraction (R M THEAE X O LD o
72. CTI 2ms T, Task A (p<0.001), B (p<0.001), C

%+ 2 #5co-contractionif# Dsingle 514 O H SRR H
Task A Task B Task C Task D Task E
B HSURRIEAR (% of Mmax) 19.6+2.6 21123 20.0 £3.0 19.8+24 194+28
(Mean = standard error)
Task A Task B Task C
(Sol 0% MVC vs. TA 0% MVC) (Sol 5% MVC vs. TA 5% MVC) (Sol 15% MVC vs. TA 15% MVC)
25 4 25 - 25
t
204 o . i 204 °* . t 201 e é i 1
¥ L [
® . .

15 4 . 15 | 15 4

10 4 10 10 1
é 57 5 5 J
>
X 0 0 0
£ single -2 ms 2 ms 20 ms single -2 ms 2ms 20 ms single -2 ms 2ms 20 ms
Q
2 Task D Task E
§ (Sol 5% MVC vs. TA 15% MVC) (Sol 15% MVC vs. TA 5% MVC)

25 4 25 -
é 5 . 5
_;__$ 204 e L ¥ 204 ¢ . s ¥

[} [}

15 4 [} 15 4

10 10 |

5 - 5

0 0 !

single -2 ms 2ms 20 ms single -2 ms 2ms 20 ms

(Conditioningtest interval)

3 SRR o HE R IEE
il H-reflex / Mmaxx1007C7% L, A#IE &34 0E 2 77 LT 5. HEUHRIFE O il singledef & 35010 (-2, 2, 20ms) Tz L 7-.

Tp<0.001.
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120 - 120 1 i
T

110 A 110 A

100 A 100 A

90 - 90
3 80 80 -
I3
j': 70 + 70
'O’(>]'<; 60 - . . . . 60 . . . .
gg A B c D E A B D E
%I CTl —2 ms CTlI2 ms
S »
S8 120
O
©~ 110 4
B t
=
35 100
€
< 90 1

C
CTI 20 ms

80
60 - T T T T
A B D E

4 co-contractiongfH [ O HL#L
[ O #fEdhE S H B L 72 HECHRIRE (2 SR o A 00 HECHRIEE 2 B L 72 Td 2. Hiifild % co-contractionif T/R L 72,
*p <0.05, Tp<0.01, £p<0.001.

=3 EMEINLVZ

Task A Task B
0.01£0.06 0.10+0.46

3.24+3.382%, T

Task D Task E
—-268+2.14*, 1, & 5.28*270%, 7. §

(Nm) (Mean * standard error) (+:J5Ji,

(p=0.007), D (p<0.001) i Task E & b L CH X
BHRIEMAE =24 L7z, CTI20ms C, Task A
(p<0.001), B (p=0.032) (X Task E & Itz L THX
GHRIEHE A ZIZEAD L7,

2. 4 ZEBAEI ALY (R3I)

JERET bV oL, ARHNE — o

TR ORER, FEEEIC MR EZ D [F 4,
76) =42.857, p<0.001, partial 7°=0.693]. F ke
& L C Turkey i % H > 72 4 3 MO 58 O & 2,
Task A & ¢ U C Task CIZEBIFEE bV 2 28
AN (p<0.001), Task D2 BIEITSE bV
o DA (p=0.004), Task E (3 f& B i T
NV 7 HATEZEON (p<0.001) L7:. Task B &It
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—:7)H), p<0.05, *:vs Task A, T :vs Task B, I :vs Task C, § :vs Task D

L C Task CI\ZEBIEIEIE N v 7 256 280
(p<0.001), Task DIZ/EBIEIHHE MV 27 H3AH EIZ
AN (p=0.003), Task EIZEETEIE bV 7 25
2B (p<0.001) L7z, Task C & H#k L C Task

D3RRI bV 7 2RI (p<0.001) L
7z, Task D & JL#z L C Task E (32 B EIE B v
7 DA EIHEN (p<0.001) L7-.

3. £ %=

A WF%E @ main findings & LT, TA2*5 Sol i
x4 % TadH SCHNH 12 Sol & TA O i& B It (Sol /
TA ratio) 2SFIF2EE & 7213 TA O FIE B AT\ co-
contraction H (2 #l] & 528D, Sol O i I By 25w
co-contraction H 21X ¥PH| 2 FRO %= o 72, TA D
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5 Sol |2xf 9" % D1##IX, Sol / TA ratio 23 [E 2
F 7213 TA OF GBI AYE v co-contraction H {2 1]
B9, Sol DG E) A E W co-contraction 112 1
PRI E DR % B 720, PR ET 5 FTE
LITIWERAT LI EDRHE N E R 572

BFFEOER LY, Task Ald, Ef7MFz"Y
EFEBEORERE 2D, CTIA  2ms, 20ms T Sol H
SRR A% single & g L CTHEIZHA L 72,
CTI 2ms |2 BUF BRI OFELEIL, B EBROK R
L= Lcph, 2 7 AT &
ZionTwa D zoo, KT CTI
2ms CHIHIEN L o722 b, ThFTOR
TS L B2 2 S+ 7 AE Tt SN & )
Sol® q WHj = 2 — 1 » OBEWESRE L72LH
Z 5. CTI 20ms 2 B1F 2 HHlOFAEE, DL
BRI RO Ta i ORI S F T AR
fillc L >T, Sol®D q B = 2 — 1 > OBHEN,:%
YL 7 e %2 B L,

CTI 2ms O lafH B O fE B2 D>\, Task A,
B, C, D2 B\ THI# S single & Hi L THIX
SRR ME AT #1294 L7z, Task B, C CH U4t
IR L2 e h s, FiibsiE % REE
12 L 7215%MVC LLF T ® co-contraction H (£, Ia
MBS S EBHL N E o7z FBATHE
%68 12 B\ T la M BRI RIS bV 2 1 IKAE L
TERL TN B EZEZLNTWIZDS, KIFFEDOHKS
LY, Task CTOREBmE % RFEIZ L 72 co-
contraction |%, fEBJHEIEKE bV 7 5% 3.24Nm i)
T, DF ), EHEEEE V7 SFEE ST
\» % co-contraction H1 C & Ta#H SCIHIHI AT B v T
ezl BEEMNVZICKET SO TIERL,
Ta A0 B Sol / TA ratio | AR L T 2 W REM:
AR &7z, Task DI TA OFHEEI A <,
SRS R MV 7 A3268Nm Th - 72, SEATHIgE
T, 2 BIENT I H DU B |2 B AR 7 < HI=
b2 lati K IHI A E w7z L HmEL TV 5
8 KWFFEEHE b Task D TlE, Task A & [ 0#)

il C lafl BN HI DS BN 72 2 O 2 E o
7z. Sol / TA ratio S [A A2 £ & 72 (X TA D G &y 23
K &ML (Task B, C, D), co-contraction 31 C &
Ta Al SN B) < WTRRIEASRIZ S e,

Task E 3 single & ik L € H RCAHRIEEICF =
RO Loz, Tz, HEH O T Task E
I3 Task A, B, C, D & 1) H FUFHREIRAE A & A2 38n
L, Lt IHARRD SNk o7z AT T
JERIETE R bV 27 HY4Nm DL T TaAH BN 256
AL, 8SNmPLETIEPIH % 3R 7% o 72 &
ShTwa® Tz &h5, Task EOJEBIHIE
J# V27 1£5.28Nm TdH ) JeATHIgE & AR O A
&7 o 72 Sol DI o Takfl K H0H 2 #1195
AHZ AL E LT, MRS 2Ty
%R B 2> B O Ib i) & KN (Renshaw #iAZ)
75, RN OWHIENE = 2 — 1 v & B S
2% Renshaw flld % /i L 72 K #0#I, 5
Hii i & OEIEIEATE= 2 — 1 > % ] L1920,
IR 2 8063 5 L 2 MELTwa 2,
ZDZ L5, co-contraction H @ Sol / TA ratio T
SOl DFHFEBIN K E o722 12X D, Tatl D
AR L2 e ELOND.

CTI 20ms @ D1 #0#ll @ #% 1%, Hiifhi B = %4
L& 723 _TDTask TDLPIHI 2 R0 722 & A
5, HPumE L oOIEREOE GNP EF LT
DI#IHIIE < S LS L o7z, DL
RIFEEED 9 L ORERMHEITH 5. DLIHIOF
Fel, TESHEORKOEADIZ L 54 7 A%
PIR O W R b s S et DL % 5
T 2 SR RIS & A B RE S FEAL
EHHEIL 2w b RKIZBITAYF T A
RIIH & % 2 5hTw b2 BT T, co-
contraction H O [ b BE 2L & D1 & o g2
WOV THE X2 AS, 2 BIETIE L DL #pH]
AME X, TafH SN & FERIZIDUE TR & BIfR 7 <
L L FEODIHHIETH B 2 &R, K
TOHEEEE FERICE C S G SN TS
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WD ymsa 2 s BT 5 L, KE LY
I 522, DIFlEIZHA L Tw b
PR LOFEREEZRDO Lol L T2
DRI ORI, PRI TOHED S,
Task E 3 Task A, B £ V) DI Il =2 H R L
TWwbZ &N 5, Sol/ TA ratio T Sol D FiHEI O
] 4 AV W co-contraction 1 1%, TA 7 5 Sol 1%
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