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T 5 99 REIFFRIZENT, WL DD RITHIZE TR S L7 15 8 8 3 5% o &
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RLRBESL D, fHAGHE & B A fr O BIIE 2 2 RAICHIN S 2 IRB E L, B
L% 100Hz #3 Th 5 & &h p 10999107,

ORI A BB LT, I 100HZ1 86 55 B 5 o B 8 % % Sol &
RS (REBANAAFNCINZ, 7T v b7 — AANELRINE R O Sold MLRIE B (2 52 %28
NI DAL D EF LTz, £72, Sold BB ~DIRE AW IZ K > THF LA KA
Sol® MLRi &) 2 i i 3~ 2 7~ Mt L 72,

2. AR LFE

faw HYE1044 CES F i 27.95%, 23-35m%, HR:169.6 5.6 cm)Zxtg & L,
WHBEEEBIT, FHNOEHEEZH TCORENELS, KFERII~LY U FESIC
Hlo TEET 522 2 MELBICHPAL, A 74+r—AFartry b&fTofke
ZIZHKHE G, £, ZTOMRITIUNKRFEER 2 ¥ —mEE B2 DKR
=

=

WMHgFFE—%—a#HXXDF T v N7 4 — L (EquiTest system version 8.1,
NeuroComfh: 8, USA) E CH RICX T 2 BEMBEIC B H 2 B S ¥, REEMmE,
MRFEANNIEICVAL 2 R S, BRI ERNAME L, &1L, E=4%—LETx
LEORETLPATENMMIE O FIRIZ DX ICHERL, TOHBIIEEICHIR
MEFF ST, 7Ty M7 — ADHNET L, SoldRIE AT I, oS
ISEERER TR IFBELE L, 77 v b7+ — D% G BENEL ORI
B ix400ms & L, BEEEEIIEE IS L T4.6~6.0cmé L CTIEHMAL L 7= (Figure
1o

RE A AIEICIX, DCE—% —WED A 7 L — & —(MCL-1701, 7 /LA » =
B, M 6em- B8 3em X 2em DT T AF v 7 — ) EEH L, B % 92Hz
& L7z, TRRIRE) A GBS (SV R D RIEFBALIZ T L AL L, 2 REHIR
B A ISR (MV SR ORI AL T Wl o RN RE LT, br— b5k
Rix, NA 7LV —F —EPICRHAME AR LRWEREL L,

SVEMHEEMVEFIZE T, IREVFNRIZ T 7 v b7 4 — XA VELB G D 13 AT B
Bl Lo, AMVELBHEZ T, —&RMFIC & —JFmickt L T8 b 21 e L T % i
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L (B RIFIZO X M65), £, 4AMELICITLSE 2 525 0 F I % 1 (2% 1 3%
Flze N T L s LRI AT O 1212 & — ¥ (EM-555, Noraxon Inc. USA) %

ez, HRE)E I 31T 5 peak-to-bottom® J1 EHI A KIAN (4.13 + 0.12 N) P2 B

% Eye mask

Ko FCHEE LT,

Backward translation of a platform
Distance: 4.6 to 6.0 cm
Duration : 400 ms

Movable platform

Figure 1. Direction and intensity of platform translation. Subject stands and
feet parallel on a movable platform wearing a eye mask to intercept the sight.
The distance and duration of platform perturbation were from 4.6 cm to 6.0 cm
(normalized by subject height) and 400 ms.

EEMEOERIEFIT, 7 v & JICHEE Lz, Nodad V1%, &6 N 51 IR B fil 3%

543 [ R e W (S RURE L 7 1% oD 4R 80 o 95 B 4 A g B0 S BB L 7 R IR B R R

Gyl U 72 I CHR BRI BR A AT O I B EIC R L L@ LTV D, Z 0
REZZIZLT, AREFEICITEFMEE CREREMICTSHBOKRE LR IT 2, 3
FECTOT T v b7+ — LR ITIHNELIFIZ IS 1T 2 SolD EMGRE ik 2 & R & Z L ITIX
L7,

EMGI!E, 0 % ##(Blue Sensor, NF-00-S, METS Inc., Denmark) % U T #5 75 [X] 4
{& (Myoreseach ver. 2.02, Noraxon Inc., USA) (Z X W iték L 7=, EMGZ M ih#kE 4
L7200z, RIEACIREMEZ SoldD e O AT & WME I, BHRPLEREZK2cmT
HE L, REOEBMMBEHTITI0Q LU FIZR D X 9O I WEM OO {17 FAL % £
BIE5E =% M RGBT (X % =7, NIHON KOHDEN Inc., Japan)% i \»

THoIC LB % L7z, & TR SolO EMGTE B & Gk ¥ % 72 %, 3 1 &8 ML & 13 Uk E

-29-



i N BE G 256 & 0 3em F A O AL & L7z, EMGE 5%, #iE# I THIE (X
10000) L, /S R/RA 7 4 L& —I(Z K VD 10Hz)> 5 500Hz E T 0 J& 1 HH7 ik % fil H
L7, I kHzOH > 7V 7 L — NTT I ESE2T X ALVEHRL, 77 v b
T A —LAEBBERERYP L T A=Y a s Ea—F—ICWMYIAAT, BV
ANUTEEMGIETE I, R b L7z, IS L7ZEMGREE DO MHT 81X, 77 v b
7 4 — LANELBH AR AT 100ms 2> D S ELBA 46 72 250ms £ T D FF350ms & L 7z,
Sol®SLR & MLRD B SAIE, 77 v M7 4+ — L FMELBH 44 R 100ms X [H] 0 - %) 4 17
EMGIE B D 2SD% B 2 7= HF s & L7=, SLRE MLRO & BAAAIE I 2%, 60msA il D
P& &ZSLRE L, 60msLh LD & 2MLRE L7227 190 £ 72, 60msLLE 2B\ T,
77 v b7 4 — LS ELBR AR ET100ms X [#] 0 - 4R 0E EMGE B) 0 2SD & #8 2 7215 B)
RIE DA, R/MEZMLRO R & L7z, Nardone® '"™ & Bove s 1%, & {4+
ELIE D SoldD SLR & MLRO fE /3 (LK IZ B W\ T, N Z48930msF L K 50ms &
LTW2, ZOMREZZHEIZL T, ABFZEDOSLREMLRIZ I T 2 FH 5l O i A7 X
Mix, #Hh Fh30ms& 50ms& L 7= (Figure 2)o % %% # D SLR & MLR D 4 fif 1%,
%t 81T Sol D #ie KBl B % RO IUAE (MIVC) % & 72 B O EMGHE /0 fE 12 L 0 IE Bk

7. EMGHESEOH XM IX, MIVCEZ B L T2 #% 22 52.58 £ TD500ms

I\
300 Acquisition period Acquisition period
o) i of Sol SLR area of Sol MLR area
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© [
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.
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Figure 2. Samples of measurement items of rectified EMGs of Sol

This panel shows a representative sample of the rectified Sol EMG during the
backward platform movement. The measurement items were the latencies of Sol
SLR and MLR onsets, the SLR area (%MIVC) and MLR area (%MIVC).
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L7,

B RE N — RO EI8EI A H21E FE M L 7z R E A ELAL A IC W T, 2
ITTHRONTZEMGT — % Zft st iRAT Ot S & LTz, 352 1T 5 Sold SLRIE
& MLRE R D R &) D 20 R G <2 S R B 1E, — JeB & 40 # 9 #T (ANOVA) & H]
WTHRE L7, SLREEZME (%MIVC)IZ %f 3 5 MLRAE 77 B (%MIVC) D #h F 1%, #iRE)
GiFEEHEE L L TESBOIT(ANCOVAYZ I WTIRE LT, OB, [BERfREK
DO S 1IOFBEANTEH SN S L 9 ICSLREE S E (%MIVC) & MLREE 45 il (%MIVC)
X HAk L7z, ANOVA & ANCOVAIZ EZ RN RO b L7z 4A, post hoc R E
(Bonferroni test)& W CTHFEM OB 21T > 7=, KMHFTHEE OB EKEL, 5%
Fifi(p<0.05)& Lz,

3. MR

3RMICB T DT T v b7+ — 2k A ELRE D Sol SLRIERF & MLRE If % Table
31279, ANOVAIZ XV, SLRIEKF(F = 93.879; d.f. = 2, residual error = 561; p <
0.0001) & MLR B (F = 36.957; d.f. = 2, residual error = 561; p < 0.0001)(Z 4} B #i1l #4
WCEDEDERPBOOLNIZ, SVERUEDOSLRER X, 2> be—L&fozh &l
i L CTHI2.5msH B ICEEME L (post hoc test, p <0.01), F 7=MVSA{: O SLRIEFEIT =
Yhar— G EOZFEN L iR L THEICEE L 72 (post hoc test, p < 0.01), SV

OMLRERf 1L, a2 b — L FEoZzh i L CTHEICEL L (post hoc test, p

Table 3. One-way analysis of variance of differences among the control, Sol vibration and malleolus
vibration conditions of the onsets of Sol SLR and MLR

Condition
Control Sol vibration Malleolus vibration
(SV) MV)
Onset of Sol SLR (ms) 38.1 £0.2 44.6 + 0.4% 412 + 4" '
Onset of Sol MLR (ms) 68.5 + 0.6 74.6 + 0.4% 71.6 £ 05 'f

$% indicates significant difference (p<0.01) between control and SV conditions in post hoc test (The Bonferroni test).
** indicates significant difference (p<0.01) between control and MV conditions in post hoc test (The Bonferroni test).
T indicates significant difference (p<0.01) between SV and MV conditions in post hoc test (The Bonferroni test).
SLR: short latency reflex, MLR: medium latency reflex

Each value is mean + S.E.
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< 0.01), FZMVEHEOMLRER T br—Lr&tozn Ll L CTHEICE
S L 7= (post hoc test, p < 0.01),

&2 B 1T 5 SLR%MIVC IZ % 97 5 MLR%MIVC @ ANCOVA IZ ¥\ T,
MLR%MIVCIESLR%MIVC (F = 300.323; d.f. = 1, residual error = 561; p < 0.0001) &
4 (F = 3.154; d.f. = 2, residual error = 561; p < 0.05)IZ L4 H % 78 1 7= (Table 4),
SLR%MIVC & S48 (F = 1.541; d.f. = 2, residual error = 561; p = 0.315)IZ % A 1EH

IROLNRNoT, DFEV, BFEMEOEUFHREILFR —, 228 Gk o [ ) E #
X, FATTH D & B 7= (Table 4), 3KAMFITH T 2 HIFEMRO U & & KM T
s U 72 #& B (post hoc test), MVEHEDOU A NSVEHOUI R LV b HFEICHEE
7~ L72 (post hoc test, p < 0.05) (Table 4), D F VD, MVELEOEFEMRDSVEME D

EMED S EICH D EHRET, FEMHITET DX ESLR%MIVCIZ X T 5
% $% MLR%MIVC @ [A] J7 B ## % Figure 31273, 22> b — L& T
MLR%MIVC & SLR%MIVC & O IZIE DR R D Sz (y = 1.896 + 0.675x; p <
0.0001), SV&ETiX, MLREE A & SLREEE & ORICIEDBEMRRD bz (y
=1.605+ 0.809x; p < 0.0001), MVEA/} Tix, MLR%MIVC & SLR%MIVC & @ [ 2 1E

OBAERFRD Bz (y =2.254 + 0.641x; p < 0.0001)(Figure 3),

Table 4. Coefficient and intercept values of the linear regression models of log. Sol MLR area

(dependent variable), log. Sol SLR area (independent variable), and condition (covariance) with
analysis of covariance

Condition
(Covariance)
Control Sol vibration Malleolus vibration
(SV) (MV)
Regression Coefficient 0.68 081" 0.64"
Intercept 190" 161" 225" 1

Log, MLR area, log, SLR area and condition are the dependent variable, independent variable and covariance, respectively.
**: significance of regression coefficient and intercept (p<0.01)

1. significant difference (p<0.01) of intercepts between SV and MV conditions in post hoc test (The Bonferroni test)
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log, %MIVC of MLR log, %MIVC of MLR

log, %MIVC of MLR

log, %MIVC of MLR = 1.896 + .675 X
log, %MIVC of SLR
(p<0.0001)

log, %MIVC of MLR = 1.605 + .809 X
log, %MIVC of SLR

(p<0.0001)

log, %MIVC of MLR = 2.214 + .641 X
log, %MIVC of SLR

(p<0.0001)
0 1 2 3 4 5
log, %MIVC of SLR
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Figure 3. Relationship between %MIVC of
Sol MLR and SLR under control, Sol
vibration and malleolus vibration

The regression line of %MIVC of Sol MLR
and SLR is shown on (A) the control, (B) Sol
vibration and (C) the malleolus vibration
conditions. In the malleolus vibration
condition, regression coefficient was almost
similar to the control and Sol vibration
conditions. In addition, because the intercept
of the regression line under the malleolus
vibration condition is higher than that under
Sol vibration condition, the increment of the
afferent signal from the ankle joint receptor
promotes dominant Sol MLR activity.
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TELD, RO OIBEMRMERS X OCIREBRME DS IEEN I X - TGRR 2R LDMRE 5
MEBIC EAT LR, MME=a—w U 2M6lQy -7 2l S & 2w gtk 2w
eI 7o, F7o, RN OWERMER X OIRERME ICEE T 2N E=2—1
D2y F T AMHNC L - T, SolD iR = = — 1 2T 2 REFR AN EICE T 5 K
FIZVER L, MVEHFO L OfRFEEZE W LR i,

35T D ANCOVA OFER N D, MLR%MIVC 1L SLR%UMIVC & 5F12 =+
R AERD, SLRWMIVC & FAEMICRAEERITRO b holz, T ORERIT
BRMEOEREROERARBE P FATHERS2Z L2 BE%RT 5, £, HEF&RMICE
5 EREMROEI T T, SV LB LT MV &0 RN EMEE R LT,
MRICET 2 Z0fENS, Sol ICEBI N A M & L7244 1% Sol H KD MLR 5 B
WAL, RBEEICET 2 AN L2 A T Sol ©® MLRIGENIWM T 5 Z & %
RLTWD, 7% L AMIREFI S M & BB 722 U4 C o hr st 4238 12 2 B 23 I
Je B IZ T D R AN ELAII & 5 2 72 D Sol SLR & MLR O iE &% bz L
e T, BRI S E D SLR & MLR R B R RN @Esns 2, 2o
BEE, IRENIC K > THBHEEN D O Ta ML 1T FEBRMEN T T2 7 A RTMH &
NEZERFERTH D LREmST bR TWng 19 1O KRRz Bt 5 SV &
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fF T MLR%MIVC DK T ik, HBATHRAEOKRE B L TWDHZ b, lafpi
EHBMERFH YT 7 RAMBlEh=EZErbhi,

—F, MV &EICB T 2EBEROEI AL SV £HEICB T 2EFEROU T L
DbEMEE R LTc, ZTOMKEIE, REEHNDOROMERMEIC LD 2 v F 7 2 MM
il O TIERATE R, MIRENLE L7 L — LA TIXF I T, 2
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D 20%LA FICIER T LIz D@mENRH 2 1D 2 0 BATH DB R TIE, &
ELEZ7 L —ATXEEINTNNMNOSGE, NERECESE T 2N Ef=2=2—n %
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AT SERZERBSITONTND, ZE LI ENAIKEE TR E N R IRS) 2 0 2
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WFZE)CTlE, 2> b — L&k & e L ¢, RN RIEEN & D SLR B L O MLR
O L IEBIRIE N A B ICEBES KO Lie ') KB O & D ISR B
REZERFMETRBEHRD 2 AN L2HE, B O IREMRME S 1T RERMEC
BTN E=a—a ORKEN 2 T AEMEICEH i LT, /7
TR E P RE A SO MLROTEEB Z I EE 272D I M fE==2—r D
BEEZREG L TV DAIREER S D, £/ 7T IV RMBFKICE D Z o REHZ
R, EFEOMERELOL BXHEIND, AWK LFE—D MV K TRIEH O
SLR%MIVC & MLR ®%MIVC (2> b — A HKZHELD L AFEICEKFLIE(VED
R B, SENE AR E AR KT T, RBEERENCAE D R BEE S O
RRODMERE SR 2T T AMEMGI 22T 5 2 & TRIEMFGIES SIS S, £ Of
REEMED Sol I ENTE /7 I R P ARIC X o TEALICARE R R 238 < &
RE ST, S 5T, Sol {EBNIIKIK I DM & & 0 0 NI BRI EM
T2 O LS TER Y, Sol SN AICIEE) & BN & B B HE
ga3hi-,

SV&AMEIZH 1T 5 SolOMLR%MIVCOR FIZBI L Ci, F8E LA A 5 o 5 i
WOV REMEZREMH L T LERH 5, MLRAMIVCAMVAEETHEINL, SV
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Sol DAL Z A T 1IN EL 2 EDD, £DIH, Sol ® MLR BHRICEH G5
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ZREICHE T 5 LR ST,
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PN OREFERPECLERLE LT, UFICETLIRENEE ST,
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1. HFZEEREBH

SINEDRIBEICH LT, Ty b7 —LOEENELENMZTE, BT AHO
HERIC L > T 2 O RKFHEGFFESHAHEREMGICL W BIEShS 9
0 RO REIEENIL, FAEE | RS D Ta ROMERMEZ BT T 2 R0MES
WCHRT 2EBRXH(SLR)TH Y, 2 FHOMIEH T SLR [TV THE T 5
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& MLR O EIE L OVEE &R ICEEN H D, K2 MLR & OBEMER H D
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DORODVEFE S EEHBE L7 SLR & MLR OB I AHTH S,
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BrhzsrrtfBEIND,

REAFHA~ORIBAFIZ L > T, BREILRLEE TR FM~AMZONDT-DIC
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LL L CRMEESICIRBIAMANZ, FAEICEHO%FBENLEZNA RO Z
A Fh R E®) & it Uz EBCiE, RMEREE S0 MLR IEBI A BN L 72 & i
HELTWD P, Zobe 7 AR MLR O8N, KK AOKT %85| & 2 4 2 K
ORAEE O T I3t L CHFERE LA D) =12 K 2 AR METE B o 7] B M 23
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FAATH D, £ T, EFTEEIHMZ AR~ ORE A X > TR
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AL, REPNAA R CEBHE) OREBFIMIC L > T, BREAHSUICHFMET IZH
FEEMEOEMB K OEEE O OWME 2T ~OKRLEEFEFANICHT D 27
TAMENEL, EEMEH = —o0REBENME T T 20ME L1,

2. B EFHE

KEE, B BN 10 4 CEYHER: 27.9 5%, 23-357%, HEK:169.6+56cm)& L
2o MNBEERBICHENEEZHRPTL, A7+ —LbKarkry h&iToBkITK
WE/T El, ZOMEIFIINKRFAREER Y —MAZE2OKBEH,

WNurFITE—F—m#3HKXDOTT v b7+ — A (EquiTest system version 8.1,
NeuroCom -8, USA) E CH RICX T 2B EME I 2 28 S &7, &%,
RBRFEIWZIET A~ A7 HEEFE T TCRICEM A RIS, ERIEEMUMEE Lz, BE
X, E=4— L THRED CoP NETHEMSIMUEIO PRI D K5 RL, 20D
BRBEFICHIRZMREIE L, 7Ty b7+ — 208 EL T, R B E LT,
7Ty N7 & — D% BESEL O RIEE R R FIE 400ms & L, BEEREIIS R
\Z%F LT 4.6~6.0cm & L CIERIILL -,

REVAMRIBIZIEX, DCE—X —HNED A 7 L —H —(MCL-1701, 7 /b A > =
FHL, HE 6em - IE 3em s m S 2em DT TG AF v 7 — ) EMEH L, REE K
B L C,80Hz 2> & 100HZ H Ik S B I 3 A O fI & LTV B 5 s 12 12
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12920z 2 LT, AWK E 92Hz & L, 2 BEER B A RIS St MV S i)
OFREEBALL M O RS T L L, 2 br— L &ffiE, N7 L —&—%
BHPIIRBI BB A AR LARWERMEE Lz, SVELBEEIR, —&MFico& —Fmicx
LT 185 21 [afe L CENME L7Z(FRMICHOEH 6 57), £72, HAELICIE
1SN E 25O MBEE BEERICRTIZ, N7 L —F— L RITEAL O B IXE
/7 — ¥ (FlexiForce, A201-100, NITTA Inc. Japan)Z #t A&, EEHEH It BT 5
peak-to-bottom D JJ FEH 3 K) 4N 70 B SNRIIC 22 25 & 5 IcffifE N FTREE L= ',

BREORRIEFIE, 70X AICREL, KFMFMCTLREREMIZTS MO
REZR T -, #BAIX, EUEMHEDBE L, Y7 v b7+ — &t FAELIC %
LT25MI287 25 FDB ® EMG flék & xt %8 Z L 1T L7,

FDB ® EMG %, # [fi 7 (Blue Sensor, NF-00-S, METS Inc., Denmark)% ] \» T
#5 78 [X 4 & (Myoreseach ver. 2.02, Noraxon Inc., USA) (2 L 0 508k L 7=, B35
AL, ARG 3 PR A & B PR A B TR AR L Lz, EMG & W ih
FHES D0, RIE(CIREM A FDB O St ME O £ AT & TE (2, B LA
9 2em TEH L7, L EOBMMIKITIZ 10QLLFICAR D X 5 IS KEMmDHY 13
WAL ARG T =X HBEERTLE A (A F > ¥ 27, NIHON KOHDEN Inc.,
Japan)Z W CTH 02 LB % L=, EMG 8 51%, HIERIC TEE (X10000) L,
N RRRAT 40 Z— 2K 10Hz2> 5 500Hz £ T D JE 3 Bk k2 i i U 7=, 1kHz
DY TV 7= NTT IR IJESEET VX NVERL, BHOIELE GG XIE
FRBIVCEF—VEFZRMLTAA=VY I LarBa—F—ICViALT, TV
AATZ EMG L, ik Le, I L2 EMG L@k OB e %1%, 77 v
b7 4 — LHNELBA LA ET 100ms 2> 5 A ELBA 4A 12 250ms £ TOFF 350ms & L7z,

FDBOSLR & MLRD KL, 77 v M7 4 — L8 KB HEHHIL 72, &S
ELIC X 2 FDBO WL, SEATHFZEIC £ 0 K90ms & W ShTw 3™ %, 2T,
FDB®DSLR & MLRD UGB AR IX, 777 v b7 4 — L8 R % I0ms LLIE T, 22D
77w N7 4 — LHELBA 55 AT 100ms X [H] 0 R 1E EMGIE B 0 2SD % # % 7= IR
E LT, 7Ty b7 4 — SHVELB A RS D B BOG B AR R R E T O RER & SLR &

MLRO R & Lo, £72, 90msPABEIZIBWT, 7' F v b7 4 — LHMELBA A RT100ms
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X [#] O -2 2 i EMGYE B) 0 2SD % 8 2 72 15 B iR i o0 35 & 1%, Fe/MiE & MLR O ¥ Iy
& L7, SLRE MLRODf5 43t X 1%, Nardone® '"®%°Rosengren® 2712 L % 41 i %
%32 L CSLR % Kt B 46 1 5> 5 30ms, MLR % S B 46 5 2> & 50ms & L 72 (Figure
4), % xt4:#H OFDBIZH I} 5 SLR, MLRIS L Ok EL B 44 Al 75 & o B 43 1%, x4
F \ZFDB O fe K BEE 5 RO IUHE(MIVC) % & H 72 B O EMGHE /0 fE 12 & v E#E &
i, MIVCHE 7 E O XX, & K% ) I TSHEFDB % 5 RVEIUH < &,
MIVCBH %3 N 64 £ TOIRE & LT,

Ay bu— L Z B XMV A4 O ELBR A ET CoP AL & EMG {E#), 4k EL
B i #1235 1) % FDB @ SLR & MLR D ¢ d5 X OVIEHALHE 77 15 (%MIVC) % % it &
HtMEEZHNTHE L, &FBTEE O BEKMEDX, 5%AKRHp<0.05& Lk,
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Figure 4. Measurements of the vibration pressure at the malleolus, CoP displacement and rectified
FDB EMG

The upper panel indicates a sample of anteroposterior CoP displacement before and after platform
perturbation of a subject. The middle panel shows the vibration pressure at the malleolus. The
background CoP displacement value of each 1ms in one trial was extracted. The lower panel shows
a sample of the rectified FDB EMG during backward platform translation of a subject. The
measurement items were background FDB iEMG, the latencies of the FDB SLR and MLR onsets,
and integrated EMG (%MIVC) of the SLR and MLR areas. The iEMG indicates the integration of
the acquisition period of FDB EMG activity. CoP and FDB presents the center of pressure and the

time

flexor digitorum brevis muscle, respectively.
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Rectified EMG amplitude of FDB

3. MR

BT DA ST O E 18 E2 5 21 BIFEM L 72 B H A ELFI I % L T, FDB
\Z8B1F % SLR & MLR O R EH B % Figure 512733, ZORBERNS, M=
yhe— gLV E MV &0 EMG EEIBNK T2 R Lz, £72, 77 v b
7 g — LHVELBH AR AT O FTE B L b b S OBV T BLEE S 7R o 72 (Figure 5),
ar b — B LI MV B O ELB 46 RT Cop £ {7 & EMG {5 #), FDB
® SLR & MLR D Kif L OIERAEFE 5 E(%MIVC)%Z Table 5 (IR F ., 77 v b
7 4 — LHELAT O CoP BN & %MIVC X, 2 FMHHTEFRO LR >, MV
ZfFICEB T D SLR BL U MLR O IX, = b — &L b AEICELEL
72(p<0.05), EHIZ, MV 5 SLR & MLR ®D%MIVC (= b — &LV

H A EICH A Lz (p <0.05),

\Y
140 |
120 - \
MLR M"w‘ ‘\‘I\
1001 Onset of platiorm movement Nv}\/\
80 | ’\
60 | Background f\w == control
EMG activities \ J\JL == malleolus vibration
40 of FDB ", ) ﬂ'[/ﬁ v
W«Wm /\ il
20 e htimmantohiy ,
0 . : : : . . ms
-100  -50 0 50 100 150 200 250

time

Figure S. Grand averaged FDB short and medium latency EMG responses evoked by a
backward platform translation under control and malleolus vibration conditions

Vertical dotted line of 0 ms indicates the onset of platform translation. The first and second
peak waves represent the SLR and MLR responses, respectively. The gray line shows the
grand averaged EMG activity of the control. The thick line shows the grand averaged EMG
activity with malleolus vibration. FDB is the flexor digitorum brevis muscle.
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Table 5. Background CoP displacement and FDB EMG activity, Latencies and Areas of FDB SLR and MLR EMGs

Control condition Malleolus vibration condition
Background CoP displacement (mm) 0.12 = 0.1 0.15 = 0.3
Background EMG activity (%MIVC) 12.1 + 11.5 126 + 12.2
Latency of FDB SLR (ms) 779 + 7.2 81.4 + 10.5 *
Latency of FDB MLR (ms) 127.2 + 10.6 138.8 + 10.0 *
Area of FDB SLR EMG (%MIVC) 489 + 213 4.1 £ 274 *
Area of FDB MLR EMG (%MIVC) 47.4 £ 20.5 435 + 25.1 *

Values are mean =+ standard deviation (SD).
CoP: center of pressure, FDB: Flexor Digidorum Brevis muscle, SLR: Short Latency Reflex,
MLR: Medium Latency Reflex, MIVC: Maximum Isometric Voluntary Contraction

* Significant difference between control and malleolus vibration conditions is p<0.05 using parametric t-test.

E %

ARAFFEIE, BEF RN Z ek BT T B SR L HEAE B 08 2 8 A EL LA IR O ST R I
i ENC BT D20 a et Lic, BENAR~ORBFFIZEID 7T v 7+ —
LAELBI AR AT IZ 35 1 5 FDBIE ) O BT 25 CEL R e o Te, £, 7
7w b7 4 — LOVELBR AT D CoPEALIZ b 2RI E T R o T2, DFE D, 25
e b BHMANELAT O NN BB BT DHEKBEEONNT 74 A FHRFR—-THY,
Z DOFERFDBOIEHE) L X)L & CoPENAZEALD o To LB R b,

FDB @ SLR & MLR O id, MV R TEAE L7z, @B RENHE I
LA EBEZREROBEIEIE, BB D O TRERHE R IO I B HE o 15 B 53 8= 8 5§
WEkomilEhn, Y7y b7 —LAEICEIVFHERINLHMELERK E T DI
BN LRI, ZOB%%, FDB KOLMMRHMELIIMNC M O MER» & O
IRERRAE S L BEMAE N NI ENTE =2 —n v RS L, 2 v F 7 AEHIMEIC LY
FDB @ o 8= 2 — 0 v O BEEBMEZ NS & DR sz, B %
BRIZEBWT, 60Hz & L < 1T Z 4L L o JE I B TR 2 5 2 IS IR Bl I &2 I 2 7= 55
&, B ABROEHRMEAEMT 5L s *Y, 2£ v, FDB @ SLR X MLR

DEIEITITRBEEICAFET 2 F = /MER LT 4 =/ME L o To B IR 52 2 45 DIE
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BEMEOEMEEEL T b Lk, MV &ICEKI1T %5 FDB @ SLR &
MLR W%, = b e — /L& SLR XY & 3.5ms, MLR T 11.6ms DI TH -

. 20 MLR 2% SLR KV & KIFIZHEIE L7z Dk, T RESRHME & 11 B HE o 4= 38
FEDOBEWIZEDEEZOND, THFEMELY SREHEDE W 1T BERMEIL, RE)
FIWMIZ X2 BERFHIIZTOT W 2R L TWD, T BEMRHME S TR KE O
TR EEINE R =2 —a N F—EBE 2RI T 2 ZRE & R A
CEEE L OB EZREF LTI TIE, B 7 Ak X FDB @ SLR & MLR O
BEIZFH T SLR £V b MLR A KIBICEIE L7z @S T 7, comi
MHb, RERME S T REMRAEIC RS ORERESE S LT — R RBRER 2N EL
e, UWHRERNLIVEEZZTL2EEZ2bNT,

MVEAFIZ 31T 2 FDBOSLR & MLRO I3 B AE L 72 Z L IZA %, %MIVCH
D UTe, TREMMER X OVIRERRAE I, BIETAS8IM 2 61T LY, Blczh ol
PERRMESCTIRERRME O R ZRWIIN T 4 =/ MEB L OINVRZERTHLDL ESH
%0, AR O TRERAME R K ONIREARME O BIE BN L 0 v F 7 AR 3 4 U
HLHESNTWD, Zov T AEmENIL, B8 E D O TRERRE &
IRERRAE AN %4 5 B0 DU Lz 2 5 Tun 528, 2B B 0 R0 MR E S 7 55
B TRE AR A SO TURE AR A & RIAR IS & 7 X RIS S 2 2ME A TH 5, REHE ok
Dy PERRHEIZ BRI 2N 2 5 T2y F 7 A MG o =12 X 0 K BRIYEE 5
DHR A A ZBPD Lz EBE STV EDBD = oo KRR FE G I F T 5
HE S Y A X ORI %8 R, A#FFEDOFDB SLR & MLRD %MIVCH s L
HEBAEBRPST b0 b Livavy, EEEHRENIC X 2 & B kO MERRKE O
FE SIS HEVIRMENE =2 —r OB ENEIML, ZOMEIENE=2 —R
VI F S AEAE T HFDBouE# =2 — 0 O BEENK T L, O EFDBD
SLREMLRO%MIVCR A LT L B2 bivic, RKFR LR — & TH ML -ZEHR
DHFZETIE, MVEETDOE T AFHFMLRO%MIVCIZH ML TH Y ', Zdk 5 %
ISEIOBINE, T ALY b EMICEET D RIEDHOFEHE FIo 4 2 R1E
ThHAREENREINTE, BXOLL, ZOREMIGEHOK TICK L THEM LA
FHXAE 7 A OREOTEBHOHEMARESE TV D ATRBENHEEI N, &6
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(2, FEH VTR F 2 kT QAT Y SO RE T 2 B R BRI A N 2 TR RS EE AT 2 E
(MEB-9404, Nihon-Kohden Inc., Japan)% fl\ Tt 7 X i O HX § & MLR~ O 52 %
ALY, ZoOMETIE, 3y b= AKX TMVEETE I A0
HE & MLROTEBNIRIE L RN ABICRA B LI ORBIE L, ZO/RNE, BH
HIRBIRE O v 7 A f BSOS BN X0 b @A ELIC & 5 B 3 AL T Y
M4 s e&BHELbNT, EI 512, BWZALEM TIZFDBOSLR & MLRO i &) 73 (K
TT 20X LT, I AHBOHEITHE LA TRKOMERIC K o TR MGG
MEMT B EEZ LN, BT AFHOMLRIGE O HBLIRFH X, & (RE)FEEF D CoP
ENL & EE S ELRMGEE —BEREWE SN TEY, B 7 XA HMLRIZENSLAL
RO BBEIEICHEG T HIRFFEH THLHEEZ LN TS, LaL, FDBidE
TAHED b FREMICHFEET 2/ CThHh D72, SLROMLRO BN B 7 A f D
T X bBIET S, L2 > T, FDBOSLRSMLRIE, CoPZ AN O [EIE I FH 5
LW EE S, E£7FDBICx 3 2 F 8 LA K A & oo BLUEE M F 8 7F TR
LR E T,

4. FLOLRYE
B AR BN IS L 2 R B E IR AR A B X OB R AE 2 D OB 22 SR L ER B o b
MRS, MfE=2—a 2 OMilc X Y FDBOSLRE MLROJEE) % (X F & 4,
B ELIZ R T D BB E IR T S H 2D LR S vz, HFFE10 6 i © 21T 72 R
O XFFTORBLRol, DEY, RLEERSAGMTREME R OMERETRHF
BN CHIM S8 E, FDBOKEIEH EALHE 2 b O 2203, & HEERE
BICEOVNE=2—n A IH SN SOBE NEMICHBL L L RE S
72

SHRDHERELT, VEOE LD ERBETHETLHIHO(LE L FIILALS
T, REREESEIK T 2 REEEOLBEER W20, FF#E LA K )
BOE T AFHORKISEICT 2L L, &7 AHKIEHITERTTS)
ERRAET D720, WENVIE)O EBRZE L 7=, K

EOFEBRTE 7 AF O KIS
BN TR, RS ORLBHENE T AFHiET =2 —n v b R
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MLTWDZERMHLNERD, £, BELLMAMEMNTIE, &7 A FHiEDD
a—n L REROBMERICHFET DME= 2 — 1 T LTl LAL R A

S5OFENTENZ ERHALICRD EHRIND,
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VIE . FESLALEF O R BN RIRB RIS 35 8 7 AHHRH B L O
Hh IR IRy B I B O 57
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VIZ. A SLALEF O RN RIRBI RIS 4 2 8 7 A FHHR B LW
RN E SNSIO) A

1. FEERLADN

NN IRE IS AR 72 S AN EL AN A N 2 72 B, B T A i (Sol)IT 2 WM oD B M R
X (EMG)IG & 2 HEBL % P29 e oo ICH PRS2 1%, Wi EE | IR KB o
HUVMREME 2 b0 Ta MRAEZRHE L CRBT 2 BB RN GSLR) E & p P 1B,
SLRIZFEWTHIBEL T 58 2 O E KIS E X, hfieE 0 HERELZERE, 227
AR E S THE T 5 PR S MLR) E Sh b %,

PR O RN TUE, I B B B AR 2 2 2 0 T R 5 4G B s B 0 SRR S DR
R ZEO —BYEE T RSO R L EEEZS SR T ERESA TS PO
.80 Z oL, FHEA SLR & MLR {F# O BRIC & > TREB A HMNT 5
ERERROST LN TS, THMHEBL O HEREOME 2 AT 5 NABERFEL X
CRMRE= 2 —n X F—BF BN T, [ EERHEOBERERT O 2 1 BERMED
HRERW LV b oNT v AREELZSISRFT I EARES LTS O
T2 ORM BB B S 5 BF%E TIX, Sol & ELEEJE AT O MLR O i # R X ONE
BENELEEFEDEZAEL S, BBHFEOE/LLZRS EHREINL TS, LL,
Z ORI RE O R, B2 B O SRD MR HE O IRIT A M A MLR I E) I
WL B ZTWD00, oMk 5 OROLERMEDOIBITEMIZ L > T MLR IE
BICEBELEE X TV DI0EHEICS TRy, EFEONFTE T, AR R K
LT EZZEAZERGBAISE, —BMEICEREMHKSELZ2 LT, BEE THERGH2H
DEL L ORLYEE 5 Sol O RKSMIREICH G T2 hRat Lz 22, 2ol #,
Sol ik #ED & D KROMEAE S OB (FTREEANL D & B EN D O RO 75 O
DORIERENO F R FERBEEREM L2 &b, BRIEKED L OROMERE 50
TREAGALSED & DROMEFEF LV S EBHHICFLET L EEZL LN,

AR L OEMEORBEEEREERZ AT 2B 2 RICHFRENMIC L D HXE
B L OBEE N 2 MR Lo F%E Tk, H S & REEEIHE 710 W34 b KR
VU BE A 95 B o B SR S g BT PR B0 e 2 o0 BRI BE PN E O 840

0
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WHEGTDHERESN TS, 2O, F—MH»6 o0 1R X O BERRHED
RO MEAR 5 UAM T R BE G 2 B o SR MERRAE B SR DA 5 b T B O RS RIS TR
BILLVIEFOMRGEIFFT D,

RREFENNLRFFSETRIET, BEOBRKREMRICH L CHEREMEREZ A
WTERHE T 228 T, SO HERFEHESNLD, Z O HBEIE, Tafiz kb
LTHY T 7 AHICET =2 —n I ESATHBELL, Sol @ SLR &A% Th
HLEZ LTS MO Dgo 0 MLR & FARICHEREMER 2 AV TH%
THZENFETHD Y,

o B = —w OMEELBDIELFIEL L TRHFMAZIZRGICME 5
FEPRZHOWLA TV D, IREVFITLDFHAEN D O T RESHME T K O 11 B AME 2
ARG EE, BT ARKFRBLOLZ VT I ARKNEB B IEL L0 D
BLER IS S b 5 1 1)

EHEOPE Y PV, RS R~ ORBIFIKAZMZ S Z LT, Sol
MLR {G &N L, F7-8EEAH O SLR & MLRIEEI A T L7z, TOEKR E L
T, REERNALGEAETHr D RBEE R OMERE TN HE S 28546, KBREEICL
F2 Sol B AHME T LD ICHM LML PR S OREIEHRAET D Z LR
i " P UL, BE LS TIEREBEEA L LRV, Sl
O SFHE B & AL B S & 2 MBI, EF8 B PR S o fF I
I HERBEIND, ZORPIEY THIE, FHROLALREIC SRS L5 E,
B D ORLMEEFE BT EINE=a2—0 O & 12K > TEAMICHE &4, Sol
DIEEEITHET 2 & AEIN D,

ARWFFE O HBE, $FEINLALRFIZ 310 5 R B & #8 N4 RO IRE (2 %F L T Sol @ H
KEBLOMLROEEZRFT T2 THDL, ZOERICEVEL I RIET,
EBIER 2 B O RLYEAE 50 BUE ) O RKEE B X OV I B 5 2 3 R AR A
BEoOMRICHFET L LEZ LN D,

2. XHREFE
B 114 (FEl 216+ 1.6, HE:1696+56cm) k%L Lz, £
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AMCIEERICH T 2+ NARBPAEZ I REFICERL, BAICLVRAEZH,
Fo, APRITERBR R FmEEB S OKE LR,

EFEIL, UTOFIETEREZIT> 72, HEHF IR EH(UA-501-S1, OG Giken,
Japan) ETF TV 240K LIRECHB AL L 90 TR LI, EBRAHRT
Bix, 22 Tl U7z, 22 R BAfi /4 1385 2 = 4 A — % — (SHAPE SENSOR #H 84,
MLTS700 ; Canada) ZfEM L, ¥ —MWma g & B Lh 2 iy i, &
JB 10 FEICRR E LTc, £ 0%, MEBEIFXET=F —CRMEEEEMAEOHEBEZITWRN
DI MMAEZMR Lo, — Mo TRERME, TERMES I IbHRIENDOFRA T
T, RENE=a—m 2Rl LM o =2 — OB E 7 T IHl 5
By 5L oWENdH D O S ) () Sol f5 85 HE A B 0 R EA S O
BEHg/NRICT 2720, HAREBEHOEEMAEIZT 0L LT,

REVRIB I W28 7 L — % —(MCL-1701, Alinco, Japan)® J& J %1%, 92Hz
E LT, ERENARICAS T L —=F =24 T, i\ FICTEELE, £ —
¥+ % —(FlexiForce, A201-100, Nitta, Japan)% fZJ§ & XA 7 L — % — 1T A
L, ¥EE)IE I3 4 5 S8 peak-to-bottom THI4N (3.92 + 0.37 N) "Dz 72 % &
HIWHRE Lz, T ORBYFNMEE 2 IRB AR FIMFEMVEIF) L L, 0T L —

Y —REET TR R LOKMHEE L br— L5 E Ui, IRBIFMIZ, MVEF
WHET T2 FE THREAICAR L7Z(RI10 5, &R0 ERIETF X, JIREFET &
2T U F DT, BRI MIIT L B2 BAL TS R OR B 2 8T 72,

EMG® % ifi AR 1%, Sol b (MEME M SMAIEE T % 2> B AMAI2.5ecm DAL &) T, 7> FE AR
R 13K 2em THR D A 1S 7o EMGIE 513, N2 FANAT 4 L Z — {28V T200
52000HzD A R 2 i L, 2 kHzO V> 7 ) v KR TT Fu /G5 %
TNV LT, 7% B AL & (MEB-9402 system, Neuropack S1, Nihon Kohden,
Japan) % F W C, B LS HIPE AR 2 2 0.5 Hzd HI A B TR ISB Rk 2 % L
oo E70, EBRBBIEBIL, 1msOEBHK E Lz, EXHIBEATS0 msk I OVE M
W %200 ms D FF250 ms & fEHT R & Lo, BRRIMIRE Z R 2 IZHINSERR 5,
H it KARNE (Hpax), M 5 KIE M (Mpa) 3 £ O'MLR 5 KR B (MLR o) & FE &K L 72

(Figure 6), = > b1 — /L5 ffi X OMVEH O MLR B4 % Figure 71278 97 Hpax,
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Mmax B & "MLRpax D IRME 1L, peak-to-bottom D% fif & L 7= (Figure 6)o Hpax &
MLR oy @ W FE(Hlat & MLRIat)lE, BB AT50 msD ¥ IR 1E 028D % i % 72 KF
A& L7oo Hmax & MLR oy DR 36 KL OMRIE £ 45 S 12D S RIB0IE T INEE L, Mupax
IR R O A K308 2 il L7z, Sl U 72 Hipay & MLR oy ORI, XIREHF O H
£ TIEHBL L (Hlat/height » MLRIat/height), &£ 72 Hpax & MLRpdd 2> b —/L 5%
T D Mpax TIEBAE U 72 (Hinax/Mimax € MLR ax/Mmax)o
a Yy b — V&L MV &% 2 @ Hlat/height, MLRIa/height, Hpax/Mmax,

MLR pnax/Mmax (3, SISO H 5 t BMEZE AW THE L, HENAEKET, 5%K

fii(p <0.05)& L7z,

Electrical
stimulation
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s |
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Figure 6. Measuring methods of the amplitude of M wave, H wave and the MLR
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Control

4.8 mV

Malleolus vibration

4.8 mV.

1.0 mV,

20 msec —

Figure 7. Medium latency reflex (MLR) of Soleus to tibial nerve stimulation
Upper and lower graphses show MLR waves (gray areas) under control and
malleolus vibration (MV) conditions of a participant, respectively. Note: onsets
and amplitudes of MLRs indicate respectively to delay and decrease under MV
condition whereas electrical stimulus intensity is same as control.

3. MR

Moy TR (X, 2 S5 R TEITER D S 37 0> o 72 (Table 6), MV 554 @ Hlat/height
& MLRlat/height DR IX, =2 b — A FKEXID A EICELEL7Z(p < 0.01),
MV & D Hinax/Mmax R 1E & MLRpax/Mmax IRIEIX, = e — A &LV AR
W2 L7z (p <0.01),
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Table 6. Comparison of Mmax amplitudes, Hmax, MLRmax latencies and amplitudes
between the control and MV conditions

control condition MYV condition p
Mmax  (mV) 9.82 + 4.10 9.89 + 4.64 n.s.
HumaLat/height  (msec/om) 0.07 + 0.02 0.08 + 0.03 o
MLRmaxLat/height  (msec/em) 0.36 + 0.09 0.39 + 0.15 o
Hinax/Mimax 0.26 + 0.21 0.12 + 0.08 o
MLR imax/Mumax 0.06 + 0.25 0.05 + 0.02 o

=#: p<0.01, control vs. malleolus vibration condition used paired t-test. n.s.: not significant

MV: malleolus vibration, Hmxl at/height: latency of Hmx normalized by subject's height,
MLRmaxLat/height: latency of MLRmax normalized by subject's height, Hmax/Mmax: Hmax normalized by
Mmax, MLRmax/Mmax: MLRmax normalized by Mmax

Values are mean =+ standard deviation.
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Supraspinal center

Inhibitory IN
Excitatory IN

Gl

aMN: a-motorneurones

Inhibitory IN: Inhibitory interneurones
Excitatory IN: Excitatory interneurones
la: la afferent fibers

Gl: Group | afferent fibers

GllI: Group Il afferent fibers

Figure 8. Wiring diagram to soleus a-motorneuron of possible connections investigated
in the ankle vibration studies

The middle filled circle shows the interneurones (IN) mediating disynaptic autogenetic group I or
IT of soleus a-motorneurones (a¢MN). Ankle joint afferents converge onto these inhibitory and
excitaory INs. Homnymous la and group II afferents are inhibited by pre-synaptic inhibitory
neurones (small filled cirsle) with achilles’ tendon vibration. Supraspinal center can modulate the
excitability of excitatory INs connected with group II afferents from both ankle joint and Sol
muscle spindle. The fibers of the dotted gray lines is not yet clear from the results of these studies.
(modified from Marchand-Pauvert V, et al. ''D| Bove M, et al. 192 and Jankowska E, et al. '19)
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Supraspinal center

;} Inhibitory IN
)/O Excitatory IN
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aMN: a-motorneurones

Inhibitory IN: Inhibitory interneurones
Excitatory IN: Excitatory interneurones
la: la afferent fibers

Gl: Group | afferent fibers

Gll: Group Il afferent fibers

FDB

Figure 9. Wiring diagram to a-motorneuron of flexor digitorum brevis (FDB) of
possible connections investigated in the ankle vibration studies

The middle filled circle shows the interneurones (IN) mediating disynaptic autogenetic group I or
IT of FDB a-motorneurones (aMN). Ankle joint afferents converge onto these inhibitory and
excitatory INs. Homnymous Ia and group II afferents are inhibited by pre-synaptic inhibitory
neurones (small filled cirsle) with achilles’ tendon vibration. Supraspinal center little modulate the
excitability of excitatory INs connected with group I and II afferents from ankle joint. The fibers
of the dotted gray lines are ones from supraspinal center. These fibers will little modulate
excitatory INs. (modified from Marchand-Pauvert V, et al. ') | Bove M, et al. 192 and Jankowska
E, et al. 110)
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Figure 10. Center of pressure (CoP) displacement, soleus (Sol) and flexor
digitorum brevis (FDB) EMG activities during platform movement

0 ms is presented as the onset of the platform movement. The peak displacement of CoP
coincides with Sol MLR activity. CoP displacement, Sol and FDB EMG activities are a sample
from a participant. Upper panel indicates CoP displacement. Middle panel indicates Sol EMG
response. Lower panel indicates FDB EMG response. The gray area shows a period from a onset
to a peak of the CoP displacement. (modified from Sakita et al.?3-24. 114),122)),
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