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A Study on the Voluntary Movement in Child-hood
Yoshinobu ANDO

I # B

v OPNRHIIC B T 2 EEBEEOREE, BECHEORELBELBEREL 2L LB, E
HoEEAE ) OB, KIBRE, B, BE, RTTEASZESBLIFEL TVDH I LW
HTHb, &2 E, RMEBENS S EHHORECHEIZL CLERORNNBL B 120,
BT WIROBEICENRDEST B &80, T2, IEEHNIE, Wi
BEDERTHHH &b, Y, ST E0EHFEEINS L, PHREFOTFEBICEEN D
nig, HROMER Y EFREORENSERT LD TN,

— Iz A K, EE/NROEBIEEE O FZ 13 IR RO BHIZENRE S WIT LTI e b (B
FEEE), FED L THAEFET HEALEH B, LrL, BEORKRER, HEBROER (BE
HEHERE) bBALND, FHSERCESE, FERO &> B4 2RT, SR 50RO
bl (—FlE U CEENEE), 8E, GELEOEENH B0, BHADMNRITL->Thi
VOEENPEDHONS,

NRIZB G HEEBED S B, b & bEHEIE &, IURBRPECR S h 5 REWES) &,
FRLBORIBIIBY sHENEHOFRE VIR THA . RENESL, RAR, RAR
DBENERL EPBV—EONRY -V ERTEVDODNTETVATAE SHEEESORFE L, =
W EEZE N VIERT 5 0 HEERENEE LS 2 FHET 2565 103 PIREELS OB
EERBLZINER SN,

FLREAD SRBABIT T AL b0 L1213, BT UBBEBITIG U BEEOREILA S5 NE L,
L2 L, cybernetics 7> 5 & 724K ( physical fitness ) &, BRI EZECHKEEALA 5N 5,
ERIZ, 3~4F OB [junpage | bbb, SREESRENS—BECBHEEL, ¢ O
—E2BUCERYO REHFRER] 4T 5, SO, S5FaiE» o, EBEERTS
SEEE S REBAIZEML, 2o W T5EBHBLIEALTL 5,

Lol BsEr?, kS, EBHoMBERIKEVEREET AEEIIOVT, OO
HEDRIFETH LD, HNINELORRE - BHERCET 5 0OKEDR L, B
(agility ) WISEE ( co-ordination ) FEEL <m0 EBR, 2512, CORHIICEL EHO
BEE, DEO/NROEERENOREIC RS S HEEBTHIEEREL TS,

Ric, EEEEEOREC [EHEBH] 5535851, FEROWED b LRI HEE
DT IS Y A HEcESCIEMEES 2 PIC UL, WhW D (SRS kb k5
IO EE LN EITED, —F, BHPHRESEDTANT -ROERNEREES> L%
BETHHOTIEEL, ZOBORMOERNFEESTERICENTR+HaTh0, WiE, BERES
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OREFEZIISCTBREZ A ML AR B 2HBTOBANES 2T 52 813, BRESEE
DOEREICEISLTARIRD I ETH B,

SHECREFORB BV THROESEE2HEIT S L, 20HZ0EMs, 2EEOH
TELUVWEAENTED NS, COFEE, COBIICBI 288N IETH 5,

EOEBEILODWVWT S, BRO» 5122 &BRICOE UEBHEOBEIKRD TS W TFHIEET S
U, Bxdic, EATEBEHEIT->THRBHEFEI VWA ELEETH S, iE I, SEIHRHA
BADT SHIZBIZNS [ATHS EFRTFH] Th Y, KBS, (A2 ->TH FTELFH]
OHFBEICBLTVS, [83A] - [FHA] OERIC>OTABY RORIEEROME £ ML
THBHE, [FREHLTFH] BT 2EE, TSELTH]] Pl->TRETOEZEZREL TG
W ENKEREREELTEXLONS,

22T, [T, Mty bFEoFH] & [REHT, AITHTRLTFH] 2EBRNRED
WMEEL, MEHOER, L [HH3] O—BEREZBRUZOFEARFEORN TS S,

ek, “BBRHE -IHE” EXRFICULBIRAEE LR, 1) BIfE22 5248 EKE UTHY
B, B ORBNEMNBRZ DENS 5 W EBYNFERICE > TERT A2 H5ESH 5, &
7z BEB) D performance % 4720, film CBFIC L VEBEDHARIT-720%, 208EEE
THHEOHBROEHRRERN TS 2L ICEDY, 2ho0fIca30ELRD T, H
KEOHBRRPFMETE > FETH 5,

DT, 2) b hOBEEE S LKL S TR, FO—MOBEICEH LT, HH 3 ER
BULEY T HEMHOLATVS, —HBEOHBEEE S KICHEMD 5 0V IIEEED, > 0EE
ZEHBILT, #EROBEEZEHL LD LT 2MENE BH o5, EBHRLOEDH, B
OMFIRES, FIEHROEERE ) e &2 IEE Lt b OPREMHEE SN TS, 35T,
Jasper "W iT £ 0 BANCHIFE S N BEE ICHUNER E BT 55, 19608 D% - Evarts 1
WEDHWR - REASZ SN, COFETEREL Y VIZE Y 2MEESOHIREE OREERH
EDAKEY, ARSI DAA AL ETET 3 L CELOHFARPBOLNTSHARE-TV S,
CDEHI, HAHAXOWMFREIERNETED» S, SO HEIEKETAILOETEEDT
SBERLFRICE>THEDATVS,

KRIE, BEOARO—HTHY, HOWKRZCEBLLLOTHS, MEEEL BT 2
U L & OREISENEDOT A X DIEREZRTLOTH Y, ZHATHIMEEEORzRE
EbHTREVEINTVS, REBRTE, BEEBECETLUIHRSEE U THET 5 silent
period DEHE %= HERZNFETITOBIT 284 72,

Z O silent period |&, EEOEEZITESHE, 560 L0, FEHI»ZVWEBEEE 2R
o, 2HICHEENCRICEERZ S 9&, BEICRITLT, FBBITHREOKRIERELT
HETE2HLD0TH 5,

Z DEEIZH4T$ 5 silent period ( premotion silent period , fRIEHA, HWEHIE HLH) KOV
T, 9T Stetson, Bouman VASHER LETHTWVEA, BREEMATVEL,

Y RS RE R D RITE RS I silent period £ BIE L, RSB L2 105BETH 5 & 2R
ELTN5,

COBRBOBRME, BENSRICHELZBITENMICHRETSZE IS S, Lz
Hoffmann 1213 U% 0, Merton ', Alston'®, /NEF 51712 k 0 #45 x h T B IURRIZH
BT 5 silent period & XX I N5,
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7 0%, HH'™), Yabe 'Y 5 O—HEOBIFCRAE L, silent period DFHFZMEIRR TH 5 LB,
FEORISHOIEE 2V B L2 BRHL TV S,

L L, Shes0OmER, WEhLBMAZTEIZLELOT, $HRICET 55 0EEH T
<, Gatev P ZBOTIEEAELN, Gatey DFIFIE, —RIEONBESHOMESED A ICER
Liz6 DT, RITHET S silent period DRBEEFEIC OV TETHIBHIA TV,

53, REROEROMERELZBEL, EBHFEKKE 2, sient period DFEBHE
R 1BEZ, BIED co-ordination LHERBEOTREFEOEEGESH B LICBE L, LoD
Zemn, HRERNZIZUIHRODEESBF SN TE I

AEFF, BEEEEICHEIT L THRBET S silent period DY, SROMEEEEDFRZE LTI
12, E0 kA BEEE O ERETALOTHY, EREHOC LS, 2HOHROD si-
lent period FEEOBH = HEHEEOBA2ER LT, F& UTRBNRE (KFRE) ICRE2n
AL TH B,

I £ & % &

AEBRTIE, NEHHESES LA ~ORBEIEL, SRIBIC & 2 BHRIG L BRRISTTO
BN O silent period (#K1EHI) & reaction time (KIGHFR]) OFBEZBEL (Fig 1,
Fig. 2 ),

light signal

® &
e

strain gauge

EMG }—EMG
Amp.

Carrier — Reaction
{' Amp. b time

Fig. 1. Schematic illustration of experimental apparatus and methods in rapid voluntary elbow extension.

Each subject was seated in an electrically insulated room and faced to signal lights spaced 15cm apart and 1m away
at eye level.

Elbow joint were abduct and slightly flexed about 60 ~ 80 degrees so that palm faced upward.

Each elbow joint was put on a wooden rod to which a strain gauge was attached.

The subject tried to extend one arm as quickly as possible when a light flashing.

EMG of triceps brachii and biceps brachii of the both arms, mechanogram and stimulus curve were simultaneously
recroded by a memory-scope. (From Yabe, K. Muraji, S. 1975)*®

1. HESmHRESEOLE (Fig 1)

WL, BOHEMITE ANBIRTICRBEMOESAE LV, B %60~ 805 iZ/Hik
URiBi % ESMIc L2 £ CRIEOA EICB <, FHOTITI, strain-gauge % R U 7 AR 2
BT, NESOMBESESEES(LE U TR UBEHRE Lz, BB, AAO LB MR
e EBRTES > S EH L 2, '

BMRG ( simple reaction ) T, & 52 Lo, MERZERULZNESz&ED [HE] 0&
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Rim» o, 3~ 58I neonlamp i L2 HHE T, TEHLEFTIELJHBENELZ S 72,

BRI ( selective reaction ) Tld, BIIRIGEFEBEOEE % & 0, neon lamp O gULT & B
IZETURAOMBEEZ, TR <HBRBTS IR, HRIEERE L, neonlamp 2 fH7%
WHNITH15mBE L, FREBOBBEOBIXADLDETH I miTAREE L, SREEEL BT
ORI, B RES AT A LI L MRS A AERE, SLEEICE ST
7o RUGEWEL 3EOMEDH &, —RIREICD N TE 4 30E{T- 72,

2. BEEEOCHE (Fig 2)

strain gage Z I Lo B LictigE 2w, BEO [HE] 0aNEE B ICBEES 2,5 <
B X 4 THBLRBE UL, THE] 08D 5 3 ~ 5 %0 neon lamp IZ L 50T, 13
RCEEAFICKEEEEZ BT ICERL I, BHEROEHEAL, GOMES, FIRES
ThHDH, AITERE, LEEEUTH S,

B EEER CBEEO S BRI OEH T 11X, disposable electrodes Z{FH L, 2@OE
W% BRE b ISR D EITICZ > T 3 enliE L THEE 3 A RMWERER B2 AV, HIEREH
VEphgR & OV by, =% I2E8 O memory-scope 12 & - TE& U 1z, 1 RISEB O ST IC
EBER OB 5 FIEIC digital TERS MDD HER L 7z, BHU kL, XYL a—
F—-THELI,

light
signal
s ) .
EMG
Amp. -EMG

Fig. 2. Schematic representation of experimental apparatus and methods for recording premotion silent
period in lower limb muscles.

The subject was asked to stand on a wooden foot plate in an electrically insulated room facing a light stimulator.

A strain-gauge transducer was attached to the foot plate for measuring mechanical response of the vertical jump.

The subject was asked to respond to the flashing light by performing a upward jump as quickly as possible.

The action potentials of the limb extensor (m. gastrocnemius and m. tibialis” anterior) were led by bipolar surface
electrodes.

After amplification, the action potentials, mechanical response and occurrence of the light signal were recorded by a
memory-scope. (From Yabe, K. 1976)*

RIGEWEDR B 2R D 4 > ORERHRICHEE L 72 (Fig. 3 ),
1. Reaction Time (RT) ; RO EX oNZBED S, BWEHBICEEEEDT [T 1]
PHEUARBEE TOBERE 2RISR ZRT,



E HOMEESIET 5 —ER 73

2. Premotor Time (PT) ; EMG OMHENEIRERGE CORM T, MRENKCKEZRT,

3. Motor Time (MT) ; EMG OEEMKERK LV, SEdR LICEERGEEDT [V
V] HEUCBRRE TOBERET, HRORIGR-ZTRT,

4. Latency of the onset of silent period ( X ) ; YeHRIE > & silent period HIE T 5 T TOM
e, RiIEHE (silent period ) OERERZRT,

stimulus
signal

@
EMG FX“” _-._

Motor
A—-—
@ ®
}o-PMT——v{vMT——*
]

Mecha~—
[F——Q@RT

nogram

------- silent period
< phasic discharge

Fig. 3. The definition of various characteristic times in rapid voluntary movement.

1. Reaction Time (R. T) : The time interval between the moment of flashing light and the moment of occurring up-
ward deflection on mechanogram.

2. Premotor Time (P. M. T) : The time interval from the beginning of the light stimulation to the onset of phasic
discharge on EMG.

3. Motor Time (M. T) : The time interval from the onset of phasic discharge on EMG to the occurrence of upward
deflection on mechanogram.

4. Latency of the onset of the silent period (X) : The time interval from the beginning of the light stimulation to the
occurrence of silence.

PARE L, 6 X DR (HHREIR0E, B - LRKI5E) 2L, 8EH3 2 BICHEL 1,
RENFOXS I TEROAEEA O, SCREHET 5720, LF - 207 bREE L,

MR OBICZBET T 572010, EEOFBLURICEA2ITHESHAADE T, 208
{E% HE20[E U T T & 12 RER % skilled group (BWg) & U, —H, CORAPTERN
BREREZ un-skilled group CGREVEHM) & U, BITRARKOEBD TH B,

(&) RMOEREETEEDZENFTEERZTS. 1) AFEEEETHEICINIT Y 587E, 2)
EFEEREREINITS 28E, 1) - 2) 2RAMKESES &5,

B) RAOLRKETHEEOZENTEELT. 1) AFREAREZEICNITT 28, 2)
EFLEREREICNFT S 28E, 1) - 2) #RAKHEHBES &5,

TR DWTE, #EREITUAERICITOES SR 2 &5 £ 5 ITHER U, EEBRICE
LTI, RUGENE - NFTEMEE L IR ESHIRTH 5 2 EIEE LT,

I X B B &

1. BEEEEICEIT L CH S5 silent period DHE# ( Fig. 4)
EHHCBEOREEZSA THNEREHZHIBLTVAEFg 402 H3BHO ML —
AWIRT K DHIZ, EBEHE (tonic discharge ) A 6N 5, FEROFTHAEZO [71] OBATH
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R RIEL, TER<BNRSEEEZ BT &, XREI Mb > 12E» 56, BISREZR
T ks LB EOBERTIC 2 - T, BiENS —EHBEET 5, ChBEOKRIE, ¥
Db silent period TH 5, 7Dk, HEMKE ( phasic discharge ) PHbHH, ZHITHVTE
VEmsB %, Eh o 2 BYHO mechanogram IZ LAE D [T V] ELT, ZORIGHREND, T
DB, BEICETTHENIHTEERICAONEREORILEEBRL 12D THS,
O silent period 13, EDRATHLHIRRTAHE TR, ZOHRICBIEBRHFVLETH
%, AHMBIE OXEH L, ERTEEA (m. triceps brachii ) T#H 5,

Stimulus -

/
E Light signal

Mechanogram _W
EM G Silent |
(agonist) period

|
:
i
;
i

Tonic dischargeé | Phasic discharge

Fig. 4. Characterstic pattern of premotion silent period in rapid voluntary movement.

Top trace is a light signal.

Middle trace is the mechanical response.

Bottom trace is surface-recorded action potentials from agonist muscle.

The tonic discharge of the agonist muscle in the preparation phase were observed continuously, and then abruptly
disappeared on the electromyogram (EMG).

This abrupt disappearance of electrical is defined as onset of the silence.

The silence just prior to the phasce discharge in the present study was named the “premotion silent period” but it
does not always appear.

2. B#ERS T EEO—fIEIZA 515 silent period DEEME ( Fig. 5, Fig. 6, Table 1),

Fig. 513, BRI E 0 ERBESHOMBEIEEZT>1c & ED 14T, skiled group D6 DT
5, FBR LY, HEdhE (Faso7 LARIBORR), BfEMhiE (Lrxo 7 L sBEEE),
SVWTHEBRZES, GLR_EHOHBREZRT,

MR ET, FEIS TSNS ( tonic discharge ) A AN B & X, HHRBICEUT,
{HEEVER B -4 &, 130 msec 1T silent period SRE L T3, COMLEHME LS &K S
HoHh, VHW S silent period DRI E 2> T W5, silence 1, FEHRHEI00 msec Fi &, 0
HET I, BIUHEOHBEKRENSA 50, KEREY 5220 msec ZICIHEEENSTT U,
Sl & BPERIERIC 7 L U B £ TORIGKM ( reaction time ) &, 450 msec TH 5,

Z O silent period FERDOKEHE 2, 41RO skilled group, un-skilled group & O adult group 12434
MREHMIR A L 72D Table 1 & Fig. 6 TH 5%,

silent period 33 £ T OER L, skilled group T180 msec & 72 1), un-skilled group 1205 msec
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LA, BIEICHB T silent period DRBEIEE IRV (p<0.05), U»L, MEIIBNT,
Z DEBEAT0 msec & VEVENLE o 12 RIEHIOHBTICIE, R/NR I ON ORRFER D HE
THVZOBEOEI PSP ELMBRORFEENSES LTV L LD EHERTE S,

Setlg s 5, BEHEOFREO 7 VETORKGEM T, skiled group #5570 msec, un-
skilled group 75625 msec T, skilled group 258 H 212131 (p <0.05), LA L, RIGKEHES
327 msec £V BBV, WHW5B, HMEKRTI silent period IXFHR L T Wi, —FHRIGKHS
BOBTHLHET A4 E, silence DEBELFUGD ISP S OMICITHAIBIRIE SV,

YBRIZBT DEEEBEE CICRAXFOF (silent period DERF, 100 msec, FRIGKH ;
365msec) EHANTHBE, PR YOENTEET B fAREICRADEISES < 0RKDH 5
MEE VWD, 2OHBRIILTS, RALTO3%ICHL, BYAIREEEETHS. S,
FICEE OB TRER 3 h 551, un-skilled group @ motor time BWENC ETH B, HRED A
VIWVADEHIZEREL T OEEYN R T T A E THEORMEZEL TVNAH I LITE S,

L

AT Aoy

100msec

Fig. 5. The silent period of ipsilateral arm preceding the elbow extension in simple reaction trials.

Top trace is a light signal.

Second trace is the mechanical reponse of right arm extension.

Third trace is electromyogrm (EMG) from the triceps brachii of right arm.

Forth trace is electromyogram (EMG) from the biceps brachii of right arm.

About 130 msec after the light signal, the silent period preceding the right elbow extension was observed. The
duration of silent period was about 100 msec. The reaction time was about 450msec.

The frequency of the premotion silent period for this sitbject (skilled group) was 15% in the triceps brachii of right
arm.
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Table 1. Characteristics of the premotioh silent period which occurred
during the right elbow joint extensioh simple reaction trials

Latency of the
Number Silent Period onset silent Reaction time
period(msec) (msec)
Groups of
Mean Mean
Person | Number | Frequency Range Range
%) Value Value
Skilled 15 68 15 180. 2 70280 570.4 | 327-678
Child
Un-Skilled 15 45 10 205. 3 92375 625.2 | B17-779
Adult 15 104 23 100. 1 50—169 365. 0 | 150-456
(msec) :
700 b !
]
650 |- | T
1
600 |- | T 11
i
550 |- ! i
500 - :
400; _w | it
b T
350 |- ! L
300 |- {
|
250 :
200 | !
i
150 }
T I
100 + !
1 |
50 |- :
]
]

l:] Adult group
Skilled group

Un-—skilled group

|
|
1
1

i
I
i i Un-—skilled group
i
1

! Skilled group

Adult group

Fig. 6. Histgram showing mean values and their standerd deviations (S. D) of the onset of silent period,
reaction time and motor time in simple reaction trials.

The right part of broken line : Reaction time ( lM_]) and Motor time (I ).

The left part of broken line : Latency of the onset of silent period.

The significant difference between aduit and child groups at 1% level in mean values of the latency of the onset of
silent period, reaction time and motor time.

The differences in mean values of the latency of the onset of silent period, reaction time and motor time between
the skilled and un-skilled groups are significant according to t-test at p < 0.05.
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3. BIRKIGTLEEO—HIB I # 515 silent period DM ( Fig. 7, Fig. 8, Table 2 )

BRG T, BARGE A EHEESE2 L0, 2O signal D5 5, GRIVERLTUIZKEG
MBI %, ZERIVRT UL E5EONBEEI%Z TARPIHET 2 L9 ICHERL I,

Fig. 7%, neon lamp ®¥HIBIC &V, NESOMEEEZ{TL-z & EDELRD 14T,
skilled group D & D ERT,

BT, FeREOBS (FETRZOT V) A 5300 msec 17 silence BHBELTWD, &
N0 msec Hix, £DdH & CHEMBRBOGIHE RIS HEMERESREL TS (153
B¥H O trace )o YWHlB L S BEMAE (Lo s 2BH) 7 UWEU S TORIGREIL600
msec, MHBEMEREOREY SEVEDO B DS FE T O motor time 14210 msec TH 5,

BINRIGIZ BT 5 silent period FEDOBEM%Z group Bl & 0T, £ OR#E #7720 H Fig. 8
& Table 2 TH 5,

BRSBTS, BEETE, BHKCEBRD/ Y — v 83 50505, silent period D
B & RGBS EEOETERE LT %,

SROTEE % 4 5 &, silent period DRI F TOWKEIL, skilled group #5225 msee Z7R L,
un-skilled group 14294 msec T& ¥, RIGERIZH T 654 msec & 824 msec T&H ¥, skilled

L

Fig. 7. The silent period preceding the elbow extension in selective reaction trials.

Top trace is the stimulus curve and downward deflection indicates a right flashing light.

Second trace is the mechnogram of right arm extension.

Third trace is surface-recorded action potentials from triceps brachii of right arm.

Fouth trace is EMG from the biceps brachii of right arm.

The silence about 300 msec after the neon lamp flashes and is 170 msec later that silence seen in Fig. 5 (simple
reaction trials). The reaction time is 600 msec in this subject (skilled group).

The silent period was found in 20% out of 30 trials for this subject.

R

100msec
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Table2. Characteristics of the premotioh silent period which
occurred during the right elbow joint extensioh in
seletive reaction trials
Latency of the
Number Silent Period onset silent Reaction time
period(msec) (msec)
Group of
Mean Mean
Person | Number | Frequency Range Range
% Value Value
Skilled 15 86 19 225.0 90360 654.5 | 517~T90
Child
Un-Skilled 15 54 12 294. 2 163—397 824. 6 | 674~965
Adult 15 135 30 142. 4 61232 411. 2 | 297~620
(msec)
1000 :
)
900 :
!
800 :
700 | !
i
600 :
500 | !
|
400 F ;
300 | * {
* T %
200 + 7
I %2 i
100 | 7 |
0 l

[ Adult group  Un—skilled group

Skilled group
Un-~—sgkilled group

i
i
|
i
i
b

Skilled group

|
I
}
1
!
{
!
[

Adult group

Fig. 8. The differences in mean values of lateney of the onset of silent period, reaction time and pre-
motor time in selective reaction trials of the elbow extension

The right part of broken line : Reaction time (1) and premotor time (1 ).

The left of borken line : Latency of the onset of silent period.

The significent difference between skilled and un-skilled groups at 1% level ( * % p < 0.01).

The significant difference between adult and child groups at 1% level in mean values-of the latency of the onset of
silent period, reaction time and premotor time.



fppE OMEERIC Y 555 79

group BRI LEETH S, COZODORMMBICS T2 HERM 2z BHERSCB T 55
BEHBRULTHS L, FBOEAORHE VS KREEOEETSBES L TL 28RNETIE,
un-skilled group B & 0V 2 < DEIATHBMABEL CWA I &b s, HEEEEBEMRIE LY
BoEmsssh, Fhizf&EFECTHSBE, skiled group T19%, un-skilled group TI1312% &,
MECEOBEAIEN, 7, RAIKBVTIEI0%TH -1, sient period DRI % KIS T
HBHE, IR TIES1Tmsec £V BEOERTERAONTIENA, —7, 965 msec iR D2
DERVWRKIGKHETHLHEL WS, Th o DOR#EIE, silent period ODFRBL, KRMBIHE, BiE:,
IR ORENSBEFBE LTV AMEIRECHE L ERBLTVS, £, BERHMA2ET 55
HETIZHNTIE, un-skilled group O IGEEH OBER CEEORME SHPBEL->TL % 2 &
RC&5,

4. FHOWMEIZH 5N S silent period DFEBREME (Fig. 9)

BEE B L —AOESMERENBIRT A& &, BfEE B 32V E D IR U Il
DOFEE (RAR) 26, HREOWI (sient period ) #HEYT 5,

Fig. 9%, ¥R ERBEOMHBEIES B 2k -7 & = DIEHIT, skiled group Db DT
%, ABBHOAIE=HEHOMBEELRIHESBEREICETLT, HESME2B I3 2V TEH
AOMER IR B A R L T Wz A R = 8EAS 1T silent period BSHHER UL TWA (3BE),

COBE, BiEr—QIRONBESRESELDS CTBRIC, FOEBECEERRT IEHHIC
WRMEME (facilitatory ) @4 VSV A ERD, EBEEfThoLRARKORSEHCE, Wk

(inhibitory ) @4 ¥ /S ARBBIICE->TWVAH DO EHET B, Lo b, F&Fo LR %M
B9 4555 silent period PEEOETHRE LR TWEHAK S S 2 & HRES (1976) &H
BizH &, skilled group T, F] & FEEBEIER%, FER = FHRBEIE24% OEE CHAIRIC
silent period SHI LTV B, ZOT & iE, PREFOEEREMEREFSEENTHOTNS
ZERTRBLTNALDTH B,

SHRIZBNT, BEO#E 2O, XA silent period O FEIIARE KL un-skilled group
T, RAlEFOMBIZLVI6%, EREFOMBTIL% DEE THREIEIC silent period PHI L T
Wa, ZOFRE» 5D, silent period BROEEFHEOTHA X OMICE, BVUEGREH2HD
LHETE S,

RALTFIC BT AR T, GRBIE (R&F) 2MEL L& & DK LB O silent period 1452 %
THY, ENEHFAEBREBELEOELERKICHET S silent period 1334% TdH > 72, EFOHB
ROELGEHEAICEETH 5,

AN HB VT, silent period NERT AL TORBEBERL THI, Xl (1EEDO ML —
ATTFEED [7 V] WHBEEERS) TL2BRRIGTHITZELH TV S, HHOD lamp O
RATE R AR B OMBBEIVER TR - 12, SERIB & 0400 msec 17, 5 LB =B ICHIX
MEOBBZRIHBERESHRAL TV, TOEEBMEREL DV 110 msec SBITL T, FHyHE
BB ERE L TV E LR =R I silence KHEBLL, HHIBURLHFEORRBESEEL T
Wb, O silence #5110 msec Hi\ ) TIRIEH ( silent period ) &72 5T 5, HEMERKE L, 290
msec HEWV T HHBOBIENSTET UT W05, X, & MEOEEZR I EEHRIC Lms D

[7Vv] BPEUBETD, VWHY5BRIGKEREIL680 msec TH - 12,

Z O3B I A 5N B silent period BIROKEHHEHT LU EE—Tlad o7z, KBFID LI,
MEERBIZRITLTWAERLH Y, T, HEERBEERMTIHLAS TN, si-
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lence DEBEMEICL TS, KHOM < EBE T B ICEVERTO silent period 2SHIRT % & [EIFF
12, XHEE I B RIEHES R T 2610, EERETERIT silent period A& SO, XA
123 silent period SHHIER T 2 EF DRHIEZEET, —EOERIEASNED o1,

%t silent period DHER L, BITEKOBEME & b IKERICLBFEAVNAH SN EDT, L
ELOMEE (frequency ) 1LBIRKISENE A BALT T50, SR T0ETEB I Bo72 & D
BTH5,

L J

-

W’\WM‘*‘"‘

bt
100msec

Fig. 9. The silent period in contralateral arm preceding elbow extension.

Top trace is a light signal.

Second trace is the mechanical response of right arm extension.

Third trace is the triceps brachii of left arm EMG.

Fourth trace : triceps brachii of right arm EMG.

The premotion silent period appeared in the electromygram (EMG) of the agonist muscle (triceps brachii) of the

left when the right arm rapidly contracted.
The unexercised arm (left arm) was not to be moved so as to retain the same strength level as in the ready state.

w (above third trace) : The occurrence of the contralateral agonist silent period.
4 (below bottom trace) : Beginning of the phasic discharge in the agonist of exercised arm.

5. TRBEICFEET S silent period & ( Fig. 10, Fig. 11)

BRI EBHHE T, TEAHLETTIERL,. EEAAEICHEBEELETE - /2 & & OEHO
— Bl Fig. 10CH 5. LB &V, I, BfFdhiR, BEES - sIRESH» 5 OHBER 2R,

NHBAE & 50T 5220 msec HRICEFHEH OB EX i silence IR U 7z, HRIEHAIZ110
msec Bt U, HEBMERESRON, ZRICEVTHRESESBEBLTVS (2BEEHM —20
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L ‘

. —

[T
100msec

Fig. 10. The silent period preceding the upward jumping movement taken from the m. tibialis anterior
and m. gastrocnemius.

Top trace is a light signal of the simple reaction trials.

Second trace is mechanical response of upward jump. The peak of an upward deflection indicates the onset of the
jump.

Third trace is the m. gastrofnemius EMG.

Fourth trace is the m. tibialis antetior EMG.

The silent period was observed in the m. gastrocnemius.

As shown in this figure, the silence occurred prior to the beginning of phasic discharge of the gastrocnemius by
around 110 msec.

The latency of the silence was about 220 msec.

The reaction time of the vertical jump was about 750 msec.

The mean values for the frequency of the premotion silent period in the m. gastrocnemius was as follows : 62% in
the adult group, 35% in the skilled group and 20% in the un-skilled group.

TaED [7Vv] BREL, s OESEPBA%RT . upwardjump D72, KBEEHED L
x0 [7V] BREL, tREOESPBERT ). RIGKEMIZ750 msec TH - 120

2"V — TR silent period I DB % 4 5 &, skilled group T220 msec, un-skilled group T
260msec E/5 0, #ORBEOEH L, FHIKBIA2bOEEBOERERLTVS, T2, T
fi 5 silent period DHEFE T, L ORBEEL TVH0E, EOEESHHFROBHEN OEE
BREZEC LS HDTH 5,

silent period O $EHLE O IS % B RIFEANCHEHAE L 2 DA Fig. 11CH 5, 7 Vv — TR,
RO EME s 5 &, KIGHEM (RT) ¢l un-skilled group 759 2 fHE < A7V — T &
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NH% <O AZEL skilled group £ 0 3980 msec BET 2 H 5, HFEEH>IT, 4
VIOWAHEICERE (CoBABESOHEEREORGE ) 5% TOPMT ( pre-motor
time ) &2 7 v—73licA B E, B A212 msec, skilled group 380 msec , un-skilled group 420
msec DIEIKEE L, RIGEHEF—ERICH2 EVEETEZ, ERREKED L, w
skilled group @ PMT DOMEE #5430 msec IS VEHETH 5,

HEMREBEOBE Y SBBEEDCES 2 5% TDOMT (motor time ) IZ2W T, un-skilled
group 73290 msec & /2 VD FFEBBOE S PEHS NS,

silent period D HESEE ZREERIC DWW T H B &, RAT IV —T77T62%, skiled group T35%,
un-skilled group Ti320% &80, ERICB T 2 BMRISETROBEE LD S 2 ~ 3BLEERICHE
HULTWA, Thid, BBEREBICL2FRNMMBRERICLEDEEZLNS,

(msec)

1000 -

900
800 +

700 |

600
500 |-

400 +

300 |

200

100 |
0

Adult group
7] Skilled group

[::I Un-—skilled group

Fig. 11. Average values (msec) and their S. D (standard deviations) of R. T (reaction time), P. M. T (pre-
motor time), M. T (motor time) and X (latency of the onset of silent period) in the upward jump which the si-
lent period was appeared.

The significant difference between skilled and un-skilled group at 1% level ( * % ).

The significant difference between adult and child groups at 1% level in mean values of the latency of the silent
period, reaction time, premotor time and motor time were observed.

6. silent period FEHIFIC B 1T B HEGHIRENE & BHYERF O B pattern D H#L ( Fig. 12)

silent period M5 B & X 1T, HEHLEH T ORFIERE S HIEROHEBEREV EDO LD T
BHEHAZZBLTVWAE»ZHRO 2HETHRL ZEERO—FI Fig. 12TH 5,

FBEEOOHIE, WV — 7TONFEERZRYT, 2 B HE skilled group OUEfREAR D
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DFEFHREZRTLOTH Y, 4B EIL un-skilled group DHEBRETH 5, FIEICIBHRE
DHEMMPER D 5 silence DBERLABRE TH 5, T, REOEBRIL LGB REOHATZTHEY T
HBHIELT I VELTHRTE S, L, BH5%E ( muscle spindle ) 2> 5 ORIOHEA %
WA ( group Ia fiber ) DI LENY gamma EEMREOH E OFLEIC L BB DT, KBTS
JEME - HOWMEOLIERTLOTH D, ZDEHIT, skilled group I HEREBE DA EE
REEBYZ DL B ERTISNTVOBZENIDPH RS,

100msec

Fig. 12. Comparison of the tonic and phasic discharge between the skilled group and un-skilled group.

Top trace is the mechanical response of the elbow extension in the skilled group.

Second trace is surface-recorded action potentials from the triceps brachii of the skilled group.

Third trace is the mechanical response of the elbow extension in the un-skilled group.

Fourth trace is the triceps brachii EMG of the un-skilled group.

A dot mark above the top trace is a light signal of both groups.

Skilled group excelled in making the back-ground tonus of the agonist during the preparation phase and contraction
velocity of the agonist during the rapid contraction phase.

RIGEIER B 2§ 12 OEBIMEREIZ OV TS, skilled group DIREBBICERELS A SN, B
BRLORIBOAX I L L, BHEHERIEESAONTWS, 2O &, B B 2 3Rl
Wiraht: e CTEH3LIHRFEKMEEESR O neuron ( PTN ; pyramidal tract
neuron ) D4 Y7V ADREE A EFWICEMI L TVIIEEZRBLTVAERDbAS, &
NOBEROHIMEEORS &5 -> THbA, BERICLREILLETRIN TV S,

TN DS DRI, FHREERE - FAEFREAEAE DR /12,  skilled group 45 un-skilled group 12 < 5~
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TFShTBY, ZEEEOBHEAS < VICBRL TV 5 silent period DREREFBRICL TV AR
FLEbhs,

Vv % -3

AEERFICFIR U 72 silent period \IFEEBIEICEIT U CHRT 5 A T, BEERINTREEOE
SHBOBED LD LRHEECE L B> THEMPRBETADDEERELEN OIS B,
%12, EEH (agonist-muscle ) (ZREBORIE %R T silent period 754 H 15 EE UL, BHG
( antagonist-muscle ) 1% silent period WHHE T 5 &5, HFIHEZO—DTH HHENERT
Bt ( reciprocal innervation ) & X Z ORFEBEARICIL TV S, HEHEIEROEAIL, i
(facilitatory ) &% (inhibitory ) PHERMNICEEFH -2 -~V ICTEELTWE Iz, 1Lz
WEZE TS0, BHNEET 2 5HEHEHET L0 IBEES A 6N, BHER LIS FE5
WEHHBOKRIEXH S EE, BRHOHBEL A >THEINMLTL Bl EMBHONE, REEHE
WEb T, HIUERICHES 5 silent period DHRIC DWW TR, 1) BhED > DR
A VIV ADBHITEBBMEA Y SVADEAD LN ULIEE. 2) 28E (tendonorgan ) » 5D
EMEA vV AD%S. 3) Renshaw Ml (NEMECES = 2~ — 0 v OREITK LIFIE
<) »HOMEIC kB LOEORFMNHTLNTNT, 0I5, —D2ERIEVThLOM
HEDRIZEEZBDEEZOLNTLS,

FoT, MEBEICBNT, HEMEREOERNICHIET S silent period X ED EH A H =X
LIZEBEOPRBELCH I, KRB URISEER B 8D & &, BINEIUEZ T3 HE
MREBICHITLC, CThETHRL TOWIEEERESHEET AREVBEI NI &3, BF
EBITIODRLEA VWAL TEBBICEET LN, [{ohDEDA vV AHHICH
ELTWALDEEZLND,

FOFENPYELT, BREKEOKRILE, 47405 sient period I F TO WM (latency of
the onset of premotion silent period ) %#FXT &7z, Table 1 IZ/RTML, WMALFTFEHI00
msec, B/PNFERIIZ50 msec TH U, SRICHWTIL, skilled group #5180 msec, un-skilled group
205 msec & 72 O FE OB/NEFENIZT0 msec TH o 12,

WE, BALFZHICE > TRET 5 &, silent period 383 $ T D/ MEFE 1350 msec TH B,
CHIIHEEETCB VBT WVERBTH D, TO &, KRBT XA RISEIERD [ v/
ADIRERE S ERRHE» 5 S HETE S,

HHMDOBE, WE (retina ) ITE U EOEE 1L, B (optic nerve ) ZHT, B
##2X ( optic chiasma ) T—#ZX L, EKOIMUEIRE (lateral geniculate body ) IWE 5B,
Z T synapse 2 2< ¥, KNFHEBHEOREME (visual area ) 1EL, BEICAMEEMEED
FEESE (motor area ) IZH DY, I 54 v ZAIHEER ( pyramidal tract ) % 17U EE
Hil A OE B M ( « motoneuron ) IT3E L, EB##Z ( motor nerve ) % T, B O#HK ( end-plate
) IKAY, FEHCHESBMEREEZ S L, RINBESBZ2bh b, CORBTHET 2RI,
$41°)13105 msec THH & LT B, Monnier 218, KRBT 2 MEOKIS, MO RIS,
RIGEEOREBRO D 2TV, XHlED» 5B MED 4 v W ANRE IS TOREN2
BELTWS, #RIZEB &, HHBPSS5Z2 50 TH 530 msec BICHMBERCE(»B 5D,
35 msec &I LICRAIORKIESE U S & 0D, KD BB A4 /v 205K KR EEE)
ORI S RH SN D E TCORMIZT  msec THHEEREL TS, AEBRPICHEL T
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% silent period DRE F TOE/NERF D50 msec T, AMEHEESEOHER —21—a v
THETEHNWIEIES, b UNE (BB IXE->sRIOED 4 ¥ 20— T8 41
BEHICTTLUT, BROESHHSHRICEEL T, 20BBM 2B 44 L5 8 2 &M b NI,
FEMREIC AT U THEBROEAZ B T3 TH 5. L ORHEBB CERBIRIC LTI,
MR — e — BRI B & VO RO &G V- v T AR, B0 R
BO(SRERS &R, —REORE % 8 O >~ 23V 25 monosynaptic fEFEIZ £ 0,
B OEE) R B % BB X &, DU\ T polysynaptic (BRI & 0 XA OB B #EZ B0 % BB X
HERETHE) ThbH, 20O—HE LT, THROBERDITIZLVECHOTHROKBESOH
BLEHHEO TEOBENSRD 6b, COREWARKE CORBOEL Y+ v TADHKE E
PLTVBEEZOND D HBBORRERNBED SWET S EHBTE 5, B,
RERE R 250~120msec & LT WA, Lzhi->T, RERBIC L 2N TORKNIEE I,
B/NT50msec WA EILE B,

INSOEEL S, MBTRESNIA V50 2 BT OES MO BE level 2%
ASHTNELDEMERTES, L, TOEFOHT silent period WRET Z2DH,E 5 HIC
DVWCEMPSH S, bL, ZOBEENSHHETHHLETROBEBRIOWTHEHEBRSTEIZN,
1) &<HEET, YR E0ARIC &k b nER L NERIECREESVEDORT ¢ L EERTD
silent period BT LT W5, 2) B &L 2 BHNKIET, KIGERPHALF T150 msec,
PR T327msec LVRV, WHDHHERISHEIETRIFERL TOE W, 3) BIERTOHEMIEIC,
B TINLOTEBR T TIERCEEL &5 & THBHBPHEORTHFHBIIV &S 724
A=TVEH-TNBEFIHRLR TV, DLER~AEBE R, BERC L2 LUFROBEES 2L T
i, silent period EERULEWHETHHZEERBR LTINS,

LD ED B, BEETORODAL vV ANREGFINBLIENC, EuthRoE o hs, EO
FH B CHEHBOESHEMEORE level ABEIED LD 24 YV ARERLTNBE DI
DVTRETORENH 5,

KB EEBHOHREE = 2 — 0 v L, BHPUEO DD A4 VSV AERE L, FESICHEENE
WEARESERGBERZBI3ES, 20LE, HIUEO O DEEEREICETFLT (50~
80 msec ), HULHIEIC 2 BEIFHOHERE = 2 — 0 YV ICIEB A H DN S 2 & % Evarts 213
ZRVERICEBEMNERZREE T S HETIRRLCND, COIEDLHEE -1 -0 v OF
B> TIHONHENPBIE B INAIEPE LD THLAER>TNS,

FIT, COHEE 2O U HHIEO O D4 v SVA R T AFIOMEREEITEE L
to BEIOEMIREBICH 5 & &, FEMENICIZZE OBEOERL H THOMIBLRTO BHIZE
Fliz kA2, RizAREEBHONY -V ICBRTEEREBOERSITobATOELrZH LD &
ULItbDTH 5B,

J. Tanji & E. V. Evarts 213, ¥V AHOWAEERCIASOMEAEHT 5 LIBELNERS
RELTWD, THATXFNVEZEDSTIEEE U, lamp OFTT/HAY KL g [5(< ], HT] @
2EBEOEER{TEbYE, ThFNOEHETLEESE L TVHEMREORO KRR EES
Za-uYESEHNERZAVT, B——a2 -0 v ORNESHE UTHNTH S,

TR LB E, AMEEESEOMSEBMRSTVIER TR B 75 “HEH" Shik
BRICH D EZITHREEEORILERL, LrbZ0B{LoFAIETABS & LTV AEHOEE
d-»TZE>Tn, 2L, ZORKEEOENTIE, —HRIZI0~20/sec DL DHE <,
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INIEHIFEOEBZRITE 0L DI S EHLRHE (50~100/sec ) LIXBHOBDTH S
ENH, ZOEHBEDOA SN HHEEMBEOS 1, BHICHEEZE>TWVS, LEH-T
ZFOEMNO = 2 -0V ICHEEBYHORL 22T EEFEINSETH S, BEEOEMRIRED
BB T, BRESMEMIE (o motoneuron ) @ tonic 72 FHEEENIC IR » bz <
Th, FOHBIIRT AREEOELEHV I BDITHS, COEEHBEBN RTINS,
BRI 4 2 BRI OISE I, R0 EES ORI L TE RS P T, &
D&, HER 2 -0 BEEBRITORDDA ¥/ A% 55T 5 LIRTOMERIRERIZ, F
Wi AIENLTO TS 0IE->T, BEOBEIZISU LY — Yy 2#HAEBEL, #NI#EERE
Za—-uvOFEBICLY, BROESHHEMICE N, ZORBHATESE, Kb xE
BBEITORODA VUV AIEETEBREE DL »TWVD, $40L5, FHOEBHEHED
ERPHOPUDWICITEAELTVAEERICLI b LWL Ty FART, EFHFTOL®
DA VISV ABREKB - 2 -0 Y EOANELTHY, TR UDTERHE L THEET S
&I B,

FEH CHBHREBEOR S 5811, 2 h & CHFE L RFREREN—IFELT 5 & VI BRI,
B SR # MEEE ( tonic discharge ) ZHRB I H TV gamma ROE = 25, SHHEESELRLC
FHEUNEE, BHLO LNOFRL HOHEL S T, MHINTVARETH B & %2R
THOTHYD, €D EPRITE 5BBRTOA v SIVAEZITCHEET S o« ROFHE % LY
BBILTHLDOEMEBTE S, COROKIEIARREERIL, BB L2BROUEINER 0L
DEHLHDHLLTWVS,

SEURER = 2 — T v OKEEEI Evarts & Tanji 2722 OB I L VMBI TE 1, DNT,
O -0V, BEERTOAL VSN AREEHET AR, RHBESLDL VN AEE
DEIERETHTES>TVBDITOVTHEZINA 12,

Glickstein ® X R ISR OMABFEIC OV T D ED EHIICDRT NS, T8O FEREHEIC
BEREZ A TH 1 RISERE &R & - TEALRIGER E T, FIZOEIBREDOELY
H30msec BN EWNS, O EpH, RIZEEEL LEFHENETIEREZOTD LD IKEE
LTWa, 1) KINEEREEY » ARMEEESE, 2) ARMEEREHE, » KNEER, HK
HAEBRHL CAMEEEEHE, 3) ANFEREHEP OBENUT/MYE, S 5IRKEBENLT
FEEBHICETSLDTH S, EIKKISKHBEZRAES S &5 sHEEEECIE, 2) &3) O
BBPEETH S EBNTVS, STIKEVH T Hhiz, MRIZDWVTIE, Thach 3725, KK
R DOIEE) 13 Delong *V 75 Evarts ® AR O A CIEB 2508 L, ChoOMBOB»DH 5
DU, WENLHEBICHRITL CEB AT A EVHOEELHEHELPASLIIL TV S,

NSO DEREESSTXT, MEEHICETHHBEEEIC OV TV DhDREMSEIBI
TWnbd, KIMEEREH CRBOBE) — 1% — /N purkinje M — /MBI — 4R ER VL #%
— K EEBEE SR BRETHY, [ VSV ANCOREE RS LI k- CEEINB C
v, Efz, 2OHEEMNTEOATVEE, ULrL, CNTREEESHORE I E - TRLOH
DAT UL T A, Tto®), Evarts & Thach ® & 1 kB BB A4 ( association-cortex )
OEFERETRBLTVD, ChHOKE, D, BEBEIEI k288 s KISHECHEMERE I
T UHHBR ¥ 5 silent period (X FAHAEOBIR T 2HEIRR EE2 6N, ULrbEhITIE, KK
H, /M, NESESLTVWELDEHEERTES,

FHRICBI A MESHESFETERINS Z &R, BARBLEY 6 BRESICSNT, w-
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skilled group DEEOHIEESA S DI E > T B EH, HROMIN — T2 BT 5 & xH
B{TED, silent period BROKETH S &, BHRIETIXZDENF 25 msec TH U, BIRRIG
272 % E69msec &S VEBEOCHMICS 5, RICKRZ# % &, WRIGE HHEZE T skilled
group 53 <HTWNDB, Fi, BMKIES SBRRIGKES &I &7, HinT 5,
skilled group 84 msec, un-skilled group 199 msec 272 %, MRCEL 2 HIUGERREISEEEE b
RISAIC E2EILEFEAEHHNT, skilled group 230 msec (Bf) &234 msec (BR), un-
skilled group T13275 msec &280 msec TH B, CDZ EMHBIRRIGIC L7122 &T, £0EL
OEEZELTVE01E, MRROEEFMICHRL TS50 LHIT 5, O L3R E
BEMOBRTY, BHEOAGEEAL, WTFNRAOKNBSH 2 HET 50 %2 M 5 DI ANK
HEE AT (association cortex ) TEUNLKHTH 2 EHEET 5,

silent period ODHHBEEE 2 BIRRIETH S &, WIhO S NV— T THEIML TV S, skilled
group T 4 %, un-skilled group T2 %, BMAZLTFT T T %DHEMTH 5, BHRICHET LD X
MEEESTOBSFROVBRRICET TEWEASZ 5N, UL, Z0EREINV-T&
bFEIICERE B o 12,

ShIROTE L B FS & BIRRGTHE T % &, un-skilled group 75BN T & 0 B VR
BELTWN5 & FRFIC silent period BROEEILBWTHEERTH L0 E, WAIKBFSE A v /8
W ARED B < n EHFIBEO KRBTSR TS B, '

oz, X silent period & 1%, —{UIROKIGEIER 5 3 72 OB RESBGRT 5 & &
2, RIGEMER B 3700 &5 ICHR U 7o IR O @812 & BB RIE ( silent period ) 3
HRTHHRTH 5, BHEL—QRORISEEE2B 3 & 217, BECEERS T 2@
(Bt (facilitatory ) D4 Y /SVAEXRB T TH L, B OREE I &M ( inhibitory )
DA V73V AZERBRICE > TV 5,

silent period SEFEOREED 5 & 5 &, KISEBEZ B 2 320 OB KRB ICAT LT, SRIEIZ,
& EFITIEMBIE & &1 silent period DRSS A LD HNB 2 &3, EESEZBITHDAL ¥
PNV AR E@HICBET B0, MFEOA VAP BERIA- -0V ZEELTVALO
CHEEIND, LA - TRHAFEICH 50 % B){EAT silent period &, —BOFREIRETH S &
Ex oMb, HAUKOMEIRSICER Ui 0iz, HEIMH ( reciprocal-inhibitation )* 433 1 &
n3d, LirL, JORZTILESHFEFEHHOESMEREORE &R ICERNS, 7o
FEH (FR5) CEREN, € OBIFHICTHEBERENEC 5D TC—BOFMNS ( spinal
reflex) EWVWbNh3H0DTH 5B,

UL, REBRTE SNSRI silent period 1, % O silence FH O EHANSE BN T @ O
BMREAIETLTVA S &, WRIRERGICHEEMERES A s n s & 0EdED 5B IEH
KEBL0THANEHET S,

ZOEp, ~EEORIGEEE B koo & &, HABORE T 2HEICEHLIZLOELT,
RRMERE ( cross education ) & A ES) ( associated movement ) 25H %, HIE DX MR
B, —WoFCcHr2rBFeFrBEsE2L, TOPRPMBBICHER (transfer ) $5 L0105
LEDTH B, FOXRITE I traning HTELV, EWTHNE M-V 958, FL—
VTR LUBVWEROHIPET . HENKRECLEMEOThE VAR LRELIRHHNS
EPB, A VIVABRAILERL, ChADBHOMILII 2N EEZLNT NS, ZOKRF
i, EHEOXKBERE T O TV AHEHRERERTH 5 MR ( corpus callsom ) OEZICLS
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bOTHHY, WEEHETHHE, FTENNCEHOLESTL LA, FHOEHET I
SHEESN, BDEICEU TR ZE > CROHIEROES 2 M 2 BB Ic L EL NS,
Z 2 TIRERTF OIS L 1B AR - 1 — 0 Y A BB ®, KHROHIZA VY32
WRELNDZEIB Y, ThiE—BOPIREEEER TS5,

HEER I, YROEBAD S NIE, KAMEEESLHTOBEICA SN S8E6EH ( mirror-
movement )" TH ¥, ZORRII—WEOESICE b 5o T A RIRICE UEE) % 75>
EVSBDTH B, COFREEIL, HERROIFBEI LD dIC— I OREEEEL
iR sz bDEELOND, HUBOESICHERL HIREEE» 5 &, Z0EHO
BHEIBBLLTVWED, X A=XLepB0RIILTVWE, ChODHRSEAHBLTHDE X,
AEBRICHE U oA O HFIREZ OB Itz > TL B,

SR D silent period DHBURE % # 5 &, Fl&FO LR MBS 5 A 2WHEIRIC SIS H
HEAELR TV EMPBETE I, Z V=78, MEFOMBTHERNEFICHRT 2HAE A5
&, BA (52%) > skilled (38%) > un-skilled (16%) DWEE 720, BEOTIHEE BEOEIED
Bwvohb,

CCOBZE, FEFECHESELTO & XICE, FEHREICEBNICIEDEEZRIFTHOT
HY, COEEF, PREZORERLMFRLPEGEHNHO TSI LEZLDOTHDOTH-
TEVEDOWHFME ( co-ordination ) DT <N TNBIEERETELDTH S,

HEEEOHERBIC DOV T HRITEHEOHEME & IEENSE A2 EMICH 0 (AL 7500
HifR, SR TOEPERS), FAHFOFRE OBEER LRI LOLMERIND, £, HEHEE
OEFRZEP LREFOHEDCEEIILREEBbN 5,

HHEMNEZ &> HBEETHOERTT 51201013, FOBEICHEESBEAIC2 gD 4
VINWVAERY, RRELEGHBAIZL YNV AEESRWE NS EEENEES LT T, b
V= v SRTHDBEIE, BESIHOMRIEEE L -TL 5,

EER 5N, FY2ICT SN0 DY BREE RBOMANEL T <A TN, HERO
BEOREIZ, FELHICIERSRENALNLD, BRETTOVEXITIZIZEAENETSE
VI, EBHEBELCDLEEEAL UV TELVOHEPE->TVAIEERELTVS, &< PL—
v 7EnBEECR, FE B BOHBELEHRCHETEZ2L0WS2ETHD, 2D E
i, TIERROEBEMHES S EL B LLVTVBEIETHY, BIEE IESRBMOR
PODFEBITT SN TNA I LI b0, HEAKOMEIKEE2EZ25 &%, HEBOEEN
BEOHFEL FaEE2T< N5,

v bW BTBHESD, #EABROTE~80% IEMOMETEY LT RGHONRE TE
U, B020~25% ZRMOBRE - 3FIRE TRIsEEZx TS, oz &, —f
BOBER B 25 & ERBERORIOAHHEEST 50T BAMORMERLBES LT
WBIEERLTWVS, MELSPNE, FVICBT 205285 L, WHEOBECHEYT 5k
B0 y0urT0%SRMOEECHRLTEY, shTh, lEFEI>EHICHT S 2 —
UYIEMolzE NS, F12 Goldring 13, © b cid#25% SREB OB/ECBEME A H 5 & 8
ELTWA,

INFTHRART & 72 EREICH T 5 silent period 12N %, FEEHCHE T 5 silent period 12> WV
TRETHE, CORBEORBIERE ERICBIZ L0 LEBEOEASRLTVS, ERICH
NCORBROENE, TERHEI TCOMBREERBMOZRIZL2bDOEHMHLTWVWS, skiled
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group & un-skilled group & O BT, silent period D EEE K O RIS E T 13H B DZE T skilled
group ¥ <h, LREOBALE—EHRAZRLTNS,

HHREOREICOWT Y 53584, skiled group DIER L, U2 P2ALMEREBED &
OBKEBRS 1T b Ac LR TR LTV A 2 & 3HIEOTEED L X ZRLT VS,

silent period DREHHEIC >V T, ERIKBIBBELVEELEI VT T2~ 3FE-
TW5, Thid, UeAdAsEHEARBOSFENEHRERICEBELTVASLEERS,

FEEHAOBBIEETH & 2 OURREE % & HE1213 gamma RATEELT 5 2 LI k0,
BAFEORESEED, ThIEOROED A ¥/ O 208N UBEEIC B 2 BB A5
AL U, BUED 12O alpha RARIEL 3 h T 2%, Lo UREN 2B 2 B% T 5B
OEEN (neurogram ) 1iE, 4 ¥/ SV AOREHAE OB HHE D BATNES),

2 OEEI, HESHEEEICA >N 2FEREIGE & 0 SEFEEIEOSEICEEIALN S,
DT END, HRENHES U EE AR OREEINED A S RENNEO N BEEHEEEL VS
YEBI O silent period DHEBRBE L B> THONTE TS,

IhETEELIZLSIZ, BHERN silent period 13T X TOFTIKRERIT B HDOTHEHL N, €2
TIOBRED A D = X LBHO—B1ET 5120, HREOBHEEBHIZOVWTHRELTHT,

HBEEREAMHE LT, BEREROHBESVDETH S, COLEREHEORBEIERL TL
5%, BramE L TREOL, HHEBOHENZIERT 5L, skiled group PHOB LV L ED
BT LTy bu—NT&E 17, un-skilled group TIZ, ThoOHEHF VL L OHELSKBEOR
LBV HEICEEE ST r—AbH o1, COFWHPTHAIITEB A= AL, BEICEK
ORI EEENED DR L 124 VOV A, SRR, SRR 2 R CEOESHEMRIEL,
gamma EH = 2 — 0 Y OERICL - T, BAHBREOREZEYD, RO ¥ /v A
ey, B ETUTCapha BB - 2 — 0 Y AFH I EHIEEZBI L TVA I EITHEKL T
NWALDTHD, COBEOHTEEE DL BDIT skilled group iE 3 <NTHY, EFERTDOA v
NRVARIGETEHEBIIHEHENVR D,

IO EE, KINEEESHEOMKE - 2 -0 VIt VSV ADRKOERESHH L E,
EWRL, ChPABIORESI L2 ->THobNTE T WS, BEFOMEIEMRE, EFOBRIC
R o BB SRS S L < 80~100/ sec IZET B, —ITREIR /2 EB) T1X20~50/ sec D T &A%
Z2NEVH, HILE S, TERKEERZTHEXITHARE -2 —T Y P oD 4 VSV AN
ZL<BILTVS,

v OEEBFICIS T AEE EOEM 5, EBOREMRBORICHE - TER BIHEENE
AR EINS LR E<HbhTNEY, COMBHIEICETT ANEBMOELIE, BED
HELEEOEPRIIL-THEINDILDTH S, O & BHED b HERBE DA OB
EDEHIBHLOTHELEWMMTES,

=Etd) - b g S ER s EfETE, EEIBIIAAT802 msec, AEMRSEE) T IXBIMERTT, 306 msec 1T
BANALNIZEVD, TOHKE, - D UEEBETRTERPVEEL VBN L<HEah
REEETDRINEE S NIY, B hLFRTOEHEENBREIC LD ERZRTHOT
B0, FERCAESEBESBRLEES T, BEESECHTAHIREBORLSZEEREL
TNd, RERTELNTEEHH O silent period i&, EHFHOHR LGS ICIHAL T EH T
TEDE X DAHBRT HAERICH -2 &1, MNOHERE=- 1 -0 v OEHFRROHEIC LS D
DEBbNB, skiled group DRHNTORBREORF /2 2 EBHREBEORME, SHETE 5,
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OB, BEEEZMBINTS O OMAOERITENRIL THWAD T NDE D hHs
2%, Plbdz &5, skilled group & un-skilled group DEENZEIC DV TIE, KBS T
FIRERFICB Y 2 BEROHEBICEBERUTELLLDTH 5 EHET S,

vV = #

TR VNS OMEEE S BBEELT-> LBOBHBER 250& L, MEHIECKTLTES
BICRELT 5HREOKRIE (silent period ) OEBEENDORS 24 (63%E) %0, HEE
OEEZELALNSL, FEULT (BHZE) CHBREAZ<DATHI, 2OKR, >X¥Dl &
WS IZIs o7z, silent period DHBHEEN BV IE CHBEESEOHI LBEVEESH LD &
WRITHIEVTEDLEBICROZESHELPIZE -T2,

1) BFRIGT BB O—flIic 2 51 5 silent period 13, skilled group ©15%, un-skilled

group T10%, WAL FTIH23%TH -1,

2) BREIG T LB O—fIB I % 51 5 silent period &, skilled group ©19%, un-skilled
group T12%, WMAZFII0% TH -7z, HBEHEE L, AMESHIBS T 2RRRIGICH
WT, BERER L OBWERSS b,

3)VEMER B LI —(IBOMBIEENSBRT A& X, BE2 LV LS ICHER L -l (7
Z8) ILb silent period SHE L 17,

4) BB O 515 silent period 1%, Fl&FD EEBESEOH SR ICHEL D
TWEMICSH B, skilled group T, FEFOMBETI8Y%, M XFOMBET24%, un-
skilled group Ti&, RIEFOMETI6%, FFE2FOMBTUSTH >,

5) EEAMICHKEBENEZIT o2& & THHICHKE T 5 silent period 1&, skilled group ¢35%,
un-skilled group T20%, BMAZFT62% TH -1, LIKITHE T 2 BHRKGRITOEE IZ A
K2~ 3BOEETHREL I

6) WEMEBFICBI 2 THHOHRBRELENICIES &0, HREBECEPEDLHNT
f1Z silent period WHEIR LB WHERICH > 72, 2 h & OE@ESRM < 0 A5 skilled group 745
un-skilled group £ D H 4 <N Tz,

7) RIGHK & silent period HELE ORI I EBOBEEMNAZ O LV, SR TCIIEBMKET
327 msec ~775 msec, BHUKIS 517 msec ~965 msec IZBRE L T silent period 25 HE T 5,

8 ) BIEICSEITY B silent period DFEEIHEAS 13 alpha-gamma linkage TITH N TV 2 EBHYREGEIR
K&/ & alpha BENWREE 2 G OB A ETEBIZA O N MEROT VI BEFr ks < BE
LTWabOEHERINS,

BREEE IR s RESUNELE SN A/NHAEEFEE (fine motor skill ) &, £, B,
BF 2202 E8 YT 5N 5 KEGPEERAE (gross motor skill ) 2B B, L1za-
‘T Physical Movement 125 1F % skill 12, KERD O SDEBFOHEEI L->THFbATWEE 2
HOmHTHEMLEETH DL VA D, 58, WEOBEEIC DV TESE 2 HRITHEAITIZ
DOLEHZBRL TN 5,

BIRICEKRNER IS ) SESZEN 2 ETR T s> 2 EERERERE v v ¥ — SRR ICR
BMLET,
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