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ELECTROMYOGRAPHIC PATTERNS DURING KENDO STRIKES AND
UPPER LIMB REACTION TIME IN RESPONSE TO LIGHT SIGNAL

Kengo YOTANI**, Hiroyuki TAMAKI*?, Futoshi OGITA*?,
Hikari KIRIMOTO*? Koji KITADA**, Hiroaki TAKEKURA*?

Abstract

We examined muscle activity patterns in the upper limbs during Kendo strikes using electromyographic
(EMG) reaction time.

Fourteen males (mean age, 21.7+1.0 years; height, 169.7+7.0 cm; weight, 67.5+7.2 kg; 7 kendo athletes
and 7 non-kendo athletes) were asked to perform Kendo strikes in response to visual stimulation from a
flashing light signal. The strikes, Hiki-Men (HM) to the frontal region of head and Hiki-kote (HK) to the
right wrist, were performed as quickly as possible with a bamboo sword (Shinai), using the upper limbs.
The EMG signals from the right (R) and left (L) biceps brachii, the R and L triceps brachii, and the R flexor
carpi ulnaris muscles were recorded along with the elbow joint angle and hitting shock signals. Muscle
activity patterns, total task time (TTT), pre-motor time (PMT), motor time (MT), and action time (AT) were
also measured. Results were as follows:

1) No significant difference was observed between kendo and non-kendo athletes for TTT, PMT, MT and
AT in HM and HK tasks.

2) Kendo athletes altered the timing of the recruitment of muscle in accordance with the different striking
tasks, i.e., HM and HK tasks.

3) Non-kendo athletes altered the average EMG amplitude in accordance with the different striking tasks.

These results suggest that there is no difference in time factor on neuromuscular function for HM and
HK tasks between kendo and non-kendo athletes. However, differences were observed in muscle activity;
kendo athletes displayed timing-dependent modulation of muscle activity, while non-kendo athletes
displayed activity level-dependent modulation of muscle activity.

Key words: electromyogram, reaction time, muscle activity pattern, kendo
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time) & ORI/ TRMIiT2 Z & - TE | T
2R R & [FET 5 2 & CRAMLEB OGN H /T
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67.5¢7.2kg) & L, 2D 9 bALEZHXT 55 1%
ARNEFHE: 13.6£2.4 )0 7 4, B L ORLER
BROIRNF (B BB, S L—R— b (R
b, BPERSE: JERNEBIRER)O T4 L L, ALE
BEETHIRLE 3 Sl ETh o7, . WERE
TTRTHAIZTH Y, AIFEO B IE L OER
ERNAZHA LTtk ERSNORE L5,
KON EIT~L Y R ESICHESE, BREAE
BRFEmEREE 25y L T S 7z,
MNEZ A U T=RITE DT HIAZHBITIE, ATEEE &
A5 T BAEE A 2 9 2 7 i (N JE EH(TA-513G,
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& UL B ITHT HIA B O RITEEES (T D EBAL) F6 &
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SR Z AN HR DR Y FRATTIE R 9
1m20cm, FE S 5100) CHIEEMEZIT 72, HM K&
O HK OFEERONEFILT o # LMEREL, &
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51.0+12.1% ., # L X/ 33.0+06bB ., B 5 &
298.3£22.2Lux TH V| FREOWIALBREZ T
RTOFERRZFE LTz,

I-B. fHEXDEHE

RIEDFTREIEICB N T BICE R L72BE, £
A5 0> b —HAR & b = BRSO R KA TE B 20 B2
2725, TOId, RIEBRTIIAAA L 5

(L-BB, R-BB), EXEJ:H?@EEE%(L-TB R-TB)! :ﬁu%_\

I OFH T D A O A RAFAR
(me®%%@¢%:7)7/7ﬁﬁﬁﬁﬁ%
X, RAEME AT L0 FTEREEA TR O
HCETRE &2 Fidk L7e, SEARIZIZERB D NT LR
—&EHR(DE-2.1, Delsys, USA; X 10mm E £ 1mm,
AR FREE lom) 2 U, RS HEETZ Hk 2 7207
INS KT DT DI BB E E AT O JE D ORE % B
v, HEEHOx=Y ) — )L THE LT, 7 — AEM
VRO e PR RO B BB, AR
MFLERIZ IV T, ITHEOBER L O T WL ED
A RXPIRBALRNDNDNE T =4 — LORERAK L
TS LIEBRA B L7z, BN SN-ERUE 51X

B FE gk > A T L (Bagnoli-8 EMG System, Delsys,

USA) % i L CF — &v:%&momﬂ1am
Japan)lZfR1F &4, F72. A/D BH#igs% L C PC
(ZH 7Y 7 EH1000Hz THUY A im/&ﬂ
FoR AT 7 b (Chart5.4, ADInstruments #E8) %
WCIRIT 24T o 72,
I-C. v74#HE
FIJERE AT
FAN T 26 O#ERFT %2 © 7 A4 B A Z (NV-DJIL00,
Panasonic, Japan) CH#i L7, 15 D7z mfgns Haf
EEATRIO BB AE L E=F— L, &7
IZIRBWTREC BRI A A —E 272 D K D ek
(I, SEBRBAAREITIS 13 0] 22 R PR D 2% % 1)

AT O LT B EEIZE B LT,

(Z—HBELE

TL—TarE{Tol,
I-D. 7—& 5T R OHREEHLE

JEHIBRS RUTFEIEE D XA v FAEFITE D,
i TR B ARIRE AL XA 5 DR H B DfE 52 L 0 |
BB AAR RIX = L7 brd=F A —H D
FlC k0| FIRERER RUITIT LA BITRE S
MR R b O EME FIT LD 2 Eh
FE S e, BB A I AL 0 FHIIZ 13 DiFabio™
DFFEIESNCENE L=, &ihikER B %22k
# it (time constant: 0.05s) L, KIZ Ll > 77 F L3
AL TH D TR 50ms OFFAE V7Y 7L,
PIE & AR (R 22 (SD) & R D & 2 OB ERTELHE(H
& L7, £ LTZ DAEHEE H+3SD DR L~1

WIE L, ED L)L % 25 R A Mz 72 &
SAEEINE U L LT, ARiEEh A R R &
HIRr S Nz 5E . S HIC+3SD BRSNS R Y |
+1.5SD [fii L~ L&z 7z L X ORI A K LT
R B AR AL & Lo, & O R B AR AL 2

(2, B OTEB S MIAT & R 7=,

SR BHARIE 570> D FT 5217 B8 AL IRf i3 T DIy
ffl % HM L OV HK T 361 2 #7221 7 IR¢ i (Total
task time: TTT) & L CRHMI L7z, F£72. ZOREZE
1T D 5 B SRR AR AL~ B i TS B 23
2 F ToOREfE % Pre-motor time (PMT), k&
BARIRE AR B S B MR L AR 5 F TR %
Motor time (MT)., JiBE SR BHABIE 50 & FT 241
BB RF R E T O IRE [ & FT 22 8h /E 157 [#] (Action
time: AT) & 3 DIZX4y L=,

T, BMITBT 2 HEREE ERlbT 57
HIZ, MT R OYAT #2381 % i B X O ¥ RIE

(mean EMG: m EMG) % &I L 7=, #7243 10 [A]
DFHAT — ZIZHOWT, RIEBEERE, FERLED
BRI QN BB O I & AR HE(R 22 2 R
Lz, BHENTT—% 25, B EERD
ZEFSCRTERBR OA BIZ OV TLHBARFT L 72,

2 B OSE O ZE DI EIZ I T, RE B
BE & FERNEFEH A BED IR IZ D W TR IS D 720
tIREZ, HM & HK OENERRA DO 2R D iz >
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WIS D& 5 t BEZIT > 770
HKig & L7z,

BEKUEIT 5%

M. &R

IM-A. FHIEBBRARIER

HM & O HK (2875 TTT I NZ PMT, MT,
AT (22 T RPBRE O Al N IR R 2= %
Table 11Z/R L7z, HM & HKIZEIT 5 #7p - - H)
TEOHIE T TTT & ATIZBW T HK O RZEN
ZHUKI 38ms, £ 28ms & A EIZ(P<0.01)E <, PMT
WNZ MT IZBWTIABERETRD bR h-o
7o RNEBEE BE & FERIE BT BE O RIE R O
A XD TIE, TTT, PMT, MT Y ONC AT

DNTHIZBWTHHERETIR LN 2T,
Z 2T, RIEBEERE L IERLEF I ERICB T D
B FT IR IR TR DA OIE BB ARIEF % Fig. 1
R LTz, FERNEBEFE L HM OV HK W
NOBEHEIZIB W T H 2 k72 < | R OTEE)BRLANIA
Fraem LTe oISkt L, fRE SR SRS B (AR
KOEBEWNZ Lo TEFRAET 2 2 EBBIESN
7.

M-B. #7JID[EER & 1EDIZ B0 2 TG B B sA R
FEOIT MBI N T, ATFOML AT
D5 & ORI 72 VRN I a5 5 2 J5 1)~ {8
<o & Z T, HM OV HK (28T D77 T olaliiz 5

Table 1 5| ZHE(HM)I L OB Z/NFEHK)IZEBIT 23 EZETRER(TTT), Pre-motor time (PMT). Motor time
(MT). Action time (AT)D thifge, W ONZRLERRBROA D iz, HM vs HK, * P<0.05, ** P<0.01

TTT (ms) PMT (ms) MT (ms) AT (ms)
All subjects HM 320.9+37.3 159.1+29.9 66.3+13.4 95.5+21.0
(n=14) HK 358.9+50.6** 159.74£39.9 75.5+19.1 123.6+24.6**
Kendo athlete HM 324.1+48.6 165.1+34.5 63.4+18.0 95.6+25.3
(n=7) HK 359.8+65.0* 160.8+46.0 82.6+20.4** 116.3+29.8**
Non-kendo athlete HM 317.6+25.1 153.1+25.8 69.116.7 95.4+17.7
(n=7) HK 358.0+36.2** 158.6+36.4 68.4+15.9 130.9+£17.3**

Non-kendo athletes

& HK1-5 p FcyA

Kendo athletes
R-TB1
L-BB-

L-TB-
R-BB -

150 200 250 300

Onset time of EMG burst (ms)

R-TB -
L-BB{ 20A2 —O—HM1-5
R-FCU -
L-TB-
R-BB - 3O A5
150 200 250 300 350
Figure 1
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—a— Kendo athletes —&— Kendo athletes
eO-- --0-- Non-kendo athl
§ 90 o~ ~O - Non-kendo athletes ] o 50 - O-- Non-kendo athletes
S S )
E 70 A L 1',;40 i*
= ** S E£130 A el
S 50 - T o=
B0l O e
=] i __--> 0
s 30 & %210 -
8 c
5 10 © 0
HM HK HM HK
Figure 2 P 7)o [alds 75 [ 2@ < 45 b = B A Figure 3 5l & HI(HM) &K 5] & /N FHK)ICEIT D
(R-TB) & /& kg —BE (L-BB) & DG EhBA AR HFR i B —EEAR(R-BB) OIEFENBALARER]. HM vs HK,
7% HM vs HK, * P<0.05 * P<0.05
B HM O HK
A B
Kendo athletes Kendo athletes
800 - 800 1 N.S.
N.S. N.S.
600 A 600 A
<)
> S
400 - 400 1
3 3 N.S.
o 200 A 200 A
l9 g t
S 0 - S 0 -
o R-TB L-BB < R-TB L-BB
= =
= <
c Non-kendo athletes c Non-kendo athletes
Q 8007 % *%x Q1200 -
2 *
1000 A
L 600 - L
= S 800 A N.S.
400 - 600 A
400 -
200 1
200 1
0 - 0 -
R-TB L-BB R-TB L-BB

Motor time (MT)(A)K O* Action time (AT)(B)HifHlIZ351F 245 i =55 (R-TB) & 4= L — A%
HM vs HK, * P<0.05, ** P<0.01

Figure 4
(L-BB)D 5] X [EI(HM) & 5] & /NF(HK) & DA%,
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® HM O HK

Kendo athletes
1200 -

- N.S.
<1000 -
=2 500 A
O 600 -
=
I 400 -
€ o0 4 NS
o |
L-TB R-BB

Non-Kendo athletes

1200 1
S 1000 A N.3,
=2 800 A
O 600 1
>
L 400 1
e J
200 NS,
- [ —]
L-TB R-BB

Figure 5 171 % 1k % J5 1~ < 45 i 81/ (R-BB) & OV/E i =B ) (L-TB) O ) 751X - B HiR i (m

EMG) D 5| & [H(HM) & 51 & /NF(HK) & D ELig.

(B < A5 b = EEAR & A5 b R O TE B B A
MO 7Ex R LT (Fig. 2), RIEFHHERER L OIE
REFEEFREL BIC, A BB =B T |
foi —BEALNEEIBH AR L. & ORI ZEIL HM Tl
PEBRFERE L B 27.0ms TH Y . HK TIHEANEH L
FHEDS 59.2ms, FERE B FEN 30.7ms &, RIE
BHREHICBOTIEHM O L & L0 b HK A E
IZ(P<0.05)E< 72 o 7=,

Fo, FTRERNIT ) & 1 D < 4 -
fot —BEA O FHIEEIBRIG D X A I v 7OV THRE
L7-(Fig. 3), FTZSME I iA AL (0)E L, £ D
ELRTIZ B AR S 40 2 Al CREIE B O IR 2 3 L 72,
FEREFE A E TIZ HM K OVHK & B IS FT 22 Al
D#) 30ms THvdE 2 Blis$ 5 DITxt L, RLEB A
BETIX, HM OFA 15ms T, HK O4 35ms T
WENZBMAL TRV, HM L0 & HK BAFEIC
(P<0.05) - < y&#E) L 7=,

M-C. #7)oEEs & IEbIZEb 3 HEEE

Vi T [E1E 5 A8 < A5 b = BE A K OV R
TEERG O ETEENCR LT, BifERER O
LB EBIZ OV THRET L= (Fig. 4A, B), A Epi—
E & A5 b T EEA 0 MT R0 o /5 i BiE 8 T,
REFHERICB W ORI ER(mM EMG)IZA &
TR b ofohy, FERNEFHEFRECIXA

i =FEA & A2 BB T HM X0 b HM D &
X OF WA EIC(ChH B =885 P<0.05, £ Efi
SRR P<0.01) K & 72 % 7~ L7z (Fig. 4A), £7=. AT
HIFCORNEBHERECB VT, mMEMG ICAER
TR G, FERIE R B I B EEA
2B W THE R (P<0.05) 273 i b 7= (Fig. 4B), —
J5 . FTZRERNCAT )0 1k ¥ J5 1~ < 22 LJgs =58
5 & 45 Bl HE O m EMG I29oW T, HM & HK
IRp 2 LLIE U 7223, RIE SR RIS K OERIIE B4
FREE BITA R R ZT R 57205 7= (Fig. 5).

V. &%
IV-A. RIEBEERE L FRERRERCRITOH
DIEEBRABIE

HM <° HK & W\ o 72 7 2 8ERRN T O & O
TEENBAARIEFFIZ 5N T, RINE BB e & FERIE
BB CIRR R S T TEEBRAGIE T 2R Lz, FE
FNEFEAEFEL HM TH HK T AilEBIIEF 232
b3, AT VvFHATpNNF— R LT, —
T, RLEBEERIIERNE R L SRR DM
EEBBIEFTH Y . P oEERROEVIC L -
TIEENBRAANEF 3 28 b LTz,

INFETOMERE HWZHFIEICBN T, &5
E57 SEINSSIDRGY ks &< el 57 ks 221 A LU QI EA AN
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p PBMIIO iz T, REOFERE Y BHEICE
A RO TR IR O LG ZEOFZE TlE., #E
AIRF BV TR Y — U CERRRD BT
W5 B 2oz LITRMICHT D RER A EE
L—= U 0T K o TR0 5% O s 23 SO LT
LZbDEEZLND,

> T, AWFFEOREB BT R SN 5T
RAURAFEO BITE B BR A5/ & — > D 2L, 717]
ZRWIZITEBEICB VT, A B2 EB Bk
KB EEIN TS L0 LHEERI N, Tty
ek B E N E (R & F R OIER & F) E @Y
BEEEL->TVWA LD E bz, Zhb ok
RIS E HEMEOZFEA B M & o 728 2
PEA2KBRICHMRET 25 Z THOEERFE THA
5 &bz,
IV-B. $TZERREZRA TR & £ DORARLER
AKHFFRICIH T B4 TTT NS Z O e 3%
(PMT, MT, AT)IZBW\C, RIEBHFHRE L FERIE
B L OMICITAEREZTR N ) o T,
TOZ EIE, ABSEICBIT D HBRF ISV TS
ERRBR DA B2 BILR 72 < . BRI K D BUSKE
B 5 - B K YED R FE CTh o 72 2 &7
Hfg S b, flE & 2T OFEEIZL D PMT,MT,
RT Z bl L72WFZE Tld, 2N OICAEREITRS
T AR OIERRSE & i3 2 LW &
WESHLTWD ¥ ZhigsiEicsITs FL—=
YR BT, HEHINCHE R VRS, WO %
HERERINDN) AT 4y VBB hL—=
7 FERNT K 2D BRI ELAE ~ D #h R D E M %
g% WO My L Bbns, £2, AERTO
AR (132 B 2 O T2 R A o B R
TIERL, RS L REETH D | -
BEREDRFMZERZ LV KR LT WERIETH -7
b EWD, REFEE B N IERIE BB B
WCENRRONRh-TmbDEEZLND,

> T, AFFEICIIT 54 TTT BALERRO A
IO TEETHY , D OFTEBIERFOFHTED

HRUCHB T 2 RNERROAEIC L 5 28E, Ok
IRF R D 2 | 2 B 9~ 2 Aif- A B RE K HE D IE T &
5HOTIHRL, FLEDOFREIELZ H 2 RKE L T
T2 LI KD TR B R OFEitRE
ERBTH5H0DE L TELETELD,

IV-C. 77 J) D EIERIE ONT 1k 8 5 F i@ < Hissh
1

— RN, RITE B TITE RN T o I o aldEE
(B8 & 1k O (M 1) & FTZRIRFIC L BE & T~ 2 D SRR
Thy ., BVIRINDFTEEEEZ L HWICT 5
EOOERERFHHEATHS B, £, b
REBEA I D T2 O B ARIRBL A3 58 < Sk
LTWHHDEEZ B, ZHE TIEmIZEICH
T HBFETCIE, REEBEE & IRNEBHFE O
WCBW T CIHEREAN R 5> Tno Z &2
WESNTVD N2 Febh | BRI L
STRHEDIEINRY—E2HTHHDOLE LTER
bihvd,
AFFEIZEBN T HM B L O HK BT 2150]0
(BRI ONZ 1k D 7 AN A8) < 1 OIS BER(Fig. 2, 3,
4,5)%1@% L T REMBRICOWTRETT 5 &
Fig. 2, 3 (Z/R SN T ORI ONZ (k2B
HIEH(Z A 2 v 7)) Tl fREBH A BB R
DFEWECTH A I I NELT HDITH L,
HRLEFHETECIIEBN R O RnoT, e,
Z OBEOBFEEERIC T 2 IS B R 2 Rt
LizOfhEXE ERL LT A, Fig 4 IR
72 X DI TIOEERIZ BT, RIE AR TIX
FEIEMTO m EMG IZHBERZETR bR
T’ FERNE BB BE CIATEBEOE NG T
TmMEMG BN EIZE{L LTz, o T, MJloalx
J QMR8 2 B < foTEEEIC BT, #l
EHRBEERIEE L CURBIEM(Y A I ) ek
LS TERLFTERBERNUTHISE L TV D DI
st U C(RFRIFREITY), JERNE B TIEF L LT
I B e A 28k & TS D FT R B ERR U R
LCWAIRBEFAEGE) L O LRI, Zh b
TMEVIRL b L—=0 7 &5 TR ER A
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WG Z AT LT iR O FHEIHEREIC X D iE W & OBk
LTWa oL Ebhi,

ZOEBREKIT, HENICSEE N —=0 7%
Fhi L TV DAL HRITHE LD THY |
Ltk RIGHEE(—f% A\ Sedentary) % & & 7= FLEIZ N
Z\ REBEAZ 31T 2 BRI (BN OBV V) DR
FHZ K> TH LN 2 ISR b 721 D,

V. R¥E

ABFFETIXRLED HM O HK BifE%E VW
TR DG HFEHET £ TOHR TTT ZHiEX
DFCER GBS L, RLEB R RE & IERNE B
BED SRR R IE QNS BB o TR B & Ll i it
L7,

HM & OV HK fTZEENEIZ 38\ C | iR L D b
OIS TTT W ONTIRF I ZE R (PMT. MT, AT)IZ 2
A GIT. BEICANY RT 4 v 7 725dE) b L
—=U 7% FE L TV DB FRAIK L TARIFR
BT B R > v 7V R BN RRRE Tl E D e
ZEBHBMNE RS T, — 05 WTEEIBRLAIET X
TR ERE TR . AT LA X A T OIRE R
BB RE LT, RNE R B Ol 4T A E)
RIS C T T 20N A bNT, Fi-, FikE
EEFIZ I 1T D47 T D EHANE DN 1R 8 2 7 1A fl
< HEEARNTIT. REHIFR TR O RIEBEEE BRI
xtLC, IREEREIA O JERIEBLE A BE & O
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