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Abstract

Purpose: Karate is an open and high-intensity intermittent exercise. The official tournaments
arrange each athlete who need to compete multiple matches in a single day. However, no any
previous studies are investigated whether the multiple matches of Karate competition would
induce accumulative muscle damage and fatigue, further affect performance. Therefore, the
present study examined the above research question. Methods: Eight collegiate elite female
karate athletes recruited in the study. Each athlete experienced 4 consecutive stimulated karate
matches (10-min rest between matches). All matches were recorded and each athlete’s
physiological parameters [heart rate (HR), blood lactate concentrations (LA), rating of
perception (RPE)] was measured before, during or immediately and 1.5 h after each match.
Also their technical performance was analyzed (e.g., number of attacks) during each match.
Muscle damage [e.g., muscle strength, muscle soreness, countermovement jump (CMJ)] and
performance/fitness [e.g., specific karate agility test (SKAT), Wingate anaerobic test]
parameters were measured before, 1.5, 24, 48 and 72 h after the last matches. Each parameter
was analyzed by a one-way Analysis of variance (ANOVA). Result: (1) the maximum HR
(192.6-196.9bpm), LA (10.8-14.9 mmmol/L) and RPE (14.2-16.1 A.U.) were significantly
changed during 4 stimulated matches compared to baseline (67.9bpm, 1.9mmmol/L, 9.1A.U.);
(2) Changes in muscle damage (e.g., lowest strength: elbow flexor: -11.3+13.1%, knee
extensor: -17.5£19.3%, knee flexor: -14.3+23.4%; lowest CMJ height: -9.6+18.2%) and

performance parameters [(e.g., specific karate agility test (SKAT) time: +6.9+5.3%; Wingate

iv



average power—6.5+10.7%) were significantly (p<.05) changed following the last karate
match compared to baseline. Muscle damage markers (e.g., soreness, CMJ) at 72 h after the
last match were not fully returned(p<.05) to baseline while strength was returned to baseline
at 72 h later(p>.05). SKAT performance recovered(p>.05) 48 hours after the last match, but
anaerobic performance had not yet recovered 72 hours(p<.05) after the last match.
Conclusion: This is the first study to demonstrate multiple karate matches in a day induced
significantly muscle damage and fatigue affected performance of female karate athletes.
Future research needs to develop effective recovery methods to accelerate athletes' recovery

and enhance the performance of karate athletes during formal competitions.

Key words: performance, combat sport, fatigue, fitness, muscle soreness, strength
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- BP:Ftd ~ CMJ:k & §* ~ COD iplz&: > w d 38R 38 ~ SIUFH By ~ STJ:d SR it
SdLS (A O W o Al

Fh RO ARG o MR TRV F EF AR 0 Rk
R 5 Pa RS B (2 S P e 0 2003) o F BN F R g T AR FI
B A BRAYRERY FERED ROYIRP F BRI E L DN TSR RS
TR # T Y R il FoT B 1T LY AT S e £ PR ¥

FEHRFHIT > 2 S REMETE(AESL - ® 20 2007) -

Fo8 Hp i@V pHEFEHELIR L R
BiEY PP FEEA Pl E 75 R EE RS B FE A - R i
Sgant F(£Fp ) m ARG F2 BORLFRRCE L ¥ 5 11 15 4 4(Doria
etal,,2009) - — sz + 3 F IR Y & 7 I H /3 754 % F +1(Repechage system) » :E + i
gREFHE G FATNE N A F P EE %ﬁﬁ*@%%é’imﬂ B iE LR g e
i F(WKF, 2023) - @ 2020 # <hd 5 RE § ¢ 7 = F (7R F A1 oF 0 bt
Frgh-Apigizd - B3R AHD 4-5ii%.‘rm“%v‘ EE%EAIA 7 g B

MR TEAFP - BRI SY FNES A G S AR L
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L SR L L
FFEF A e e R RS R a4 EREBBERIPE 0 &a g A op
Uk F fri@doa 4 HTREGRE S cH 2 199D - R I RFEES RS
HpagaF2rd-r iRt FRE S FRRLEE L 00 2 4) 5 - v
B - A PR R (14.38 32 mmmol/L)§ 3 ¥ - Bt i d 15— A s TR
E(11.2 £ 43 mmmol/L) » o AR R §EHHH e d A 0 T A FBF R 00 44
SRR DI D Ak T (B P E 5 2019) > e s X E S F AR LT HBH e A

Fo2011 Ee- e s 12 EFEAS T IEL Lo APRET A FURE S

R S PR A ST A RS B S R G 80-90 AR LPER
4 F L T TlEo % Beh 8596 0 i FULIR R AZE L7mmmol/L v R d4p B v
FHFEBH D e S FETIRFE » AL H L P )7 mSgv F g 4o h &
8T "% (Barbas et al., 2011) - Andreato & 4+ & 2015 & &— K v‘/l%v’ Fp M E e F 4310
A& T G RO R E S T R ol iR i LB O BRI AR
ST LR IS E S iR P e E G g iAok ppE ~ X P IRpL i g R 2 VR RS

ERE A R R A E S BRI 0 P SRR

<

FeERAFHV FREFETR 0 R AT S F R PR OFRRT A F F e

B

FE G R KT HE S 4 g - wih ) jm(Andreato et al., 2015a) o ¥ - i v praF R p
BT 356 AT R E R Fe2 L2 RS fE S IGF-I - LH 2 FSH % &
SABEERT TS ¥ T L4 FAKT A E R G > (A S B %F{ PRl i S A £
REFE o Bt F T G g BB FRE S o~ LR & % kA (Pilz-Burstein et al.,

2010)

ERTEE SR S EF S YRS F 1 AR L Ly N
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Bore g g R g v %fi?—itf‘aé R F A Hp SHF g R PEFERE L DT
WA AR ILE R M P PRV R ER IS R T ES L REHT R
5z8% Hp i@V pHUFEFELLEHERL RO
Bonitch % 4 %3 11 LR kT eh] &+ - A p T FF EHER FHR
R e Skt F R p e &~ 4 B {ost R d A F T % (Bonitch-Dominguez et
al,2010) - ¥ *ha BA Y ¢ s ARG EES e B FHRF LS SR R
* 4z b r I gL P24 B F T ' (Bonitch-Gongora et al., 2012) ~ = S-icER et R
B {6 B Brfii vt 8 v gt 4 LB F T "% (Detanico et al., 2015) - Detanico % + % 2017 #
g BRI TG A ES AV FIRF L R TR F T
(Detanico et al., 2017) = Chiodo % (2011)% R & — & & e X 4477 > - 2 a0t F
g B RTES DT AP LR g PH T F] AL % ¢ bosaep fEREYE S
soff o g & JF 8 b a4 T (Chiodo et al, 2011) - @ Andreato % (2015b)iR| € 7 = & 3
WEL EE R Fe S 10 AT § R RO R ER LR E > $R 10
PP EE AR A SR F AR A FRES NREF TR R ALY
SHWEFRMRE SR P Ak - B Y ES Py is { § g rkehigso
TR F G A et Foarid A 5 R RE S P ehlr 7 B2 % 33 (Andreato et
al., 2015b) - & Kraemer ¥ 4 73 ¢ IR & 2 X MR (T 5H5 A dend i F €
RESFLEER S FLES 2 F w4 RT ' (Kraemeretal., 2001) - 4 = ?/,%% R

O ApM = o Fam T Aok 2

THF - R pE R0 LREGES GE P g - 2 A FHR R BB

2 PR UL F BT A ¥ o7 'k (Detanicoetal., 2016) > # ¢ Vit R F A B FiE - w &

-JF

S20M K- BUFRZVE ALK R TRA T B AR R 27
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ERRET -G AL SR FRFRERRIAARE > ST WAL 2
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#EO N ]2 Hyrp - SKAT 2 B ¥ HTHEf i 4 Rl3) o o g aF%REMS
ST R AR R e & 8 d2 e BT R e~ A 4B Az
RE SRR - ARBESAE TP H LR GRP G § LR

R EFFFRLE o

hit FRSREHT A P2 X R AR A G 4R 2 B RGE R
Fodl Rl e R R B - R R T 2L B LT c T R D E R
FAEOERFUTEAFIFIHRILELEFAATHROERJE - Lop 5D
A#EERE X BEFFITHIL L 2ERE- raEF o o ARAAPIETF
gy PG IR RIE o R G AR BB R P e R Rt e u R
Hatd o KRS ¢ (TR MG IR A R E 0 RIE SEA A (1302 & dRiliplE(2) 30

N R H YrpeplsR(3) 3 G 4 TATH R RIGASKAT (4)i F 2T F v 4 RIEE o

(¥ p 5 H R
FHET Uz S EFUTHARRREDIfF A Fd X e ) BRFHS I8
7 o W L WKF 2 i A 17 5 vt 8 R (WKEF, 2023) > v FF 33 iR PR T R AR
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PREPERELES plice Ve eI RF > A8 d el > A8ed a

10 =8 A g iRt e F- AP 3 P 8 LA T H % 787w 534 S

Hamis- R4L 1044 FAFFE 27 Beneke £ (2004)° 385 - % pFE x5 54

o

45 (Beneke etal., 2004) » #HFFI? 2@ F I BFE S ARIES B 705 10 448 - 0
BT 2R RS ed o T A BREFRPUTIL T o Hir - 2% 10 B
BBy PrHEERE RS F 8830 4DEdi 2 A FFag-_ s fygy
o HEFAIREEF FPRER R TR L 8 B850 AETAE o REE B

15 A4 ¢ iEi7 F o gt el E o

(3) % %%

224
P ERIFETE R ARRFT Y 8RR R AT R R HE AR F

¢ o> fgfegt o F @ R E(Polar H10, Polar Electro Oy, Kempele, Finland)*t 53 38T = 8 2 j

CE ORI R 2 AR B (HR) o &% S0 o 2 0 RS 2 TR g R E A
TR SRk R (LA A E6 p 5w R(RPE)» #4277 ¢ B4 1eh B @sm 3
$Hed A AR P P E A 0 g 442 55 B (Penlet TM 11)i5 6
Lactate Pro 2 = 5 f& 4 7 ik (Arkray Inc, Kyoto, Japan)#? s 5 fi& 3# A (Lactate Pro TM Test
Strip)i& 7o F AR R et iRl; % 6-20 ERE A (o )FA LR R HESp K
K i& {7374 (Ueda & Kurokawa, 1995)° f {6 — Fficd i~ £ 16 00 A48 ¢ £ T 7o

FpL ik R N R -

A L4
BORRSHT B R ARG LT ER 0 B 67 (PE RIS 1 ek A (Jott #2) e %
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PR et s @AM ARRSFE  AHREIT T2 E - FL LB THHEMy

Jump 2.0i& {7 & & gt & gl £ o

Fup 35 4p i
1.3vp paf (Soreness)

AT A(VAS)E - FE AR5 100 T KT > ZRDAB IR 2T AR L
2 A TR RBAINE TR RKETRR A RARE AT T2 LR LN
g BLf P& (Shiraietal.,, 2023) » H # & F2RF ~ B 83 ~ A P M B 2]
o HEALE IR E A (VAS)Ze& A 1 ¥ % il {7 F v Bt p i ¥ E 2 (8 pF 2 e

7% 74 #2.% (Sellwood et al., 2007) -

2. F % HH(CMJ)

CMJ Ep| £ 3 d 4 2 2 g  e0% * éfp 4% (Byrne et al., 2004; Silva et al., 2013)
¢ BB R 428 MyJump 2 i& 7 @) £ (Vieiraetal., 2023)- 77 5 4+ % ¢ 1 £ 2 3 =
TS ERL0 (00 A2MMERINE )P Nebr o AdeptpF L ik 55 000 o
L dd gimE s piE (Wongetal, 2020)-F7 % 4 % € § = = pEE S € & & B

Z ¢ BB (oA R TG % iy o sﬁ;yg&g«}; 30 fy ik & PERF

3.k 1 i (Q) ~ K Ay v (H) ~ 92 By (B) & - e (T B+ s 5 3 v

VIR ¥ G el ORI W R S R Ry 8 By i 2 e (7 MVC RIE
— RO RS A ERE P Al R e R R ALY G E - )
LR R & G YT R F - fp)(Gstottner et al., 2009; 5 Iéfl 2 3¢ 8 52016) &
B2 Fyed pIE ¢ * Biodex S4 Pro (Biodex System 4 Pro; Biodex Medical Systems,

Shirley, NY, USA)% & sv4 jpl 7 ik » ¥ EBK B & 2 %M & pEA 2 > 3 Windows XP

TEAATRERE > AR TR B A R LR R AR B
PSR E AT B AR WEF L o A T R e B AR 4 P end R



G RIEB A TR GRE RE A Y ez SR 0z AR
1ﬁﬁiiﬁai;&ﬁﬁ~%$%@%@&iﬂm? BORIE Y B e & A
Gl s UL ERTE A EE R PBHE I R S G R R E R MG A
45° > A RF AL F T4 RF L Pl PR cn R s B2 Ch B o RISE B 40 PF
LR AR RFE 2 ¥4 72 R R R W (b R R
60°s "+ 7 i i 65 i W © 1407) (Chen etal., 2011) « RI#H FF 5 % § &3 - o+ &
Bz B bR TS B AT o ¥ b § BT R A TR o iR
WA R LR A RGP § kR 0 2012) o At B EdR o T AL HE
MBS el RS 2 AR R R R AR K R BB A R g R T

SRR L H R E T b Y B TR RE R RS P e

=

Br o »FPTIH %R &AL 4 -

R RIREAEP
1.30 2 & =)

AT R B PIRFETH B R 4 o ARERETATH R € AT
EEFPLEOTRRT P F AR AR T U P IRV o Y FTH
GABaPE o PERE T § B E c ML H R AR AL RS 30 2 % hiEf] o 7 g
Hoe3AaHeg DT LAk LpFF (Silvaetal, 2013) - 3 =il ¢ € (P

B CE) i % T 5 S g ikdy e

2.30 = & H yry
30 o> % HyrptpliRak AR B30 I a s L8 A RPN AT %
SRR (R Breni ) B grphans N x4 4 28 30 o % enfEt] o @ R AL PER

#4320 48 (Myersetal, 2014) A 77 3 § 143 I ¥ g id cha ff 4 1% 5 3% =0 ek o

3.7 & i ¥ 2 ArH R PIE(SKAT)
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SKAT i:3%fp 3 £ i@ #3F £ acf 4 4 Menh® FF s £ (Ben Hassen et al., 2022) -
RIBAS R AW 20 MAEHMB L R RESE C()URME R B BE 1 2
HA R R o g A AR A Rt S BB e T Y gk (2)
BrEeSe s P18 2(HRHL ki FRAe ) DHRIFRIRE
FeHprE Qe A28 IBFSRFTEIEF FYJRELERrHPw
I g (AUERME SRR B PR 3 IRy R Y R R (B) U
PIE$ s S H 5 DA/ S BR o bk EHEL @ % h i 2 S PFRSE AR 4
T3 ol o PIRAE TR T ARL AU ERTR A o R X PRENE DEF* T4
PR R o AP - gRY LI EFPFFORE > RE EEFIXTPREIHEY &
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& F i 4 piE(Wingate anaerobic test) ¥_% * kiFim & F 4 4 uplFE - 0 2
BEEL BT KA M H 2 L2 penipliE 2 5N (Bar-Or,1987) o ARy #-g @ A
T & jp] 4 3+ (Monark 894E, Monark Exercise, Vansbro, Sweden)2 i& {7yt 38 chiR]3# o PR %"

BHAAFBRAELAFTHEIBEFLZ 2V EaRF LY 915 A pRER 42

=l

VTR T 5 AR > B 5 60RPM o f R E 2 1 2T o I NplEEE 4
oA EF R AR A e - B L0 T.5%3 B f g o FRIER P P
FAg bt REFEN FEARER IS0RPM § i € p & 54 5 #ih > LAY
HEFEP S YA FEEN0FH A7 AR ¢ eRFIF 5 =38 F R oGk
%cﬂ%@ﬁﬁﬁg SHFT T R DA EEF S BT B H F R T
Pl d s TR R T 9" 6-208 R E4AERp £ A RPERF A (LY

6=2-% 2L H d Rl 20=2LF 2L H i 4 ) o

MR P T G R A RIRIT P S F g ek R Rl e A (ot 2
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FZ & RPLd
AFT G Sriedeanetd FORE LT %G SPSS 23.0 £ Bl e Excel Kk 71T gt A
F70 T AR F KR L a=.050 (1)47F B ey ¥ T BSd(M) e+ £ (SD)
R A2 5 o (L H F]F % B #ich 47 (ANOVA) Y %47 7 % % & S ikt 4

Brd T Sl AL B v 2 A AR G2 RER A E AR LB .
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B PR R (LA A T A7 5 SR 2 B B end 12 S0 1 4o 397 o B
Sa B EHAE LA > A F B2 T M) LA R F
(p<O05-W3a)ci&i7H p S HHH AT Hhow FLEER 5 1.89£043 mmol/L > @ 3=t
B e FU ek R & B 5 10.81+0.76mmol/L( % - 3#) ~ 12.45+3.41mmol/L (% = 3#) ~
14.94+3.71mmol/L (% = #) ~ 11.5+22.52mmol/L (% = 3) > e # F X F i ' HRER T &

BEL B o LA G414 90 A 4atdh 1 A A kT (2.11£0.66mmol/L > p>0.5) -

Tiowpd 3T L EFIHEHFIPRATH Y HR B A5 i 7
F 75 % HR & v ipldgciaAp v 0o Ag ¥ 1+ # (p<0.5 > B 3b) o 7 F ¥ % ch B oc B
% 68x7bpm: @ H=t B e 3w e F A W) 5 177210bpm( % - 3#-) ~17628bpm( % = 3#-) ~

1777 bpm( % = 3-) ~ 17728 bpm( % = #) » L A F FHg+- Fr a g F L 8 -

Ed p A5 R B0 BT & S BRET W 1 RPE SO B AR - SR
RPE 41 ¢ 87 % + = (p<0.5 W 3c) ° Wogt#ti %47 { $ % RPE 2 91421 & %3
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161+ 11(F e ) L ASZFLRFHFLL o0 &% 2 S5 RPE £ &2
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