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Effects of performing the competitive Kumdo tournament games on the concentration of indice

in blood gas components, ions, and by-products of fatigue in elite Kumdo competitors

JaeWoon Ha', SungHoon Hur'*, KyunglJun An', YoungWoo Kwon’, & JongSam Lee'*

I . . . 2 .
Research Center for Exercise Sciences & “Youngnam University

This study aimed to examine the change of the indices in blood gas, ions, and by-products of fatigue
substances and components in collegiate elite Kumdo competitors, who carry out a number of
competitive games during one day tournament event. Subjects were carried out total 6 simulated, but
followed same conditions and rules of actual competition, with providing similar inter-game break time.
Eight well trained male competitors, who had awarded from national wide competitions, voluntarily
participated in this study and revealed 51.5(x8.8) mL-kg'min™' of maximal oxygen consumption and
12.4(+5.1) % body fat. TWOWAY ANOVA (tournament round vs. pre & post each game) was adopted
to test whether the mean differences were existed, and the interaction between individual factors and
main effect within each factors were analyzed. Statistical significance was set at Alpha (a) = .05.

While there were no significant changes in blood hydrogen ion concentration (i.e., pH) and partial
pressure of oxygen (POz), partial pressure of carbon dioxide (PCOz) significantly decreased as the tournament
games were repeated. The level of hemoglobin and hematocrit were significantly elevated only during
the 1* round of tournament. Na* was significantly increased but K™ was decreased. Ca** concentration however,
was not significantly altered. Although the changes of blood glucose level did not show any consistent
patterns, free fatty acid (FFA) concentration was increased after completed each game compared to prior
to initiate the each game. Blood NHs , lactic acid, and uric acid concentration increased at immediately
after each game, and the pattern was maintained throughout the tournament round continued. These
results reflected that the repeated participation of the tournament may cause the accumulation of the
by-products of fatigue substances in blood and alteration of various ion components and energy substrates.
Accordingly, the ways of reducing the physical fatigue and providing adequate energy source inter-tournament
games needs to be necessarily considered for successful Kumdo competition. Data obtained from this
study could valuable for searching the effective training and management methods to improve the performance
and reduce the fatigue of the professional elite Kumdo competitors.
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=i F14:2016. 07. 19.
= F4%Y 12016, 10. 02.

A g-d 2016, 11. 17.

*AA A=A ;o] F st (jlee@daegu.ac.kr).

* o] =g 20168dE tF gt dhad ] A o] o] st
AT A=



Physiological changes with competitive Kumdo tournament games 917

e 5oz sllE AFAE A7) F5oIH. 4
T AZEY $E5E 84 52 9540w FYrt
= AoA FAARA ddyA] F5 GiFel A7l A
gt = PR T HAE Hal A7) & 5~6kgd
TTE g Hez wdtd) &7 Na', K'Y, CI'9
22 F8 Aady 4ol AT (Cho & Han
20025 Son et al., 2016

Aere SEAFEY $Erdsds Hrksta &
H AT dyster Foe AXE AMEE R Aok &
717t FHE 7S LT vEHAte} vl oy
Al Mulg Yeh) B 30~408] 9] AEkEE Holr| e

3} (Bahrainy et al., 2016: Smith et al., 1989;
Sutton et al., 1967), FH Zd& 4A|o] o] Hrjx
@2 35 Yehl7| = @t} (Baldesberger et al.,
2008; O'Keefe et al., 2012; Scheuer & Tipton,
1977; Scheuer et al., 1976). THAES] A%, H
FAAEY vad BY A &% T AU F7t
Zo] AA Ueh 35 ARME wE Aoz g A vt
(Frick et a., 1967; Tipton, 1965: Tipton et al.,
1969; Sigvardsson et al., 1977; Winder et al., 1978).
% = YR dyA tr 22 ¥E FEE 3
T3 3 AeA sy #ES A=
o] T dF ZAike ol wE AAWEE Fr1d
Q F9 U= E I i
(H)e] £4& 249 443}
Hoje] 340 &3 vE
Mah gl 259 olg £5 €5 52 9
1, ato] @Al ATP &4 (myosin ATPase)9 &4
=& gojmadth(Fitts et al., 1975).
A AAIE R AR E eyl 15 ¢
F A& Ao g A Fo TS
FAEAE Foo qUAYdezE %

U e

et al., 1997: Swensen et al., 1994). 17}=9 &
T A 233 g9 ) 2 e FH8 Sk |t
A, Az &% Ade T TR T/ UE
A et ARl 8% Ai e §4 Al o=
1.5mmol-L! ©]3HCarola et al., 1992)& YehlH
AA 53 A 2w SUHE ST 5 Alde
10~25mmol-L™'7HA] <53t a(Lee et al., 2011:
Hur, 2015), 2t84 Ao} %59 F3 A& &5 4

% 3R 7~9mmol-L 'S YERlE 2o Huy
2 9l (Hong & Kang, 1992). Astrand(1970)%
5 F Ak o] FaiA gat B S Eal 4o
Heg Aaggel Srkshs 13RS wE 7 At §
T Ao Fahole F=(pH)Y 7 ol 5
29 1 71Ty L3 E ANToEZN TF AEE o
A stk Hustdth AR &% Alde 22T
o] P o <& mFHAito g MFkE o] YA Afo]
25 53l B 49 quAE AAdste v, FAkaA
+F AldlE At ZEe] FEo] ey 31 FH]ske] 2
Ao o] H3to] 2 dojuf A4 4L opy|sith

(Lehninger et al., 1993). 24 43} o] 2 Qla] &
Aete A2 AWdshe Al W ald g} a9 A
H A ga9] 28-S AAAA, ATP 45 At
o, AR o2 g7 B 7|He 2k AgsH "tk
(Metzger, 1992). &% & 8% 34 ¥ &
=of wgs F7kehH (Lee & Paik, 1996) 2% 7
S} o] T &S wEn dkEA o7 g eE §
o] &5 AlE A FI A g F4¢] St
tHCho, 1999; Lee et al., 2011).

Y2 gt E thE A MR 83 dRY ok
=9 M3ts 12l ¢ Yrk(Lee & Paik, 1996). ¢
Byols A o2 AT g B ool &%
Al 2o 2R e £3AE Bl AR o 22
A § 9lo], SFAAA 549 35 L3 5
JtH(Mutch & Banister, 1983). ¢&uole] AAJo]
Y2 a7 24 Aol 352 Tashiro(1922)7F
22 AFE o] F &5 Al F dRYol &7t 7t
HoE ARS FE B AdFEdA 459 b gt
(Kim, 1995: Lee & Paik, 1996).

ol¢} A A= A7] 5 5~6kg FAIY TTE A&
oz W3kgo] AskH(Rossi et al., 2011)9}F g7
Na" %9 71 2 K" ¥%=9 74(Son et al., 2016)
£ Uehlle & ve dald o339 A8t (Montain
et al., 2001)7} FEH o2 A% 6 9 A7 F olE
AFE9 WgtE HAAZ F e HeHA #e iy
o Z7F a7H 2 it

Ax A7) F dske w271 47| g dS n)
Athe AR S w2 A7l AR, 508 o]y
= JZE AGAN7IAY F 24 dig g 718 F

Fet Ed W Ee] AdEH k. %l o3

oy

IR Y

B
N
i

frr
o -
o

ol¢



918 JaeWoon Ha et al.

ccaudr.
E.ﬂuﬁ
qauo
= A
5RZ
;oM N
ATO O#E
i I
O#Mﬁo
B
mwgﬂ_
MW=y
%= R
O o
T WX
N o
MNEH
T_IﬂﬂO
Xop L
wul_,_Al:u
i
B E T
[ERCNCY
.l_klEo\UI
= OB o
~
N ooy
R
~ ™ o
=W o
-0
U ,Lt
ﬂw,ﬁo,ﬂﬂ
dﬂﬂmo.n,mo
TEE
OT_,Iﬂ‘m
Emeau
B~
;nmoﬂao
ATJLI,%.
otﬂ.ow
ﬂyMO o
W G BK
o o
w N e

PAR O medics gas

o
=

(EEEECEE RIS

¥

analyzer(Sandy, Utah, U.S.A) S o| &3 =333}

~

ook g%y
Eoﬁﬂﬁomﬂrﬂﬁuﬁ
B, SN E R
ol ) o
TE s 2O
BEEEKHT
U S B~y
TopZdw
"o O ) 7 -
b H TN wm RS
GRG0
T (R —
Py S ™™
sd - B
S = K2 oo
e ,o|‘_|,m.1_ﬂﬂe5
Egem =i
o = ..
sr@ Pty
Z2WH T o o X
By ep ® ~F
A GRS
TR o S e o
og_z_]__/lmgmﬂﬂrﬁ,
T EE ST S
Ny 3w g &
T TTET 4
X ;o_IOT_ E*Oﬂ
_zrv ‘_M‘VI = BK & /Vll\. Wﬂ
A T Ml
DSUEERY S
= o
R
J|2an.aLAuaur%
et L?ﬂﬂ%ﬂo(.
B ET g oA
WO R o — B
W oo XD @
3wy T8
FWpET . FHA
%QQﬂMame
oidﬂﬂuvw S
‘Mu_ljlo EO\W(H\EC Ay
)A iny’
W%N%@H%WW
aruﬂ,_gomuﬂ ]ma_
ok E g I
ﬂuﬂu " R~
o Zy B T o in
o MR Ty 9
A R E WS

Al

vetith 99
51.1mL-kg'min™! 22 Yeton

(£2.0)mmHgZE

_"z&

P 22 E o] st

3
ho4

£ty

7 4§ 7ol o

o
o

b 5ol Bad uk gloy, o] AFelA

T AR 71 FF ] e uste} G| 8o mE A

AA EAL (Table 1) YehHATH

%ﬂam
_ TR <
o < g
~
R
Ln_mﬁ_i
—~ —
T
mﬂﬂu%
3 3
w B o
of B X
= .
S
;ow_.m\_o#aﬂﬂ
B
a e
oS o o
wmdn%
H B2 3
z?ﬂ&l.%nﬂ&d
= % W F
.LlL.E
B < T
1%11_./I
WoEor wR

Table 1. The Characteristics of Subject

T
% .9 o
m_lmaw
O ¥ =
Vms
zmi
E_s
> | B
wam &
5E %
IR
= TE
=
2 F
233
()]
P "
T Ao
T
Y
oE A
g
SR
' T
.1_.@1_”0
T o
S o
ﬂoﬂro‘_t
CUN )
W oo =
mcre]ﬁ
A A X
W T
- 4 ol
of B ‘-
=)
o Wl E
W °
CU

& 673

717

ﬁo

MeantStandard deviation, BMI: body mass index.

Jel A 2] Wt

EX

]

1241 30

8419 2%

o
a

Aol EF 7}

v
=

o] ¥z H=r} A7 vet

52 A%

=
5

B 2 294 A7 713 el vhdlg

8 4418 A3

gozH

k.

9|

HAAR Zo|lua}

=
=

Ael-gketA Aty Aol

€ @Al o
I 257 2

3]

=2

ST

s

=

ghell 27t



Physiological changes with competitive Kumdo tournament games 919

< el 71l 4T A=S AR AR = AE
sAstglem i AFEdie hEA o s B
ok Al AR dig Aes] A7 E S A 8et] b
o& dAstglen 27 = sille 24 glo] h& 4
718 B A B slglv, A Al Edet 6474
FH 27 F 67710 Fefstms sl en F44
U= A7 BEURE Al 2 EURE 2= 47] 35
& 7871 AMAA ] g Azbe e
= ]

o o £ N &
P‘L
32
T

Fig. 1. Schematic of experimental protocol
All subjects performed total six games (division game of
64t 32" 16" quarter-final, semi-final, and final).
Venous blood samples were collected before and after
division games of 64" quarter-final and final. Heart
rate was continuously monitored during each games.

s X|EQ| £X U HAE Hil

Adr £3

B JEARTHY Ak 2 sl 7 Adke
=7 A (Polar S610; Polar Electro Oy, Finland )
£ Aottt AdEY A@AT Al =3std
Ak 34 A8 A8A g F F 3084 IR
THE 2 2EYA S ANEES 19T 24 94 5H
64758 ASHA7A L A AE Aljke A& H71A
mj 10% v} A EH 02 AukrE S sto] uf 47 nct
Wit A=l 717 Adulre] W) oS vln- st

Al o 24
643 (A 1heE), 83 (Al4ekeE), 283 A0
62H) 7719 AT} &, AR} Aol BetehA she

A2 g3 YR tourniquets AAsHA &
71l 291 T 43E &S AR AR TS AsSST

A (antecubital vein) = F453% 9 (median

(12mL) 2} &2k (heparin) A2lE FFAEH(5mL) =
o] &3 137 F 17mLe] H& At FA =
Agqg el AFE DAL F2o A 3087t S
on dgdlo] ATE AFaAdde ANFE g
o] & 42 & 4 ImLe 9E Nova biomedical
Abe] ol 7kARAT7|E o] &3l I ] 7tA(ERER
Wl SntEAR E, AAESE ARAESEH o|ibslet AR
ok pH), o]&(Na", K, & Ca®"), ¥ oyA 714

(2%, o gig 842 st &
. ]
=

[e]

off ¥¥

© g

il
oo o fr 12

ol ¥ Hasiglon offF @3 HEE o8 sat
(uric acid)¥ 4EYHNH:) &, 84 E&2 &3]

Pl
HI
Ar
1z

-
it

i
%
4
o,

H 2E AF = Windows SPSS

o (Koo
i
u]
=
=
=
DO
=
o
L.
ofo
:?_LL
o
=Y
-
=2
FiN
)
_>|“_'4

o
X8

i oft

px = T
ol _Q, SON

el

()]
~
N
T
i
N
)
1o, ofy
)
fm
T
)
|
o
N
>
fo,
o
N
2
o

T A+
A (TWOWAY ANOVA)< AAst e
15220l 32 Ho|A| ¥ A ZH 89l
A2 3 Tukeyd AFEASE A&
=
[€]

>
oY
ko
o~
r\l
O:
folt
o
fo
ho‘!
&
it
o
olN
P‘ﬂ
N
Ho
%
o
40,
T
of

ol [
M
Joor

1

r
N

oo £ e oy
N,
%

359

T,
e

[

2,
ne
o,
e
r
e

2,

ool N, ofy

o
ol
OmZﬁjg

Qb > rfu
_O|L
e
&
o,

o N,
AC)
F—{O o,

4 i ofo

(
(

e,
>
)
onl
N
[
ot
rlo
o o
N
o
o
>
1o,
o
=
B A L L (52

;,W—E—\?Lélo

i
> to mx oY glo
4
4w
lo
lo &

tol

]
i
o
o\
o

)

&) Tukey®] At
& a=.052 AFssit

do o v od od oY on fol

lo
s
A

(o2



920 JaeWoon Ha et al.

ELBA 48 A B2SH Aubo| wal

EURE 7719 A% A B Auae WeE A
A} Gt 122.0~127.738](Fig. 29+ T
Bhior 7} EUWE ket W feld BEAS v
WA gk

155+

130+

105+

Heart Rate(bpm)

SEEE RS
Round

Fig. 2. Changes of mean heart rate during Kumdo tournament
Meanzstandard deviation. HR, heart rate: bpm, beat
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Semi-final round: 6%, Final round.

Table 2. Changes of heart rate during Kumdo tournament

1 st 2nd 3rd 4th Sth 6th
Round N
647 (327 (167 B @ A
HR 1223 1277+ 1275+ 123.6+ 121.1+ 122.0+

(bpm) 494 123 152 114 111 129

Meantstandard deviation. HR, heart rate: bpm, beat
per minute
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Fig. 5. Changes of PO, before and after Kumdo tournament.
1% round, Sixty four round: 4™ round, Quarter—final
round; Final round.
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Fig. 8. Changes of Na® concentration before and after
Kumdo tournament
1% round, Sixty four round: 4" round, Quarter—final round:
Final round. *, p<.05: **, p{.01.
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Final round. *, p<.05; **, p<.01., p<.001.
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