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PURPOSE The purpose of this study was to identify a sport-specific assessment
for elite race walking athletes by comparing physiological responses to different

types of walking graded exercise test (GTX) protocols. METHODS Six elite race
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walking athletes completed two types of walking protocols in a randomized cross-
over design with 1 week of interval between trials. Exercise time, oxygen uptake
(VO,), ventilation (VE), and heart rate (HR) were measured in each trial; the lactate

level was measured during the recovery period. RESULTS VO,, VE, and HR differed
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significantly between the trials (p<.01~.05). Exercise time (p<.01) and VO, (p<.05)
differed significantly between the walking protocols; however, VE and HR did not
differ significantly. During the recovery period, lactate levels differed significantly
between the trials (p<.01), but not the walking protocol. CONCLUSIONS These

results suggest that modified walking GXT protocols were appropriate to assess
elite race walking athletes.
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2018). Pallarés et al.(2016)2 A& 752 H7Fsl7] YallA+=
HIEA] T #Rlo)] gk F4o] o]Fo]Aof oln, E5] X[thitaidF]
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5ol AHgraded exercise test, GXT)= AL HTF 2
X

AL A4 wslel g AHE 9 Bgwst a5 wyo
= £5USS AR, TEAA, 1A S AR 73
5 95 JAFT}F A

ta T HZe] A =5 9 75 FUHE ERls] ¢
Hof ] A BIHSHA 8511 QtH(Amaro-Gahete et al., 2019;
Beltz et al., 2016). $42 Alzto] AH3te] et 54 =E A3

4oz F7HA7)E AEHS BHOE o|Rolx|m, ofu] AfelA
WAL Ak o] 8B Aoty WalE V1S stel HrhaHA

2 AL Akl -0 W Qlo] WiskE HrlelA Ht}. Bellar &
Judge(2016)= 57| Al HAYE = A4S} o] AlstErA o] WSS 7|2

B AL FTH 2545 54 HAE et HA a2l
E9] W3lE WA Qs S5 RFAALS A A5, Papadakis
et al.(2022)2 oA 7] thAte] WSS w2 0}1 °l& AMAdat7] gt
T YR ZARRE B8] A8 LEFHHAE 285k

A0 AN ek, LEFFAANE e FAAH oA o
P a35s AR2 BN 4AA7HE AN 48 0
o= A& A7 Lo] Belshy WS Blsh] 9% 27

o eyggl 7&*}?4 & 4= Qi
AEE T fAL A 8 EE ARZ RO 39 F
HIEA] gHE o] XHof G| E|ojof ot HAH theje] &3Eo]
] A Qlojof w2 FYPELE FXT 4= A Hrh(Hanley et
., 2008). FYA = FA NS F9 @ BF 20km FEF7]
} AP, FA} 50km FERE SA4 F2A M 71 3712 71F
=o]lth(Hoga et al., 2003). Hanley(2013)= 7] Al o] Q149
Arto] Zrget & vhE A9 Anvt B FE02 A5 79
et A 2ol tigt B77h Abdo] o] o] Aok g-& ottt
Bompa(1999)= 17 % Ago] 87 5= SEL-E Y A &
A 9 Byt 23, o]§ 7|22 ¥ 2] LA E|ojoF 7
718 HAE 71dE ¢ S 2o Bustth. dA7kA] st
AHEEITL Sl AR Y S0 RE QoE11nE, Ato]F dl21
vE], EF=o] t#Ao]H, F&5 5L 1dtH EF =Y &4
o] 71} H-T A 0= AR, a8y EF=olA AAEE &4
2 w7t SVl whet gdH o g ool AHojlA] HojX|= g
| P9 S o] o]Fojxn, AH = g & o] JA|H AeollA &
| FE= &7go] o] 0| A& T FE|7| 9} Aolgh A5k wiglo] &
Ay=]o] Aato] etd | A8 giof oj2]go] EX5HA Hrt.
J902 B A3E dA =2 VMR FRARA HEH 1
e LERAA TRESH AYATFE 7|22 HE- 10" 2

N, N

Table 1. Characteristic subjects
Age Career Height Weight SMR Fat

Sublects (vears) (vears) (cm)  (kg) (%) (%)
A 34 14 172.0 67.8 46.6 17.7
B 33 19 176.9 61.0 50.4 11.2
C 25 9 185.0 74.3 52 9.2
D 24 15 176.2 66.0 48.8 14.3
E 20 6 177.6 62.0 51.6 9.0
F 21 6 174.7 57.0 54.0 4.0

Mean 26.2 11.5 177.1  64.7 50.6 10.9
+SD +598 +532 4437 +£6.06 +£2.60 +4.73

X% SMR: Skeletal Muscle Ratio, SD: Standard Deviation
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2 Ate f‘?ﬂ'tﬂﬁ BEAFE JHORE 2 FH 257
st AAME A48T # L]'E]'L]'L AAA eZ ¥ o TES T
Batterham & Atkinson(2005) T wo] "= (repeated
measures) B W 2Hcross-over designs)A+7F F AAHAG &
= HE2ES v AFAAEY 22 BAE HE5H0] A Al
At o, Z71R7E 57 o) dd wf 90% o3 AEEol A= A
o 2 Hslgck(Batterham & Atkinson, 2005). 1822 & ¢
oAM= e FH Y FEHoHHANE A8 Al UEhE £ e AAA
mﬂ—% -?:}%_]’3]'7] Aol =7 A EAR] Sy TS e

o,

g2 2%‘1 4’«%‘3} 0} ~‘:’1, i—roﬂ—é el 55 Hdg AT &
AEF SAGHA. 23+ F70] 7] A 1592 BAAe Y5t
Al EHF oY HAF A2 o 3T APt HAF A A
AF=olAl S0l Het FAATS ALt FHl&52 AgS0l
P AAk= 72 27 9 AEHAS 10~158 "a”\]*] =
A7 FroleA e TR v o] Aste] AuE
7 L= R P S e = gt o o O B e S R ﬂiﬁﬁ%(oxygen
consumption, VO,), A8t (heart rate, HR), 7] (ventilation,
VE), A4HKlactic acid, LA)& 7313t}

AR

A Z2AAL AGE E47](Inbody 720, Inbody, Korea)E ©0]-&351]
i]%(kg) TE5F(ke) E AAFE%)S SR, AFL AHs4l
A (BSM330, Biospace, Korea)2 &334 th &4 Ad 7}
A 4 AASES SAANRLH, W Haf7t B EF

A 717189 ARES AAA T "HAF A 24’\]7\_}5‘?_} A4
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g #Es7] g e g AA T 9lE KISS Running
Protocol(KRP)} 4 HZE EA4S 18 5}o] 7dre KISS Walking
Protocol(KWP)S o] R3to] = T2 13 R Sol2-= o 71x] 2
712 9 X8Pstnt. KRP= ShrAx =g atetdo| A 7idE
BARA AHAFY HA HHOE(Ko et al., 2016) BAEE 174
(e 6%, o] 5%)taL 28t £2& 8= Yo APsrlch
KWP= =7t E FE A=A3B) KA+ 4249 A1994Q
g)o] APAtet oA 7|22 KAFHNA 22 IHSE U
(Amaro-Gahete, Jurado-Fasoli et al., 2019; Amaro-Gahete,
Sanchez-Delgado et al., 2019; Beltz et al., 2016; Yoshida et
al., 1990). KWP2] 79, Costill et al.(1977)2 ALE9] oy A
AL ZAr A A B fFARA BA B R ARl &
& AZ 5~6E T2 AASH 70l 27] & HIE 4l iﬁ}ﬂ] A%
Sttt Pavei & La Torre(2016)2 AR A4E9 £ =
o 14~15km/hol7] WjZo] 573 F A & &F /\]—rEJ] *“ﬂ
2 H3kE BES ¢ JEE @A EYEd e HoAlA F
of AFgoll tigt A[ZE 1A o] 7H 71 302 viA S THACSM,
2006). APAFLANHAE A4E S5HIHA Al Fof Hsto] ot
£ Ak 9 FHojiaba g FH 5ol O]-o el & Z2ol7]7HA] 2~38
7+ 28 == A0 Z AAskAL JTHACSM, 2021; Bayles & Swank,
2018; Thompson, 2019). E3F F&2 EXA AR ALEL BZ
£ 27 W&ol 1384 4 £HEY =g gt AgA7IH 4
ojof st ¥ A& & HiAA 71 1L %E‘E’l'% ol-&sto] &5 Ak
Z7# H(Hanley et al., 2008). & A2 (Figure 1)3 &
A EY 2AL = 2y e 4_./;%0 o o4} =4S A
T o g dAgAQll-ou)AE 7 AU &5A 4 E(rating of
perceived exertion, RPE)7} 19~20¥9 A%, &5 544 &l
Ao A HojAA HH ZHE FAAAHSung et al., 2022). &
g Aule 25 RokdARE APstr] e EdI=U(COSMED T170
DE, COSMED, Italy)2 AM&3st9oH, 28HS 4517 9
& 7kA8A47](Quark CPET, COSMED, Italy)E &-8&3to] g7|
(ventilation, VE) U AAHFHFHVO,)S st e =3
& RAAEEZ7|(FT2, Polar, Finland)E ©]-&3to] 7351t}
7=, Ak, JJEH’%}&_’SH%‘EO FA7IE Z3eto] ok, A%
1,2, 3,4, 58 % 73 & AFsto] Hlw-&4 st AAR2 F4
7], &ok%, A% 3, 5, 15, 30& ¥ 63]E AHFoFAHSung et al.,
2022).
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£ A9 BE ZARE BM SPSS Statistics 25.08 ©]-8-5t0] B
W 8 BEUAE AESAch T 44 271 gE e Rstast
oA A4 A Jddz vw-2A4519 00, Ao 2 2}
ol FEO| &7} o] HFA wx0] ojgjeoZ 9lste] Mann-
Whitney U A2& AAst4T AJA 71 Ajo] AZL vtEzg 2

AHRA (repeated-measure ANOVA)S A1A] 3]'91 o t‘] AP A
polynomial AAFE Boto] W3l P42 JEoY LE BAZ
ForE2 0=.052 45Tt

o4 gt

GXTEZEZ W 7t 28417, 1%, A, AaAF
TR IEE v

T 7 g9 27 LeRtaAE JgE A
955.5+51.29%, KWPE 1057.8+20.05%%
7F Ql= Ao = UEPGThZ: -2.887, p(.01). 7|k, b 9 At
24729 Qo1 ¥sl= Table 29 2t} 87]29] AL XX
2 A9 BAA FoA7t §l9lon, o]F slEr]ox §-9]3t
7F gl A o2 Yehdth 8] AJ- 7t Aol BAE feAit
e Ao YERFom(p<.01~.05), °|+= Figure 20 AAle}3ict.
Alakpo] A9 T Ax9] BAFH foake gl Aoz ‘%E‘rkﬁ}
b0 AR 7)1 83} 31 8-S v Wt Al 2 Zolo A BAA
F = Ao R YEFGOH(p<.01~.05), ©|+= Figure 3°] Xﬂ’\]

ol 1o mx
Wi JE‘,

AR HFY AE HEA BAA fFYAE YA 2R YEr
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Table 2. The comparison of VE, HR, VO, on each graded exercise test between KRP and KWP

—

— Time

Variable \\\ Rest All-out P_Imin P 2min P 3min P_4min P_5min
_ KRP\ - 955.5+51.29 - - - - -
2::; KWP . 1057.8+20.05 - - - - .
Z (p) - -2.887 (.004) - - - - -
KRP 9.1£2.10 150.5+17.40  92.5+16.39 55.3+8.03 44.6+4.04 37.242.79 31.542.50
RR 41% 67.3% 74.9% 80.1% 84.2%
(LXfin) KWP  9.3+1.48 139.8+17.12  75.8+12.78 47.1+8.51 39.146.74 39.346.61 35.246.93
RR 49% 71% 77.2% 77% 80.2%
Z(p) -.161(872) -1.121(.262) -1.922(.055) -1.761(.078) -1.441(.150) -1.121(.262)  -.801 (.423)
KRP  53.0+2.83 182.3+5.37 151.8+15.27  117.8+10.59 102.8+7.74 91.8+5.60 88.4+5.54
RR 23.6% 49.9% 61.5% 70% 72.6%
(];Ial:n) KWP  53.7+4.03 186.8+8.69 139.7416.72  113.8+11.33  101.74£12.34  99.7+10.51 96.8+10.38
RR 35.4% 54.8% 63.9% 65.4% 67.6%
Z(p) -483(.629) -884(377) -1.121(262) -722(470) -.160(.873) -1.283(.199) -1.363 (.173)
KRP 6.7+0.63 59.4+4.09 30.0+£3.51 15.6£1.27 12.3+1.29 10.4+0.56 9.2+0.31
RR 55.8% 83.1% 89.4% 93% 95.3%
(mLX{mein) 6.6+0.25 63.9+3.50 25.1+1.58 14.2+1.85 12.0£2.18 11.7+0.52 10.2+1.46
67.7% 86.7% 90.6% 91.1% 93.7%
Z () -.161(.872) -2.082(.037) -2.567(.010) -1.761(.078) -.320(.749) -1.845(.065) -.962 (.336)

% KRP: KISS running protocol, KWP: KISS walking protocol, VE: ventilation, HR: heart rate, VO,: oxygen consumption, RR: recovery rate
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Fig. 2. The change on VE for KRP and KWP during each times. Upper
case (solid line) is the change value in KRP (p{.01~.05). Lower
case (dotted line) is the change value in KWP (0¢.01~.05).
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Table 3. The comparison of lactic acid pre & post on each graded exercise test between KRP and KWP

Test variable Rest All-out P 3min P S5min P 15min P 30min
KRP 2.3+0.30 13.1£1.90 13.1£2.59 11.7+2.01 10.242.35 6.6+0.77
Lactic RR 13% 26.9% 60.9%
acide KWP 2.0+0.49 10.1£2.89 10.5+1.50 10.1+1.47 9.6+1.27 7.0£1.06
(mmol/L) RR 0% 6.2% 38.3%
Z(p) -.961 (.337) -1.922 (.055) -1.121 (.262) -1.761 (.078) -.320 (.749) -.320 (.749)

% La: lactic acid, p: post, KRP: KISS running protocol, KWP: KISS walking protocol, RR: recovery rate

A7) g eBReAA B LBAL, A, BN
A2 v

=)

T 71 A7) FHY &5 5ot AelA KWP A A 7F KRP HA &
o EAIZHpL.01)3 HHAAE HF (05N oA &2
237 e Ao UERth 25A179] B8 KWP AX7F 2
Ly 6*77}11 E 99E £Vt VMR WA 2517 EobR AR of
37 FE FVHEWA Bote KRP Huh WA S7HE QI &
10mph¥] &0 EgdlE= AJHS KWPE 58 F, KRPE= 8&
Q1 ZCoR yehgon, £ A9 25 =7 3 dio] Ut
= X2 148 A A0 & Yehgrt o]& ko KWP A XY
Fol7h wh2 A S7hEHA ZErt ok Ao HolA|ut 145
1 45E KRPQ| 53517} 014 KRP A A& B 162 AH(Fs)
3.8mph)ollA] KWP A A= 1748 30Z(F5t 2 13mph)ollA &5
| Z2E At 25 25479 A4 foE Atd S7tEE

Hﬁ}ﬂ Zpo| 2 QIS AYUS & 4= Sltt.

Ak 9 37| A9 AR 7F {oAts UEbA] GRS
Al ZE Aol Qe Aoz Ura"i«}‘:]' ‘_o—r‘ol'zj*} Tr'r‘_i

m

=

-\; 40 rsﬂ 401'

= W 22 BT HAlsEE & Eﬂi]”]'X] —Qa = Uete=
Hols #EelA dof %5 $85 F AAE FA4A(homeostasis)
£ B #£o2 =99 sk, oy

TS e HRlCE = A, 388, AL, SFHU B 5
SHA FTHACSM, 2021; Bayles & Swank, 2018). 2=

5 Bl BE AR 2 SAE |37 ErA E A2 QA7 A
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f AR Eortr] gt A WS4 vEhd A
25 3 UAA U= B4 ¥skE 5

HEHQ AEEHN F7|et T7] Al &
AEE 7149 sEx g2 AAHH(Beltz et al., 2016; Tipton,
2014). 53] HPALGHAFS S50 E9] SVt et A&F0
TG 7} Eo] A4E9] T

2 58 9 A4 AES Briot=d =0l HrkLéger et al.,

1988). KWP A 2= KRPY| FHdAtad =3 vlwste] 7%7F &
o Ao g YeTth Greiwe & Kohrt(2000)2] dTojA= A7)
Al Al 8kmO] £ EoflAl= oY A] B&A0] HaE= R B
SRS Day et al.(2003)2] o4& 260m/min] &&= ©]
Aol A Aa TEFY] ARl #sks UBUA] = ZoE B
I5E3Ith £ AFolAds APAToNA AA sk A 2ol o | A]
"AEAY G W 25 AT ofeE Zlﬂﬂoqofq Aa 5
g7l 7t == A-AA 5ol AAEAT. H-Fh BE A
SHA &5 E7F 57FE= KRP A& =7 2= QIgh 4
514 QlAks}l 74 9] adenosine triphosphate(ATP) AJAko] o]
o] Tt ML gHATF =D H &5°] TEH FACE oA
A w(Powers et al., 2020), BIt &2 SRR S5F2 S7l5t= o
WA o2 LT FE KWP A& oA thAr#f A
o 3&H0E 255 ALY 5 A7 =2 AL HHTFS 71
& Qlth I EE AHAY 54 Al A5 QY ZE3E 4
A24FF9] FrHE ASAE KWP AX7F o a3 Zoz o
At

I

= o

il

o>'1 ot
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A7) Y 2EFHAAL & ZAl vl

R

o

FArAA YA o]FRoj A= oA AA7F THEsHA 4t
AYstal S I A (glucose)] FAAES FAISHH=T
&S gtk (Powers et al., 2020). &5 F 2F 75%7F AU A|
AbstElw A Al AAGF] oF 50%71 AUA YR F-HE]
2 ThFe &5 olA JIAY 71654 AolE ASoH] 9
et AHEYS & 4 AkSong et al.,, 2017). E9
2 BEINAE ZAAR2 523 AEE 8T
Sung et al.(2022)2 AEAS9] AES FFA1717] A4l
Abo] I A9l X[&2Ql WHo] FQasiH ol AR 4
o] A8 mg o] A= ojof F7go] ALAHET AL
. 59], A7) 24 B FREY] AN E ZhE 7oA ek 4= Q)
A4t A9 FAAA | A tiARE ZNAAI7]7] fleiA= A4t
o] 3| EEof it THE 523 222 AAIEAHYoshida et al.,
1990). 1B ER & AFoAE HX| & I == Aty wsks
wEs7] Qo AAre] IE A H -2 A 5T
T A2 BE ATl wste] &5 R T EE AIFA SAA
FIA7E A= Ao ' UEHETH(p(.01). KRP AX 9] 39 ARt
v Shof AR ZAF o] oF 5. 74 A5eh A WS = 9loH,
KWPY] % APzt vl asto] Ak oF 58 F71et ZS & 4= Ut
5 Aol gt vwoA = SAA Zol= VEA] QSkARE &5
Z2 A% KWP A} Hlisto] KRP AA]9] ZAF @& o] oF 30%
=2 208 YERon, o|F 3 5EANLE 747 19.8%, 13.7%
Aol7t e AR IHEHAY. BH= A 2 &A™
o &= AefollA Azlo] o]Foj Aok sli= v ZE|7]et ol &
goll 9t AR B&48E 7T 5= gl7] diZe] FHH R 5}
Z19] W 27} o 4= JTHACSM, 2021; Bompa & Buzzichelli,
2021). APAFoNAE TLS JHATF 1.41m/secd] 22 2
= A H|25] 2.82m/sec?] £EE HAS W 2R 2W7}
oF 19% S71ElE Aoz BustAtt(McArdle et al., 2022). ©]
= 29« Aol oA 4HZ #& ZAOoR Holu AT £k
A AA A FAL sFA 9] F-84 22 )9 Algto] WAy SHA Hek
(McGinnis, 2020), ©]& <lI5}o] Stretch Shortening CycleZ <13t
FAEE 7S = A =i 4 g2 6 FIIsHA Eof
AbaAg oY A Fo] o Zloltk(Sung et al., 2022). E3H,
Agt MARE HFO R 4717 FH 9] GXT ZEEZS A-&3
TFoll A £=o] ¥s} §lo] = (Grade)iHe S7HA A Rots &9
Aol 7P w2 A HFE 7155 Pollock et al., 1976).
Aol E AYPATY 2ol 54T £ 2 ZHEThE o851
Hog BolE F7HIFETH & oE A4 7T 5= AAAA
A&t e} o] & EA4T = o E 984 E4E 1ot &
Al ZHE Wk WiAA S 2 EE S 27] FAL dANE
Tt oq R Fe= H Aol F59] E4Jo] 1" KWP AA|7k
FEY A 5730 FEd Z0E o AKT.
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Ztoli= KWP AR A F-95tA =2 20 & Uebth

=R, F 7H] A7) B9 LB55HHAL 2gol T2 7], A
w2 H AR F 7O Atol= Al7IAA BAIE 2Rt A%
on, Ao W 2oz ALFHFANA KWP HA7F &5 S5
AT FoolA w2 207 et

AR, & 72 A7) P9 5Hota AL 2ol W2 357 24t
L] Aol A7 A BAA FoA7} 9l AR YERgARL
A x| o T zfol= gl A o2 et

AEZHOF AN7A] 7R AEAFE 4O HAJH KRP
AR} vl aate] KWP HALA 2 AbAi F o] yepton, o]
L ASE0 A Bt 2 &4 20 Hgo| UE a7 435S
A8l KWP AAE 248 Ao 2 o AR, B Ao At oz 6
59| Ho fYAE oz Ago] APH wHF FFol= o g
RELE AF o2 HAL JegE|ojof g Aolct,
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?‘~ AP E FH A5 hFoR F 7HA] JE9] 27] Le5okaAt Al vetue Aeehy jistks 33
517] T] H K= ATt

H] 19 HE 3‘7}"413 G2} ARAS 658 iAo g AASHH 0w, 8182 randomized cross-over design© &
154 7H4 02 % 23] AP=| 9t

[23H & 7HA] 27] %EH—J S HHHALNA AR, S E AEee Al oA Qle Ao & et
(p€.01~.05). +BAIZT 9 AP HFol| A= ‘3 7k 2] 7t AUAIRHpL.01~.05), 71 H Aeh= UevhA] sk
o} 3157] 59, 24te] A9 Al 7k Aol AAUATHp.01), ek 7k Afol= fls 202 UEhith
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