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PURPOSE This study sought to investigate the effects of passive warm-up on
flexibility, exercise performance, and lactate oxidation rate in track and field

athletes. METHODS A total of eight male athletes with more than three years of
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athlete experience were recruited as participants, and passive warm-up (PW) and
active warm-up (AW) treatments were conducted in a single-group crossover study
design. The participants performed thermal stimulation at 40°C for 20 minutes

as a PW and performed a 60-70% HRmax cycle as an AW. Flexibility and exercise
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performance were measured after each treatment. Anaerobic power was measured
using the Wingate test, and lactic acid concentration was measured. RESULTS Body
temperature significantly increased in both PW and AW, and no significant difference
was observed in exercise performance between treatments. Flexibility and lactic acid
oxidation rate were significantly higher in PW than in AW. CONCLUSIONS In track
and field sprinters, PW did not exhibit any significant difference in anaerobic power

and exercise performance compared to AW even though no physical exercise was
performed, and PW was effective in body temperature, lactic acid oxidation rate, and
flexibility. PW suggests the possibility of replacing AW.
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1. AAT4

AT ALY AALEE skl Hal As48AS71(BSM
340, Biocpace Co., Republic of Korea)Z AF&3}o] A1 (cm)
S 2A4st9a, AAA7143=47](Inbody520, Biospace Co.,
Republic of Korea)g AH&sto] AlF(kg), AAHE&(%), BMi(kg/

m)E Z7stAh

Table 1. Characteristic subjects (Mean £ SD)
Variables N=8
Age (years) 17.96+0.61
Height (cm) 177.53+4.13
Weight(kg) 59.75+10.86
BMI(kg/m?) 21.05+3.35
%BF(%) 12.76+6.28

BMI: body mass index, %BF: %body fat

EXPERIMENTAL DESIGN

Phase : Pre

Passive warm-up

Post

or Active warm-up

oo

Measurements : BC LA

‘ ‘ +3m ‘ +12m ‘ +15m ‘
LA LA

I
> 1
BT ROM WGT LA

MS
T
JT

BC: body composition; BT: body temperature(every 5min measurement); LA: lactate; ROM: range of motion;
MS: muscle strength; TT: 100m time trial; WGT: wingate test; JT: jump test

Fig. 1. Experimental design
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sto] A (59, 5)¢t sk & Z3het A4 285 SAskatt. v
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Foll LA I HES 2SI 283 e HEE & o4
2] AF(kg) x 0.075(kp)= F-oH5 HAsto] 3027t 2o HI=
< AAste] Aot AEE 23R et YHngE 7

=shqrt

7. 8% i 5%
5 A4 v 4L YACIE HlAE A 32 5 1582 5 30
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B 5o 24319t qiAAe] &8 43L £08 A5 H A
H AL o] 835to] 13] 0.3 AEs T RAF ZA7](Lactate Pro2,
Arkray, Japan)g ©|-§5to] Z4HS ZA4 59Tt

8 Anyase
Juigsee

£33 Hx=A7](Jumping Meter, ASUS ICP
Electronic, Japan)E ©]&3}o] ¥Hs H X(counter movement
jump: CM))?+ AFE HI(Squat jump: S ZH5IA}. =3
A ZA @ oA CM], § 2= &A1 ¢ & HAEE A5t
At CMJ= EH]'E A Aol A FEg of7fjol XAE 1S
£H0E BEE #RT I £ 02 FHoleE F x| 2

A& 7155t SJv F5& 90° 93l AAo A Al#tsto] BE
o] =20 7 Hol&e}t 2o ZR|51A sF3it. CMJet ST &
T 2314 Axot HdigkE 7St e, &4 Ais AT
(msec), = (cm)E 2O E A&t

ool
) @"

dud 2T

L

sy

] A(active warm-up)

1 [e] OZ:]I T
554 YYde FA Myt =4 7](Polar RS400, Polar,

Finland)E 283 & Ato]2YE 2087t A&H 02 HA=S
sttt A A HdAE(HRmax) ] 60-70%2.5 75t
AL, 44 E HRmax7t FAHES Ho4E A&HH 02 ZUEHTY
stof ghelstict.

2. 753 Y4 A(passive warm-up)

58 Y99S 4@ A= Hyperthermia Colour Theraphy
(MX-3000, Medix System, Korea) StollA 40C =2 2087+ |5k
At WA= 717] Qe 72 FH = o7t 4= AT 57t

2] HAlo] & 1]':"— 7Fet= = 51 tHFigure 2).

A=A

2 AFME A7 B4S Yaf SPSS(Ver. 23.0) T2 WS ARG
stlom, &7 FEE 7|&EAA rlc?‘—‘uL(I‘nean)-T’—]— HEZHUA(SD)E
Aottt SEHS 719 AS5A-E-S gRIcty] $of o] dHTEFE
A(two-way repeated measured ANOVA)S AA]sH1 o F-2|5t
Zpolo] gt AFS-AZEL Bonferroni's S ARttt AT
&ol UeA] oS A%, 72t SRS FaTE gRlstilon
BASH §242L =052 DY

Fig. 2. Passive warm-up
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A7Z}
A&2 s}

AA] 7o) A& H3k= (Figure 3>l AT vheF 2ok A2 A
Aot 54 A 3 FTAEe] AUTE e O (Fy, 56=4.214,
p=.015, »2=.231), AFEA A F4 A 7+ Ao]E AFEY
PWolA AP Bk 23] 10, 1548, 20201 F2lsHA S7F5t32
o, AWolA AP Bk A2 1523 20&°] FostA 5715t
(p€.05). A 7k9] zlolE AHEH PW7F AW Eo} 42 2089
FJotA =A HERATHPL.05).

7ho] 2L (Table 2)0] AAI2 v} 2}, 927} H= 517
4 28 w5 A% 709 o8 Aol7h Uehx] QokTHd14,

-o- PW
-O- AW

Tympanic
temperature(° C)
8
>

Pre 5 10 15 20
Time(min)

Fig. 3. Changes in tympanic temperature
PW: passive warm-up; AW: active warm-up
*: p{.05 Significantly different from pre,

#: p¢.05 Significantly different from AW

A

—
=
=
o
£
£
'
[
wid
[
wid
7]
®
|

0 Pre 3 15 30
Time(min)

Fig. 4. Changes in lactate and late oxidation rate
PW: passive warm-up; AW: active warm-up

*; p<.05 Significantly different from pre, #: p<.05 Significantly different from AW
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t=-.549, p=.591; df=14, t=-.277, p=.786). -3} = g L%
AA] 2k} F-YJ7E 2pol 7t YERRA] AdTHd =14, =.068, p=.947;
df=14, t=.467, p=.648). W& F AA| 7+2] {-2J5F Z}o| 7} e}
WUA] FeHdf=14, t=-.453, p=.658).

A2 7H9] 25,52 (Table 2)0l A|ASH vpel A}, o
= AR 749 {o5k Aol7F YehbA] Adthdi=14, t=-.370,
p=.717). 100m E}Q] Egto]dL A 7ke] G235t 2fo]7} tpeprt
A QkoktHdf=14, t=-.201, p=.844). CMJ= A A| 7] 5-2Jgt Z}o]
7F UebA] eEktHdi=14, =-.390, p=.702). SJ& AA| 7t9] {9
gt Zpo| 7} ebHA] @hoktH(df=14, t=-.255, p=.803).

Table 2. Changes in strength and performance (Mean £ SD)
Variables PW AW t )4
[sometric R 55.05+11.80 51.91£11.03 -549 591
strength

(ke) L 50974945 49411274 -277 786

Grip strength R 39.70+6.95  39.98+9.42 068 .947

(kg) L 3624+444 37.63+7.18 467 648

Bac"&g’“gm 133.06£18.15  128.62420.97 -453 658
Pealz\f]‘)’wer 5622548474 546.50485.57 -370 717
100mTime 13670110 1350£115  -201 973

Trial(s)
CMJ 48754670 4750643 -390 702
(cm)
8] 45934572 45.16+642  -255 803
(cm)

PW: passive warm-up; AW: active warm-up, R: right; L: left;
CMJ: counter movement jump; SJ: squat jump
'p<.05

Lactate Oxidation rate(%)
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E 60T
[
: =
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Right Left

Fig. 5. Changes in hamstring flexibility
PW: passive warm-up; AW: active warm-up
*: p{.05 Significantly different from pre
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A2 7te] ALk Wsh= (Figure 4A)°l AAIRH viel 2o}, A4k
ARt 574 A 7 A5 B U2 H(F3,49=7.690,
p=.000, 72=.982), ALFEAS APt &4 Al 7t 2ol 4+
HEH PWF AW B5F AP Kot A 0|E HAE 3&, 158, 30&
Zof & Fol5HA S7HFATHpL.05). AX] 7k2] |95k 2ol
EttA] &9ktH(p).05). AAF AFsE-2 (Figure 4B)oll A A5t 0 H,
ZAAE AFshg-2 PW7F AW Bt} R-ol5t A A Uebtthd=14, t=-
4.254, p=.001).
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A2 7ke] FAEF F-A42 (Figure 500 AT vie} 2t} 9=
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Hdf=14, t=-2.377, p=.032; df=14, t=-3.454, p=.004).
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SEEQ Y ZHS SN, AR 229 25 25 4
IS t]AA "Drh(Andrade et al., 2015; McGowan et al.,
AtollA =54 AYAolAE= A0l < 0.9°C &35t
2 Aol A Aol ek 0.5°C AF5sto] 7129 AP
TFEI} v]=gE 23S YERY ITk(Bogerd et al., 2010; Munten et
al., 2021; Racinais & Oksa, 2010; Silvka et al., 2012). oJA ¥,

A3 o 8% +54 WAL ALe H5A7E Fuglel F

z3|
A} Zol7F YEhA] ettt Kim, Kim
4 AT} A2 A =EAIZ] Fof] F4E
A P ES ST A E BHA EAHES o Hojut
A7t = YeEb T sttt =54 YHdd 558 A9y
O QIR Al 52 B A 25282 FFRE SR
tHBishop, 2003a; Coco et al., 2020; Poprzecki et al., 2007).
ESH AR 2r 9] F7= MLCK(myosin light chain kinase)
9} MLCP(myosin light chain phosphatase)2 Z4A|A &% ot
Al TY S 5 HY I 24H 5 &8 SV I
(Brunner-Ziegler et al., 2011; Naperalsky et al., 2010; Quod
et al., 2008; Tsurubami et al., 2020). $=2 W Hr} =7
Aol A 2 A 75 MAANA E55F e Tl o A
At Ao E = Aol Ao, FFoME dHHoRE 55
A AL HAISt Qith I-o® Et5kal, & AtollA F 7t
A Y gel W &55F 5N Aot YA A2 Ao
Bk o, 4 =S B3t 58 UL HHH 0 R AAEHE= 5
W2 fEotelon, dAolA A7
1

4 ge
YA HEF 5 UL H5HE AN

=

0. ofn

; Lo &
o} o
) )
i) fix)
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2 Fjl
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7kstgon, 158 39k 30+ ol ZAastnt. Attt
E 308 F 2452 54 U Yol 554 ¥
Al JeFGth Park et al.(2021)9] Ao & A= Zof
&4 (lactate dehydrogenase: LDH) %27} S715tch

2™, Kim, Kim et al.(2020)9] oA & &7
ol eE2AFAE W d S04 ZAL ASHgo] =kt B
sholth A2 J5o = A3 &% W &% 37 @75 S7HI71
iS4 G401 IDHE SXAA Y Y 4 o] 5 X
Aoto] A4 JARE S7HAIZ]A "okBishop, 2003b; Coco et al.,
2020: Poprzecki et al., 2007). & A4 HAEH FAAH2
54 Aol 5548 AYA Bt A Ut Petrofsky et
al.(2013)9] A-tollA & A=l et 59 | SR
ot #1519 21, Bartolomé et al.(2021)2] AFolA & 340
LE3AZ o FAEH |AHo] F7Iolct Basigith 45
W 2% S7Hs et 1Y AE54S S7HA1710 ARF 9 &4
TAaAA R4S AL 5= th(Aguilar et al., 2012; Bien, 2011;
Herman et al., 2012). &% A &4 A=< 58 54 HU9A
A28 ASA A, B4 ASET FAET FA4g0] FFS v A
O 7 HojZt} o]z, 54 Yol 35S X5k A oo
FFS vA F lon, =3 L A2 E FUAA JET} A i
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of Tt AE AP a7} Ak AHRHEY

2 AT A0S AT o o 22 2 7HA] AT S e sfiof
siot A, £ A4l E AR 258 SHoIAAT, 48 258
HRHos 245 Laheleh @ g0l ofg AN Lro 28 &
Lol 452 4 B 2 AL 2d 93 22 89l 9 W=
o}l 2% 9l 9 (Heinonen et al.,, 2011; Kim, Monroe et al.,
2020). A 0] 5ol 8 2k 5ol 9T vIFZ Aol

ne e
AR B4, B AT L AR 9

2
r>~

ox 2 ok o
8B X

z0 19

lo & oL

o)

HE Y Ao

B A7 232 $USH AelE 34 AP A55A @ 432
B9 254 9L LS HS5AA 24 A58 394 7
72 Folstgon, A4 S5 AXSA RtedE BT 5
54 A9An 255U vlat AHE dehg. o)k, &
54 99qe] Redor ANHT It 554 99UL AL
4 9t A9 el B 4 vk AL ANELT glon], 3 4
54 993 554 AUAL WY AAlste] Aokl A9
Hol vhat 475 A "esk drkn Az
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