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The effect of Whole-body cryotherapy intervention after an eccentric exercise

on PPT, CK and LDH of EIMD
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Abstract three groups (p<.001) and there was a significant in-

Background: The purpose of this study was to inves-
tigate the effects of WBC on the pressure pain thresh-
old, CK and LDH after exercise-induced muscle
injury.

Design: A Randomized Controlled Trial.

Methods: In this study, these subjects were assigned
into three groups, a control group (n=10), experiment
group I (n=10) and experiment groupll (n=10). The
subjects in experimental group I were intervened by
WBC (-130C, 3 minutes) before induced EIMD, ex-
perimental group Il were intervened by WBC (-130C,
3 minutes) after induced EIMD and control group
weren’t by any intervened after induced EIMD.
Results: First, In the comparison of the PPT, there
were significant variations with the lapse the time in
three groups (p<.001) and there was a significant in-
teraction of time and group (p<.001). In the among
group comparison, the PPT of experimental group II
was significantly larger than those of other groups
(p<.01). Second, In the comparison of the CK, there

were significant variations with the lapse the time in
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teraction of time and group (p<.001). In the among
group comparison, the CK of experimental group II
was significantly smaller than those of other groups
(p<.001). Third, In the comparison of the LDH, there
were significant variations with the lapse the time in
three groups (p<.01) and there was a significant inter-
action of time and group (p<.001). In the among
group comparison, the LDH of experimental group II
was significantly smaller than those of other groups
(p<.001).

Conclusion: The above results revealed that the WBC
intervention after an exercise had a positive effect of
muscle function after EIMD.

Key words: Creatine kinase, Exercise-induced muscle
damage, Lactate dehydrogenase, Pressure pain thresh-

old, Whole-body cryotherapy.
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A &5 F AL YAAER FEo] TEHLAE ZF &4 F 55, CK % LDH "X+ &3 31

Al Abs] o] &S BT AAZ A= AA S a9 S5 TS oplste] o AW Ee Ay Qo]
Ha1, old TAIE EQlo] sldsty] Hdl &% W dAAYE S-S st AFEEo] Sk ATH AT,
2011) T8 o8 dt EEollA HA RS 5> £717] e Ax = DEs ARl oA e < &4
< 7A¥ 3 sckBrancaccio 5, 2010; Hammouda 5, 2012). 3] <4 4ol W37} At 2344 53 A4
0}—7 o)sshA] b2 AIAS] FAYS RS 2 F 0 E QIsh At A2 5ol &S Uo7l FhH(Proske S}
Morgan 2001).
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% (crush), EFEFd(contusion), & (laceration) 1= & A(freezing)s O % ¥ = 9
F &4 5 U8 25 é\‘”(exercise induced muscle damage; EIMD) ©. % &+% th(Warren
5, 2020). EIMD= 944 &5 &5 x3st AdstAY 95814 92 5ol 28] 5o
@E]'(Howatson %, 2009; Baroni -, 2010). &3t EIMDT &%, ¥3(swelling), @7, FAA, =
LA Fo kst SAES DA 7, rho] @ ZZ W (myoglobin; Mb), E5 A
& 7]obAl(creatin kinase; CK)EHd ¥} ZAAMEr4=4~§ A~(lactate dehydrogenase; LDH)$} 722 3] 2 t)AMF=E 9]
gl | 5= zoly, o wlA BH]S Z7FAZItKClarkson 5, 1992; Chen &, 2011).

EIMDZ] 3]3o] tfgh thekslt Aq-50] o] FolA 1l Ql=dl, A7 =-dlo] A 4] S (Baroni 5, 2010), FHAFAEA 5
(McAlindon -5, 2000; Wilson ‘5 2007), 3K A 5, 2016), I sAT(H25 &, 2011), AHANAAF(HEZ
5, 2009), =42 WA ReldA viAIE, 2017)50] A E AL olHE WHES 25 & 252 el oY
ojuf el Egg Tt deElA ATHAIE 5, 2020).
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< AA1Y87F e W (whole-body cryotherapy; WBC)>- - AX = 3|5 Whol tsh 98h4] 4ol F7hst7]

AlZFEPEA s 35S 98 T WO R FE7] AlASES THNemet 5, 2009). WBC= Cryotherapy 2] =
G 2EE AEote] dYARY adE Fstete] 35 ARbe QAR GEAA F F AHeHe
8= ol Wi @ olgtal g A glom A E SEAgEoldl 5 &4l tig 35S AT W
Ho=z AR de] &d#X]a tkBanfi 5, 2010; Bouzigon 5, 2016).

WBCE &% 282 ¥7t AA 5 o] gate] AMN oF -110TC oA -140CE FA ¥ = A2 SH O ZHE GA|
G ool vi-¢- A7k kA Aol 54 mEAA ARS RO R Y AA|7} ofef whgstES
&to] 25 Al FEA WA B ARBAE SRS HAAA LEoR BT I I O Q1F 24f dF
BE ofYel 7] 25 £ oS AARA7IE 97 thBanfi 5, 2010; Costello &, 2015). st 252
YA S7kel CK, LDH ¥ 7-59] 724, ti} S 27 5520 il mE S5 folAe] A de 9 284174
ko] IR A, @5 JEEAPL NH3)S A4 55 7P Azl w9 SH AR dFS v 3]
A, 2002; Eston®} Peters, 1999; Banfi %, 2009 Ingram -5, 2009; Rowsell ‘5, 2009; Hausswirth -s, 2011).

Rivera 5(2018)> Af 5% Ao/l WBCE 35 B¢t AUR &3 A3 djzool vs) A7 opd®
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2] T (visual analogue scale; VAS)©l|A] E—Z—O] Al A AT 3131 a1, Eston} Peters(1999)= 2241 9142
o ® 1589 sHAE o548 &5 ¥ YAEE A8 Ay, 85 CK sk FFo] HAaES Bkl
Banfi 5(2009)<> 107 <] oj&tg]o} gH] H7MRE-S U2 WBCE &5 A-F 797 AY= AAS A,
& § WBCE 283 1514 CKe} LDHZ} o] ahA Aaste] &gl osf 2w < &0 25 e 9 35
A Z T B skl

olg} o] MyYATES AT A3 EIMD % & WBCE =

EIMD 2 -5 WBC?| 280l tist a3}= H]Iﬂ_?l A= v wEE Aol wet

.
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i A5 WBCE #&3to] &<, CKS LDH 520 Mk Hla H4sto] EIMDY] 23 odd = Sl
I N2ARE At

1.7 712 & ohe

A= GAl HAjgtel| Ajst 52l g2 2 A2 HAAE oldletal Fofstzlvtal Fol st 3048 o
o7 2020 79 69 HE OE‘Z_P s tl2T(109), EIMD 2 WBC 4-8-77(10%), EIMD 3% &
WBC A8(10%) 0.2 Al ZIFOo= o] AMErlE F8l 729 wiy & Asgsiqich A 73t 5t £
A Aol Oﬂ?‘fo——% = T %l% SF, OFE 58 B88HH @ v $AA Zo] A A BE A s
A9k e B AE5AeRE Haskith

AT ﬂwx}—& OS2k 22 7)ol mek A QA Z T ol Frhew o] £es Aol = A, BTk
goll Aol 9l 2k AR, 71E A2 F-4] 3heirtan , =7

st AN EEA Ag AL, AukET]
), FA 33 AH 2 0] S(corticosteroids), P A
ZO| A, 7]EF A2 FAgbsiotal A7teleE oFES 58

< A 5 23 VJ ﬁi‘@ﬂi A5 &5= o= A

2. A7 AA

ATS 98 AAE s AFTF 1L 9BFAY2] EIMD 2 4 WBC &+, A3 EIMD
2 5 WBC A4 123 EIMD 2 ¥ ol AL A g8lx] o2 2o ANE|E S Fa9e 25
koM, %, CK 2 LDHO v Q&S Lol Z&A7|o] W 7 74| 2}o]Z nwataat akgith
7t 1ol gk WS A887] A HEIR), K 9 LDHES 48131, xS obtdl A2 glo] F241<
2ot 819, WBCE 288 AT LS 24, 484)70e] 28 W ow =43akglom, A1, 11+ EIMD 2
F= ]WBC ﬁ%s}%} %—Zéél-ﬁl = 24~27CE FA 0 Agrd oz o
=]

T=24
T AA= Figure 13 2tk

1) 25 724 2= &Y(EIMD) 72

EIMDE f341717] $18) ok Abgsto] A% BHRE T2 IRME SHA00, A7t 23




A EF F AL YAAR HEo] 2EFLE 2% &4 F 5, CK ¥ LDHO| 7|

rr
fof
kD

Subject selected (n=30)

Pre-test
PPT, CK, LDH
Control group Experimental group I Experimental group II
(n=10) (n=10) (n=10)
Before WBC After WBC
- 130C, 3 min - 130C, 3 min

v v

‘ Induction of EIMD ‘

v v v

\ 24H, 48H : PPT, CK, LDH \

v

Data analyses
One-Way ANOVA
Repeated measure two-way ANOVA

Tukey
Figure 1. Diagram of experiment procedure

A 0~135°2] HelolA & W H= Zo] & 7 U= FAY] der HAASTE EIMD:= 1 RME] 60%°f
Gl FAE olgato] tidabe] HE 3 o7 g E AdHelA 8% HlEREe] Bt dRyHE 0~135°9]
ol FAS A3 YAl o, S0 29 s REA) ToFEE SIATh 158 WS S Iset®
sto] A ssetE AAIBFA L, 7t setAto] o] FAAIRS 6022 FATHOIT Y, 2006).

2) WBC Z2EZ

ART AT PP FAL ool Forb] A% €FH(A AEl 9 ook%h Mol U F7F nE Saow
b AME FEAES AU 2] D PRy

= 3 BH 3&7 Eit
A EUI Y A 2F 77 WE DS AdEel AR $dE A “% =1ollA S0psi B A fFHOE 27

|
g W7 F @32 ok ™ Alks 28-S A2 Fo7HA 1aE &3 -130C7HA
TGS sk %, o]F 2+ w9t -130CE fAEtES R 2E5E 2E3IThAE, 2020).

EIMD A SH& 9A& H]ﬂfﬂ' | 1381 gAE 5 X574 7] (Algometer TM Commander, J-TECH Medical,
USA)S AHE3HolTh o5 A2 TAE SIE A 5,9, 13em Aol A O & Sto] g vhettt
oyt £xw odS }E) o] A& = A Ao A AR} of dh= A S U EEste] 1 27HY
H T30 3 71Eske] 33 AAIS & Hagks AYsith 49 T5E BAE AF 7 F
Al 1A 7} vFAA] A S &% A, 24417 48417k A A F 33 SAEF o, SHYS =S
o A7|7F A& WSt A a9l 48], 2012)(Figure 2).
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Figure 2. Digital algometer

2) €3 U2 CHAIE

YRS HA3517] 98] dN F4]7](Cobas-8000, Roche, Switzerland, 2011)% % 7, 24A| 7}, 484 7ol A
dolalom, CKeF LDHE S4sI3ith 133 A sz &5 Aol Af&dsto] d4igl7]olA 1087 244

RESu = SR LA

Frofl A -T2 A7) ZoluA] Al AEE ¢ JEE HSAthEES &, 2011).

Windows& SPSS 18.02 AME&llom Hak 7+ 524 HAES 28] one way
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AT tiidAEe] Ftolof glo] thFat 24.87+1.334, AF T T2 23.40£4.384], A3 1= 22.30+0.1741%1
oh izt Ha 71 176.8845.74 emQlaL, A 1 8] Bat7]= 175.7045.77 em L, A I+ 176.10+2.31 cm
otk e 2T Hek FFAE 68.33+4.52 kel al, AT 1 9 Hit BHAE 65.06£5.13 ke iz, A1
i 71.90+4.28 kgolQitt. BE o] URby 5o i HAA 1 A3 BATE fo)8t Afol= 131 Ti<Table

1>.
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Table 1. General characteristics of subjects

Control group (n=10) E- I group (n=10) E-I group (n=10) F )4
Age (yrs) 24.87+1.33" 23.40+4.38 22.30+0.17 1.187 567
Height (cm) 176.88+5.74 175.70+£5.77 176.10+2.31 1.231 482
Weight (kg) 68.33+4.52 65.06£5.13 71.90+4.28 0.487 417

*M=SD, E- I group=WBC intervention before an eccentric exercise on EIMD of biceps brachii; E-IIgroup=WBC intervention after
an eccentric exercise on EIMD of biceps brachii




T SAL BA4AE A8 LY 2F &4 F T35, CK ¥ LDHO "A= &3 35

2. 85
A% 7kl BF AjolZ WS BAHEA § A3k, A% o) ERAFNA ARl B 0w fola
2Fo]7F AN AL (p<.001), AZF} Ak 7F o= (213 m s Ago] A o (p<001), At 7+ EIAAANME
ok Zpo] 7k AT (p<01). Tukey®] AHF-37 Aot AL L7F B2 2ol vlsf PPT7F 27| Weh v 284
I A & USUT<Table 2>.
Table 2. Comparison of the change in the PPT among groups
Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 35.18+45.11° 34.07+3.01 34.35+2.10
post-24h 27.23£2.28 25.15£3.65 27.3243.31
post-48h 23.31x1.51 22.44+3.69 28.19+3.49
F 82.375 3.449 7.357
EI>EI>C
P time: .000** timexgroup: .000** group: .003*

*M£SD (Ib), *p<.001, 'Repeated measure two-way ANOVA, "Tukey, E- I group=WBC intervention before an eccentric exercise
on EIMD of biceps brachii; E-Il group=WBC intervention after an eccentric exercise on EIMD of biceps brachii

3. CK
e ghell CKO| ztolE MRS ZAREA] o Ay, Ad o el ARkl = SAS A o' o) d
ZFo]7F AL (p<.001), A7k ek 7 oM = {08k e Ak-go] A3l e m(p<.001), Itk 1t F I G E
o]k 2po) 7k A THp<.001). Tukey®l AHF-37 A}, AP U7} v 2ol vls WA CK7F veh B 587
A A& & SUSIT<Table 3>.
Table 3. Comparison of the change in the CK among groups
Items Control group (n=10) E- I group (n=10) E-T group (n=10) post-hoc”
pre 145.41+10.72° 138.60+4.20 143.77+10.11
post-24h 122.7045.57 112.9549.87 113.88+11.50
post-48h 126.11+6.66 127.73433.88 124.88+7.99
F 588.639 70.254 68.36
C, EI>EI
P time: .000* timexgroup: .000* group: .000*
*M£SD (U/L), *p<.001, 'Repeated measure two-way ANOVA, "Tukey, E- I group=WBC intervention before an eccentric exercise
on EIMD of biceps brachii; E-IIgroup=WBC intervention after an eccentric exercise on EIMD of biceps brachii
4. LDH
F& Zholl LDHE] Apol& w574 2AEA o A3, Ak of a3 olA At A= SAIsHA o= o8
ZFo]7F A AL (p<.001), A7k ek 3 oM = o) g ez Ak-go] A3 0 H(p<.001), Fek 7F & 3G ol 4

=
ol Z}o] 7} 019}‘:}(1)<.001). Tukey®] AF5-77 A3, AR I7F &
Al A& < 5 A3 U<Table 4>,

sy
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ol ul8) LDH} S vheht o g
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Table 4. Comparison of the change in the LDH among groups

Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 358.20+36.64* 354.50+45.33 365.60+36.44
post-24h 445.25+42.32 396.20+44.49 381.30+£24.21
post-48h 653.50+47.42 610.50+60.73 437.20+21.59
F 239.348 29.991 70.571
C>EI>EI
P time: .000* timexgroup: .000* group: .000*

*M£SD (U/L), *p<.001, 'Repeated measure two-way ANOVA, "Tukey, E- I group=WBC intervention before an eccentric exercise
on EIMD of biceps brachii; E-IIgroup=WBC intervention after an eccentric exercise on EIMD of biceps brachii
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5ol ot & &AL EH/\P—(# A Ed| 2 (metabolic stress) 1= 24 2~ E @2 (mechanical stress)$Hg ol 2] 3]
ZH ] FAREE 7107 7] WS =S White 5, 2013). tAR] AE A 9 A7 5 Al EA
Hi= st & Al (Arbogast 5, 2004)% kA AU A] o] & A Eef whel YR (Clanton 5, 2007), NADPH
oxidase(NOX)°l| o]l =2 v|EFZ=g]o} Yo w4 &4 AkAF(reactive oxygen species; ROS)S 577
A3zl abst—3kgl WSS WAl T ofYEK(White 5, 2013), o d--"H(sarcolemma)Z} DNA(deoxy-
ribonucleic acid)E ¥&3sH B= A Zu| kSt (Kregel 5, 1992; Zembron-Lancy &, 2010). ©] =

< S
- =

Qe d W phE "olEd|aL 2HIstE doA J25 FEshd, ATP 9 Aeopd It 1efa Avie] A%
Q

¢

=3I 22 oA A T QRIEE IH U9 FAES FAFoEN WYt AT FEeY
(short-term neuromuscular performance)®] ol & faksto] A ASAE L] o 8]3-S WSt o] st &4 &
9] o]y} F5EFFS oAGY] S5 H S AFHSTHCairns, 2006). 53] WZHAHE AL MY 5 oS}
A AAAN AT 7S STHIAA T AL ARRE A B ol 5 F 92y 27 &4
5& olel= a3t = o7 e tH(Cabral-Santos 5, 2017). Hausswirth(2011)+= vletE A4 98-S ot
O % EIMD i & A9, 55, WBCE 483 A3, WBCE 483 wellx] MVIC7} 28t S 7k
thar 3k a1, Burke 5(2000) W ¥EFE(gluteal fold)7H4] CWIBTC)S 243 A3} tixol Hls] Jdga2
w3 MVICZ)F 28 S7Favkar skl om, et 7Fel-3-3 2lgul2018)% 20th EAF tishAl 69 S oAt
o F Q9FoE Frgulag e AAd +5FS 7L F A5 AE#H H(cold-stretch) S 483 4
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WEENIY FoAS F7HEE stk e B ATIAE EIMD 8 A-Fol WBCE 483
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Buchanan?} Midgley(1987)i= $Hgolsh 3 52 Stgof tidh n] g4 Wizid o] ATE Deh, oHF AX
(pressure pain threshold)™= A7 55 A= 55 HEas AARH o2 ZH37] 3t =124 S22 A=
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olth@ Y& 5, 2001; Hiibscher 5, 2008).
Aol EIMD 2 7-3 WBCE 283t A3} B oA Ag A, 244171, 48417 o4 PPT] #-2]3H
7} BSTHp<.001). =3k EIMD % d-$ WBCE 283 Ju 1 a9 A7@PPT)Atol & 418 A, A7)
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Frela waago] U ovp<o0n), Fe 2k AAHAGANE 2T Aol 7k QoA (pe00n), AF HHE A
A3} EIMD 72 5 WBC 4 §70] THE ol u]al] CK 527F 74 s Lehde). 91715006 414014
o] g s 9 e HAS] $4Y LEOR BARE H% A7 F K

&
A%
K 552 WslE nlus 43, &%
YA BS 283 Pl dF CK T2 F Aolrt e Bk u(p<.05), ¥ 3](2018)= UL
T 7] 3 CWIE 283t A7, fév CK 559 ok 2fo)7} Qe+ Halsto(p<.05) T Heol= o
Aol7h QAT & ATsh A AE wE:aAUTH

T OE 24X 8 LDHE 8% F Tk dglel o8 ATPS s
AFAIA A 2BAE o gato] FA olgt W FaAE] PP o) F
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24 FAkA e

= k& 3 (Everse?l Kaplan,
2012). ¥ A5RellA] EIMD 2 d-% WBCE 283t A7, A Ul LDH 5% ¥shes & oA A3 A, 244
= 3

4
2
g

b

7F, 484 7bol| A EA sk A o7 {-2]%k o] 7 AN A(p<.001), HEF 7holl LDH #}o]S #4135 Axp A]7]9) vk
el = o] gt EE&%OI AN (p<001), Het 7+ T3 A AN E F2 g ZFo] 7} Qlol(p<.001), A A&
AAS A3 EIMD % & WBC A&<o] th& ol Hls| LDH s 57F 71 WAl ekl ©]-8-x1(2002)
ey 8= wwi % ¥ ¥A-A (10T, 15°C)—§ #-g-st A3}, LDH 5% W3lel| fre] gk 2to] 7} qlrkar sk
IE<05), Qu 5(2018)> 4 T4AE A4 129S O EIMD 2 § WBCE 483 23}, WBCE 4%
Sk oAl LDH ¥ %= ®istel] 57411 &S v|xokal Baste], FAdoll= tha &fo] 7} UAINE 2 A2k
FrAbeE A3E EEaqlnh o]9f & Aol 3lo] Drinkwater(2008), Racinais$} Oksa(2010)= d7to] 35 24t
T2 9 Aol Al o AEld QRlES wEA P Al FE7HA 21§ AEF FIAZITAL st
 AFARE AA k] FaL Tk

ool A Fal HETF Qﬂﬂlﬂ EIMD 2 -3 WBC Z€-°] PPT, CK, LDHel| 93-S nx= S <&
T A%, 53] EIMD % § WBC Z€-°] EIMD % A WBC 481t} v g3 4olgh= A& & 5 SUSlrh

|

=




38 digtEE A 5743832 Vol.28, No.3, 2021. 12. 31

ko] 7F of(p<.01) AR A5 AAISE A3, EIMD 2 $ WBC
Aol B el v oH PPT7} 7} A e T
T A AR, EIMD 8 A5 WBCE 483 A e ir%ﬂ*i AF A, 24717 48A17F Fof] CK %
E oA o3 xFol 7k AATHp<.001). I Hek holl CK FEabolE A3 Ay A7k
Fo)t wsAgo] QA (p<.001), At 7+ G AN E w/lfz% 2] 7} 1o (p<.001) AFS S
Algt A7, EIMD 1% § WBC 2-8+ro] th& el Hlsl] CKe] w57t 718 Sl vebsth
A AAA3, EIMD 2 -9 WBCE 483 A3 o W LDH s =Wshs B oA A3 A, 244
2L, 48A17be A -2l to]7h QU1 (p<.001), Fgt F 1k Zkell LDH s=xtol& 241 et A, Al7H} o 1kl
ek s Agol Ao H(p<.001), Fet 7+ EFFANAE {FFE 2ol 7t lo(p<.001), AFFFA-S AAIE
A3}, EIMD 2 $ WBC A8+ro] th& ol |3l LDH +%7F 7H @Al Yelsith
oo d¥tE Fall T4 EIMD £ H- A8 WBCZF PPT, CK, LDH®l| &8 nX|+=
ok = QU131 53] EIMD ¢ % WBC #]-§-°] EIMD t'a‘ A WBC 281 o gatdolel= A o 9l
o} whbA EIMD 3-8 ofidetal 7HAA)7] 71 &l 5 & WBCE Z8oh= 3l = H ojml Sl FAE o
g1 daEY, FF A= WBCY 2%, 71, Alﬂ T2jal A8 T theke W] W AqE A
g =lofof shrfal AR ETE

T AT AEHH o] glo|ZA A E fJgt FEF Ak Y 5]
. S AE EI I EAR] 8F3]=7-A] 2018;12(8):317-26.
A 25FY & Ve SFol nA= AL =R BAIU S 2011,
S 5 5ol A Pressure Algometer & ©]-8-3F = E
The Korean Journal of Pain 2001;14(1):32-36.
Az, olatd, 48, 5. AAA ot A2 AA7A=A R, 283 AR AQGTFEo] i 2

Ao o 28 9 SRR vAE 9 A=AeT]E 3] =24 2009;10(12):3902-9.
A4, Aot AN, 5. ZEAAAS ] QoA IX 5o} JAAREIAAE A F 552 ¥} ek
8+35]4] 2005:8(2).

, A, 2], 5 AR s A s o] shE e AAY el vRlE 9 A s
&3] =52 2011;12(12):5789-96.

Aw. At 25 A Agfo]l e 7F AYE AR A4S0 95 drad B 2 SR vA= 9F

N,
flo
A




A4 8% F IHL YAAE Ago] LEHUH 2% £4 F FF, K 2 LDHY mAE &9 39

[AFeES=. e el st Al 2 2020,
Hobs, AAZ, A, 25 A 489 AS5ES98 BEx597t 2% 12 28 49 S5 2Ry
2] 2 B 7}818) 4] 2020,27(3):56-66.
B sk 2 vE s danld e FHE, HAEAHES Wsh d5AE5E] A
2002:41(3):317-23.
3] B A E A9 471 5 Cold water immersion®] A3 A ¥ 28} AEHAT B Ul B4, GAbskE

2o vl A= ZyuAEe =R Aoz sl 2018.

P

=13
Bl

rlo

A, AFA. AN v 9k T e ¥ S 97F 7he A A A719H8 =1 A4 2018;67(7):962-8.
FAT, AFY, olHY, T LETEAY I B F ATRT H8o] 2F 4 A VA= 9 25

) 7 2 5} 5}
I 2006.

AFE, A 3] AAA FEH5EY] FEF Fo)HR A as vaL A28t Eks] #] 2012;22(2):219-28.

AN, AL, T, T e 2S5EY A Hexey 8o S5 SRR v A= 5
S I HIQIHM EAY] B3] =7-4] 2016;10(5):81-8.

o], FAl-ol¢k T FHVIH Y BHNAAVNAF ] AA FHE A5 EAHAREF =R A g,
2006.

o]gAl, viMA. shd¥} o AL Azt A WAlo] kA1) o B WX P tishE] &g

A] 2017;12(2):1-8.

o]-§xl. I E ¥ & Yool EF Yol ks E, At & 4 w4 W Ieobd 7)ukA] Wste] vl
© AR =R Al TS 2002.

Arbogast S, Reid MB. Oxidant activity in skeletal muscle fibers is influenced by temperature, CO2 level, and muscle-de-
rived nitric oxide. Am J Physiol Regul Integr Comp Physiol 2004;287(4):R698-705.

Banfi G, Melegati G, Barassi A, et al. Effects of whole-body cryotherapy on serum mediators of inflammation and se-
rum muscle enzymes in athletes. J Therm Biol 2009;34(2):55-9.

Banfi G, Lombardi G, Colombini A, et al. Whole-body cryotherapy in athletes. Sports Med 2010;40(6):509-17.

Baroni BM, Leal Junior EC, De Marchi T, et al. Low level laser therapy before eccentric exercise reduces muscle dam-
age markers in humans. Eur J Appl Physiol 2010;110(4):789-96.

Bouzigon R, Grappe F, Ravier G, et al. Whole- and partial-body cryostimulation/cryotherapy: Current technologies and
practical applications. J Therm Biol 2016;61:67-81.

Brancaccio P, Lippi G, Maffulli N. Biochemical markers of muscular damage. Clin Chem Lab Med 2010;48(6):757-67.

Buchanan HM, Midgley JA. Evaluation of pain threshold using a simple pressure algometer. Clin Rheumatol
1987;6(4):510-7.

Burke DG, MacNeil SA, Holt LE, et al. The effect of hot or cold water immersion on isometric strength training. J




40 =X 574383 A] Vol.28, No.3, 2021. 12. 31

Strength Cond Res 2000;14(1):21-5.

Cabral-Santos C, Gerosa-Neto J, Inoue DS, et al. Physiological Acute Response to High-Intensity Intermittent and
Moderate-Intensity Continuous 5 km Running Performance: Implications for Training Prescription. ] Hum Kinet
2017;56:127-37.

Cairns SP. Lactic acid and exercise performance : culprit or friend? Sports Med 2006;36(4):279-91.

Cameron MH. Physical Agents in Rehabilitation-E Book: An Evidence-Based Approach to Practice. Elsevier Health
Sciences, 2017.

Chen Z, Zhao TJ, Li J, et al. Slow skeletal muscle myosin-binding protein-C (MyBPC1) mediates recruitment of mus-
cle-type creatine kinase (CK) to myosin. Biochem J 2011;436(2):437-45.

Clarkson PM, Nosaka K, Braun B. Muscle function after exercise-induced muscle damage and rapid adaptation. Med
Sci Sports Exerc 1992;24(5):512-20.

Clanton TL. Hypoxia-induced reactive oxygen species formation in skeletal muscle. J Appl Physiol 2007;102(6):2379-88.

Costello JT, Baker PR, Minett GM, et al. Whole-body cryotherapy (extreme cold air exposure) for preventing and treat-
ing muscle soreness after exercise in adults. Cochrane Database Syst Rev 2015;(9):CD010789.

Drinkwater E. Effects of peripheral cooling on characteristics of local muscle. Med Sport Sci 2008;53:74-88.

Eston R, Peters D. Effects of cold water immersion on the symptoms of exercise-induced muscle damage. J Sports Sci
1999;17(3):231-8.

Everse, Kaplan NO. Mechanisms of action and biological function of various dehydrogenase isozymes. Isozymes (Part
I); 2012. p.29-43.

Fischer AA. Pressure algometry over normal muscles. Standard values, validity and reproducibility of pressure threshold.
Pain 1987;30(1):115-26.

Fonda B, Sarabon N. Effects of whole-body cryotherapy on recovery after hamstring damaging exercise: a crossover
study. Scand J Med Sci Sports 2013;23(5):¢270-8.

Hammouda O, Chahed H, Chtourou H, et al. Morning-to-evening difference of biomarkers of muscle injury and anti-
oxidant status in young trained soccer players. Biol Rhythm Res 2012;43(4):431-8.

Hausswirth C, Louis J, Bieuzen F, et al. Effects of whole-body cryotherapy vs. far-infrared vs. passive modalities on
recovery from exercise-induced muscle damage in highly-trained runners. PLoS One 2011;6(12):27749.
Howatson G, Goodall S, van Someren KA. The influence of cold water immersions on adaptation following a single

bout of damaging exercise. Eur J Appl Physiol 2009;105(4):615-21.

Hiibscher M, Vogt L, Bernhorster M, et al. Effects of acupuncture on symptoms and muscle function in delayed-onset
muscle soreness. J Altern Complement Med 2008;14(8):1011-6.

Ingram J, Dawson B, Goodman C, et al. Effect of water immersion methods on post-exercise recovery from simulated
team sport exercise. J Sci Med Sport 2009;12(3):417-21.

Kregel KC, Seals DR, Callister R. Sympathetic nervous system activity during skin cooling in humans: relationship to
stimulus intensity and pain sensation. J Physiol 1992;454:359-71.

Kuipers H. Exercise-induced muscle damage. Int J Sports Med 1994;15(3):132-5.

Lee S, Park H. Effects of auricular acupressure on pain and disability in adults with chronic neck pain. Appl Nurs

Res 2019;45:12-16.




>
o,
Ho
of
o
44
R
o
o
M)
W
)
oo
o
o
off
Jo
i)
o,
rl
Ho
(b
oy
ol
offt
ol
@)
~
Ha,
—
=}
T
2
=)
FTF
1:01:
_V\_I‘
=

McAlindon TE, LaValley MP, Gulin JP, et al. Glucosamine and chondroitin for treatment of osteoarthritis: a systematic
quality assessment and meta-analysis. JAMA 2000;283(11):1469-75.

Michlovitz SL. Diathermy and pulsed electromagnetic fields. Thermal agents in rehabilitation. 2nd ed. Philadelphia: FA
Davis Co; 1990.

Nemet D, Meckel Y, Bar-Sela S, et al. Effect of local cold-pack application on systemic anabolic and inflammatory
response to sprint-interval training: a prospective comparative trial. Eur J Appl Physiol 2009;107(4):411-7.

Nosaka K, Clarkson PM. Relationship between post-exercise plasma CK elevation and muscle mass involved in the
exercise. Int J Sports Med 1992;13(6):471-5.

Nosaka K, Newton M, Sacco P. Delayed-onset muscle soreness does not reflect the magnitude of eccentric ex-
ercise-induced muscle damage. Scand J Med Sci Sports 2002;12(6):337-46.

Pelfort X, Torres-Claramunt R, Sanchez-Soler JF, et al. Pressure algometry is a useful tool to quantify pain in the medial
part of the knee: an intra- and inter-reliability study in healthy subjects. Orthop Traumatol Surg Res
2015;101(5):559-63.

Proske U, Morgan DL. Muscle damage from eccentric exercise: mechanism, mechanical signs, adaptation and clinical
applications. J Physiol 2001;537(Pt 2):333-45.

Qu C, Xu M, Qin F, et al. PO-228 Effects of Different Cryotherapy Models on Timing Sequence Recovery of Exercise
Induced Muscle Damage in Middle and Long Distance Runners. Exerc Biochem Rev 2018;1(5).

Racinais S, Oksa J. Temperature and neuromuscular function. Scand J Med Sci Sports 2010;20 Suppl 3:1-18.

Rivera J, Tercero MJ, Salas JS, et al. The effect of cryotherapy on fibromyalgia: a randomised clinical trial carried
out in a cryosauna cabin. Rheumatol Int 2018;38(12):2243-50.

Rowsell GJ, Coutts AJ, Reaburn P, et al. Effects of cold-water immersion on physical performance between successive
matches in high-performance junior male soccer players. J Sports Sci 2009;27(6):565-73.

Saxton JM, Donnelly AE. Light concentric exercise during recovery from exercise-induced muscle damage. Int J Sports
Med 1995;16(6):347-51.

Warren GL, Summan M, Gao X, et al. Mechanisms of skeletal muscle injury and repair revealed by gene expression
studies in mouse models. J Physiol 2007;582(Pt 2):825-41.

White GE, Wells GD. Cold-water immersion and other forms of cryotherapy: physiological changes potentially affecting
recovery from high-intensity exercise. Extrem Physiol Med 2013;2(1):26.

Wilson HD, Toepfer VE, Senapati AK, et al. Hyperbaric oxygen treatment is comparable to acetylsalicylic acid treat-
ment in an animal model of arthritis. J Pain 2007;8(12):924-30.

Zembron-Lacny A, Naczk M, Gajewski M, et al. Changes of muscle-derived cytokines in relation to thiol redox status

and reactive oxygen and nitrogen species. Physiol Res 2010;59(6):945-51.






