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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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Y LF F AL YAAR AHEo] 2EFLE IF &4 F FF, CK ¥ LDHY A= &3 31

Al Ak3] 9] F&ek ) AAA o= ’diﬂ%% g} $-F e op7|sko] 01 e Xmﬂc—J HL@ Hio]
a1, o]fl EAIE #lo] sidsty] 98 & 3
2011) e o]l gt EEelA] HA RS e 717 A Axx S-S AR Oﬂﬂl oA EE &4
< 7A¥ 3 sckBrancaccio 5, 2010; Hammouda 5, 2012). 53] <4 4ol W37} At 2344 53 A4
0}—7 o)sshA] ok AIAS] FAYS RS F 0 ® QIsh At A2 5ol &S Uo7l Fh(Proske S}
Morgan 2001).
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2 © Z1tk(Saxton?} Donnelly, 1995).
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ChHNosaka 5, 2002).
Z(crush), EFEFd(contusion), &4 (laceration) == & A(freezing) s O % FHHE = 9
F 47 5 U8 25 é\‘”(exercise induced muscle damage; EIMD)©. % &7% th(Warren
5, 2020). EIMD= 944 &5 &5 X3st AdstAY 95814 92 5ol 28] 5o
Y S Howatson -, 2009; Baroni -, 2010). B3t EIMDT &%, ¥3(swelling), @7, dFAA, =
R fﬂ@@ =+ &4, EAIE 5] ke FdES HAAI7IH, vl @ =2 1] (myoglobin; Mb), 5 A
o}el 7] }o}bAl(creatin kinase; CK)EHd 2} AAME4=4 8 4Ax(lactate dehydrogenase; LDH) 2} 752 3] 2 tfAMHE <]
gl | 5= zoly, o wA BH]S Z7FAZ1tKClarkson 5, 1992; Chen &, 2011).

EIMD2] 3] &of tfgh thefst dg-5o] o]FofA il Qled], A4 %E-# o] 4 2] 5 (Baroni -5, 2010), TFAEAA]
(McAlindon -5, 2000; Wilson & 2007), 23K AT 5, 2016), XEA=(7125 5, 2011),
S, 2009), =AZ WZEaR(eldA T wAIE, 2017)50] AAE I ol e HHES
ojuf Faell Egg Tt deElA ATHAIAE 5, 2020).
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< AA1Y7F e W (whole-body cryotherapy; WBC)>- - AX = 3|5 Whol tsh 98h4] #4o] F7hst7]
FoliA 25 F 35S st oA o R FHY] AlASH tHNemet -5, 2009). WBCE Cryotherapy ] =
= A8ty AR adE Fuistste] 35 ARMS FAHAOE GFAIA L5 F IHeHS
w9 g3pAoleta g A Qo dYE sAFElA I &l did s 5s A= B
7]]-X] g d#A| 3 tkBanfi 5, 2010; Bouzigon &, 2016).
WBCE &5 282 Wzt AA & o] gato] A ok -110ColA -140CE FAH= SAL SHOoZHE
ZGEE ool wi-¢- 27k ks Aol 54 wE3AIA ARS YdEH R wEa AA|7E o] wkg-st

N =

(¢} s

spof 2% Ak Al WA D AFAE SRS AN SFOR WA T £33 IR A3 2%
=

A

v
>

ok ol 7] 4 &4 535S HaA7lE a3 3 tkBanfi 5, 2010; Costello 5, 2015). H=3F
e g F5ARolA L AA G W A8
FA 2} T 23] & w9 FF A0 JFS n Xtk 3]
S, 2009; Rowsell 5, 2009; Hausswirth 5, 2011).
Rivera “5(2018)<> *é,% —:L%% At Al WBCE 35 B9t AdE =3 Ay} tjzz7tol vls)] Alzh4 ofdz 1

B4 Z7}9) CK, LDH @ 59] 74, A} 28 5o
£l o

@] SERE A 5 22PN, NH3).4

N 1o
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2] &= (visual analogue scale; VAS)C’ﬂ/H E%—O] Al AT AT 3131 a1, Eston} Peters(1999)= 2241 9142
ez 15389 A 554 5 T YAEE 488 49, 85 CK 558 73] Hags Basiglomn,
Banfi 5-(2009)2 10% <] Ol%}ﬂo} Edﬂl 7 EES U o®E WBCE 5 -5 793 A4 = AAg A7,
% ¥ WBCE 483 2504 CKe LDH7F o] skl 7Hasto] ol o8 BAd &+ &2 R E e 35
= ST Baskglch

olg} o] MyYATES AT A3 EIMD 1% § WBCE =
EIMD & A-5 WBC2] #&of st a3= H]ﬂﬁl A= v wEE Aol wet

A B Ao A= EIMD
2 A3 WBCE AE3l9] 55, CKe LDH %29 W3ls Hlw A3l EIMDe] F3-2 owtsk 4= Q1+
A 7N 2ARE AlFstaAl sk

1. 947 717 Y ofy

A= GAl HAjgtel| Ajst 52l g2 2 A2 AR E oldletal Fofstzlvtal Fol st 3048
o7 2020 79 69 HE OE‘Z_P AASE T tlZ2T(109), EIMD 2 WBC 4-8-4(10%), EIMD #3% &
WBC A8(10%) 0.2 Al ZIFOo% o] AMEriE F8l 729wy & Asgsiqich A3 73 w3t &
AT A e = %l% SF, O 58 B88HH @ v $AA Zof] A N BE A gdEE
A9k rE B AE5AeRE Haskith

AT A the a2 71l whet AlSAIF T o] el Brkejwitie] e Aol e AL Evh
goll Aol 9l 2k YRR, 7E A2 F-A jheirtan , =7

st AN EEA Ag AL, AukET]
), FA 33 AH 2 0] S(corticosteroids), P A
A

A} A G AR ES BE

2. A7 AA

ATS 98 AAE b AFTF 1L 9BFAY2] EIMD 2 4 WBC &+, A3 EIMD
2 5 WBC A4 12|1 EIMD 2 ¥ ol AL A g8lx] o2 2o ANE|E Saf Fa9e 25
koM, %, CK 2 LDHO m|A]= QS ol Z&A7|o] W 7 7ke] 2}o]Z nlwataat akgith
7t 1ol Sk WS Ag87] A HEIR], K 9 LDHES 48131, xS obtdl A2 glo] F241<
oA 1% aL, WBCE 283 A3T-E 24, 484)3ke] 22 o Z4stgion, AdF 1, I EIMD #'2
3 *e!ﬂ = 24~27CE FA 80 Agrd oz o

T=24
T AA= Figure 13} 2tk

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

EIMDS f+A1717] 913l oFgS& AFg-sto] l-9-AS 253 w329 IRMS S48kl o, oAb 24
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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 HAATE EIMD:= 1 RM9] 60%°f
ot FAE olgsto] tidAte] 5E o7 g E AEHOlA 8% HIEREe)] B EEdd 0~135°9]
ol FAS A3 YAl o, S0 28 s REA) ToFEE SIATh 158 WS S Iset®
alo A SsetE AAISIAL, 2} sethlo] 2] FAAZRE 602 E SFATHOITY, 2006).

2) WBC Z2EZ

ART AT PP FAL ool Forb] A% €F(A AEl 9 ook%h L S KA
o} AME FEAES ARAAL 2] Dl PRy

= 3 B 3&7 Eit
A EUI Y A 2F 77 WE DS AdEsl A $dE A “% =1ollA S0psi B A fFH O R 27

|
ulg] WZAIZ] ) @32 ok E Alks 2HEs A2 Fo7HA 1aE &3 -130C7HA
TGS sk &, o]F 2+ Eot -130CE fHEtES R 25E 2ESIThAE, 2020).

EIMD A SH& 9A& H]ﬂfﬂ' | 1381 gAE 5254 7] (Algometer TM Commander, J-TECH Medical,
USA)S AHE3HolTh o5 A2 TAE SIETAE ] 5,9, 13em Ao A C® sto] g ettt
AR 27 AdHL sat o] A& = Al oA tAkA7} of dh= A8 E WE=Ete] 1 w3k 5
T30 #h= 715ste] 33 AAIE § Haakes Atk 44 S8R BAEk] AF VI E
Al 1A 7) vFAA] R S 2% A, 24417 48417k A A F 33 AP o, SHUS =S
o A7 A& Whst( A a9l 48], 2012)(Figure 2).
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Figure 2. Digital algometer

2) €8 2IZE U=

YRS BA4317] 98] dl F4]7](Cobas-8000, Roche, Switzerland, 2011)% % 7, 2447}, 484 7ol A
g3l o, CKeF LDHE S48tk 133 Aok sz 35 Aol Adste] gaia]7]olA 1087 94

RSN = SR LA

ZHlA A2 1A 7o) ZoluA] A AEE 4 IEE hEthFHdE 5, 2011).

Windows& SPSS 18.02 AMg&llom ok 7+ 524 HAES 28] one way

-2 (repeated measure ANOVA)S A3l
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AT o dAEe] 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] Bt7]= 175.7045.77 emQ L, A I+ 176.10+2.31 cm
otk e 2] Hek FFAE 68.33+4.52 kgl al, AT 1 9 Ht BHFAE 65.06£5.13 ke iz, A1
i 71.90+4.28 kgol itk BE 2] URbE 5o i HAA 1 Ao AT fo)8t Afol= 131 Ti<Table

1>.

==

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 B4AE A8 ALY 2F &4 F F5, CK ¥ LDHO| "A= &3 35

2. 85
Ak 2ol B3 Aol T WESY T @ Ak, We U EAAFNA AL BATH T o3
aFo] 7} 919 T(p<001), A713H AT 7F oA §l 8 w5 2Ho] 91910 m(p<00l), Fet 7t EIAYNAE &
1%k 2pe] 7} AT p<.01). Tukey®] AH5-774 A3t AATM7F v 2ol vl PPT7F =7 Ueht v 284
A A& & F SUSIT<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
Ak 7ho] CK) Ao & MBS BaRA & As g o) aagold AelAE BASH R folg
Zpo] 7k QI (p<.001), ARk Rk 7F AN T fro gk wahge] gl om(p<00l), Fek 3F A A E F
o] gk Apo]7F QA THp<.001). Tukey®] AHF-HA A3}, AT M7} v Lol Hlsl SHA CK7F Yy B 84
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
&k 7kell LDHE] Afol & RS2 ahtA] & Aat, o of @337 ol AlRtell A s SAIsHA o2 fo gt
ZFo]7F Q1A (p<.001), Al7H ek 2 oA = frel gk wsAk-go] Ql9 o m(p<.001), Ak 7F F 777G ol &

5
ol ul8) LDH} v vheht o g

m,
i)
i
el
~
=]
L
v
il
~

=
ol z}o] 7} 9) %E‘r(p<.001). Tukey®] AFF74
Al A& < 5 U3 U<Table 4>,
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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

V. 1 &

5ol ot o A EH/\P—(# A E#| 2 (metabolic stress) 1= T4 2~ E @ 2 (mechanical stress)$Hg ol 2] 3]
ZH ] FAREE 7107 7] WS FE S White 5, 2013). tAR AE A 9 A7 5 Al EA
Hi= Bt & Al (Arbogast 5, 2004)% kA AU A] o] & A Eef whel YR (Clanton 5, 2007), NADPH
oxidase(NOX)°l| ol =2 v|EZ=glo} Yo w4 &4 AkAF(reactive oxygen species; ROS)S 577
A3zl abst—3kel WSS WAl B T ofyEK(White 5, 2013), o d--"H(sarcolemma)Z} DNA(deoxy-
ribonucleic acid)E ¥&3sH B= A Zu| FaFsth(Kregel 5, 1992; Zembron-Lancy &, 2010). ©] =

< S
- =

3l "ol v g WolEeln AYEE QoA WLE s, ATP ¥ Aelobrlat Tels Aluel A
(]

¢

=3I 22 ouA] AY T QRIEE 4§ U9 FAES FAToEN Wt S FEeE
(short-term neuromuscular performance)®] FolE Fste] AAAFTHE ofel &S WA} o]t &AL &
9] o]y} F5EFS oAgte] $FHH S AFHSTHCairns, 2006). 53] YZHAHE AL MY 5 oS}
A AAAN AT 7S STHAA T AL ARRE A B ol 5 F 92y 27 &4
5& oel= &) s o2 e tH(Cabral-Santos 5, 2017). Hausswirth(2011)+= vletE A<= 98-S oAt
O % EIMD i & A9, 55, WBCE 483 A3, WBCE 488 wellx] MVIC7} 28t S 7He
thar 3k a1, Burke 5(2000) 9 ® ¥EFE(gluteal fold)7H4] CWIBTC)S 243 A3} tixol Hls] Jdga2
#30) MVICZ} SlakAl Z7kavta shglon, sk Zel-3-7 wu)2018)= 20t WAk e 6 S oAt
o F Q9F R drgulady e NAd %S AL F A5 AE#H H(cold-stretch) S 283 4

o

=
T frelskA S7HE S Baskgith weba] i dFtel A= EIMD i %o WBCE 2] &3
Hols 24, A, AE7bsE S, 18]l CKel LDHE] &% ®shE Bla 2413t EIMD & o
7] fgk mHARL SA AZIE dotRup AAlst

Buchanan¥} Midgley(1987)%= 5ol 3 £2 <
(pressure pain threshold)= =47 55 454 5%
of tfate] 7kA® w4 4= 9= A &
Park, 2019). Fischer(1987)7} 7't ¢+ Al(pressure algometry)©l ©] o
TEFIEF O RN ZATY TS A4S SxbllA FH R HA o] & £ e e e O]")ro]‘jr(ﬁ
34 -5, 2005; Pelfort s, 2015). =3t UAH GEA= $50 =& AW or 3o 22479 55

& SARE A SOR G 0|3 4 S W Fol A A 579l AR A B

O
ol
-




T A Y4 E Fgo] E5HEAH &% &4 T 55, CK € LDHY vA &= &3 37

olth@ Y& 5, 2001; Hiibscher 5, 2008).
Aol EIMD 2 7-3 WBCE 283t A3} B oA Ad A, 244171, 48417 o4 PPT] #-2]3H
7} B tHp<.001). =3t EIMD 2 -$ WBCE 248t Jut 1+ He X ghPPT)Ato] & 2418 Az, A7)
7k 9% ws Zgo] 1l al(p<.001), Ak 7F a3 ol = 72 dt ZFo] 7t Qloj(p<.001) AR 778
Algt A7} EIMD % & WBC Z-8-o] th& ol vl3l] =] Yl thp<01). 123 5(2009)> 21414
Agto] gl 978 e thehlS didow S %ﬂ%—%ﬂ EIMD % A-$ Y5 A7 02 o] A7 A5
o] TF AAES WEE vlust A, 5 ¢ WYAEE A8 Lol o 2t eSSk al(p<.05),
Fonda®} Sarabon(2013)< F'dthe]ell EIMD 3 & 54 <t v 3324 WBCE #-&3t Ay}, dAst &5%
o ZHAs Btk AZ 5(2009)2 72 Fonda®l Sarabon(2013)2] A& SAW I A4 A7) tha
ztol= Aot 2 Aol fAkS 7342 LEokGlnh olgk 2> A el 9lo] Cameron(2017)> YA 52] 482
2 A0 257t AstEd H§t &5 A7 A SEY] AlslEA T5E] I Al o ks A A
HPA|A 2322 0= o%é‘ =o]FTHaL 8F3LAL, Michlovitz(1990) 1222419 |54 &7 Al W
A7 AL GdAR AFHALY] AAE B SAHY 9T 28I SFS ATtk Baste] AT

o] datE AAste] Fa gk

l_.

Nosaka®} Clarkson(1992)> CK7} 5 &4 Al 71 &35 As}ehd] A2 AR 3F3 1, A tiAte]
T ahwA A THolA g Al CKE 93 Ylel 3] 9lon dF it Wty Huskelh
i AelA] EIMD i -9 WBCE 283 A7, I Yl CK s5Wshes e Tollx] A9 4, 24413, 484
el BAIEA o2 {238 2ol 7} AN (p<.001), A& 7+ CK F= WIS 43 A3} A17])9F At ke w
Fost wEA-go] o (p<001), et 1t EFHAFANNE F2g ZFo) 7t Ao (p<.001), AFF- S AA

AN s
A3} EIMD 3 3 WBC Zg+0] th2 ol Hlal CK s 27} 7P WA Yelstth A%1922006)= A1 412 2 g
© e oS At TEA SR FHEE T A $ CK s WIgE vlud ¥, &5
ASE 283 Lol dF CK 5529 Fost 2pol7t Qe Balskalal(p<.05), ¥-=3](2018)= HH:
7] F CWIE A 88 A g? CK &2 fHolgh Afol7h Qe Kl (p<.05) TAE el o
Zpo]7h UAAAT 2 AT-e} FAFSE A9E &SI
A #Q LDHE &8 5 FAke sld Aol 93] ATPE AAtsl=
BHARS o] &sto] @Al o]3 W F3rE-o] HPF S olF= & CHEverse?} Kaplan,
2012). & A4 EIMD 2 -5 WBCE 243 A3}, e U] LDH &%= W3} ol AR A, 244
Tk, 48AIFHOll M EAISHA o2 foljt Aol 7} 3L ai(p<.001), H& Thell LDH 2folE 243 daf, A7) ef et
el = fre] gt ﬂi’ﬂ# o] AR H(p<.001), Ht 3+ g3} HAANME gk 2po] 7} el (p<.001), AFHF A=
AASH A3 EIMD 2 § WBC #-&+e] & ol Hl& LDH X7 78 @A vebskth ©]8-31(2002)>
g 8-S QWOE +E T ¥AA 10T, 15°C)% 285t A3}, LDH § % ®Wishel| f-2] zto] 7}t glrkar 33l
I(p<05), Qu 5 (2018)> 4 F4AE A4 129 S Z EIMD i+ $ WBCE 483 4}, WBCE 4%
Sk oAl LDH ¥ Wiste] 5742411 &S v|Hokal B aste], FAdoll= tha &fo| 7} UAINE 2 A2k
FASE AE EESIGITh o] 9F 42 Al §lo] Drinkwater(2008), Racinais®} Oksa(2010)% 7o) d5 At
T2 W Aol Al o AEld QRlES wWEA P Al S 21§ UAEF FIAZITAL st
® A7ARE AAsk] Fa gk
ool Autg Fall T2 EIMD 2 %-% WBC 48] PPT, CK, LDHel| 935 vx&= & &
T A3, 53] EIMD ¢ §- WBC 4-§°] EIMD % 1 WBC 28Kt} o adzoleh= 25 & & ATk
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