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The effect of whole-body cryotherapy intervention after an exercise on MVIC
and ROM of EIMD

Sung Phil Shin!, B.Sc., P.T. - Gyeong Hyeon Son%, Ph.D., P.T. - Jae Geun Jeon?, Ph.D., P.T.

'Dept. of physical therapy, Graduate School, Hanlyo University
’Dept. of physical therapy, Hanlyo University

Abstract
Background: The purpose of this study was to investigate the effects of WBC (whole-body cryotherapy)on the
MVIC (maximal voluntary isometric contraction)and active ROM (range of motion) recovery of after EIMD
(exercise-induced muscle injury).
Design: Randomized Controlled Trial.
Methods: Thirty subjects who are student in their 20s at a university participated in this study, these subjects
were assigned into three groups, a control group (n=10), experiment group I (#=10), and experiment group Il
(n=10). The subjects in the experimental group I were intervened by WBC (-130°C, 3 minutes) before induced
EIMD, the experimental groupll were intervened by WBC (-130°C, 3 minutes) after induced EIMD, and the
control group weren’t by any intervened after induced EIMD.
Results: First, In the comparison of the MVIC, there were significant variations with the lapse the time in three
groups (p<.001) and there was a significant interaction of time and group (p<.001). In the among group compar-
ison, the MVIC of experimental group II was significantly larger than those of other groups (p<.001). Second,
In the comparison of the active extension angle, there were significant variations with the lapse the time in three
groups (p<.001) and there was a significant interaction of time and group (p<.001). In the among group compar-
ison, the active extension angle of experimental group II was significantly smaller than those of other groups
(p<.001). Third, In the comparison of the active flexion angle, there were significant variations with the lapse the
time in three groups (p<.01) and there was a significant interaction of time and group (p<.001). In the among
group comparison, the active flexion angle of experimental group II was significantly larger than those of other
groups (p<.05).
Conclusion: The above results revealed that the WBC intervention after an exercise had a positive effect of
muscle function after EIMD. Therefore we can consider the WBC as a considerable intervention method to pre-

vent or reduce an exercise injury.
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+E e AA 2 5y Fee LEEhH] 22 , & Al njsst ZA 183 HY 507 Q13
+F5 5 25 &3S e 4 3lthBryme 5, 2001; Brancaccio ‘5, 2010; Hammouda -, 2011).
<5 2 959 A FA(crush), EFEMd(contusion), A (laceration) = F A (freezing) s O %7 ¥ = 9

’3/d (traumatic) 5 =74 5 FEA 5 S (exercise induced muscle damage; EIMD) 2.2 -7 TH(Warren
5, 2007). EIMD+= 944 &5 S5 £33 AdstAv olsakA] e 5ol ol 250l wAlEAdo] g
St (Howatson 5, 2009; Baroni 5, 2010).

459 vAs &4 TS e °F A% 25F %%(delayed onset muscle soreness;
DOMS)C. % Uz 5 UATHF 714, 2008; Y= 5, 2 5 T o5 D22 AFA7A 73
Hie A4Es % F 52 2w A% UERbed 2 991E 5ol AAk 2E 22 AXIOAL AHE S dAIAR
At AR dofo It Al FHoR A% olF(Miller &, 2004), ©]i= IZF 92 29l

=+ F2 3 (Cheung 5, 2003; Hilbert 5, 2003; Proske, 2005). 53] DOMS: 2] 553H4] 982 £
o] TFoE WA F 24~4843 ]l Harxo] o]2r 8~10d F ¢hds] AlebA =] 2 9
oFslol WHe7E RS s sty A BEEAH Ade Walehs 8 AaEA AE-SHtK(Vickers 5, 1997).

=
EIMDe®l| that 3|32 913k takdt A 50] o] Foix| 11 Ql=dl, AYAAAHALE 5, 2009), AFA=F(HS

b

=

L

Mo

i
L3
o X
e 5

o
SR
Ho

O

—

Ir rlz
b
el
it
£
S
offf 1o

]
N
~

AR 5, 2016), ¥ 2 H(HowatsonZ} Van Someren, 2008), == ¥z} Qo] GAl 7 vjAIE, 2017)5°] AAFH L
olgfst =S 5 &40 % Al ooy A EeEs Frhal ¢EA lth
o

1 % A7 @ H(whole-body cryotherapy; WBC)-> - A= 3|5 Bl of gt w8k #o] Frtehr)
~ -

Ag3ste] stx| g o] avE gt 85 AT FAH R GFAA 5 F SEsES
o ¢ matHoleta dEA 9low AE FFHAFEANA & &4l Y3t 35

o Z AR g2 ¢#A 3l tkBanfi 5, 2010; Bouzigon 5, 2016).
WBCE 25 242 Y7; x5 o] &3ko] A4 oF -110T oA -140CE A H= AL 37 0 2 HE ©hA
3R ool vl 27k 7kAE Ao 54 wE:AIA ARS AEACRE I AA|7E o) HEgStES
HarA o2 WA 2§ &4 12 A3 23 AF
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Eston¥} Peters(1999)% 24 A4S Ao r 1589 A2
o] F71ES B s O, Rivera 5(2018) A-f- 5% Aol A WBC
) z=Ttol vl AlZA obd® 71 & S(visual analogue scale; VAS)ollA &50]
olg} o] APyAT== ¥ A3} EIMD 2 § WBCE @%—3& A
EIMD -+ -5 WBCE] 4§l thst 35 vl A4+ w4 » A7doltt, whebA I Aol 4= EIMD
i Ad-$ WBCE 2]-8-35ho] # ol 5-2 /=] (maximal voluntary isometric contraction; MVIC), ¥4 7}s-1 $](range
of motion; ROM)HM 315 H] 1w #A&to] EIMDE] 22 oe o= = AAE 71 2A8E A|lgstaat sic)

ﬁ

1A 72 R oie
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L 2 2 A7 AAE olsstal Folshavta w2 3082 of
o= 20201 7€ 64 FE 3YU7F AAETE dlZ27H(107), EIMD 1 WBC 24]-8+7(10'8), EIMD 2
WBC AE(10) 2.2 Al ZIFO% vy Au7E B8l 729 wiy & sysiqich A3 713t &<t
AT A FEFE = F UE o7, FE o= FEoHA & v AN Zel AR AEE A RE
A9 FEE FE A54 ) :
2 AT A o 22 71l wEk AlSJAIF T
1) A7+
(1) olAel Zrtajwdie] =& Aol e &
(2) Zriglel| d<Eo] Sl A
(3) Yk
@) 71e} A2 F-Adsitha wekst fxKEEA A3, A, ek, Bl 5 X&) QbsA|

_IHU T ol

(5) A1 92 ~H 2] E(corticosteroids), PFH Al(narcotics), <501 ¢HAl, &-&-a1A), $HeF T H-8 Fol A,
71ef ArARE B et sk ok 58 T A
(6) 5 23] o]} AR Af dEs s A

2. A7 A

A2 Pl AR A AT 1S 924 d2e] EIMD 2 d WBC 28+, A3 11+ EIMD
2 % WBC 28+ 1231 EIMD % § oA A 8alx] obe thxa 0% ARE7|E S8 TR &5
stalom, HleH g2y #a7Fs Lol X S dotral AEA 7)o mE 7t 118 xpolE Hlawstkal
2L skl ZF ol didehs WS AEety] A HAdeHA LYY dEvbs A E S8, RS o
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(n=30)
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MVIC, ROM
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Before WBC After WBC
- 130C, 3 min - 130C, 3 min

v v

Induction of EIMD

v v v

\ 24H, 48H : MVIC, ROM \
One-Way ANOVA
Repeated measure two-way ANOVA
Tukey

Figure 1. Diagram of experiment procedure
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Figure 2. Digital muscle tester Figure 3. Double-armed goniometer

%Ziii waT F A 74738 4 F Baks ARgskelth 33 &
Al AATEE 90° = -2 e 7, 2017) T
EU%, HE AEFauEe A8 75 455 S48 55

o3
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Ax F 33 5743+ thBlonna 5, 2012)(Figure 3).

5 XI2EN
B0l BEAEEA AL WindowsE SPSS 18.0% AMgallom Awk 7+ 244 HAALS 98 one way
ANOVAS A| 36‘}93\2111, Atk 7+ 7170E S| s Q8] WSS B AhEA] (repeated measure ANOVA)= A Y
solth AR Tukey WS ©] 838303, Fo5FS a =055 A4
. d+2%
1. Y7 CHAAIES| BN &4

AT Ak Hyrololl Qlo] RIS 24.87+1.334], A 1S 23.4044.384), AL = 22.30+0.17419

Table 1. General characteristics of subjects

Control group (n=10) E- I group (n=10) E-T group (n=10) F )4
Age (yrs) 248741 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) 68.334+4.52 65.06£5.13 71.904+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
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ol o270 HH7)E 176.88+5.74 ey, A1 9] HE7]= 175.7045.77 en@) 1, A F M= 176.1042.31 cm

o]tk B3 Y] it HHFAIE 68.33+4.52 ke, At 1 9] Ht B 65.06£5.13 kel ar, AF 10
T 71.90+4.28 kg Ut B= o] AN S0 mhE S A4 Av FAISHA f-o) 3 Apol= §l3lth<Table
1>.
2. MVIC

Ak 7ol MVIC 2Po] & HHES7d BAHEA S AAsE Ay Hak ] a3 oA A7kA = BAIgH o=

C
F A 31(p<.001), A17Hah Ak 7k f-2)8k w s zg-o] 1l o H(p<.001), It 7+ &34 Xéoﬂ s
ATHp<.001). Tukeyd] AFEA A3} AF1N7F o2 ol vl&f] MVIC7F =41 YERY 6=

Table 2. Comparison of the change in the MVIC among groups

Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 15.66+4.25° 15.78+1.31 15.70+2.55
post-24h 9.12+0.70 9.01+1.29 13.74+0.88
post-48h 9.83+1.55 9.57+2.10 15.08+2.37
F 27.638 18.421 10.379
EII>EI>C
P time: .000* timexgroup: .000* group: .000*

*M£SD (kg), *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. EROM

Ak el FAE ] Ao & RHESA FAREA S
2 Fo3k 2ol 7h QA a(p<.001), AZFF Ak 7F A= ° A
NME 23t ZFo] 7} A ATHp<.001). Tukey?] A7 Axh, A+ 07} o

O gyl A& & 4 Sl t<Table 3>

17 ol A AlZEell A= B A8 A ©.
o Hp<.001), J+ 3+ a4
ol vls) BHA BT YRt

Table 3. Comparison of the change in the range of motion (Extension) among groups

Items Control group (n=10) E- I group (n=10) E-T group (n=10) post-hoc”
pre 1.46+5.38" 1.35£2.29 1.42+1.29
post-24h 2.62+.45 1.85+3.82 1.95+3.07
post-48h 7.09+0.78 4.33+2.38 3.4243.69
F 393.337 13.550 19.782
) ) C>EI>EIl
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. FROM

Ak 2ol AL Afol& WS BAHEA S AAe A, A ol EazlA oA Aol A= AR
o7 Fo%t xFol 7} A aL(p<.001), AT Ak 7F oM T F-2) 28
oM = Fel gk 2kl 7F AN THp<.05). Tukeye] AF5-317d A3, AL N7 oh& ol vlsf 582




of
o
Al
)
rlo
o%
)
W
it
oo
o
Ho
ol
Jo
e,
ox
rl
Ho
b
oy
lo
A
=
offt
e
ox
ry
8
A
e
it
Nl
ol
ok
do
2
=)
N
rr
1:01:
_V\_I‘

51

Elu o a&2Q A& & 4 Sl t<Table 4>

Table 4. Comparison of the change in the range of motion (Flexion) among groups

Items Control group (n=10) E- I group (n=10) E- L group (n=10) post-hoc”
pre 141.13£3.77* 137.50+4.17 145.20+8.89
post-24h 112.40+5.42 111.12+7.12 112.87+11.35
post-48h 126.10+6.76 127.4942.55 130.3£7.88
F 42.729 17.557 15.187
. . C<EI<EI
P time: .000%* timexgroup: .000** group: .034*

*M£SD (U/L), *p<.05, **p<.001, 'Repeated measure two-way ANOVA, "Tukey, E- I group=WBC intervention before an
eccentric exercise on EIMD of biceps brachii; E-II group=WBC intervention after an eccentric exercise on EIMD of biceps
brachii
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AABEA BAGAY, 2ge) do] W} 4 WAl = G &5

T U o8 Sare

Mo

3} =574 H(spasm), A 3F3=2] (connective tissue)=, Oé%—(lnﬂammation) l
23l G4 WE 5o AsEE Wyt oo wa 50 SAfo] ik E ti(Nosaka?l Newton, 2002; Proske 2}
Allen, 2005). URFA 0% S5O % Qg 5 &4 § 0] 3| RHI|7H = 49 AL LA AN 5%
Fole= 8~109 Frrt ﬁgﬂu%(Proske 5, 2003), & = 4l
ol 7 dEstx] Ea Ao Ata T, vFAlE 9 Hl%‘éi}i Qg Ak %—7} ARAGEL W
sh, 7% 57k +erdey HAa ol 9
&, 2017; Theofilidis =,

53] WBCE =44 & Z-gnt opyel, A% -’%E% AAaA7)a, A a0 S-S oJAET A &
4] Sl TH(Chesterton -, 2002). Hausswirth 5-(2011)> EIMD & WBC(-110C, 3%)E 33] 283t 43 4895
ANZ| 0 FEHES A FH T BEk3 1, Fonda$t Sarabon(2013)2 Fdthel &4 &% 5 WBC(-140 ~
-190C, 3 E 53] A g5t A7 o B4 35, B4 U S5 AFE 2 AL 349, 55 Al g o]
2} 39l om, T3 Pournot 5(2011) EIMD ¥ WBC(-110C, 33)= 33] 283 A3 9% v-$-S Zo|= 1
G Ao|gta sHelch wheba] 2 Ao A EIMD Sk A-Fo] WBCE A48t T Hus &S
PE7FsRS], 183 CKSF LDHY "= W3tE Bl #4819 EIMD S oWshr] $3t a8 SA A7

o)

5 dotraat AAseict

A TY2 25 7159 Had JEE UeEE &8 &4 dgdoln 38 4 s A nEA
nto] @ FeAES] FhE AH 9 AR 7o AdEe] AFETE ug- > Ao delA SltWarren &,
2007; Turner 5, 2008). ¥ ¢1-5Lo A EIMD 2 -3 WBCE 243 A3} T ol Ad A, 2447k 4847
F-ofl Al MVICS] F-9]8F ZFa7F HAtHp<.001). Hgt 9172 e-e] EIMDS] f3 A-$-o WBCE 485 4}
AlZIE T A7) 9 Jetk Fbell 2 {2l et s Aol Qo H(p<.001), AFF 17 A ¥} EIMD {2 % WBC 28+
o] & ol vlE| MVIC7t #=A vERt 2o 3]Re] Be g8 Ze & T UATHp<001)
Hausswirth(2011)= v}z A4 978 ﬂWOE EIMD +& § 229, 55, WBCE 283 43}, WBCE

A5 (gluteal fold)7}A]
7hAthar 3F th(p<.05).
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2 A}of 9lo] Hopkins2} Stencil(2002)<>
°] +E Y (motor unit)2] AL} FH
L (motor neuron pool excitability) 12|31 & FANIEE F7FAZITEal 3}, Pietrosimone 2}
Ingersoll(2009)> =S=RSIE A3l F7Fst A Al S (afferent sensory input)”} 55417 (spinal or supraspinal lev-
el)oll =3l -‘?—Elr‘ra A4 41 E (inhibitory synaptic signal)®] A& A 5}od(masking) -8 ¢ 4~4S Fo
+8E I HAIG gte] B ATE A A sk FaL itk
Fridén 5(1988)] 1ol w2 o2 HEeFHIAE UarA &5 it 13 Al 43 F
dAvtar 3190, Cleak®} Eston(1992)2 92 4 &% 3 #A7HsH 97}
Ao A EIMD % -9 WBCE A& & Jo 2} =
b 48213kl A {27k ARl 7} 311 aL(p<.001), F et Ztell sH 2 2fol & A% A3, AV
WT Aol JUSLom(p<.001), HEE 3P AIZGANA = fFolF Aok 3lol(p<.001), AFF
EIMD % § WBC 2]-&ro] th& ol vls] H 27t 9 btk =3k A of w8 4% 2ol B
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=
o,
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kit
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o
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iy, o

TollA A7 A, 244178, 48AIZEA frel @ Apelzk AL (p<01), Rk el WY ZHEe] Aol 2 B A3}
A1719F Ak 7 o= F213F maA-go] 2o (p<.001), Atk 7t EIAFANME F23F xpo] 7} Qlo](p<.05),
AFE 31748 AN A3, EIMD #% § WBC A&30] v ol nlsl] w3 Zher) i’—z% Ao 2 VR
key E S|
A]
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Rt 52008y HEHY 9 S tlF o S5 FEE o8] L ToE A F

PAZFER A7 FelstAl 7T Sl (p<.05), B ElE 3 Bl (2018)% 20t HAF thEhAY 678 o
2 9d o Jdupuldge] AdA S5Ts T2 T AT AEUH (cold-stretchy& 4§35 A} #
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0 |
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1Hez qls] 4**%%“&94% S7PIRIG A Baste] 7 At AaE AA|ske] S gtk
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< 3313l 53] EIMD 2 % WBC #8-°] EIMD 2 & WBC 4815t ¥ aztaoleh= 2& & & itk

V. 2

2 A 200 Y AdRle] flEFAEltel EIMDe] 2 H-$ WBCE -130C, 323 AAISH & MVIC,
ROMHELE ek 2l A7) Bl Hedz 243510 o33 2 dys At

EIMD 3 3.9 WBCE A& A7 BE oA A3 2, 2443, 48417 Fol|A] MVICS] F-2]st Afol&
HATHp<.001). =3k Ak IIMVICE 2415 A3, A7 A oA = -2k w5 2kg-o] 313 a(p<.001),
@ 2 aaEA AT Fod xFo)7) ol (p<.001) AR S AAIS A3l EIMD 4 & WBC 28]
ol B8 MVIC7} 34 YRS THp<.001). 3 EIMD 2 A-3 WBCE 43 A3 R E FojA Ad 7,
24| 7F, 48AI1E S0l P L= B TellA ol sk ko] 7t Al thp<.001). sk At
Ax, AZr Ak A= o8k W Ago] A p<.001), Ak P AN F2sk Zfol st
(p<.001) AF% AAS A3 A3} EIMD 9 5 WBC Z-&-0] th ol vl8] B %7} $HA Vebdth
3L EIMD % A% WBCE &3 23 A U] §87 5+ BE TollA A8 A, 24A17F, 48417 el A
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AN (p<.001), A 7 AIHGAME T Zpo]7} loY(p<.05), AFHAS AR A3, EIMD 12
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