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Effects of cryocompression therapy on the recovery of eccentric exercise-

induced muscle damage and impaired proprioception

July, 2024

Lin, Shi-Di
Advisor: Chen, Chung-Ching
Co-Advisor: Wang, Hung-Hao

Abstract

Background: Eccentric exercise not only causes muscle damage (eccentric exercise-induced
muscle damage, EIMD) but also further affects athletic performance and proprioception. To
maximize training effects and competition results, effective fatigue recovery strategies should
be implemented to enhance athletes' recovery. Common sports recovery methods include
cryotherapy and compression therapy. A new technique combining these two different recovery
methods, known as cryocompression, has recently been applied in the field of post-exercise
recovery. However, the effects of cryocompression on post-exercise recovery are still unclear.
Purpose:This study aims to compare the recovery effects of three different treatments
(cryotherapy, room temperature water compression, and cryocompression) on muscle and
proprioception damage induced by eccentric exercise. Methods: Forty healthy young men
(aged 18-35 years) were recruited and randomly assigned to control, cryotherapy, room
temperature water compression therapy and cryocompression group (n=10/group). All subjects
performed 30 sets of 10 maximal isokinetic (307s) eccentric contractions of the knee extensors
of their non-dominant leg to induce muscle damage (e.g., muscle strength, joint range of motion,
leg circumference). Muscle damage, proprioception, and physical fitness tests were taken
before, at 24, 48, 72, 96 and 120 hours post exercise. The control group, cryotherapy group,
room temperature water compression therapy group, and cryocompression group underwent
corresponding experimental treatments for 20 minutes at 1, 25, 49, 73 and 97 hours post-
exercise. A two-way mixed-design ANOVA was used to analyze the effects of group and time
factors. Results: All dependent variables significantly changed after eccentric exercise
compared to pre-test measures. On days 1 to 5 after eccentric exercise, the changes in thigh
circumference in the cryotherapy and cryocompression groups were significantly smaller than
those in the control group (p <.05). On days 4 and 5, the changes in thigh circumference in the
room temperature water compression group were significantly smaller than those in the control
group (p < .05). On day 1, muscle soreness in the cryotherapy and room temperature water
compression groups was significantly less than that in the control group (p < 0.05). On days 1
to 4, muscle soreness in the cryocompression group was significantly less than that in the
control group (p < .05). On day 5, the root mean square electromyographic signals in the
cryotherapy and cryocompression groups were significantly higher than those in the control
group (p < .05). No significant differences were observed between the groups for the other test



results (p > .05). Conclusion: Cryotherapy and cryocompression are beneficial for reducing
limb swelling and muscle soreness after eccentric exercise-induced muscle damage. Room
temperature water compression can reduce swelling and muscle soreness and improve joint
range of motion.

Keywords: force sense, position sense, limb swelling, recovery after exercise, exercise
performance
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FEh(FrwE Ao d g‘r%)“f 7o dlAsrp 4F i (eccentric exercise induced muscle
damage, EIMD) (Clarkson & Hubal, 2002; Clarkson et al., 1992; Hirose et al., 2004; Maclnty
reetal, 1995)2 ¢t » B g it - H P PEHLRZ ERAPHAMREE LT > 2- H#ES
% % kb " (Paschalis et al., 2010; Paschalis et al., 2013) o ¥ L& & 51423 p 4F & x5 7
@ B ep B (DOMS)foivp #isk ~ B & 7% #° § Fl(range of motion, ROM) % 54 7 7§ ~
B d P ER R EA R Sl e @RS g 10-14 % 0 1R R 2%
3 Zp.o i@ d -k B (Clarkson & Hubal, 2002; Clarkson et al., 1992; Hirose et al., 2004; Macl
ntyre et al.,, 1995) o 3 7 it RE F I ok ot F A HE Fld < 1 G ki F R R
veow Al M 1T R A £ R 8 R AR a9 74 (Goodall et al., 2008) - EE AR D N3
AR ESAREZE S ARET IESHEI R NA X B AR L - EATH
PEo TBEARITE KA BAAIE Y A3F LSRR AR 0 A R A BT E B {8 AR
ek PEAR > P AT EFFE T E R FRERA TP T AAR AL T)F
FaE ¥ S 2P - T RAEDYE R N
RES ARRAR SR o Peid 5}“,%3@?“ (SRS 2 e B B R TH 5 I AR
B it Ak LR 7T - = et (Clarkson et al,, 1997) 0 5 7 L & B DRk o AT

Bodgpz th o BT R AME TR S B B RR Y ERL G R e



- & k&{g:;ﬁ-ﬂ

PAMALFEFER > AL I ARFAPI REDBPOFHF > § BRIV I

fJﬂ

B g B e B IR v A AR PER LR NTE > bldod oM S5
fo B ehdf &~ v MR {rn R Ufk pcfe (creatine kinase, CK) &2 F (Clarkson &
Hubal, 2002; Clarkson et al., 1992; Hirose et al., 2004; MacIntyre et al., 1995) ~ * = jt
(countermovement jump, CMJ) 14 2 30m 3+ pF i+ £ 3T % (Wiewelhove et al., 2015; Chou
etal.,2021) > if ¢ F R\ P AR ¥ £ 4 (Paschalis etal., 2010; Paschalis et al., 2013) -
BEAR T R W B 10-14 X 39 0 e 5 G o GR RAR 2 2 HTE R | Y
2FLUBESFEAE TRER > Fo R T UFe R P A RA S FY LR
4% (Cheung et al., 2003) -

RAEFH 1S RAR e 2 @ 35 1 4 ik i# (eryotherapy) ~ 4o BB 2 (compression
therapy > & A # f 4c BREZ§F J5 4 R )~ 14 % 4 4 B (cryocompression therapy) (Dupont
etal., 2016) o /4 F 4c B & _— féi-:—:ff»%ﬂm&dvii FERAAMBE PAEY LR @I%\m
AR LR EE R E R S S R R e B R 2 R
F o WE T OGRS A8 K2 E A B E A RS g E 0 SR BRI
Flop few rEGe R R R hw R o R ek SRR Y GR B R X TR ek ok R
(R o Rl LR AR B0 R qo s SR h 2k kb DOMS g
(Bleakley et al., 2012; Chan et al., 2016; Hohenauer et al., 2015) -

RYEE2 Tk BARM ] > AR RRBET T LRI SRR 2
HRfoif 0 ehA) S 0 T d B 0 P57k (Knobloch et al., 2006 & 2008; Levy & Marmar,
1993; Mora et al., 2002; Schroder & Péssler, 1994) o » 3 — & & ﬁ BN R T RS

BRI R A R REHE AL B RS BET AR FRRARR



B&BRE R AL £ 570 6 B e oa ¥ £ 2 (Dervinetal., 1998; Webb
et al., 1998; Leegwater et al., 2017)

B FE/MRAL G CERY 0 REP WG RS R e B2 TF S E
B {8 P-4 > 54 enF A (Hoiness etal., 1998) o B 70 05 3 5 #4044 B * a8 6 (3 14k
e4f 32 787 7 (DuPont et al., 2017; Alexander et al., 2021; Alexander et al., 2022) o &]4v
Dupont ¥ (017) F§ » fuit 7 [ 4 B8 (5§ 3 67 5 %64 e B 7 RID 5 B
SEMT AR SR BAKEFRAF 2P S FIER R L E MR
grpsen B o TR LA AT BRDA L RIS VIR 0 AR BT {7 I
Mo R4 G vkt FTeE T e kR -

FHEFRDLD B AL B blde Alexander ¥ (2021)#7 F 0 &i& {7 Yo-Yo
intermittent recovery test level 1 (YYIRI)srj 3 ipI5d 2 {8 & % 2 ff 4 B2 38 F 3
mgﬁ@g’%%ﬁﬁﬁﬁiﬁﬁaﬁﬁ%T%iﬂ’iﬁﬁm%Mﬁwuiéﬁ&
Aved I R EF R o ko B P AY - A Y (Alexanderetal., 2022) ¥ 5 A R IR %

6% 3P FIH{E Y LA RE %ﬁ%ﬁﬁHFiﬁﬁégg’%%&%?F@wwuag

3
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B HFTE o n® £ A v SRS g ISR BF R T -

F

B2 X323 K # 1 (DuPont et al., 2017; Alexander et al., 2021; Alexander et al., 2022)
BEA RO R ARV REZ RFT LG B EH A BRI
AT ERAOR R MOVREPRR R C BHE R M E R F v A RITT Heror2op
A AT EEFHR AR RAITE R R AR 2 AR A 18 iR
RREAEY CF o ARFTEEY o @RI 2 AR TG 0 FRIF
SES AR E .Y EERTE P T FHNE P RN £ ERCT e

SR e L R



SR 3EET RSB PR T 4 PR L %;‘é—;iﬁ’%’ga‘;—iz e ,ﬁfﬁ 2
ot E R ARV R RE o TR HEY AP - BiE R TR Ap

RO HARD R E RIA M o =~ A Y TR B N W H

W

B o2 v AL R RAILZ M= b o P FEE B2 LR FRAP LR
BALFEERZFERS CERIR KA RETRER cw ~ BFL R R I
o 3k (BRA A VERCFHEFER) 2k KA RETHRES o
PAvzZmoarE o F A FESIACE HER G EFF 10-14 22 4 0 i r 2
+x4f (Clarkson & Hubal, 2002; Clarkson et al., 1992; Hirose et al., 2004; MaclIntyre et al.,
1995) © & 7 0 iR B9 fe fbe ot J AT H 2 o TG R A S ek o LA

Pk 2 et FEE E 5 03 {vg 2 - (Goodall et al., 2008) < F 23 4R > N3G

ARRE SRR ZEEARET THEAFED BRSNS AR R G - BATH

o U BEARITE R A B ASARE * AIF B (8RR AR > A e R I E B 1 R AR
Pk AR PR TR At 2 B - BEE AT R SRR

/FE;ZFFE%E"

Y2 8% FL P
AET R A R el 2 AMB R G Bl R VR LR
EOARARRSIHA - B E iR T PR A AR R 2 R & RBIS A R

BE o R EATEE S 5 Al 2 R LI ARG R § Bf ek o



e ¥ F3EX
AF T BRARFHRCFRIAvop 2 ARMB I G 0 A R B &SR
R AMER MR ARPIRSFEFREAC BB AR VR RID)
AR EE Rk R BEAMFLE  CHNMFENHBLE LR Rieant o
WREIRCERAGREEFAET 2 SR EBFE SR FRNFLR > RF

AT ¥ PR d o

NS L.

AR RE - BRBEME TR A AR WY RS T TR kR
R SEWEAL R T UG RAF G N FEY T R R RR 2 R
FE O BE T T OLRGS RS R K E RS RGeSy IR
Fewin s HAeg R EGRE L 0 T G B RR G R B L o AT ATRY iR
® % DJO Global = # #1 Aircast Cryo/Cuff IC i4 4 B &k B » 2 78 A% 25 10°C > &
4 AP E G 45-60 mmHg o 4 B A5 MR 30 Fi & 20 A 482 4 4 B JE (DJO
AIRCAST Cryo / Cuff IC User Manual . https://manuals.plus/djo/aircast-cryo-cuff-ic-manual) °

CE AL RSV T TR Y FEY UTEE e

Bt B e @iy n i uho S BRFR A ek A2 RS KT g
E R E i 27 o (T B AR FouE S > DA Biodex i vvd R¥fs
PR PR e B R 17 30 e x 10 20 B % R iE (30°/s) e g8 6o 0 A R 3

B o %3 LK e Biodex } i Eh P FR AL 10°-100° (008 R M & %
5



DR ) ZEx2Z BFiRL 104~ 2& e ki 2448 (Chenetal., 2014) -

ERR R S RS

ARG TR R G ORISR S R PR M SRR R e B ARR B B
£ %44 (maximum voluntary contraction, MVC) ~ &+ % £ o4 @ fF w2 vep F 25
(electromyographic activity, EMG) ~ & 3+ & 4 %B% & 11 pF2_ 52 42 T 2 5L (root mean

square-EMG, RMS-EMG) £2:&8 6 & 4 & > b R @ 328 4 5 P|% (rate of force

development, RFD) o

T~ AR RS

AR AL AMER (AMER >~ P @R oo b 0 - AR
ERIB A K - A R AL T A e LR R
U NURER HARE R B S X BE WD R R R B B frikd
Rl PR EFTAFEBET e ) MRS GEEELS 2R RERE PR
FRAGE 4 EEAFPRRGETEFRR % Fgred ik (Biodex) * M &1 iRl
(reproduce position test) i& 7 " B &2 ARER AR > =B X SR & H B 5450 i >
B BEFSHPIRBETRATIOLE - 4 2 A RIE S E L 30%%R RE
T SIPIEZ (83 E H T35 X @ (Paschalis, et al., 2013) o

I~ Wi AP

MR TR BB A & PSR A G F v B (countermovement jump, CMI) 3 & Bl
(Hernandez-Preciado et al., 2018) 7 30 m 3+ P& ¥ %rptipls% (:T¥h p Myers, 2014) > & b)ig

F3KE 2R PIE S WEH B RE o



¥

NE

FIERRE
7{*' %/F‘ﬂ’“ﬁﬁr’ TR 7

-T

TR BRI A 2 AR RIT G s
Vs

7Ry e R ESE A 2 2 B 0 5 gl 8 Bt o fode RO R HO R A

AN LT EE N 3

528 FY AL

- j\ﬁﬂiﬁé? HEou 3F B A B ek ;}Ei,‘; TR SLE A BTN ST BT
deHp G TG LR

2

Yo mFNp4ET H s v o

i
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‘%‘—ﬁ‘i * praF
AE g AFEHECE Asdvp JF B EATER LR o AR K 2 B -SRI A X
BEJEHEFSRBTF L P2 AP A3 RR AR EFAMT F oo i

B2 ERIEE o

-8 o@dsidere FRER AR B

%“

o i (eccentric contraction) RAp i #ivp A f ok T T H R PFeiE e o A
iEE SR LT R o f - RAREIT AR E L FRAYLTRE > §
Ervep 4 5 (EIMD) £ af & (s~ g2 (DOMS)(Clarkson & Hubal, 2002) 112 # >
WL e EgeER > e R B BRI R 0 R 51 ¢ 3k (neutrophil) ¥ E v i
¥¢ (macrophage) & X {f e ? {7 v FrEfRILZ 2 " mie Pk o e BE o A a )
—,;—;, ;.Jgf]l\-% B2 flipREA G~ &g 2R ~ %o i & £ 5 5K (Smith,

1991) o up 4 i B & it~ H B4 £ foB 6§ B (ROM) c0ff % ~ "85 fosufit i (C
K) £ 2 & o Clarkson % % £ 1992 4257 9 24 B 4 » i& (734 By sechds i 6 - 4
R L L L IR T T Ty
e+t F o Clarkson fv Hubal & 4 % 2002 & 3% 11 » & 3F3F 6 (8 5l Az o 4505 cn il
#Eh Y o B RT N GED R Y BRI LA R RBRFI R
FHP A RS e 2 e Bl o B R G R R R R R
Al 0 G B R B TR B R BUR o W A G g LR PR -
Tekgdg & chg it 5 B o 2t b > Hirose ¥ ¢ % 2004 & e S @ » 3 YL o @ Foag &+ vop

% ég%'ii)‘véﬂ—“—/li’}] BN B e o



ep R E R A FRERARDTE > Gldok w2 30m P RERY o
Wiewelhove % 4 %2015 #42%F 1 22 &' F 2 0 Pfob P RFESEFR R (70
A HP 5% X 11 =t HIT 2% » Clifford & ¢ 42016 #4237 30 &5 F:E{7 2% % 2
XY EREFES T MR FTE 100 =X rdrop jump :F# > 12 %2 Hsieh % £ A4 2022 &
- E0 CHES G EHERL >R 6XF BT 0 A sENRFFREEITES
i?l% (Loughborough Intermittent Shuttle Test, LIST) » i& 3 51 § 5 cig & §08 3 > I~ 4
B 6 ERE 2R ARSTE o @ Chou ¥ A fr Hsieh % % » & %] & 2021 # - 2022 # #
MHELF ERERR PR FR VPG € R 30m PR A RDT o

sep 5 R g HRE 4 5 (RFD) 97 *% > 4o Pefiailillo ¥ 4 %2015 #4231 10 %

g’ r’:l’ 1E ]'—r R% ]\i 8’1‘3-5[‘_ mra, NN ffvr&}g’_,u 2l % ﬁ ) ‘A—L —‘;: ]—? iﬁaé‘g-‘u E‘,\a 8’14,% ;}‘F’ I% fﬁ? 1) RFDlOO 200

BETHE T 3

N

77 BT 7 RFDiooaoo #0¢ Be® & & 904 L8~ RACehig Rl g

T\

W5l Az e 35 5 oA 34538 o Rodriguez-Rosell % £ #2018 & 12 )?k%‘i L
3> RFD @ #ig A5k ovp 4 2 Slcnd R dpih o B FREF Mg 1 ¢ e
B o7 gl (EMG) 59T "% > Linnamo ¥ 4 #2000 #4237 8 & § i {7+ £ 3¢ fovdpe
TSR EFR TR PR 4 o Ve THEOTRIRRR S 0 Y S RER
g TEAR G EETE o ZhouE A4 B 2011 EHE 13 LT A HEH
B 3830 = che® phifd » S5 g @hd & guep 3G L ROK o plavp o
e LB A (SEMG) B F T 0 1K 4 30 sEMG T 1 kRl 4T

LI R R



58 goER AR T HARE LB
*R8R F (proprioception) ®_2| %7\ 348 % SREF ATRE Y R e 4 E 0
BE ¥4 RIeT R (Proske & Gandevia, 2016) o P #v e732 3530 5 > AR F 32
B¢ gt (muscle spindle) £ % 3T 2% 7 3 48 = % 4F (position sense) % & & ¥
(kinesthesia) & ¢ » B & < #REE (golgi tendon organ) { F & *r* £ ¥ (force sense) 7

% it /% (Proske & Gandevia, 2012) © F]ypt » AR FH A W2EF £ & > FIA UV §

g

R ARy

PHAEY hds (TR ER LR

F_‘-

FErHER P IFCEHRLINEANEE T RFAT & sk - EIR
N S R E AN EM XY T g Feg 4 €7 ' - DOMS
g 4 2R FR P ik @ AR K X 4 (Proske et al., 2003; Proske & Gandevia,
2012) » 4r Paschalis & 4 %2007 #42 % 7 12 &4 MiE8 {7 TR E @ 3o > 3 Ryvp
FHEeTREERfrM s B THRNET A ERIGR G o
Torres ¥ 4+ % 2010 #4257 14 & #42§ R 19 0p ¥ il (7 4w i@ 6 3f 5 op
WG o SEFR S BB E A 300 0 B £ 4ed BEME TF o 5 Hosp %
AR2017ERET 2 PRETEAFAEFIRSTHAER  BEFRPER

Freawop i § EREFF T LA T

b2 L RFE S N RBRBREEL KR ERILANE
% ik F i (cryotherapy) - 88 & MFE > & FE R * MR TS %5 Bk H N R
&k E'_*%k Bl ~ kG forep pag ko 8 ok v & 95 2 2 — (Bleakley etal.,
2004; Swenson et al., 1996) o 4 ik B i* ¢ 357 kExfeib Rz (cold water immersion,

CWI) 11 2 > £ 4 % F 2 (whole body cryotherapy, WBC)(Banfi et al., 2010; Bleakley et al.,
10



2012; Bleakley et al., 2014; Pritchard & Saliba, 2014) » &+ & % » T - 8 % 3t 4eif &
# {3 ek 4R (Banfi et al., 2010; Collins, 2008; Mac Auley, 2001; Meeusen & Lievens,
1986) » H 1 & i ST F"F M BER 0 MBS VRS PO F e S R S
Fosvp e o ME R Y ~ B o L (Deal et al., 2002; Machlenkin et al., 2005;
Merrick et al., 1999; Verducci, 2000) °

‘e B 2 (compression therapy) 4 & # fi 4B (blde @ REGIRE) 2 G4 R (5]

PREECLF AR ) e A 0 REGIRAR AN YIS f R R 127 ol (B R
P - A=3- i (Ibegbuna et al., 2003; Scurr et al., 2001) ° EE AR B 0 R ﬁPRf‘ 2l

TREAARARS B I R PHITETE G AR A HRE B EFTREK
ETAR 0 U O o i R R 2 L (Kraemer et al., 1998) » 3 3% - o # o 5%—“%){-;&
Poforep R o A B A X B M & @8 & o ] (ROM) » B 2 iep 4 & R 4 oh
B T iR (Hilletal, 2014) > @4t 43 3 v 3op £ 3% (Kraemer et al., 2010) >
T3 % A M (Doan et al., 2003) e R AP RO R A e e {5
7 e i B 45 (Chen ctal,, 2001) » # {4 5 %45 5l £ % 00 S MLE £ 6 % REV
FRAF SR KRR AT T 2 mA Y TR e RS 0 B s R AR T
YR GBI e WU B B Ae B Y BAR B e & (Sheldon et al., 2013) 0 3 fi#iE #
{63 = gwep ELgg % 69K (Waller et al., 2006; Chleboun et al., 1995) -

BRABRIGEL R BFE R - AR BREY AR LRk
BARRE LG E  WEER LR BRE L PRI P RH L R4
ro KA Y PRT KRR RR EF BT § - AcBE I REAEF P 0 2T
Al ae g B g > REFHEFHLESBROP cho ¥ UL FEH 3 kR0 5
REZAIE Fr e B o~ S BRI 2 L F o BRI BT/ FRARE - TR AT
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FOOMTE R R~ A m ~ MEEAC ¢ ehA S > s g B %4 R 7 7k (Johansson et al., 2005;
Knobloch et al., 2006 & 2008; Levy & Marmar, 1993; Mora et al., 2002; Schroder & Péssler,

1994) = &4 Schroder ¥ Péssler 2. 77 3 (1994) » 55 M & £ jivts > @ * L H e BRR B
HEFEEFY 142 D > 2857 o Apfot i % ok R 7ok deehiydle
RAYLFHBRRBEFRIEVIEFEERAR BT RO ITE M & DR 5 K 4
Fh e TTE IR LG RRM S LR T R e R IT  H b  L i AR v
B3 FFRE S LA A K ARY A B & LS enk4R o Levy 2 Marmar (1993)
s BB E ISR L BRIRE > 2 30mmHg < ) R A EFRRRIE 0 B
T AR BT SEMRE SRR Z S B FR OGS A L E o gt
Mora & 4 (2002) AR & £ jiis > = T2 10°C-15°CH9%E & » 30 mmHg-35 mmHg + /]
SR A T AR A RASE 0 B IA A BASET B F RIS B SRk
B b e B ASE T 1 5 BelS SR IE A% & o @ Knobloch % 4 £ 2006 fe 2008 & i1 %
PoRF LR RREH - BRI BHOP AL AR FREHR A 04

Bbe BASL S i S F G fo R frie sk JE R 453 M AT B o Hubbard ¥ 4 B & 2004 &

L e RS R o e AR R BB B AT R Y R ] B

;J’i_” Loe

Fr o AR BEFFFSRREZ %E
$ - B R R FIERAER 5 0 £ W DuPont 2 B B A
2017 &40« RATHET 165 HT 0 e DR 2K HFAIFHE R AN E

WIRME L PICEG OB EAVDREHRNIBLLEFTT oY T2 7 4Ex6
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=% 80% IRM e (squats) (2 k% 904 )4 2 x8=% 1 B4 € 4 8 (deadlifts)
(e ikd 604)) 112 4 2 x 10 =% ehgt.w 2255 4 8 (eccentric leg curls) (&R ik 4 45
) 3BEITAP chE M @RS % BERELIE 2 WERET T 20 A 48504 F 4 B
(G R L 10°C B4 % 4 17-23mmHg) A2 R4 (d2dle) ¥ a@dm » B
B2 R ER S 60 A 4R EH ISR 24 PEE R 48 ] PR TR TR E ok 8 A
IR R R YR A i Redp R o pt 2 vt B g BER R TS 60 A4
EH i F 24 PF2 548 | FEF T R o Aol REFER @R AP - 58
TR A R A BASEAR RO T U F R B F e B 5 (457.0£1.1%) 0 T8 R
B R (-18.124.5%) frovfs jrps cnt B (31.8+1.5%) o @ K PR RS £ e pl m kg ¥
EN

# R Alexander 2 B 77 B frs 300 B4 B A BB DIER AR GwT 7 0 2021
£ o350 18 Ltk T L ARER | 0 21217 Yo-Yo IFT Level 1 chip|8 i » <38
1S st 4R GEAR S 10°C B4 4] 4 75 mmHg) A2 & R k4, T
ARSLL AT A B AR ER LA ES g B E o BRSO LR

RIFBAPFO R e N FE A K 49 8 R (-13.5£1.3°C) » 2 5&]3 5 (hamstrings)

=k

oot ok EREa T abirileog i E LR -

2022 & > Alexanderdz %1 20 % i § {EH i RIREH R > Az FE LR
83 % G RIS HR L7 20 et s B (R %] 4555 mmHg) A e L
Bl LN FEIR L FEI ARG EEES LR R LK A SRR

B o RREA 0 @ LR A RAS AN FT I T U EE A A e AR (-18.0£12

°C)r iele Py ¢REFFTHEF w3 R (-13.3%) > @ Moy N EFES § 01 2 E]R g
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FER R L HIR R G 0 A RAIE T R G R E R FIES E R AR

o ges (CK) frie R & 0 % B F % i (CMI) 4 R iz 408 6 12 4 ok oh

v oo

T e D Y
PELRs P

Iy R AL LR e E R g g 2 AR B

(s

ET

hpas)

Btk B E BF AF ARFAFE o d T ERFRS R AEF R A
REJZH?ERF S F v (CM)) 2235 5B 7 - R & L Vi F4 R
JeJL 8 H il et RIIE S SN2 Bk A R Flpt o AT R R g0
B g Foup 2 ARG 21 0 BT AR S BERE TR ZPEN R §

R R B s H e R e S 2 A LT G 5 HRAL ek

o

ER7E OF S I
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$I & AR RS

d\lﬁ

Fd = }I?e? PLRF g T Aok
— o HLe R E R G 2 B B (DOMS) > § - RS Bl

# ) (ROM) e1f % ~ AR forefiesfefiv (CK) 7422 3 > B g S RAMBE L4 @4 3

/

“iFEES L LT P o

SO R ET AR R PR R RS R e R LB (SR AR 5N R R
o XDREHE N LERR CAF TR A A SRR R T By o

= N JEP ﬂmlﬁz“;_%i%'ﬁ ko FF* 20 mmHE = + V&4 <] 5 10°CaE B 0 20 & 450

S JT PR %$‘§3:&,le,?11;§?.?%§4_ TIEA G R bt

o

JE 4 i@ #5313 =0
EOAT 15 iR ek o Rl b AR B BB R GRS X I54 A G P AR F -
o~ R W T B kg 0 AR BRARJIE T B G R fRE R R g o TR MR
FpE (CK) fresg i > BBF o (CM)) 27> L P BB LF T EHROLIF > 2 &
Fopi e 5 > S5 33 - Ro P d 23 F7ET LB RAILH B R

Ao 2 AR R G LR EDRE L L

o«

R R e R IR 2 B b il

PG RAIES N2 iAok L R o

16
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I
oy
it
o+

&
5

47'

Y-8 FIHE%
FrHFACpResefohe - SEgEE i (18354 ) Fa w8 F A
:}P‘:,\;:'F"\: '}%f]’\]ﬁa Fggm}iflia(-&ri- i)llﬁ._‘xaﬁ‘ ﬁ}?ﬁ}?ﬁ{

Bd o BOOp R g BRI 0 KT R R ABERARSER o AT

CHEREFFEF P GREFALA 2% 8 (K2 %50 0 202306HMO19) - =
REALFFEAP 2 FARRLER Ty FE iR LS ) (s )
MR Y MR A D B SR AR 0 A I S A R

SURME 2 R B B B A S 4 5 (0-50 0 0-100 & 0-200 ms) ¢ ¢

)

* Biodex system 4 Pro (Biodex System 4 Pro; Biodex Medical Systems, Shirley, NY, USA)

S B EL PR g £ k52 1T 5L (RMS-EMG during MVC) ¢ ¢ #

o

i

Biopac MP150 (Biopac MP 150; Biopac Systems, Inc, Goleta, CA, USA) & (7B & % &
ke lEd R DR * My Jump 2.0 app (My Jump 2.0; My Jump Lab, Spain) & {7 @] & -

o B SRR R 360°R & Bik TR o

-4

e BRG ARR T @ * R R AR HHE £ % (Visual Analogue Scale, 0-10):& 7 | £ o

’

A s WOR KA R~ S BR Di@ * Aircast Cryo/Cuff IC (Aircast Cryo/Cuff IC
Cooler; DJO Global, Vista, CA, USA) (‘£ & # & : 10 °C-35°C ; &+ #£§ : 45-60 mmHg )
T JdT o
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AR ERAR  BOE F @S RSk

T e dL

ERATIE N IS | § K IR | S

FLIAFHRPEAD DA FRF

% % (Biodex) » I i& {7 A A & M fcyp R £

Eoekk (£8P F ML) RUHIREFEFEEI AR A A4 (F21014 )

’f C}%/i‘]’?‘%@ﬁ(cc E')\/_,

e (CTe)s ¥ B k4 BRe (CPe) Birdlie

(CON&E)e 2 FHmHMED 132 R FLIRIRHKFEEFHTR Op o

B~ AR TR WA AP ) R ERL 2R Y
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¢
=
=
s
ko
(i
bis

B i % 24~

48~72~96~ 120 ) PFE T E T R BARR 2 1SR 0 TAEREF 125497397

| PEIR (T 20 2482 AR PRI AR o AT SR K3
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BAEFR N F R 0 E R H R IR R ERARRDREERY
FSL R S Y N L RRLTE SN L RS T RO
BRI T H E B Y A L £ 479 SO0, (Chen etal, 2019) » $H15 4 T X %

#eni@de i~ 2 Rk o b BB R AT 0 T S RIH TP B R R

A RERAEFICR A AME T M A RRI% - AHE T N
R85t 4 WI35F * Biodex system 4 Pro #“4 jP|:# ik (Biodex System 4 Pro; Biodex Medical

Systems, Shirley, NY, USA) & {7 B %% °

RN S ¥ L

¢ * Biodex ¥ % ;fk—%" ZLR R R OeRRiR (7 30 2 x 10 St~ B iE (30°/s) e
e %538 #+ (Paulsen et al., 2007) » 2. %1 = § © R R sgalAep o 31
(Paulsen et al., 2010) » % 38 H ™ & & % Biodex ! i& 7@ # > & = 5 10°-100° (0°

ENRBER2RNE ) IEXZFARLI0f e e F kL2458 (TmF %

m\ﬂ

2016) 0 M1HFE IR G o

I ‘—?I%E}%@;.m:
PR Ad O My G TR ARLIRR P L RES L 4
Ble A B (CCe)~ A (CTa) ¥ -knBe (CPe) Zipdle

(CON &) > R FeFHeEHL > MBI Pl & @615 2549
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T3 97 | PSP N BT o BT & 3210 T

(=) 2B T AFT T rH % L 4B ASES 2 % @ * DJO Global 2 7 ¢
[ Aircast Cryo/CuffIC | 4 B4 BRi&K B » B4 %X %5 1 45-60mmHg » JF R & 75 10
CoMERRME AN SR A T gy > T TERL 0 87 20 488

b R

B 2 4 4o BT X
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(=) A AFg eigk -y

A S

v
&

e

T_5 tOmmHg > J§ &K T

CuffIC, A f+BKE » B X

m;»*,,}ﬁ *RF LWE o T EhIR

v
I

(=) 4c /B jk/}iﬂi"b'%;};;’# -3 R

|
f

v
T

CuffIC | A B4 BRERRE » B4 % T

)

X 8

Gl r g 4

¥

frg o 53 sk

(2) 4l FHTUHL 20 4 4

A R IR
(" ) H’bPﬁ :I;E'i% IP'JIE%E

L) LR P;:-:‘z LI RN 1SV I E N

1 10°C > e £

BT 20 4454 )%‘

: 45-60 mmHg > 8 A& % ®5

o

35°C » =% &

P BT 20 A 4B A B RJE o

LR

(circumference, CIR) k& {7 & it o % ;é'*ﬂz % H ogrebatagi gy boo i 2R R B 3 Xk

=

2

P &

for 4 R £

PR AR AR R

S ’ %@7 /?IJ —“ﬂi

B & =pl R TR RS REH-RO L RN RS o
A3 FARZEO02 24 FAAENFLEAEFRE Il

B s 2% 7 9 CIR & (Chenetal., 2011) °

ok B P
3% B2 AR

P T P ’EE—L_

Mo Bmd e RR% A7 HRF s - X ;’ft"f:';ﬁ'ﬁ kR s s IRRE AR ) R
i A A e s B R ka—‘F}f LA R s AR R 2 B o

BIE 2w

R R R R MR - RN o g X

R T 3

FUAR AR iR & 3 seded = Iy d & R o

o hn LA VAR U ES R SRR T sk B

FLPIA R > T B ERPIE=Z 0 > odrd S W E & BRE & Ao
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Bl € ehT 350 %3+ 8§ ROM (Chen et al., 2011)

BRRAENHEEL (VAS): A7 F® (8% 24487296~ 120 ] pF2_ P57 2L
RSP EAAREIREL B2 5 - FEARA 1024 KT ESR > s (024)
BBy AR 0 B 10 R & 5 22 chpif (Howatson & van Someren, 2008) © B £
PEXE PP ONie Rk L o W R S A B X R R e S AL
RECISEE S S ARG o3 2 Rl R RS &b o i L S A S
R A kT E MG e ELE M BRSPS KT L AT FCR B ARE
(Chen et al., 2011) °

BAEEd VI RT A ERRS EEF S Rk AURE 7 2L L2
AR R OURHE R 2 B AT B A Al o 2 B BT L
R 2R oY AR o s LR FRR2S A kR R
e g+ + 2 (Chen, 2003) - >3 jp ﬁ;ﬁ:@u\ﬂé i A W R g % B
FEBEETS 0 ERFINRHR FIFFSH 0 B BFIRASF 0 Tkl
ek E#E 5 MVC &> o 2eé MVC ) FF EMG 5B ik > #3558 4 554 8 1R
2. RMS (Chen, 2003 ) o gt b » & #-% %03 (7 B+ %ﬁ%ﬂifﬁ@ﬁéﬁi*’ B TE%*?
RMS» i dpo @it vt g 4 B4 fFR2 vVl (EHERS B ) F4 FP%K: @
* ki MVC # 3-8 RFD > 9p Jedgdeds i B €4 5 4 ‘e 4 B AR T4 4B
i {8 (peak torque, PT) 2.5% gz » RFD T & % # ®&—PF Fd s aal ¥ ((ATorque/ A
Time ) » 3+ & 0-50,0-100, 0-200 ms #vF 4 & > X8 {7 3 X plok @ I 04 % B A A 17

# (Aagaard et al., 2002) -

(=) ~HR F Rl @ #E &R E  Biodex system 4 Pro #©# jp|3& i% (Biodex
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System 4 Pro; Biodex Medical Systems, Shirley, NY, USA) (8] 3) - ip| £ 3 2L ®] = 4 #f7
FAROERFHTER RIS TR o RESE () RREVRFIFIP LE
FEARE - QRTEBRFAHFRE 2o T A LREBS)  FIAHF LR -

(3) RIGEPF 3K R R F BB &5 B0 42 F(10°~100° > 0°% 50 B & 2 0 B) > X E &
WAL RFLATTAR L FFT AT RA - @D 2 RFFreF Mg L2 =8 £ pl%
IR R G LR R 90°4n B 450 B 0 M 104 0 EAF 3K KB R
RL30p)  F L F YR B R o 218 RRBEEFY S B R 4SO
SRR R 0 ¥ ERERE BT EREAR S RT LY B e ALY P
B E R 22T S5 gz BikA 144 (Paschalisetal., 2013) ¢ 2 {5 * p%
FRLBEAERTF > EFRRETEREFZERZR®R e B0 LA B RO T
Pk > PSAS ATIE R M- e R T A 81 R F IR ((745p1/% 5] x 100) — 100) >
BolE 5 f BcA T RGP RIPER B > BoE L DBk T RRT RIPFY Y o BT R T A
17 & (Chen et al.,2020) < (5) 2 {¢ > X FF &7 AR L2 4+ LA R > 15 R MVC
130% 1% 5 R4 SR L E K B Biodex § ¥ hifk sl R SR T R K T
FEA T FAER B AR T T BT 30% TR MVC iR A @

HE 4 P acfedgs £ B3 FXFF N0 B2 FRR 1240 i@

B

R GE LR L H130% PRI MVC L5 % 0 2 (50 % R R HE R bR ) 0 e
Zgg w2 %K fedg > @ 2% 4 B R 30% 5 iR MVC ST R 0 T v s
BB REEF SN RE XL BRI 1 A4 ek IR AL R T
218 i & & #7 & (Paschalis, et al., 2013)

(Z) Wi L MplS% © 72 AHE RRIHKE - 23 By E Tl L RP
Beo ke BB RRIS D PERE My Jump2.0 o8l 0 £ o RIE S B g B AR
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MEREFHTAA IR RE S E ()RS B E AT A AW > R
FFMREEUINZ B DR BHEERE o Q) X BE T BT T
BRIF AR L FACR o G LR grE YRR TR e R ORI s B
BIEEAR e Q)L EFINF p R B2 BFRL 244 0 (4) % My Jump 2.0
MEZFH TS RER 3E o TiogkH R #cE (T A 4 47 & (Hernandez-Preciado et
al., 2018)  30m ¥ % pEpkipl s (1) % 3K i@ % 2bff % meie R H gk 0 37 W e
6 30m pEH > B P LA F enfidkiE FIPF o R BT 2RBIE O RIBIFRL2A

b bR X FITA AP E (2 p Myers, 2014) -

J

/\v-v‘,

=Sl
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P TS A

12 Acknowledge Version 3.8.1 #c %8 (Biopac systems, Santa Barbara, CA, USA) i& 7 J
BT ELASE AT 0 PR oA £ o (MVC) PES B B end - 15 025 f)RFR
# B> &7 4 @ jpik (Band-pass 20~500 Hz) > 5 d £ nfei (full wave rectification) £2 &
Mg it (smooth) {$ > B~H 0.5 /%% 3 EL > 12 Root Mean Square (RMS) = 5% i {7 jed® » 14
3¢ g EIFAATE o gt vh o L B R TR 2 B B R gE b pr L
3B BT RMS » s e R R TR @S vt A 4 R AR R 2 vt e

AR Y RSP R AT19 2 & 38 By 0 2% SPSS.23.0 for windows it 88 i {7 ALt A 47 o
gLt 4o

(=) AT NU-FFRERFRBEAT TR IR RHRLILN 7 PR
(7o ~FH 18 % 24~48~72~96~ 120/ pF ) 23 4515 ~ AR ¥ 0 2 R0 £ TP
e it TN BT IEH B EFRE o PPN 2 (Tukey’s post hoc test) i& {7 F {5 14
oo FAERFREFLL S T o

(2 ) gt (FHEHREF (SEM) R T ST § 3] dhifcdy - 37 g ¥

KL a=.05-
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FEE 2%
AR g WP GHRCEFRFF IR 2 AR R G P R R I
AERE R RIS R R AR B R EEA G D F - & RRFAATH

Fo@ o R R RIHREE S8 AMERRRSEE S Y & M A RPIHRE

=

2% EAATHR

A N=40

# #£(yrs) 21.65+2.39
£ (kg) 69.24£9.90
R g & B £ 9ed (Nm) 196.09+47.34
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ook R RRLE

W45 tetPFRERRRZFMEF > o FFREXFERAELTE > FR
3 iv* (F(15,180)=2.836) ~ %] (F(3,36)=8.432) ~ p* ¥ (F(5,180)=24.438) ]+ } 5
P ﬁi;‘ié_ﬂ (p< ()5) o /4 )g‘ ¥oE }\4‘3@ N ,ﬁ;%%nfﬁ 79 ¢ ik ¥+ 2R3 (v 51@&;
F <05 Hept eMaldFI it (p>.05) 28 B3 Rk Mg > hdpoid

Wied 1 ~5% LB bhhRE2 A WRBISVHBEF ) HRBE (p<.05) &

BRCEFE S 455 % 0 FR kAR A RMMFIR VB E DR E (p<.05) 0 B
&
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10 9
8 @s
~ @s l l
3 I
=
T
2 s
o)
27 A
) 4
\ s i 1
0
T 1 | 1 1 1
pre 1 2 3 4 5
R (%)

E @ SHBIREARE - FBAKMBEE ~ AR BaE
Bl - AEEEE(P<05); *REREMABERIAER(P<05);

(=) MaEd i F

BlScteitmPglassdrRe R0 52 FFRERTTEEHELSA TR
FIH AR I F* (F(15,180)=1.859) ~ P& (F(5,180)=28.321) F]+ + § %3* £ &
(Pp<.05): e plew|FF @iz R (p<.05)° AJZH %21 ook Hr 0 LdpoidH
BE 1 ¥ ERREZBEEHFFFR T AR p<05) - FRESL L
PR BT O HRBEZHEEHFR AR ERLE 1 ~4 2BF TR (p<.05)
B CER SR SAMRRIAR KT A ke HEEF PR ARCEFEE 1 ~53
R E TR (p<.05) ) AHOEHEE S I A ARBEIRAERT ; F IR RAR B2

M Es PR Lgc TR oS | HE 00 (p<.05) > bHCEREE 23 RA T
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RERT e R M PER GAe EE R 1 2 X SR F

(p<.05)> BA<FEHLEE 3P I AR KT o

&1 4P
——03¢

il & 7 B g 24 ()

-0- #Ba

-10 A k|

—v— HRmE e

T T T T T T
pre 1 2 3 4

BRI (R)
35 Yk A A K hoJE 4 AE LE A B — BE R B BRE £ B (p<.05)
*REGMABEXL/ER(P<<05)

[@2]

DRERECE e

=) ep PR ARR
B 65t PRSI B ALR 2 R0 ©- T3 M &RV RBHA TS
B AT Er (F(15,180)=2.957) ~ 5] (F(3,36)=5.594) « pFR¥ (F(5,180)=87.979) ¥+
F3F AR (p<.05) o AR A BAISIEER TS 2 L3 T EEF (p<.05) 4
L E R E LT EY (p<.05)c AULE WA Bk A 0 AMCERHGE 13X 04

R~ iRkt Rl vop B BRI E ) B E (<05 ARCERHEE 1~4
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T AR v R ARRIBPEF O THRBRE <05 FREM I B2k o

W2 R B ARR AL GRS T 1 ~5 RHEF AR (p<.05) Ao EH

BFS5AFARBIAERT Aoz vep RRARR AR CFRLEY | ~4 B F

A m R (p<.05) 0 AdoERS Y SXMRRIAE KT S W E RS R 2 VR B AR

BRABCERSS | ~4 XBBFA 000 <05 apoi@dies SAREIAS

KT S AR VUR BRR AR R CERE S 12 X3 F LR (p<.05)
#

REE AT AR KT

10 7
O ##8éa |«
I
A— EEBARMESR
@#$ W AR
8 -
~ E‘ 3
&R /
N g
“ !
7 6
=< $
g L
g X
By 4 :
i A
AE |
ol
L=
&= I &
= 24
&
0 . h4 v
T T T T T T
pre | 2 3 4 5

BRI (R)
E @ # SHRIRASESE - FBANES  ABARa B Ea
AR — RS AL ER(p<05) i *RiMMABELELEHR
(p<<.05):

B 6 o FLot AT
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Bl 752t t@mREss L0 2 IV K- FFREXFTFEHEL TR
AP (F(5,180)=13.745) F]3 + 4 %34 8 (p<.05)> & .2 3 (£% ~ ®u F]3 A
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