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Figure 1. The experimental design
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2. d7oY

2 AT JE AR 2xx Zdo)d op7tdn 3 T EAY 14d ool FE
o] % 5.10a(Yosemite Decimal System: YDS)E A gHA1 7k o] o] 5wk
el

A Agke] 9= AR 49 WA 89S Yo 5

22
o

~

Ae Twsl diysta gy E Adstes 3 & AATA, 71 2AE,

719 #d agl, 5 dabes WIS SASAY 2 AT Aot AEe] A 5

Table 1. Characteristics of participants

Variables Mean+SD
Agel(yr) 42.75+10.18
Height(cm) 172.5545.52
Weight(kg) 65.68+4.47
BMI(kg/m*) 23.21+2.19
FFM(kg) 32.36+2.20
% fat(%) 13.01£1.97

BMI, Body Mass Index; FFM, Fat-free Mass; % fat, body fat percentage

Aot & Sxs il EgE BF AR ¢ RS A d(Jug type)s st

93, GAEEE AF U] £rkete] P4 WA Ha Loem oldt B4 FEF
S

AR SRt FE A% 2 AFE (Ahugitetd 9 FE AAA 691 F

oJstdon FE A Z 3¢ dolx AHAZE(510a; YDS, Figure 2) 3102 A A9t}
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Figure 2. The ROCKFAX Grade Table
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1) "FALA] (Massage)
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19t (Figure 4).
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Figure 4. Massage methods
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Figure 5. Static & dynamic forearm stretching

3) o}o]/d (Icing)

E HAE 28k tH(Figure 6).

Figure 6. Forearm Icing and Non-contact thermometer
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Figure 10. Lactate Analysis
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o] M5 A8 gy vt <Table 2>, <Figure

A A3k, 1§ (HF=2.435, p=86)°l A=

oIk zhol7b yEtUA] @gkou, 74 AJ7](F=19.444, p=.00D)°l nt& Wstelld= &

AR oz olg Aot debuth 1F% 24 A7)0l e F5AGANE FoIT 2

)

o] (F=3.448, p=.030)7} }ebst

Table 2. The result of two-way repeated ANOVA for climbing repetition according

to recovery method

SS df MS F p e
Between Subject
Group 26.381 3 8.944 2.435 086 207
Error 102.828 28 3.672
Within Subject
Period 26.807 1 26.807 19.444 .001 410
GroupxPeriod 14.261 3 4.754 3.448 .030 2270
Error 38.603 28 1.379
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Figure 12. Comparison of climbing repetition between groups according to recovery
method
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Y z23) 5 A2l mE FRE 3149 WSk oy <Table 3>, <Figure 13>¥ %
th ERF Sl gk 1F ZF wlatel A 1A} TRkl A= ol gk Aol st yERubA]l ek
1

F 2 3 F=5.175, p=.006) #ol7} yElutth ALFHS A

3, s 2§ 2 2F0l BAIFNG B ueht 4 2§ % AX A
Aol mE vl A A TET okl LFANA FoI% Folst Lheh
Table 3. Changes in climbing repetition according to recovery method

Control! Massage”  Stretching® Icing® F p Tukey

I climb®  955+054  10.94+2.09  9.17+202  1054+225  13P 27 -

2 climb®  7.41+1.59 9.66+0.92 041+1.04  854+1.39 A 0B 123

t 3.369 1.905 -A432 4.350
D 012 09 679 003

7

kT %
£ 10 Z
§ gé o Contral
= ¢/ v g Massage
: .
° B Strething
2

5 Icing

A\

%
.
/
.

Na. of Na. of
15 climb 2rd climb

Figure 13. Result on climbing repetition according to recovery method
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Hz88 AR ddd we dFate] 4548 & 08 <Table 4>, <Figure
14>9h 2, 2ol g MR BARA A%, 2§ HF-487, p=694) = 5
AHOom Fog Aol molx ghgkort, 4 A7) (F=61.233, p=00D)e] mHe W5
S ofo@ Aok uehwth w3, 2% 24 AV g2 FEAgN folw

2Fo] (F=2.101, p=.047)7} “Elwtt}.

Table 4. The result of two-way repeated ANOVA for on La changes according
to recovery method

SS df MS F J) Vil
Between Subject
Group 15.784 3 5.261 A87 694 050
Error 302.463 28 10.802
Within Subject
Period 39.162 1 39.12 62.992 .001 692
GroupxPeriod 5.614 3 1.871 3.010 047 244
Error 17.407 28 622
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Figure 14. Comparison of La between groups according to recovery method
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2355 AX W wE dFALike WslE v <Table 5>, <Figure 15>%} # T}
Aakel F74 A7l W& 1F P HlaE g AR, AR(F=781, p=.515)% 13k Fuk
$(F=1.139, p=.350), &HAA 5% (F=1.075 p=.376), 3|EA* 15%(F=1.981, p=.140)
a8 27k Wb $(F=504, p=.683) EFoA FAHoR Fo8 o]z} YER}A] &

g
Steh. 7 el A ARl mE wamol BFALE RE 2FIA folF o]}

Table 5. Changes in La concentration according to recovery method

Control!  Massage®  Stretching® Ieing’ Fvde p Tikey

Pre L& 1334023 1414028 153027 14022 8L )5} -

1{}3 Jafterl b 94125 11194172 102123 11464316 1139 30 -
Recovery

5 et 1465154 138645 D 12682224 13764158 1.0 36 -
Recovery

5 it 12365157 1100423 1071233 16415 1K1 140 -
;f :afterr " 143257 1484419 13298247 13334161 iS4} 63 -
F-vdwe an) RIB 40.6H4 62773

p Q1 Q01 Q01 Q1

Tikey a<b<cde a<bd<e a<b<e a<bcde
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Figure 15. Comparison of La concentration according to recovery method
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v 238 Ao wE ZA3 2 S (Alactate)e] W3 vhe <Table 6>, <Figure
16>3 Zoh 15 7F 2 EE&S vt A3 F=259, p=.049% 23 zo]E e}
W AFEE S A3 vAA] aFo] e IR =4 YEY

Table 6. Changes in the rate of lactate removal according to recovery method

Control* Massage’ Stretching® Icing® Fvalue p Tikey

Nadate 973t166 20614266 1613148  -149%+319 3610 025 12

-25 +*

-20

E & Control
B Massage
B Stretching

lcing

Al actate(%)

Figure 16. Comparison in the rate of lactate removal according to recovery method
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H2AY APyl W S & ¥ 3uAE H: B <Table 7,
<Figure 17>% 2tk oFge] g WEEY BARA Ash, 1F (HF-142, p-939)°
A Fol® Aol7h vhehbA gkort, E4 A)7)(F=32424, p=00De mE Wb B
AMoz fols Aelzh vehdeh v, 289 24 AVl BE RAgelNE §

o3k 2}o](F=.805, p=.502)7F WEFUA] & 9kt

Table 7. The result of two-way repeated ANOVA for GS of dominant arm
according to recovery method

SS df MS F J) Vil
Between Subject
Group 37.129 3 12.376 142 934 015
Error 2448.671 28 87.453
Within Subject
Period 148.755 1 148.755 32.424 .001 D37
GroupxPeriod 11.077 3 3.692 805 502 079
Error 128.458 28 4.588
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Figure 17. Comparison of GS of dominant arm between groups according to recovery
method
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235 AAH wE A F g Wl g <Table 8>, <Figure 18>3 #
st Ayl AFA(F=502, p=.684)3} 13} &3+

f
e
=1
il

thoof el oigk 4 A7 2F 3
F(F=.293, p=830) 183 22} SHF $(F=.338, p=.798) EAH o2 F< 3 Zo]7} L}e}

WA okt b el AA Al el whE Blalol A ofe]x gl A el Rk 2ol i

EFut T}

Table 8. Changes in GS of dominant arm according to recovery method

Control'  Massage®  Stretching” Icing” Fvde p Tikey

Pre GS'  4043+7.38 38814532 40814528 39.76+6.10 A2 o4 -

lffsaﬂeﬁ 35984661 3438571 35904602 33404539 2B &0 -

gfbdz. TC 35361608 3426:534 491+583 34684634 W B -

Fvalue 1.800 2077 179 4961
D 190 180 190 017
Tikey - - - b<c
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Figure 18. Comparison in GS of dominant arm according to recovery method
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t}S <Table 9>, <Figure 19>
% ZHF=177, p=911)l+= &4 3
F=7233, p=.012)°] uw& W3}

S 5 S A7 whE Ga Aol

i

EAHOR G938 Aol7} LERY
o g 2ho] (F=.625, p=.605)7F “tEFFA] ek gk,

rlr

Table 9. The result of two-way repeated ANOVA for BS according to recovery

method
SS df MS F p e
Between Subject
Group 883.734 3 294.578 177 911 019
Error 46580.118 28 1663.576
Within Subject
Period 1673.831 1 1673.831 7.233 012 205
Groupx*Period 433.983 3 144.661 625 605 .063
Error 6479.687 28 231.417
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Figure 19. Comparison of BS between groups according to recovery method
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238 Ay uE wjtE o] W3li= t}S <Table 10>, <Figure 20>3 Zt}.
T 5

vjge]l =4 A7|d a1F 7F vaE 3 A3 AFH(F=161, p=.921), 13 %
) BFAA fegk zpol 7} LpERLY

= RS AgelA eld Aol

J

A ggokth b m el AA Al el whE Hlalel A uf

7 A gk

Changes of BS according to recovery method

Table 10.
Control! Message®  Stretching” Icing® Fvdwe D Tikey

Pe BS'  1216:27% 1RGP HO 1R 12156225 161 X1 -
BS after
F Qindd 11431+3497  1B3RBE 1283H+2311 111441415 VisY) 07 -
g’f be‘f]. O‘EIC 1561#285 16192419 1541847  1B13+067 212 7 -
Fvalue 208 a9 158 6

D 1 313 2% 21

Tikey - - - -

,39,



Figure 20.
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238 X wE Alukgeo] s zAbg g3k thg <Table 11>, <Figure 21>

, 1% {HF=.035 p=.991) A= F7

3l B Aoz §93 2oyt el wd 23 24 A7)o w2 A sz

o h

Table 11. The result of two-way repeated ANOVA for HR according to recovery

method
T SS df MS F p e
Between Subject
Group 49.325 3 16.442 035 991 004
Error 13195.450 28 471.266
Within Subject
Period 10042.879 1 10042.879  90.244 .001 763
GroupxPeriod 299.833 3 99.944 898 454 .088
Error 3115.988 28 111.285
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Figure 21. Comparison of HR between groups according to recovery method
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235 A wE Aukee] W= the <Table 12>, <Figure 22>%} 2t}
Aol F A7 2% F RluE g A¥, APH(F=751, p=531), 1Ak R &
(F=.560, p=.646), 3% 5 (F=.857, p=.475), ¥ & 15+ (F=.215, p=.885), 183l 2z
(F=.236, p=.871) EFollA ok Aoz} yebubA] skt 2h 159 A A Al

&
5
Aol W waolA Avet BE SgdA feld Ao)7h e,

Table 12. Changes of HR according to recovery method

Control! Massage”  Stretching® Icing? F-value p Tikey

Pre HR® 5575846 3200460 284645  5L00H657 ol 1 -

ER :;fterib 14700£1833 153861964 102H5£135%6 156001165 50 646 -
Recovery

5 1min HIY 10112714 106002209 10020£11.06  HAK+1066 L7 irs) -
Recovery 5 B

) PHH25]  KE3+031 KRB0 RVRHLH 215
15 min HR?

ZPXIF ajftere 1563343173 13863+1200  150&3+1066  16413+1318 .26 31 -
F-value 220 i 122082 149773
p 001 001 001 001

Tukey a<cd<be a<cd<be a<cd<be a<cd<be
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Figure 22. Comparison of HR according to recovery method



235 Aol whZ it Aurg(Average heat rate, average HR)9| 4548
83+ <Table 13>, <Figure 23>3} -t} Hyt Algkgeo] digh wba=4 FAEA 2
, & ZHF=.057, p=982)l M= AR fFoet o7t yElUA] Ford
4 A71(F=192.021, p=.001)el @& W3l= FAHOR Fog zo]7b veryt

, Aud F4 A7 e FeABaAAE fod 2ol (F=144, p=.933)7F U

EF5k A gk

e K

=2
g

Table 13. The result of two-way repeated ANOVA for average HR during climbing

according to recovery method

T SS df MS F p e
Between Subject
Group 37.578 3 12.526 057 982 .006
Error 6182.281 28 220.796
Within Subject
Period 8077516 1 8077516  192.021 .001 873
GroupxPeriod 18.141 3 6.047 144 933 015
Error 1177.844 28 42.066
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Figure 23. Comparison of average HR during climbing between groups according to
recovery method
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U235 A wpE it AEeo]l WeleE vhS <Table 14>, <Figure 24>} %
oh Fyt Aukre A AZE 5 1 vl A 14 59 $(F=.085, p=.968)%} 23}
(F=.065, p=.978) E-Foll A gt o7} vpepubA] RSkt 7 7159 A A A

3,5;
Aol whE oA it AueE BE IFAA fog Zolrt YERY

Table 14. Changes in average HR during climbing according to recovery method

Control! Massage’  Stretching® Icing’ F D Tukey

I* climb® 101.38+11.11 102944634 101.56+7.72 10300783 (5 B -

2 climb” 1243132099 123631053 124.31+838 126501206 (% 9B -

t -4.627 -8.070 -13.355 -8.299
p 002 001 001 001

150

100 - T
"
:

.
S

A\

= @ Control

o

E O Massage
? B Stretching
o

£ leing

50

15t Climb 2rd climb

Figure 24. Comparison of average HR during climbing according to recovery
method
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5) A A we AusEgo) W)

| 235 Xy o] wE A¥FS3]E 8 (Heart rate reduction rate, AlRS] W 3}= t}e

<Table 15>, <Figure 25>¢} #v}. 1F 7+ Au43| &8-S vwst A3 F=1.019,

p=390% %93 o7} pEA ekt

Table 15. Changes in AHR according to recovery method

Control* Massage”  Stretching® Icing® F-value p

Tukey

AHR  -36.964831 4247535 -40.74+500 4277549 1497 237

N

-3 L3 Control
= N B Massage
E %% [ stretching
: Z% Icing

%%
é%

=23

Figure 25. Comparison in AHR concentration according to recovery method
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Z L= (Flexor carpi ulnaris), W3] A (Pronator teres), 732 +*(Brachioradialis)

D

]

d

AR = (Flexor digitorum superficialis) $45F oy} A2t (Extensor digitorum),
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<Abstract>

Effect of various recovery methods on physical
fitness factors, lactate clearance rate and

performance in sports climbing club

Yu, Joo In

Department of Kinesiology
General graduate school Jeju National University

Jeju, Korea

Supervised by professor Seo, Tae—Beom

The purpose of this study was to examine the effect of various fatigue recovery
methods on physical fitness factors, lactate clearance rate and performance after
repeating the climbing route of 5.10a at maximum speed to induce exhaustion for
sports climbing club members. Eight adult males who had more than one year of
sports climbing experience were participated and all subjects were divided into four
groups; control group, massage application group, stretching application group and
icing application group. All applications were used for fatigue recovery after first
climb. A two-week interval was placed between each recovery method to prevent
data contamination between groups. Significant differences between groups were

determined with two-way repeated analysis of variance. As results of this study,
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massage and stretching groups after the first climb significantly increased the
number of the second climbs compared to control and icing groups. In particular,
massage application significantly up-regulated lactate clearance rate until the start
of the second climbs. Grip strength, back strength and heart rate did not showed
significant differences between groups. In conclusion, our findings suggested new
evidence that massage application might be one of the best way to promote fatigue

recovery after sports climbing.
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