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AEAS FRAe] 2FHo] AT uAE I3
USs (st 2amxoHeel), ojchey*, & EBA(Z0iCystn)

o] ATE AFANFITHA ] T F 9F 7o 2HFdHo] THAY A=A, AEAEAY, AF+Y
T ojm et Y v =R HrRge] BAE Tk FEAL A5AEe] f39 FAV 298
olo] Fof of fof w} 2422 FEH o] Aol FHosth. dAE F 2082 7t aFl: 1) A4AE-
ZEHFARA(CST), 2) HAFAE-2EFA ] (nCST), 3) AF4d-28 Fdn 2o (CnST), 4) HA
F748-2E FdnZo] (nCnlT) 584 Fofsiiet. TAZ 2R 2 Fdo] ¥oux| Fe AZUES]
NEEF- A £ /EFRZR PN, NEFHRZR O] 2YFdo] vk BRFRZRaPon ¢
5o A&H%th CSTe nCSTe HFEAZZ a3 st 9F:3te] A7717F A3 $of o] 59
NATA, AEAEAY, AFFP o] FrHEAeh, RE 5N 9F7e] FHoE A3 (p(0.05) 3 AR
£(p€0.05), AAAZAF Frstgon Bagaza gdd g CSTY nCST & AR ko] Z718e]
THp<0.05). 2837t o w8 ix =y 9 A~ E RM, 283 F4aA £558S BE 15
AA AAZ F71E By om (p<0.05), F7he] & BE WoloA CST, nCST, CnST, nCnST 2.7 =

YA Al gl ek o (p<0.05), 5007

B 2xdEe) 49 nCaSTANT FAHATHp(0.05). 95:7t] £8 F 45793 8glo] 2dEeo
AR FRAS0| 49 9T AN AT, 2eden ARASTRAY FAxaBe AATA, A8
ARAY L PPN, Do} 2TAES M FA M E /1 ZFAZRIY) 2YFAS F/l2 X
PR A AFFA5AM) Z7hTh, ARAFY 2EEAL B8 E A7) Ao AT 2
39 5 942 Aol

Fa0l: AATHY, ABAFAY, 28471, ATUE Edo]y, A&Ed]Y, FALYEY
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U2 AR EAsh= 333.33 W
A ol FojA e 29734 Aol 2 B7]eleh
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I 1. Pre-existing track training program

&
5-103] wHEE
18 3AE

3
=

5% 2%7%, e 5o R ST SolE E
Tl dAehe Z= old £%7} %= National Strength & Condltlonmg
AssociationoA] B3eH= 1RM &3 34S AF&5ko

(& 3)ellA B 9l

A skov] % 38, 3] k6 ATt 2 R

HEFHE 100-333.33 W[EE A&H o2 Fo}a}

SEE PP BAS T1 EEe b 1RM 53

158191 50001618 Zhetel, 125m ek} a4

=2 44 A AEsEe PPAle FRo0 HolE =
7 Sal 2

A5
grotaL A7 39 THINSCA, 2011). ﬂWx}Eol AA 7 A3
11]].

Jold ol A8 TR FH2 stefel

Avieh 1RMe] Z4H9Th BaRE

sle FAE o8l Y-S At

ettt 2o 4% 5-10 kg=, thele] 4%

Component Intensity (gear ratio) Repetition Resting
-1 set: 51 x 14
Sprint training Flying start - 2 set: 52 x 14 2-3 rep. 30 min
- 3 set: 53 x 14
-1 set: 50 x 14
Acceleration training Standing start - 2 set: 51 x 14 2-3 rep. 30 min
- 3 set: 52 x 14
E 2. Multi-purpose training program
Phase Period Intensity Repetition
1-3 week 10 1 & 2 set 40%, 3 set 45%  week 1: 1 & 2 set 8 rep. 3 set 10 rep.
Adaptation weeks week 2: 1 & 2 set 40%, 3 set 45% week 2: 1 & 2 set 810 rep. 3 set 12 rep.
week 3: 1 & 2 set 45%, 3 set 50% week 30 12 rep.
week 4: 1 & 2 set 80%, 3 set 85%  week 4: 1 & 2 set 8 rep. 3 set 12 rep.
Weight Maximization 4-7  week 5: 1 & 2 set 80%, 3 set 85% week 5: 1 & 2 set 810 rep. 3 set 12 rep.
training weeks week 6: 85% week 61 1 & 2 set 8-10 rep. 3 set 12 rep.
program week 7: 80% week 71 1 & 2 set 8 rep. 3 set 12 rep.
(Periodization) Power 8-9 week 8: 45% week 8 1 & 2 set 1520 rep. 3 set 25 rep.
Promotion weeks week 9: 40% week 90 1 & 2 set 25 rep. 3 set 30 rep.
- Arm: standing barbell curl, bench press, dumbbell curl
- Trunk: reverse crunch, trunk twist
- Leg: leg extension, seated leg curl, machine leg press, barbell squat, standing calf raise
Sorin 129 1 set: 51 x 14 (gear ratio) 1 set: 3 rep.
o tr;)ining woeks 2 set: b2 x 14 2 set: 2 rep.
Pre*exlsplpg g 3 set: 53 x 14 3 set: 2 rep.
track training ] 50 < 14 1 2
: X :
program Acceleration 1-9 set: set 2 xep.
trainin weeks 2 set: b1 x 14 2 set: 2 rep.
& 3 set: 52 x 14 3 set: 2 rep.




15-20 kg& Z7HA 3-53] AAlstn thA
otlon, o] & WEsIith, 2-483H 74
Z%ﬂ*i B3 AS W TS F7AFEeH, A
gt A% 2.5-5 kg & 9 1 RM= Al=asith

RE WL Teza g Fofdlr] Ay T =
gt SHEAT A A =3 &
N AF, AAEE(TBF-202, TANITA,
SAE AT g3 2Pl e R oF = (TKK-5401,
Takei, €¥), w2 (TKK-5402, Takei, &), #
AZY 2~ 1RM, ~HE 1RM(Ariel-16120, Cybex,
nla) o] SA AT

TR AR AL F5E-E AAOlE H2ER
Bkt 2 didzke] AzdiEl Fat 0.075 kp/kg
oz AAA =21 H (Monark 894E, Monark

4E)

o

Exercise AB, Z=9ld)dl| FoAX 1 thdxt= 30% &
Qb Hohgt gt ol Hdioke], g, 9
227t 715, S AT

73%5—?303—:‘.% AEEHNA 2001 e 5007 E

=72 g7 odnh, 2007 557152 Flying Start

i AFetg e A28 AAds] Attt 2 34
AR A d&E o2 AFsle] 25 T 5SS
A9 (Dorel et al., 2005). 50098 EF7]=
Standing Start 2, 2325 HAd3s A5t} 7§—z,—
Zo Wl ~EY AN H&EH o sl A5 B
7152 S4e. ESAY] e FEAS| A
T2 (Pista) oA 47k 403]9] 7 F+5 A 495
ot A E o] &3kt

AT AESH L AsHSAFLAA o] Foi
Roem 200, 5007 ~ZHE 3 EAAY] £945%
< AEEALAA A=At

o

m
¥

H 3. Strength training load by components and cyclist and non-cyclist

Component C/nC 1RM (kg) week 1-3 (kg) week 4-7 (kg) week 8-9 (kg)
. 52.90 + 6.17 23.81 £ 2.78 4497 + 5.25 26.45 £ 3.09
Standing barbell curl

nC 49.90 + 6.33 22.46 £ 2.85 42.42 + 5.38 2495 + 3.17
C 58.60 + 4.65 26.37 £ 2.09 49.81 + 3.95 29.30 + 2.32

Arm Bench press
nC 59.50 + 6.35 26.78 £ 2.86 50.58 £ 5.39 29.75 £ 3.17
C 39.60 + 3.20 17.82 £ 1.44 33.66 + 2.72 19.80 = 1.60

Dumbbell curl
nC 47.20 + 4.05 21.24 + 1.82 40.12 + 3.44 23.60 £ 2.02
C 45.30 = 4.57 20.39 £ 2.06 38.51 £ 3.89 22.65 £ 2.29

Reverse crunch
Prunk nC 43.70 =+ 5.58 19.67 + 2.51 37.15 £ 4.74 21.85 £ 2.79
o C 5040 + 453  22.68 + 2.04  42.84 + 3.85  25.20 + 2.26

Trunk twist

nC 49.90 = 7.02 22.46 * 3.16 42.41 + 5.96 2495 + 3.51
C 81.90 + 6.57 36.86 + 2.96 69.62 = 5.59 40.95 + 3.29

Leg extension
nC 82.20 £ 7.48 36.99 + 3.37 69.87 £ 6.39 41.10 = 3.74
C 59.20 + 8.59 26.64  3.86 50.32 £ 7.29 29.60 + 4.29

Seated leg curl
nC 60.70 £ 7.62 27.32 £ 3.43 51.59 + 6.47 30.35 £ 3.81
C 145.10 £ 12.21 65.29 £ 5.49 123.34 + 10.38 72.55 £ 6.10

Leg Machine leg press

nC 131.40 + 10.99 59.13 + 4.94 111.69 £ 9.34 40.86 = 6.76
C 90.70 £ 12.19 40.82 + 5.49 77.09 £ 10.36 45.35 + 6.10

Barbell squat
nC 90.80 + 15.02 40.86 + 6.76 77.78 £ 12.76 45.40 + 7.51
. . C 69.60 £ 16.75 32.32 + 7.54 59.16 + 14.24 34.80 + 8.38

Standing calf raise

nC 77.10 £ 16.65 34.69 + 7.49 65.54 + 14.15 38.55 £ 8.32

C; cyclist, nC; non-cyclist
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I 4. Body morphological change by groups

Cyclist w/
Strength Training
Group (n=5)?

non-Cyclist w/
Strength Training
Group (n=5)2

non-Cyclist w/o
Strength Training
Group (n=5)*

Cyclist w/o
Strength Training
Group (n=5)°

. pre 826 1.5 82.3 £4.0 85.2 £ 3.1 83.0 £ 3.4
Body weight (kg) = . ; m
post 81.8+ 1.4 81.7 £ 3.9 84.4 + 3.5 82.5 + 3.2
pre 16.3+1.6 186 1.5 200+ 1.9 20.3 £ 4.6
Body fat content (%) 31 = = n
post 13212~ 155+ 0.7 195+ 1.8 199 +44
) pre 69.1 £ 2.0 66.9 + 2.8 68.1 £ 2.9 66.1 + 3.0

Lean body weight (kg) S n
post 71.0 £ 2.0 69.0 £ 3.6 67.9 £ 3.0 66.0 + 2.9
Body mass index pre 279+ 1.8 26.3 = 1.0 26.8 + 1.4 26.2 = 2.8
(kg/m?) post 276 +1.7 26.2 0.9 26.6 = 1.5 26.1 28

" significant between pre- and post-test at p<0.05 (paired t-test)
significant between pre- and post-test at p{0.01 (paired t-test)

3.4

S H WY A ARE ®iste} TF 1he] ate] & A
17| 98 Window &, SPSS 18.0 SAZzadS &
Latslon, B FAe Hid 2EEAE et
ARG WY, 28 Bl FAL wY #rh B ¢
200m$}t 500m 7152 oYW FEAENS (Two way
Fa, ARl HEzt Aol 7t & 7

=

5
42k

& FHZFEA (ANCOVA) S o] &3t 254
SkiTh, ARt ARE 52 Scheffe W 22l H
H W& paired t-testE o] &3l9t E

7t
24 A7
Azte Hue ¥R P S AHgdgle
Ad Ul 24 A71E Hdgk ¥sk= Wilcoxon's

=
QO
=]
=
=
=
=
=
@
<
T
o
o,
o
o,
ofo
ofs
o,
2
O,
oft
)
ax

Az}

significant between the designated group and group ° and ?, respectively at p<0.05 (ANCOVA)

gol & oA dAg S8 U
EFATH(pC0.01). E71e] e BE SHHAA 4
Zx o2 CST, nCST, CnST, nCnST
B, 28 o] RE 2l ¢ 2
Aoz Uyt FALA 558 E 2
St ooty B ok aela S EA A BT g
e 2ds B3em(p0.05, p<0.01), CST,
nCST, CnST, nCnST £22 %<& 345 Yehith

Aylssso| wst

200 283 500 "|E] ~ZHES} 77]59E (& 6)0
M HeFa 9tk 20008 AZAES] - CnSTE Al
st YA Al aFelA  71Fe] dEEglen
(p€0.05), 5007 AZUE] AL nCnSTAAT 7|12
©3o] Uelth(p(0.05). Fddl| ofslr] A H71d 4

71 E A2 EAle] FHAE] 9 =S A



I 5. Changes of muscular strength and anaerobic capacity by groups

Cyclist w/

Strength Training

Group (n=5)?

non-Cyclist w/
Strength Training
Group (n=5)2

Cyclist w/o

Strength Training
Group (n=5)*

non-Cyclist w/o
Strength Training
Group (n=5)*

pre 53.3 2.3 55.7 + 2.1 59.1 + 2.2 52.3 + 2.6
Grip strength (kg) post 62.7 + 2.0 61.0 = 3.0 61.5 2.4 53.7 + 1.2
A 9%) 9.4+ 1.7 53+15 2.4+06 14+05
? (17.6 = 3.6) (9.4 + 2.6) (4.1 +1.0) (2.6 = 1.0)
pre 155.6 £ 2.9 2 1454 7.3 150.0 + 4.1 150.2 = 3.5
Low back strength post 171.2 + 2.8" 1576 + 7.0 155.2 £ 4.17 154.0 + 3.17
(ke) A (%) 15.6 = 0.9 12.2 + 0.8 5.2 +0.8 3.8+0.8
? (10.0 * 0.6) (8.4 +0.9) (3.5 +0.6) (2.5 + 0.6)
pre 102.6 = 2.9 127.8+1.9 113.0 + 9.7 104.0 = 2.7
Bench press 1RM post 116.4 + 3.6" 134.6 + 3.9" 1182 +9.1" 106.8 + 3.2"
(ke) A 9) 13.8+ 2.0 6.8+22 5.2+1.3 2.8 +0.8
v (13.5 + 2.0) (5.3 £ 1.6) (4.7 +1.4) (2.7 £ 0.7)
pre 221.4 + 9.1 183.7 = 9.3 231.2 + 5.4 233.2 + 3.0
Squat 1RM (kg) post 250.7 + 6.8 201.4 + 7.4 245.2 +5.8 241.0 + 3.6
A 9 294 + 5.3 17.7 + 2.2 14.0 £ 0.7 78+ 1.3
7 (13.3 + 2.7) (9.7 + 1.6) (6.1 0.3 (3.3 £ 0.5)
. . pre 9.7+ 0.4 9.4 +0.2 9.6+ 0.3 95+0.2
Anaerobic capacity: T 11.0  0.8°234 9.8 0.2 9.9+ 04" 9.7+ 0.3"
Maximal power
(W/ke) A %) 1.2 +0.7 0.5 +0.1 0.3+0.1 0.2+0.1
? (12.4 = 7.4) (5.0 £ 0.6) (3.0 £ 0.8) (2.3 £0.8)
. . pre 76+0.2 74+0.3 75+0.2 75+0.3
Anaerobic capacity: 8.9 + 0.37234 8.0 + 0.6* 7.9+04 78+0.3
Average power
(W/ke) A %) 1.3+0.2 0.6 +0.5 0.4+0.3 0.4+0.1
? (17.3 = 2.0) (8.0 £ 6.0) (5.6 + 4.6) (5.0 £ 0.9)
pre 52.5 1.7 53.4 % 3.7 51.8 1.4 50.4 + 1.9
Anaerobic capacity: post 42.1 + 2.07%34 51.0 = 3.8" 50.0 + 2.2 496 = 1.8"
Fatigue index (%)= = 104 +1.1 24+ 1.1 1.8+ 0.9 0.9+ 04
? (-19.8 + 2.1) (-4.5 £ 2.0) (-3.4 + 1.8) (-1.7 £ 0.8)

A calculated as post minus pre

" significant between pre- and post-test at p<0.05 (paired t-test)
significant between pre- and post-test at p{0.01 (paired t-test)

2,34
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Fe Selues 9
#977101%) wey

significant between the designated group and group 2, %, and %, respectively at p<0.05 (Two way ANOVA)
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I 6. Track race performance by groups

Cyclist w/
Strength Training
Group (n=5)!

non-Cyclist w/
Strength Training
Group (n=5)2

Cyclist w/o
Strength Training
Group (n=5)*

non-Cyclist w/o
Strength Training
Group (n=5)*

pre 11.6 £ 0.3 11.7 £ 0.3 11.6 £ 0.2 11.8 £ 0.1
200 meter sprint (sec) ; = =
post 11.2 £ 0.2 11.2 £ 0.2 11.3 £0.2 11.3 £ 0.1
) pre 35.6 £ 0.4 354 1.0 35.6 £ 0.5 36.3 £ 0.6
500 meter sprint (sec) n
post 34.9 £ 0.6 35215 35.6 £ 0.7 356 £ 0.3
R . pre 2.9+ 0.7 4.4 + 0.4'3 2.5+ 1.0 3.9 £0.6
aoe place post 2.7 % 0.5% 2.5 + 0.2°4 4.7 £ 0.3% 5.4 %03

" significant between pre- and post-test at p(0.05 (paired t-test)
significant between pre- and post-test at p{0.01 (paired t-test)
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A& W3 71T} (Stellingwerff et al., 2011). &
ok Aol & Age] AAE 9 Ao e AR

2A7|H, AHH O Ato]F FY Fof By
AW 3719 A o)A eh(AEFH &4
A, 2009). I7HHE Ao & Aae AAE H7ig 4
I AT 72-T6kg, AANHES 4.8-5.4% FTF°IA
on, @Ag Ao (n=4) A2 FAFE 25.7 kg/m?
. =34 AFE(n=11) 24.2 kg/m? & ZAdn}

significant between pre- and post-test at p{0.05 (Wilcoxon's signed rank test)
significant between the designated group and group ', 2, and %, respectively at p{0.05 (Kruskal-Wallis test)

AR
2 Al vl AR AT AdFAFE B,
= Uetgt, ditior FEke

FAd AP EEE 25FE ST 28 3
7

°]™(Ryan &
Gregor, 1992), 32 Fatet Zagle] 45
(maximal voluntary contraction) ti®] 7} & 3
= F3ste 2522 ¥¢eA Ah(Ericson, 1986).
dutr oz TAHTFELS(, vastus, gluteus
maximum, soleus) BN 443 gl A}
2 gt ol#H-d IS (biarticulate muscle; o,
rectus femoris, biceps femoris)2 #AA}ol<] &<
AgetA doh(van Ingen Schenau et al., 1992).
o] ZHEL BF AlolF A4t Aty e ¢
P& o) o P kst Aol 7157 Aol
JtH(Bini et al., 2008: Faria et al., 2005:



Macdonald et al., 2008: St Clair Gibson et al.,

= 2714712 AA
ANE B3} e BEE

o
49-5bkg, Hl©¥& 129-156kg, WX ZE
oA A5
IRMS @A A4 214kg, $38AE A4 165kge
2 ZAME el tE, 2012). AFH o2 B At
o7l AEFHAESY 2HL o] gE dApelA] &
o7 Z7HE MeEe] R vg e F55 B
o} ot Al Fol wE AAQl FEo] AolZ o AZ
o} oolYe JEE A LA AUAQl 28 £
o2 Alo]F A A7E S Hrksh)e oe e %3t

g o B dquAe T :
ofel] me} 23} A7l o] F5A Ho] Fadf Bl
Hol EY

o] 7}s3ttt.

o[l ApellM FHAESY FARGNUA AL 5

w3 PriEQth, dghos T EEEa gl B5 AL

o|FYo] B3 AN EE TE P B
)

a2 28] Msllq g i = e &
2178549 3

o AFEL AYE Alo]F AFEY FARRAG A A
el FoAE AABIAET, AtelE A

Al B97t 88 AAAE ol f WEo® Helth
ae]a ol sl A e AuA A sH o R o
6 W/kg= AAIEcH(Palmer et al., 1999). Pl
2 A3 3] (National Off-Road Bicycle Association)

o ostH FAARE Mo Ao vhg) ke 5.4-5.9
W/kg %™ (Baron, 2001: Wilber et al., 1997),
HACIE H2EE o|&g mxAlo] S AW (U.S.
Cycling Federation) E2AF0| 2| ~E 11, 111, IV
Fte|e] Ao 33 9] o 747 13.9, 13.6,
12.8 W/kg ©]tH(Tanaka et al., 1993). 97A°1E
B AEE o] &3 o] AT BE a5l Fdot
AE 7.4-7.6914 7.8-8.9 W/ke & ey,
ot E 9.4-9.714 9.7-11.02.2 F7Faith. oA
of AFEo] ARES tidAkel Wi el ofsf theket Ao
2 HHoeE Hola Jlov, & ATl FHAYE
Lok AR E A5 9h9] At fAk Aoz 7T

BaNae 2=4Q 4718 Hrte 9 E 72
gt Alo] & BolA AlE el AFEHE Tttt
AFelA 28 Y EFoldg o] &3 FHAES
kgl A3 o2 oA 9 E kot &S
Agd s 53l =7t A HE vE
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Impact of muscular training of racing cyclist candidate

on racing performance

Seung Hyun Kim', Dae Taek Lee’, & Bong Yeon Hwang’

Impact of 9-week strength training of racing cyclist candidate during training camp on body
composition, racing cyclist specific fitness, and racing cycle performance was examined. Two by two
(cyclist experience, y/n and strength training (ST) participation, y/n) experiment design was employed.
A total of 20 candidates participated and divided evenly into four groups; 1) experienced cyclist
participating ST (CST), 2) non-experience cyclist participating ST (nCST), 3) experienced cyclist no
participating ST (CnST), and 4) non-experience cyclist no participating ST (nCnST). Two programs were
introduced; 1) non ST containing, pre-existing program emphasizing on sprint and acceleration training
and 2) new-program containing ST and sprint and acceleration training. CST and nCST participated the
latter program. Before and after the 9-week training, body composition, racing cyclist specific fitness,
and racing cycle performance was tested. After 9 weeks, all groups decreased body weight(p<0.05), body
fat content(p<0.05), body mass index, and CST and nCST increased lean body mass(p<0.05). Muscular
strength measures such as grip strength, low back strength, IRM of bench press, 1IRM of squat, and
anaerobic capacity improved after 9 weeks in all groups(p<0.05). The magnitude of changes was greater
in order of CST, nCST, CnST, nCnST. Time trial of 200 meter sprint was faster after 9 weeks in all
groups except CnST while 500 meter sprint was improved only in nCnST(p<0.05). After 9 weeks,
regardless of previous cyclist experience, those who participated in ST ranked high places at racing
cycle competition. Both training programs for the candidates improved body composition and racing
cyclist specific fitness. When strength training was added to pre-existing training program emphasized
on sprint and acceleration, the racing cycle performance was enhanced. Strength training for racing
cyclist is highly recommended to improve their racing performance.

Key words: body composition, racing cyclist specific fitness, racing cycle performance, sprint training,

acceleration training, anaerobic performance KISS
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