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Abstract

Effects of resistance training sequence and form on basic
physical strength, hypertrophy and isokinetic muscle function

in male college students
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General graduate school Jeju National University
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Supervised by professor Tae-Beom Seo
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1) 2347

Study 1 Subject n=30
v
CG SMG MSG
n=10 n=10 n=10
A i
Pre-Test
TEST 8 week
- Physical fitness G
- 1RM Non-exercise
- Knee, shoulder SMG Single joint exercise === Multi joint exercise

Isokinefic exercise

s MSG Multi joint exercise == Single joint exercise
eS|

- cross-sectional area

A
Post-Test

A4

Data analysis

Figure 1. The experimental study I design

CG: Control group, SMG- Single-multi joint group, MSG = Multi-single joint group
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2) 7%

2 AT WA H2 e A4

~23d] $4(n=30) EXstRen, E AFE & 309" didAE FH gH
(random  assignment)dlo] 853 FTAE  ©-th &1 (Single  joint
exercise-Multi joint exercise: SMG, n=10), UY-TFHAHALEFITHFMulti joint

exercise-Single joint exercise:

n=10), & 37N 2Fo= FE33

WSS AT g BHL olstn A7k BAAE AYD

MSG, n=10), &A%

T

A g ZEAA Aol = st 19

21715 (Control  group: CG,

Aol

ol s, ATt A& 93] FA(JINU-IRB-2023-004)< &
T AA e T
AT A AAA 54 <Table 1>3 2t}
Table 1. Characteristics of participants (n=30)
b
0 10 i Toid — F p
Height (em)  172.60+3.41 172.80+4.71 1747703777 17337398 &O 43
Weight (kg) 69.48+6."76 70.53+4.20 72.61£5.38 7087551 4 40
SMM (kg) 30.64+3.68 30.69+2.94 31.52+2.50 309%+300 W 7H
BFM (kg) 16.76+£2.66 13.99+3.28 16.37+2.97 1571313 2565 (0N
BMI (%) 23.30£1.76 23.53+0.91 23.80£1.75 23.56+1.49 20 16
2%BF 24.14+3.14 19.75+4.18 22.37£2.A4 2209+381 404 (0N
ChestC (cm) 90.54+6.50 93.37+£3.98 A.67£5.56 9R28+H54 154 20
ArmC (cm) 32.68+1.72 34.02+2.43 33.60£1.49 3343194 120 297
ThighC (cm) 52.47+3.80 53.39+6.36 53.85£5.29 53.24£5.10 19 &7
CalfC (cm) 3b.75£2.07 37.26£2.52 36.55+2.15 36.52£227 110 3

Meantstandard deviation

CGa, non-exercise group, SMGh, Single joint afier multi joint exercise group, MSGe, Multi
joint affer single joint exercise group, SMM, skeletal muscle mass, BFM, body fat mass, BM]I,
body mass index;, %BF, percent body fat; ChestC, circumference; ArmC, Upper arm
circumiérence; ThighC, Thigh circumference, CalfC, Calf circumféerence
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>

[e)
3 s

T $EZRIANAE SO $F o t-9Rd £52 877 738,
-

T4EE IRM 60~80%= X &stal &AZt%=(Rating of perceived exertion:

RPE; reference) 8~12, +&3F F24 A7 90-120%2 A A AT}

23 <Table 2>9} Zt}.

Table 2. Exercise program in Study I

Session Exercise Intensity/Time
Dynamic stretching 3 min
Warm—up
Running 7 min
Dumbbell flies
Bench press 3 days a week
Arm pull down Exercise: 0~40(sec)
s : Lat pull downs
Main exercise Rest: 60~90(sec)
(50~70 min) Leg curl
Leg press Sets: 4
Leg extension 1RM 60~80%
Squat
5 min

Cool-down Static stretching
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1) A2 2 AA FA (Physique and body composition)

A DA FA4 SA4E S8 dAAES A FE FEA S 9o A
AANS WEIIEE &t 7 E gE o7 gtE & S ZREA] FS A
A ZAHs AF-AFA(DS-103M, Dong San Jenix, Seoul, Korea)E Ab-g&3to] 1% 3}
AFs SASAH. AA F4 HAAE 8l A EEA 7] (Inbody 770, Inbody,
Seoul, Korea)E A}&3le] A xW&(Fat-free mass: FFM), A AW #&FBody fat
mass: BFM), A& ##]4(Body mass index: BMI), | *%WE(Body fat percentage:
%fat)S &5 ol [(0F), Edeld @) F43+ .

2) 71% A8 Z=A(Basic physical fitness)

Nz2AEE 29, AT, 44, 9HEES AR &5 2o H0F), A4

Table 3 Basic physical fitness

Physical fitness i Physical fitness Items Measuring Instruments Apparatus
Grip strength (kg) Digital dynamometer T.KK.-5101, TAKEI Japan
Muscular
strength o
Back strength (kg) Digital back-dynamometer : T.K.K.-5402, TAKEI, Japan
Muscular Sit-up (N/60sec) Sit-up board TKK.-5505, TAKEL Japan
endurance b D S ’ » Jap
Flexibility Sit and reach (cm) Long—seat aniteflexion materi T.KK.-5412, TAKEI, Japan
Agility illinois agility test (sec) Traffic cone Stopwatch T.KK.-528, TAKEI, China
Knee iso kineti(c muscle Menufacturer D&R FERSTL
functiont (PT) nufacturer
H%Sgg;?&%gg; - — LsoMed 2000 GmbH Spon- und
Shoulder iso kinetic Medizintechnik
muscle function (PT)

N, Number of times
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(2) A7 (Muscular endurance)

Wergel SAFEE Brhahs]l A ABDOAINE AFY £F Fl A0F)

2
(T K.K.-5505, TAKEL Japan) $l°l ¥Z& oF 90° #3|lx F& 5 AZ A5t 3

A gAE der F¥ FE BEA} ¥ FEd 94 & F O wE 248

A =4S FHd=E =AV(TKK. 5111, Takei, Japan)ES ©]-&3lo], %duk A}o]

an’b A A skl A7) Qe BEE I F AR AFT| YE E

= Ui FYE ol A AF7IE AU Ho] 323t
2 4 T HAAYE 0lem G2 7153800

AS= A7) (T.KK. 5404, Takei, Japan)S o] &3te] AA= d=v FES 3

g FAR, F &5 5 A wF FA s RxeAe o

FollMd =2 e Aoy, ddas gt MeE T Slus &6 5o 2o

323 AAE fFrAske ez 23] AAsit g9 HdEolE 0.lc

lo
L
I
o,
o1
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=
il

Ho
X
_O|L
rlr
ol
ok
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4o
u
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e
AuH
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oX,
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1 rn

(illinois agility test)

W el MAY SEe B A8 Aelwol WAY HAE AN Fd Y
wol WFY HAEE A(0%), A4 £F FEF)ON FFsgrh ool N

HAEE 247 Aol 10m, % 5mz gtk el o A%, Fad, 249 4
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3) &3 o]/ 27]% (Knee and Shoulder muscle function)
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o)
e

SR EINER

bk 54 A =

== =
v_—fzéo

Fod

S

Spon-und Medizintechnik) & A}-&

o A4t

4

o}
A

&

SRR

sl %

b 9

A 435

[e)
A=

-
o

AJr

Al FalEEE 60°%/sec, 180%/secz2 A A

sttt

ﬂo
_ZTI
ol
B

A

i

ol o7 el =3t

o

_26_



(Lower extremity muscle function)
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5. A=A

Ao &4 Az E SPSS for windows(Version 21.0) SAIZZ 1
o] 71§ A4 (descriptve statistics)S &3 & W<l Hi(mean)d} X TH=2;
(standard deviation)& 4hH&3}] 2w
glgt FAAYI SAAY WS e 2

LR SR SN

BEAEA (two-way repeated measures ANOVA)S 2 A 31
X=
[¢}
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6. o7 24

T WA deAs R 870 AL 3 dddd gdad EeAdl

olrt
b
oX,
rd
~N
olr
o
=)
rlr
o2
o
tjo
Lot

o
2
ro

we 44 74, 249, ooy 2
Ao A thest 2

(1) 857 AGA $5A) wbas) bl 5] Be AA A sl

@D A5 (Body weight)
877 A SFA ddAY gAd SEsA E Fo G dEA e AlF

o

WM 3lo] A= <Table 4>, <Table 5>, <Figure 2>°4 #|A3}%
8T A A dRdy gHd Aol mE FH A7 AlFe W
= Yelhd P xFHAe G <Table 4> AAsE o™, <Table 5>+ A%

wale] B4 Aolg i) 9o ol AwEEY BARA S AAF Avjolt)

Table 4. Descriptive statistics and one-way ANOVA results of body weight (kg)

Pre Post Total
CG* 69.48%6.76 69.87+6.88 69.68+6.82
SMGP 70.53+4.20 70.66+4.18 70.60+4.19
MSG* 72.61+5.38 72.61+5.33 72.61+5.36
Total 70.87+£5.51 71.05+5.50 70.46+5.51
F .824 .640
D 449 535

Tukey - -
CGF. non-exercise group;, SMG, Single joint after multi joint exercise group;, MSGE Multi joint after
single joint exercise group

<Table 5>olA He 7t F2]gt zfo]E Holx| LSO (F=729, p
=4 A71(F=12.323, p=002)°lA -2l8k zpol7} yepyttl Tek Ad 7hap A A
71ol W g 37 e THEF5.405, p=011).

A4 A7l mE A 7 Aol S FlEy] HF Ll



Table 5. The result of two—way repeated measures ANOVA for body weight

Variable SS df MS F D n° B
Between Subject
Group 45.070 2 22535 7129 492 051 .160
Error 834.488 27 30.907
Within Subject
Period 451 1 451 12.353 002 314 923
GroupxPeriod 394 2 197 5.405 011 .286 801
Error 985 217 .036

WshE 39+29(kg) o2 fojek Apolzb uERgtom (14291, p=002), SMGS AF
o Wske 13+.23(kg) o= ol ek Apol7b UEhUAl e SkTH(=-1.778, p=109). =
S, MSGe AT Hit Wee 01+28kg)oZ fFofgt zol7b yehbx] gkttt
(£=001, p=1.000).
AZel W3=Z Fgsld, <Figure 4>04 Hed 2+ AF o APA gl o3 2
o7} e A gkgkor, 8F3F A & F CGAAAM = APARES S7tst o

SMG, MSGollA = AR FE Y Aol 7k YEf LA 839kt

1001
T 804 - CG
< ;;; & SMG
=
2 60 -4 MSG
-F]
=
404
1 T
Pre Post

Figure 2. Change of body weight after resistance exercise
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@ =42 (Skeletal muscle mass, SMM)

8F A A dRAY Rd e wE T 3R digtd e =4
=5 W3l A3 <Table 6>, <Table 7>, <Figure 3>+ #|A| &} t}.

8F A 54 didn gid $EeAMd wE =4 A7 329
Wwals vebd Hay xFdEAe] 32 <Table 6> AAs9 2™, <Table 7>

2

o Wske] SAA AolE F]lety] Sl ojdntESA ZAEAe AAR A2

<Table 7>olA A 7+ 5938 2po]ES HolA| LgrorH(F=347, p=710), At
=7 A 71(F=32253, p=00D)ell Al folk =to]7} vrENTh ®ak Jo k3 24 A
710 W& Az AE a37F Jebdoh(F63.193, p=001).

Table 6. Descriptive statistics and one-way ANOVA results of skeletal muscle mass (kg)

Pre Post Total
CG* 30.64+3.68 30.68+3.72 30.66£3.70
SMGP 30.69+2.94 31.20£2.93 30.95+£2.94
MSG© 31.52+2.50 32.01+2.46 31.77+2.48
Total 30.95+3.00 31.30£3.03 31.13+£3.02
F 258 A73
D 75 628

Tukey - -

CG non-exercise group;, SMG, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 7. The result of two-way repeated measures ANOVA for skeletal muscle mass

Variable SS df MS F D n’ yé;
Between Subject
Group 6.578 2 3.289 347 710 025 694
Error 256.026 27 9.482
Within Subject
Period 1.805 1 1.805 32253 .001 923 1.000
GroupxPeriod 707 2 354 63.193 001 824 1.000
Error 151 27 006




F S (F=473, p=628)°1 A Folg zteol7} vERA b %k

A Ul WstE gdsty] g8l s t-HAS Alds 23 CGY =4 H
Hi WEE 04+97(ke) o2 F93 o7} YEA ekor(/=-1.309, p=223),
SMGe =A< Wt ¥Wskes bl+12(kg) o= #9o3k Afol7b YEbutH(=-13471,
p=001). 3, MSGe ZFZ4o% H Wste 49+10kg) o2 23 2hol7b vpepyt
tHt=-15585 p=001).

AL WElE £g6hH, <Figure 3>olA ek 7+ FALHLS ALA A
o8 zpelzh yElA gkgton 877 AP 5 F CGAlA = AP-Z o)t
UERLEA] gkoktt vk SMG, MSGol A &= AbAgtet 4% fostA F71s
ct.

_ 40-
=T}
=
g 3:_
s 3 - CG
= - SMG
S 30-
= - MSG
E 2
[-*)
-
-
#.]

20

T T
Pre Post

Figure 3. Change of skeletal muscle mass after resistance exercise
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@ A AW =(Body fat mass, BFM)
8T AdA A dREY gaHd SEeAd wE T JA diga el AA

+= <Table 8>, <Table 9>, <Figure 4> A A A3} t}.

o
ol
‘B
o
Ny
o
i
It

85 AR oA dHdn gl FEeAdd e A4 AVE AR

Wets vebd Hd 3 58] 3 <Table 8>°l AAlst o™, <Table 9>+

Table 8. Descriptive statistics and one-way ANOVA results of body fat mass (kg)

Pre Post Total
CG? 16.76+2.66 17.15+2.81 17.00£2.74
SMGP 13.99+3.28 13.53+3.22 13.76+3.25
MSG* 16.37+2.97 15.80+2.83 16.09+2.90
Total 15.71+3.13 15.49+3.24 15.60+3.16
F 2.536 3.819
D 098 .350

Tukey - -
CG non-exercise group, SMQ, Single joint affer multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 9. The result of two—way repeated measures ANOVA for body fat mass

Variable SS df MS F D n’ B
Between Subject
Group 54.569 2 27284 3102 061 187 549
Error 237.452 27 8.795
Within Subject
Period 683 1 683 17114 .001 388 979
GroupxPeriod 2.760 2 1.380  34.600 001 719 1.000
Error 1.077 217 040

<Table 9>cA et It Fogk 2ol& HolA| L ovH(F=3.102, p=061)
W A AIZIF=1T114, p=00DlA Felgh AFol7b vrepykt}, =3 A k) 54

3, AR £% A(F25%6, p=098)3 BRAn Jud LEEA B2 Ay &
L p=350)1 4§l @ Abolsk vhehbA ekskek.
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Astr] A WNSEE -HAL AT A3, CGo AN

9 ) wsE e
Pt WMok 30+28(ke) 02 FoF Aolsh ek ovi (=433, p=002), SMGS)

A Wals 46228(kg) 0.2 o8k xbo] 7} LFERTH(£=4.993, p=001).

g, MSGO AALE Fit Mk 57+27(kg) &2 93 Aol 7h Ve TH£6.651,

p=001).
AA e Wets T, <Figure 4>14 Jo& 1+ AAH

>
rr
>
r>4
2y
fz
o
of\
~

o3k Apol7k yEhUA ehske, 853t AR =& § CGOl
gt o, SMG, MSGOlA & AR grEch A X W ako] #9

301
o
&
w 204 -2 CG
=
E - SMG
e
= - MSG
) 10'
=
2

0 T

1
Pre Post

Figure 4. Change of body fat mass after resistance exercise
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224 W3l A= <Table 10>, <Table 11 >, <Figure 5>l A A A8} 31t}

857 AR oA @iy g e mE 4 AV AdEA S

o] W3ts yYegdl Hy EFHAY Fe <Table 10>°] AA s o, <Table

11>¢ AALAS W] BAH o2 AAaly] S o] YEER BARAL

AN % Avjolt},

Table 10. Descriptive statistics and one-way ANOVA results of body mass index (%)

Pre Post Total
CG? 23.30+1.76 23.41+1.80 23.36+1.78
SMGP 23.58+.91 23.66+.85 23.62+.35
MSG® 23.80+1.75 23.80+1.74 23.80+1.75
Total 23.56+1.49 23.62+1.48 23.59+1.49
F 270 168
D 766 847

Tukey -
CG* non-exercise group, SMGF, Single joint affer multi joint exercise group, MSGF Multi joint afer

single joint exercise group

Table 11. The result of two-way repeated measures ANOVA results for body mass

index
Variable SS df MS F D n° B
Between Subject
Group 1.002 2 501 215 808 016 .080
Error 62.803 217 2.326
Within Subject
Period .060 1 060 8.901 .006 248 820
GroupxPeriod .032 2 016 2.392 J11 151 441
Error 183 27 007

<Table 11>°lA e b 7§ Ao]S Holx FRhOH(F=215 p=808), H&

W 54 AIZIF=8901, p=006)o1A F2ol AFol7b yebyteh wbd, HAd 7k 54
< E37 YEhAl FATHF=2.392, p=111).

S A7l mE A 3 Aol S Flety] A% dduiA 2AEA s AAE 2

I AR 5 A (F=210, p=766)3 GRHAY gid e mE AT &
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85 F(F=168, p=84DNA frol@ Aol7k vhehhA] &t

301
8
= _ - CG
E 154
E ;__==§ -2 SMG
E -+ MSG
Z 201
[=]
m

15

T 1
Pre Post

Figure 5. Change of body mass index after resistance exercise
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©® A A "5 (Percent body fat, %fat)
8 A 54 dRdY g S5 wE T 9A ustle A4
ek W3l A3k <Table 12>, <Table 13>, <Figure 6>°14 A&t}

857 AR oA @iy g Ees mE 4 A AR

lo

A Wske] A AolE AQsty] &) oldntnSA St d s AR 4

Table 12. Descriptive statistics and one-way ANOVA results of percent body fat (%)

Pre Post Total
CG? 24.14+3.14 24.52+3.29 24.33+3.22
SMGP 19.75+4.18 19.19+4.17 19.47+4.18
MSG* 22.37+£2.94 21.73+£3.01 22.051£2.96
Total 22.09+3.81 21.81+4.06 21.95+3.94
F 4.064 5.707
D .029 .009
Tukey b<a b<a

CG, non-exercise group;, SMG, Single joint afier multi joint exercise group; MSGF Multi joint affer
single joint exercise group

Table 13. The result of two-way repeated measures ANOVA for percent body fat

Variable SS df MS F D s B
Between Subject
Group 118.248 2 59.124  4.843 016 264 153
Error 329.637 27 12.209
Within Subject
Period 1.121 1 1121  26.968 001 500 999
GroupxPeriod 3.217 2 1609 38711 .001 141 1.000
Error 1.122 27 042
<Table 13>°lA Het 3+ F& zto]7} Vet om(F4.843, p=016), J& v =
g A7I(F=26968, p=00D)NM %= frolgh 2fel7F yebskth 5 FJek ki SA A

Zlell mE s A8

574 Al7le
I A T HolA fFeld Aol YEhHF4.064, p=029) & EAHEA
(Analysis of Covariance ANCOVA)S. 2 ALA®AS F A5t vtz

o
fol

77} JERGTH(F=38711, p=001).
1eh 7k ol

it
Jins
ft

ola] Sl AR BARAL AN G 2

i
o
i
r ol
i)
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oA mE A *F 8F F(F=30.825 p=00De°lA {+g Apol7b vy

Al ®istE gstr] el f-ex2 t+-HA S Al 243, CGo AAH=HF
Bt Wk 38+32(%)o® Fogk Apol7b U oW (¢=-3.767, p=004), SMG9
AAL = Ht WslE 56125(%) 02 93 2ol 7} YERSTH=6.858, p=001). =
gk MSGE AAWZF H W3 64£30(%) 22 o3k AFo]7F YERSTH(£6.857
p=001).

AAE] Wels F3stH, <Figure 6>9A At IF AALEQ] ALA Gl A
o3k Aol 7k yEh AbAHRlS A A, 8F AP *F F CGollM= AAW
Fol AMHZEY Frhglen, vhH SMG, MSGoll A= A Gt ET AW Eo] {9

401
< 30
= - CG
S
Ly & SMG
S 204
- -+ MSG
[=]
e
2 10
&
0

Pre Post

Figure 6. Change of percent body fat after resistance exercise
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}<& = @ (chest circumference, CC)

85 AR oA dddd gl EeeAd mE T FA e vk

®
N

8Fr AR SEA BRATN BHd $EEAC B2 34 A7 AEEd
HslE YEld Hd A g2 <Table 14>0f A|AstH 2w <Table 15>
2=

= ko] TAA AolE F]lety] Sl ojdNtESA ZAEA e AAR 42

o]t}
Table 14. Descriptive statistics and one-way ANOVA results of chest circumference (cm)
Pre Post Total
CG? 90.54+6.50 90.54+6.55 90.54+6.53
SMGP 93.37+3.98 93.47+4.01 93.42+4.00
MSG® 94.67+5.56 94.77+5.58 94.72+5.57
Total 92.86+5.54 92.93+5.59 92.90+5.57
F 1.504 1.563
D .240 228

Tukey - -
CGF, non-exercise group;, SMG, Single joint afier multi joint exercise group;, MSGF Multi joint afier
single joint exercise group

Table 15. The result of two-way repeated measures ANOVA for chest circumference

Variable SS df MS F D n° B
Between Subject
Group 91.523 2 45761 1534 234 102 297
Error 805.651 27 29.839
Within Subject
Period 067 1 067 8.571 007 241 806
GroupxPeriod 033 2 017 2.143 137 137 400
Error 210 217 008

<Table 15>°llA e 7+ folgk zpol& HolA| ek ovH(F=1534, p=234), I
W EA AZNF=8571, p=007)oA frefgk zfol7b vrepwkth i, o k3t 54
7 UEbA 8 Skeh(F=2.143, p=137).

S, AR $5 AF-1504, p=240)3 BRAI} Bd L5l he Ay &
$ 8% F(F-1563, p=228)0 41 F9l% Aol 7k vhehibA gkgie.
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Figure 7. Change of chest circumference after resistance exercise
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@ S1Z=4 (upper arm circumference, UAC)

7 AR LA BB G LEEAd hE F3 Un oot 9%

871t Ad EA wEbdd el SEedel e 24 A7 9% S99

Hels el dHdy 5830 3k <Table 16> AA|eFA o <Table 17>
3} % -

7 3o}
Table 16. Descriptive statistics and one-way ANOVA results of upper arm circumference ¢m
Pre Post Total
CG* 32.68+1.72 32.68+1.73 32.68+1.73
SMGP 34.02+2.43 34.11+2.47 34.07+2.45
MSG* 33.60+1.49 33.66+1.51 33.63£1.50
Total 33.43+1.94 33.48+1.98 33.46£1.96
F 1.270 1.407
D 297 .262

Tukey - -
CG* non-exercise group, SMGF, Single joint affer multi joint exercise group, MSGF Multi joint afer
single joint exercise group

Table 17. The restlt of two-way repeated measures ANOVA for upper arm circumference

Variable SS df MS F D n B
Between Subject
Group 10.033 2 5.017  1.338 279 090 .264
Error 101.197 217 3.748
Within Subject
Period 038 1 038  15.226 .001 361 964
GroupxPeriod 021 2 010 4.263 025 240 695
Error .066 27 002

<Table 17>°A " 7+ Fo3 zo]& Holx] ko (F=1.338, p=279), H&
W 54 AZIF=15.226, p=00D)ol A o3k Apol7h yebwith, 3 e by 54
AlZlel mE FEAE Za7h YERTHF=4.263, p=025).

A A7l M Ad 3 Aol S ERlsty] A% dduiA ZAEA S AAE 2
o, AR & AF=1270, p=297)7 dHA gid el wE AR &
=1.407, p=262)°4 23 zto]7} vebA] okt

offt
oo
N
iw
B
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Ak Ul Wsts gty g8 dexe -34S Aldd Ay CGY sliEE
et Wsk= 01:.08(cm) o= Fo7h zpol7b yEhAl ko (=001, p=1.000),
SMGE] S1ZEd Hat WHstes 092.07(cm)e2 o3t ZFo]7F Ve tH(£=-3.857,
p=004). =3 MSGe| S1ZEe Hv W= 06£.05(cm) o= 2§ 2ol 7} vhebsk
tH(£=-3.674, p=005).

A=Y WEE 38, <Figure 8>9lA Aet 7+ S1ZEd 9 Wa= ALAE
ol A AFol7b YrtuA] sttt 85 AR &5 F CGAlAM= AP gRT o7}
EbbA] ko, SMG, MSGol A= AR gLE T f-<]8t Al S7tsk St

T
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E

= 50 -

L
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Figure 8. Change of upper arm circumference after resistance exercise
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Q
z

8F A E5A dHdy il EeAl wE o dA Y
S W3 Z3= <Table 18>, <Table 19>, <Figure 9>°ll A #| A3} %1t}
87t A A v did EeAd wE FA A7E A =9
o WiztE Yehd Huy ZEAAY g2 <Table 18> AAIsE o™, <Table

1952 #uA Se wstel BAY Aol HAsy] 9la) ol AWRZA PARYL

Table 18. Descriptive statistics and one-way ANOVA results for thigh circumferenc  €m)

Pre Post Total
CG? 52.47+3.80 52.52+3.79 52.50+3.80
SMG? 53.39+6.36 5351+6.35 53.45+6.36
MSG* 53.85%5.29 53.98+5.27 53.92+5.28
Total 53.24+5.10 53.34+5.10 53.29+5.10
F 179 202
D 837 818

Tukey - -
CEF, non-exercise group;, SMG, Single joint afier multi joint exercise group;, MSGF Multi joint afier
single joint exercise group

Table 19. The result of two-way repeated measures ANOVA for thigh circumference

Variable SS df MS F D n° B
Between Subject
Group 10.482 2 5.241 190 828 014 077
Error 744.007 27 27.556
Within Subject
Period 150 1 150 40.099 .001 098 1.000
GroupxPeriod 019 2 019 2.540 .098 158 464
Error 101 27 004

<Table 19>614 A% 7 8 #Ho]2 molx SFOVHF=190, p=82), U
W A AZNF40.009, p=00) A Felg Fol7k vhebuTh W, A 73} 57
528 37 YERA] @ TH(F=2.540, p=098).

WE PY 7 Al S Ay AF QAuA FAEAS ANF 2

A WE AR

Mo

3oATY 5 AF=179, p=830)F BHA thuA
$ 8% F(F=202, p=8I8)N A1 Fol Aol7k hehiA ergret.

_43_



-+ CG
- SMG

-+ MS5G

-

=

=

a2 TO'
x]

S

L)

2 60
=

3

£ S04
7]

-

%

& 404
=

=

=] 30
=

Pre

Post

Figure 9. Change of thigh circumference after resistance exercise
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©@ Folg] 4 (calf circumference, CC)

877t AR £5A BuEy gwd $5EAY WE F2 dA st Fof

gl 9 W3 A3 <Table 20>, <Table 21>, <Figure 10>°l 4 #| A3} t}.
87 A TEA dREy gl FeoAd e SA A7E Folgl =@
o] WstE el Hdy ZFEAY gk <Table 20> #A|A|st 2w, <Table

21>& Fobe] Fd Watel BAX AolE A/ Ad o AWBEHY RS

AN % Avjolt},

i

Table 20. Descriptive statistics and one-way ANOVA results for calf circumference (cm)

Pre Post Total
CG* 35.75+2.07 35.74+2.06 35.74+2.07
SMGP 37.26£2.52 37.27+2.52 37.27+2.52
MSG* 36.55+2.15 36.50+2.16 36.55+2.16
Total 36.52+2.27 36.52+2.26 36.52+2.27
F 1.120 1.155
D 341 330

Tukey - -
CG, non-exercise group;, SMG’, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 21. The result of two-way repeated measures ANOVA for calf circumference

Variable SS df MS F p n B
Between Subject
Group 11.565 2 5.783  1.137 .336 078 229
Error 137.267 27 5.084
Within Subject
Period 001 1 001 001 1.000 001 050
GroupxPeriod 001 2 001 466 633 033 118
Error 029 27 001

<Table 21>A e 3+ Fo3 zo]& Holx| okom(F=1.137, p=336), J&
=4 AN7I(F=001, p=1.000) A Fo]g AFo]7b pEbbA] St 3 Hd 7t
=4 A7l wE dxas Z3vF YERA] Sk tH(F=466, p=633).

A A7l M fAd 3 Aol S Flety] A% dduiA EAEA S AAE 2

=
K

)
flu
Y
o
o
F{

W, A £% A(F=1120, p=34D)3} @A hid $EEA o
& 8F F(F=1.155, p=330)°ll A f+elgk AFol7} vEphA] okt
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() 8577 A £5A) BRAT U LEEA0] e )24 Basic fitness)?] A5}

@D oF= (Grip strength, GS)
877 A +FA d@AY gAd EsA wE Fo @Ak g oy
W3l A3= <Table 22>, <Table 23>, <Figure 11>°4 #]| A3}

AR A G gad FEeAe wE A4 A7 ofHe W

L

._[Z«
S Ul Far 3 mFHAY] g2 <Table 22> A|AIeFS oW, <Table 23> <t
Wate] BAA AolB 5] sl o AWBZY FARAS HAG Aol

Table 22. Descriptive statistics and one-way ANOVA results for grip strength (kg)

Pre Post Total
CG* 4463+3.15 4453+3.16 44 58+3.16
SMGP 46.44+3.57 49.62£3.09 48.03+3.33
MSG* 42.55+3.40 45.72+3.08 44.14+3.24
Total 44.54+3.64 46.62+3.73 45.58+3.69
F 3.324 7.319
D 051 .003
Tukey - a,c<b

CG non-exercise group;, SMGP, Single joint afier multi joint exercise group;, MSG Multi joint after
single joint exercise group

Table 23. The result of two-way repeated measures ANOVA for grip strength

Variable SS df MS F D n° B
Between Subject
Group 90.910 2 45453 4441 022 248 714
Error 276.362 27 10.230
Within Subject
Period 65.104 1 65.104 105902  .001 197 1.000
GroupxPeriod 35.752 2 17876 29.078 .001 683 1.000
Error 16.599 27 615
<Table 23>°14 Ht 1+ F zto]& HAOH(F=4441, p=022), I W 74
A Z71(F=105.902, p=001)N A %= F2lsk zpol7F yerykth, &k A 7k &4 A7)

of e 4sAE TA7F e eH(F=29.078, p=001).

54 A7l 2 Jd 7 AolE gRlety] flek ddujx] EaAHEA S AAe 4
I A 5 A (F=3324, p=051)N = F23t 2o]7} vEhA] gkoron) it
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Figure 11. Change of grip strength after resistance exercise
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@ w3 (Back strength, BS)

8T A A dHdY ddd FEeAd wE Fu A g w
W3} A3l <Table 24>, <Table 25>, <Figure 12>°l A A A 3} t}.

8F7 A 54 vy gdid SFeAd wE 24 A 7)E w2y ¥
3= ek #Htd FFARFY S <Table 24> A8 o™, <Table 25>&

W2 wekel FAY Aold Hsy] s olAMRZY BARAE AN A

Table 24. Descriptive statistics and one-way ANOVA results of back strength (kg)

Pre Post Total
CG* 82.52+6.64 83.47+5.54 83.00+6.09
SMGP 79.64+7.89 104.82£8.09 92.23+7.99
MSG* 75.84+8.55 102.80£10.70 89.32+9.63
Total 79.45+791 96.83+12.71 88.14+10.31
F 2.382 20.035
D 111 .001
Tukey - a<bc

CG non-exercise group, SMG, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 25. The result of two-way repeated measures ANOVA for back strength

Variable SS df MS F D n’ B
Between Subject
Group 44457 2 222285 3937 032 232 656
Error 1468.069 26  56.464
Within Subject
Period 4529.051 1 4529.051 304.433  .001 921  1.000
GroupxPeriod 2066.535 2 1033.267 69.454  .001 842 1.000
Error 386.802 26 14.877
<Table 25> He 7+ FY& zol& HUOW(F=3.937, p=032), A W 573

A 71 (F=304.433, p=00D) A= &3 xpo]7} vepyktt mwak Ao 7ty =34 A7)
oM Foad ZH7F e e (F69.454, p=001).

A A7l wE A 7 Aol S Flsh] A ddujA RS AAR 2
I, A 5 A(F=2382, p=11DNA = =o|7F YA eFgkon,

SEEAd WE AP $F 8F F(F=20035, p=001)olA Fo& o7
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Figure 12. Change of back strength after resistance exercise
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@ #FA= (sit and reach, SAR)

8T A A dAdY dAd LA mE Fu A g A
W3} A3l <Table 26>, <Table 27>, <Figure 13>°ll A A A3} it}

8F7 A £5A vy gdid eFeAd wE 24 A7E FHFe] ¥
3= ekl #Hytd FFARFY S <Table 26> #A|A8 o™, <Table 27><&

A= Wk SAA AolE adety] e oldnNtESA BaEd e AR Ay

Table 26. Descriptive statistics and one-way ANOVA results of sit and reach (cm)

Pre Post Total
CG* 8.17+2.04 7.61£2.14 7.89+2.09
SMGP 9.68+2.31 10.10£2.32 9.89+2.32
MSG* 7.62+4.17 9.02+3.45 8.32+3.81
Total 8.49+3.02 8.91+2.82 8.70+2.92
F 1.270 2.113
D 297 140

Tukey - -
CG. non-exercise group;, SMG, Single joint affer multi joint exercise group; MSG Multi joint
affer single joint exercise group

Table 27. The result of two-way repeated measures ANOVA for sit and reach

Variable SS df MS F D n’ ol
Between Subject
Group 22.166 2 11.083  1.387 267 .093 212
Error 215.709 27 7.989
Within Subject
Period 2.646 1 2646  7.350 012 214 743
Groupx*Period 9.604 2 4802 13339  .001 497 995
Error 9.720 217 .360

<Table 27>A & 3+ 23t 2folE Holx| PO (F=1.387, p=267), At
W 24 A (F7350, p=012l A Felg Aol7h peton wa Ae 7k 27
A48 Gl A §7 Aol7} VERITHF=13.339, p=001).

<
24 A7)0 o AR 7 Aol Bsy] A% Agu BEA

o
i
>,
o
i

i
2
o
oX,
[11

i, AP F AWF=1270, p=297)3 dd dHd EEA A o
T 87 F(F2.113, p=140)el Al fref e Zhel 7k vERA] eF okt
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Ae O wss sy A8 derE -HAFS AP Ay CGY HAH= ¥
o WshE 56+.66(cm)E T g abo]7F e 0 (42,602, p=025), SMGS] HA=
WMEs 42+ 77(cm)E 598 xpo) 7} UEbUA] @tk (r=1.731, p=117). MSG

Hat Wshs 140£1.07(cm)E frel gk zko] 7F VERgth(1=-4.155, p=002).
FAHAzo WHeE FFed, <Figure 13>olA A 7+ Ao AFAgEol A Ao

lo
Y
2
]
o

b et gkt 8% AR £ F CGlHE APARET 7AsE o MSG
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Figure 13. Change of sit and reach after resistance exercise
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8T A 5A GBI gHd s uE T Ik giskael Azt
ZHeH 7] W3l 43= <Table 28>, <Table 29>, <Figure 14>l 4 A A &St
8F7 A S5A dBA thd SEeAd wE =A A7)E AxEde

H]71e] WstE JEbd Ho ZFEEAke]l g2 <Table 28>0 A AleF% o,
<Table 20>+ AAEHe 7] WAzt BAZA zo]l& sty Ya) o] YurE =4

Table 28. Descriptive statistics and one-way ANOVA results of standing long jump (m)

Pre Post Total
CG? 2.35+0.30 2.35%0.29 2.35+0.30
SMGP 2.42+0.16 2.47+0.15 2.45+0.16
MSG* 2.44+0.14 2.49+0.12 2.47+0.13
Total 2.40+0.21 2.44+0.21 2.42+0.21
F 575 1.457
D 569 251

Tukey - -
CG* non-exercise group, SMGP, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 29. The result of two-way repeated measures ANOVA for standing long junp

Variable SS df MS F D n’ B
Between Subject
Group 083 2 041 955 398 .066 198
Error 1.172 27 043
Within Subject
Period 019 1 019 74685 001 134 1.000
GroupxPeriod 007 2 004 14.763 .001 522 998
Error 007 217 001

I
AV

<Table 29> HA 7+ Fol3t zfo]E Ho|A o (F=955 p=398), F
W 24 A7) (F=74685, p=00Dl A 2§ 2ol7h btk wah Qe 73 27

4 &5 HA(F=575, p=569)3 THA} gid LFeAd wE AFY &

$ 8% F(F-1457, p=25D)0 A1 Fol Ael7k e ergret.

k%)
Y



A4S AR A, CGY AR EY
FOR Aol7h vhEhbA @grem (=597,
p=565), SMG®| AAEel® 7] Pt Wie 05£03(cm) o2 F2]& o]zt e}
SOH(=-6.486, p=001). EF, MSG 72 delf7] B7 W 05+02(cm) o
FOI% Aol 7k LhERTH=T7.869, p=00D).
ARl Re A9 WekE Fgaku, <Figure 14>4 AxeReHe Q9
AL ghel A Arel7h UEREA ot 8% ARA ¥ F SMG, MSGAlAE A
Agnd o8 Frhekg
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Figure 14. Change of standing long jump after resistance exercise
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8T A 5A dRAHI gHd seAdd wE T Ik giskael SlE
Jo7)7] W3} A= <Table 30>, <Table 31>, <Figure 15> #|A| 3} t}.
8T A 54 dRA-d3 gHd SsaAd wE 4 AVE SlEdod)r]

o] Wgts yehd Hoy XFHAY g2 <Table 30> AAsA o, <Table

_|.4

Kol
=

3>€ RBUCTY] Wake] BAH FolF AAss] A o] ANBEY AR

Table 30. Descriptive statistics and one-way ANOVA results of sit-up (reps)

Pre Post Total
CG* 30.70£4.42 30.50£4.35 30.6£4.39
SMG? 28.90+5.17 35.70£3.92 32.3+4.55
MSG* 29.00£5.14 36.30£3.74 32.65+4.44
Total 29.53+4.83 34.17£4.69 31.85+4.76
F 422 6.319
D 660 .006
Tukey - a<bc

CG non-exercise group, SMG, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 31. The result of two-way repeated measures ANOVA for sit—up

Variable SS df MS F D 1 £
Between Subject
Group 24.05 2 12.025 624 543 044 143
Error 520.525 217 19.279
Within Subject
Period 322.017 1 322.017 178714  .001 869 1.000
GroupxPeriod 175.833 2 87.917 48792  .001 183 1.000
Error 48.650 217 1.802

<Table 31>014 Ae 7+ 3 Aol Bolx SRXOVF=624, p=543), Ut
0 A AZNFAT8TI4, p=000)eI A Feld Aol7h vhepseh E#, A 1} 27
Al7Tel & Aozhg 337 eSS THF=48.792, p=001).

XN
A A7l B A b Aol S FlEy] HF ddu A ZAEA S AAE

it

I, A 5 A(F=422, p=660)°ol A= F g Zol7F YEbA ggkon, Tl
3 ga3d FEeAd wE AIA &% 8F F(F6.319, p=006)°lX 93 =}o
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Figure 15. Change of sit—up after resistance exercise
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® ¥Exo] WHA HAE (illinois agility test, IAT)
877 A FA dRAY gAd SETA wE Fo G Ui de

o] WHA HAE W3l ZAy= <Table 32>, <Table 33>, <Figure 16>°]4 A A|

4 A7 9

g

R

0]

')
N
=
)
o
oX,
Mo
offt
>
L
r 2|
el
_\3
el
r <{
il
Mo
offl
ey
>
e
=
it
B\

AA H2E WIE Yyl Hit 3y FFHAY 32 <Table 32> AAEH] o,
&

wo] WIHA HZE Wske FAA AolE &lsty] fAs ol

R

_

Table 32. Descriptive statistics and one-way ANOVA results of agility test (sec)

Pre Post Total
CG? 16.48+0.50 16.42+0.48 16.45+0.49
SMGP 16.56+0.49 16.08+0.50 16.32+0.50
MSG* 16.41+0.46 15.96+0.41 16.19+0.44
Total 16.48+0.47 16.16+0.49 16.32+0.48
F 253 2.600
D 778 .093

Tukey - -
CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 33. The result of two-way repeated measures ANOVA for agility test

Variable SS df MS F D ok £
Between Subject
Group 339 2 170 770 A73 054 167
Error 5.949 27 220
Within Subject
Period 1.575 1 1575 156923  .001 853 1.000
GroupxPeriod 561 2 281 27.96 001 674 1.000
Error 271 27 010

<Table 33>cl4 F{ 3t {3t AolE HolA FkOWW(F=T770, p=473), At
W A AIZI(F=156.923, p=00D)A el g zfol7b vebutth, &3, fJd 3t 54
&3 7F YERR T F=27.96, p=001).

= 3
Z4 A7) mhE AW 3 Aol s 9T AAuA FAEA

tlo
it
>
o

i

i
2L
o
ox
H

I A &5 A (F=253, p=778)3} dRdI} gdyd FEeAd w
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F F(F=2.600, p=093)ol A elg xfo]7} vheEpLEA] gttt
o W WEE EelEy] 98 USHEE -AAS A A CGY dE o]
Aol 7b YEbA] ko

(£=1.178, p=269), SMG9] dg=°] VHA HAE it W= 49+17(s)22
& Aol 7F YERTH(£=9.205, p=001). =3, MSGS] o] WA H2E H ®
St A44+11(9) 22 frof gk xfol7h YERSTH(£=12.083, p=001).

deeo] RMHA H2ES WatE FYatH, <Figure 16>914 ot 7+ Aol
WA H2ES AP A= kel 7b vEREA skt 85 AW % F S

MSGel A= A gttt felahAl 2ashel

s 8
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Figure 16. Change of agility test after resistance exercise
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@ 10m ~ZHUE (10m sprint)

8F AFA A ¢ A fescAd UE T FA ddAd Y 10m
A~ZYE W3}l Ay <Table 34>, <Table 35>, <Figure 17>° 4 A A&}t

8T A A dHdd gdad feeAd UE 58 A7E 10m 22"
Eo] Wzts Yed Hd ZFHUAY] @S <Table 34>l A|A8k31 o1, <Table

35>¢ 10m A2ZUE Wste] 5A4 2ol2 g<ldly] s o] dutEa AR

l"*{

Table 34. Descriptive statistics and one-way ANOVA results of 10m sprint (sec)

Pre Post Total
CG* 2.10+0.23 2.09+0.22 2.10+0.23
SMGP 2.01+0.11 1.90+0.15 1.96+0.13
MSG® 1.89+0.19 1.82+0.15 1.86+0.17
Total 2.00+0.20 1.94+0.21 1.97+0.21
F 3.395 6.360
D 048 005
Tukey c<a b,c<a

CG* non-exercise group, SMGP, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 35. The result of two-way repeated measures ANOVA for 10m sprint

Variable SS df MS F D n’ B
Between Subject
Group 304 2 152 4.796 017 .262 749
Error 356 27 032
Within Subject
Period 063 1 063 21992  .001 449 995
GroupxPeriod 032 2 016 5.621 009 294 817
Error 077 217 .003

<Table 35> A& 3t Fo3 Ao]& HUYSH(F=4796, p=017), A U =4
Al7UF=21.992, p=00D)el A fFolgk Apol7t yetwkth, wd, Job 1k} F4 A7)
w2 A28 g yol A foldk Zpol 7t YEFTHESH.621, p=009).

4 A7l g Hd F Aol s letr] fF dduiA] BAEAS AAE A
I A &5 A(F=3395, p=048) 2|3t o]z} yeR FEAFEA (Analysis of
Covariance ANCOVA)S. 2 APHRIQIS FAlgtd oy, dtdy} gad 54
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Figure 17. Change of 10m sprint after resistance exercise
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20m ~ZHUE (20m sprint)

8 AP 54 @Ay gad SEeAe mE T 9A dstde 20m
A~EZYE W3l A= <Table 36>, <Table 37>, <Figure 18> #| A3} t}.

8T AP LA @A gd oAl e 54 A7 20m ~2d
ES WstE YEtd Huid xFHEAS] g <Table 36>l #Aletom, <Table

37>¢ 20m AZHUE Wste] BAH o2 Feldly] 8] o] dutEEA AR

l"*{

Table 36. Descriptive statistics and one-way ANOVA results of 20m sprint (sec)

Pre Post Total
CG* 3.76+0.36 3.72+0.36 3.74+0.36
SMGP 3.67+0.18 3.50%0.17 3.59£0.18
MSG* 3.43+0.33 3.31£0.29 3.37+0.31
Total 3.62+0.32 3.51£0.32 3.57+0.32
F 3.392 5.108
D .049 013
Tukey c<a c<a

CG non-exercise group, SMG, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 37. The result of two-way repeated measures ANOVA for 20m sprint

Variable SS df MS F D ok Yo
Between Subject
Group 679 2 348 4.174 026 236 685
Error 2.254 27 083
Within Subject
Period 183 1 183 40.069  .001 597 - 1.000
GroupxPeriod 049 2 025 5.376 011 285 799
Error 123 27 .005

<Table 37>l FJe 1+ Fo3 Aols WHOVHF=4174, p=026), A& W =74
AlZHEF=40.069, p=00Del A frolgk Aozt yetwkth, wd, Juob 1k} F4 A7)
e Fezg a3 Ues e (#5376, p=011).

4 A7l g Hd F Aol S ERlstr] fF dduiA] BAEAS AAE 4
I AYA &5 A(F=3.392, p=049) 23 Aoz} yeR FEAHEA (Analysis of
Covariance ANCOVA)S. 2 AAHQlS FAstg oy, didy gad 54
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Figure 18. Change of 20m sprint after resistance exercise
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A WE Fo @k gEAe] 30m
A~ZHE W3l 43+= <Table 38>, <Table 39>, <Figure 19>l 4 A A &}t
877 A oA d#dy tid oA BE A A7]E 30m 229

E9 W3E yell Hid ¥F:HA G2 <Table 38> A|AsF o™ <Table

Table 38. Descriptive statistics and one-way ANOVA results of 30m sprint (sec)

Pre Post Total

CG? 5.10+0.54 5.13+0.39 5.12+0.47

SMGP 5.10+0.39 4.84+0.36 4.97+0.38

MSG® 4.90+0.44 4.68+0.39 4.79+0.42

Total 5.03+0.46 4.83+0.41 4.96+0.44
F 610 3.659
D 551 039
Tukey - c<a

CG* non-exercise group, SMGP, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 39. The result of two-way repeated measures ANOVA for 30m sprint

Variable SS df MS F D n’ B
Between Subject
Group 526 2 .263 1.556 229 103 301
Error 4.562 27 169
Within Subject
Period 348 1 348 19156 .001 415 988
GroupxPeriod 274 2 123 6.796 004 335 387
Error 491 27 018

<Table 39>°lA et b {3 Aol& Rolx| &Yoo (F=1.556, p=229),

W =S4 AIZIF=19.156, p=00D)l A Felgh AFol7b vrepykth 3, A k) 54
Al71e 3 AE BT GERSHH(E6.796, p=004).
A A7l mE A 3 Aol S Flehy] % dduA AN e AR 2

I, AR &F AF=610, p=551) & o7k GEhA ggron, dadst o
#Hd e mE A w5 85 F(F=3.659, p=039)lM FeJg Aoz} 1t
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Figure 19. Change of 30m sprint after resistance exercise
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@ 40m ~ZHUE (40m sprint)
877 A A dAA3 gAd eoAo g T A st 40m
~ZHUE W3}l A3b= <Table 40>, <Table 41>, <Figure 20> 4] A A3} T}

77 A $EA A vl £EeAel hE 24 A7 om Az

l"*{

E9 W3E yeldl Hiy ¥FAHA G2 <Table 40> A|AsF o™ <Table

41>8 40m AZYUE W3] BA A xto]E sty 3] o)YniEE=x BARA

Table 40. Descriptive statistics and one-way ANOVA results of 40m sprint (sec)

Pre Post Total
CG* 6.38+0.31 6.38+0.26 6.38+0.29
SMGP 6.38+0.46 6.04+0.38 6.21+0.42
MSG® 6.24+0.46 5.95+0.43 6.10+0.45
Total 6.34+0.41 6.12+0.40 6.23+0.41
F 394 4.001
D 678 .030
Tukey - c<a

CG, non-exercise group;, SMG, Single joint afier multi joint exercise group; MSGF Multi joint affer
single joint exercise group

Table 41. The result of two-way repeated meastres ANOVA for 40m sprint

Variable SS df MS F D n’ B
Between Subject
Group Al7 2 209 1.402 .263 094 205
Error 4.016 217 149
Within Subject
Period 693 1 693 108374  .001 801 1.000
GroupxPeriod 342 2 171 26.73 001 664 1.000
Error 173 27 006

<Table 41>l et b {3 Aol& Rolx| FPoh(F=1.402, p=263), {d
W 54 A7I(F=108.374, p=00Dl A frelgh 2ko]7F yebtt, &3, Hek 1k
H7F ERSTH(F=26.73, p=001).

A
24 A6l wE A 7k AolE delety] AF AAuA BAEA

-

|\
ol

mlo
it

A

Ol

pis

W AGAH 5 A(F=3%, p=678) s Aol7t YElA gstow, didzn o
Hd EEEAd BE AFY 5 8F F(F=4.001, p=030)°1A e ze]7t
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Figure 20. Change of 40m sprint after resistance exercise
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(3) 877+ A A AT tbd 5ol wWE IRM (One-repetition maximum)2] ¥

8F AFA EA dRHAY Rl oAl wE T dxp g WA
2 W3l Ay <Table 42>, <Table 43>, <Figure 21>l 4 #| A3} %t}

87 AR oA ddEy gid e mE A AVIE Xz
o WstE ved Hdd FFAA g <Table 42> AA|st3l o™, <Table

3>e WAz s Wzl FAH AolE Bed] Ad olANREY Ry

Table 42. Descriptive statistics and one-way ANOVA results of bench press (kg)

Pre Post Total
CG? 44.75+£3.99 44.50£4.22 44.63+4.11
SMG” 43.75+4.89 58.00£6.95 50.88+5.92
MSG* 50.25+£10.57 65.50+11.17 57.88+£10.87
Total 46.25%7.45 56.00+11.72 51.13£9.59
F 2.424 17.803
D 108 .001
Tukey - a<b,c

CG non-exercise group;, SMG’, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 43. The result of two-way repeated measures ANOVA for bench press

Variable SS df MS F D bk yé;
Between Subject
Group 878.75 2 439.375 7923 .002 370 930
Error 1497344 27 55.457
Within Subject
Period 1425937 1 1425937 441581  .001 942 1.000
GroupxPeriod 752.500 2 376.250 116516  .001 896 1.000
Error 87.188 27 3.229

<Table 43>°A e 3+ Fg Aol& HolE HIJOW(F=7923, p=002), J
WS4 A7I(F=441581, p=00DlA ol gk 2ol 7k ekt =3 e 1kt 54
A7Tel mhE gz AE Bl M ol @k AFol 7k yERSTHF=116.516, p=001).
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B, A 5 A(F2424, p=109)l A= F93 2pol7b YER}A @gton 2%
F(F=17.803, p=00D)ll A <3k ztol7} Uebytth AA5AA A3 SMG, MSG

7t CGRTE WA Z | 27b fre] sk Apo]7h el

[ o Msks #gAsr] 98 dis ~AARE AAE An, CGo WAz~
T 25+1.84(kg) 22 ol Ato]7h vhEbubA] ek ok (42429, p=678), SMG]
d2 Wi wshE 14258334Kkg) o2 Fod AFol7b ERRTH(¢=-13.477,
p=001). EgH MSGO WX Ze2 b Wsh= 1525+2.19(kg) o2 fFog zte]7t
urebst ok (£=-22.031, p=001).

WAz o] Wals £, <Figure 21>01A He 7 WX T~ H3slo] A}
Aghell Al frelgh zfo] 7k vebbA]l gtom 8F A &% F SMG, MSGAlA &
X e 2~7F AP G R froshAl F7hskth

= rk
o
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Figure 21. Change of bench press after resistance exercise
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@ "E=8ZE (dead lift, DL)

877t A A dREY gd e wE Fa o 9A g =
2] ZE W3 A3} <Table 44>, <Table 45>, <Figure 22>l A #| A3}t

87 A oA BdHEn dHd oAl mE S AV HEgZE
o] Wsls Yyehd Hury ZFHAY #2> <Table 44> AAs o™, <Table
45>E HEYZE WH3te] EA44 ZolZ gelalr] fa olYutE S RARAS
2 A1k Ajoltt,

Table 44. Descriptive statistics and one-way ANOVA results of dead lift (kg)

Pre Post Total
CG? 63.00+6.75 63.50+6.03 63.25+6.39
SMGP 60.00+3.54 82.50+3.54 71.25+3.54
MSG* 61.00+6.58 82.75£6.29 71.88+6.44
Total 61.33+5.75 76.25+10.56 68.79+8.16
F 690 41.380
D 510 .001
Tukey - a<b,c

CG non-exercise group, SMG, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 45. The result of two-way repeated measures ANOVA for dead lift

Variable SS df  MS F D n’ B
Between Subject
Group 462.604 2 231302  7.644 002 .362 921
Error 317.031 27 30.260
Within Subject
Period 3337.604 1 3337604 1216.747 .001 978 1.000
Group*Period 1560.208 2 780.104 284392  .001 995 1.000
Error 74.063 27 2.743

<Table 45>14 H& 2+ fF Aol& BAOH(F.644, p=002), F& ] =4
NI (F-1216747, p=001)el Al §-¢l& ol 7} Lpebydeh. mak, Qe 73 =4 A7]o]

e dezg B YERTHF=284.392, p=001).

A A7l wE A 7 Aol S Flshy] A ddujR ZAEAS AAR 2
I, A 5 AF=690, p=510)o A= Folgk zfo]7F YERA] ko &5 8
T F(F=41.380, p=00D) A g zFol7} vttt AAA4 A3, SMG, MSG7}
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Figure 22. Change of dead lift after resistance exercise
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sTAe mE S HA gistAe] A
<Table 46>, <Table 47>, <Figure 23> A] #| A&} t}.
G gad FeeMd e 54 A7E AFES W

21o] ke <Table 46>9] A|A8F9oH, <Table 47><

=& A

~FE Wsto]l A4 AtolE FQlsty] fal ol YRR S FAHEA S HAAE A3
o]t}
Table 46. Descriptive statistics and one-way ANOVA results of squat (kg)
Pre Post Total
CG* 60.50£6.95 61.25£6.90 60.88+£6.93
SMGP 64.75£5.06 82.50+4.86 73.63+4.96
MSG* 61.75£5.78 81.00+5.55 71.3845.67
Total 62.33+6.05 7492+11.34 68.63+8.70
F 1.333 41.361
D .280 .001
Tukey - a<b,c

CG non-exercise group, SMGP, Single joint after multi joint exercise group, MSGF Multi joint
affer single joint exercise group

Table 47. The result of two-way repeated measures ANOVA for squat

Variable SS df MS F D n’ Yé;
Between Subject
Group 926.25 2 463125 14042 001 510 .99
Error 890.469 27 32980
Within Subject
Period 2375.104 1 2375104 619967 001 958  1.000
GroupxPeriod  1055.833 2 527917 137.801 .00l  .911  1.000
Error 103.438 27 3.831
<Table 47>lA et 7+ FJd 2o]E5 HolE B oW (F=14.042, p=001), 3t
U =3 A71(F=619.967, p=001)l A F<] & =Fo]7t vebyteh wmdh Hek 1k &4

A 7)o whE AE g gatol A o dk Aol YERTHF=137.801, p=001).
A A7l wE A 7 Aol S Flshy] A7 ddujA AR S AAR 2
7, AP &5 HA(F=1.333, p=280)dA = fFolgt Aol7} YEA] egtow w3t
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Figure 23 Change of Squat after resistance exercise
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@) 87 A s dedy) g EaAd W oA60°/sec) 54 3 (shoulder

O HA34d /) An e M3l (Left shoulder abduction/adduction ratio)
ST AdA 5A dRAE gid SEeAdd e S Jxk giste #4

B2 /U An] W3l A3 <Table 48>, <Table 49>, <Figure 24>l A #|A &

co
N
o~
2
odt
o
Mo
offt
>
(L
r
i3

<
i
r
i3
Mo
offt
ey
R
o
=
i
B\

g A Jdad s/

el waks uekd gyt FEEake] g <Table 48>l A|Aldt

Table 48. Descriptive statisics and one-way ANOVA  results of 60° Left shoulder
abduction/adduction ratio (%9)

Pre Post Total
CG 93.77+20.04 80.22+20.25 91.50+20.15
SMGP 97.13+24.74 91.68+12.62 94.41+18.68
MSG* 99.21+21.27 80.98+11.17 90.10+16.22
Total 96.70+22.38 87.29+15.39 92.00+18.89
F 142 1.358
D 859 274

Tukey - -

CG, non-exercise group;, SMQ, Single joint affer multi joint exercise group, MSGF Multi joint afer
single joint exercise group

Table 49. The result of two-way repeated measures ANOVA for 60° Left shoulder

abduction/adduction ratio
Variable SS df MS F D n’ B
Between Subject
Group 96.681 2 48.34 145 866 011 070
Error 9018.112 27 334.004
Within Subject
Period 1328.222 1 1328.222  13.888  .001 340 949
GroupxPeriod 585.468 2 292.734  3.061  .063 185 543
Error 2582.196 27 95.637

<Table 49> He I+ {3 ztolE Holx] Lo (F=145 p=866), Hct
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W A AIZI(F=13.888, p=00Doll A folgk AFol7} yeputnt. =gk Jd 1ha 54
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el 2
S A7l mE A 3 Aol S Flety] A% dduiA 2AEA s AAE 2

=
)
odt
oX,
Ho
offl

N

A(F=142, p=859)3} W thbd SEEAel wE Ay ¢
$ 8% F(F-1358, p=274)0 A1 FolF Ael7k et ergret.

Z

=

2 150+

.=

E

=

- -

=l - CG
s

3z 100 & SMG
- - MSG
o (¥ =]

2 50

=

= T T

k! Pre Post

Figure 24. Change of left shoulder abduction/adduction ratio after resistance exercise
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Q@ HABAE odZ =99 At (Relative value of peak torque in left shoulder
abduction)

§F AR & g WeE F% da detael #43

3}+= <Table 50>, <Table 51>, <Figure 25>9l

offt
>,
AV
r o
i)
=)
B
r o
i

HAd) gad FEeMd ue 4 A7E A8 9
A 9] Adighe] wstE vebd g 2599 g2 <Table 50> AA
skl om, <Table 51> AW o o] Jdigh wsake] 44 Aols I

Table 50. Descriptive statistics and one-way ANOVA results of relative value of peak torque in 60°
left shoulder abduction (Nmyvkg)

Pre Post Total

CG* 0.71+0.10 0.83+0.09 0.77+0.10

SMGP 0.67+0.13 0.95+0.10 0.81+0.12

MSG* 0.68+0.19 1.03+0.19 0.86+0.19

Total 0.69+0.14 0.93+0.15 0.81+0.15
F 173 5.278
D 342 012
Tukey - a<c

CG non-exercise group;, SMG’, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 51. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° left shoulder abduction

Variable SS df MS F D n’ B
Between Subject
Group 035 2 017 91 415 063 190
Error 513 27 019
Within Subject
Period 923 1 923 920.174 .001 971 1.000
GroupxPeriod 126 2 .063 62.872  .001 823 1.000
Error 027 217 .001

<Table 54>l A F&t b Fol @ Afo]& wolA Agkoth(F=91, p=415), H W
=4 A7)(F-920174, p=00D)ol A frola o)z} vpebwke}, wat, dw 1k}
el whe FEAg FaA Fol g Aol7h UEbeHF62.872, p=001).

5|\

A A
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Figure 25. Change of left shoulder abd peak torque N.m/kg after resistance exercise
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Q@ HATHE WAL <=9 i (Relative value of peak torque in left
shoulder adduction)
8T A FA GBI gHd 5ol uE T Ik giskael #4
2

3}+= <Table 52>, <Table 53>, <Figure 26>°l

r o
i)
=
P2
rl
r
JE
lo,
o3
)
=Y
=
toh

8T AGA 54 didy gidE e wE 24 A7E FA84 Y
AL 2o Atzgtel WaEE Jeld Hoa 5o e <Table 52> #|A|
st o, <Table 53>& HAAA WA 2Ho Azt Wate] 244 zo)= 3

Table 52. Descriptive statistics and one-way ANOVA results of relative value of peak torque in 60°
left shoulder adduction (Nmvkg)

Pre Post Total

CG 0.79+0.18 0.97+0.20 0.83+0.19

SMGP 0.72+0.15 1.04+0.16 0.88+0.16

MSG* 0.71+0.24 1.28+0.25 1.00+0.25

Total 0.74+0.19 1.10+0.24 0.92+0.22
Ja 435 6.2%
D 621 006
Tikey - a<c

CG non-exercise group;, SMG’, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 53. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° left shoulder adduction

Variable SS df MS F D s B
Between Subject
Group 092 2 .046 1.179 323 .080 .236
Error 1.054 27 .039
Within Subject
Period 1.962 1 1.962 868516 .001 970 1.000
GroupxPeriod 383 2 192 84.861  .001 863 1.000
Error 061 27 .002

<Table 53>A A& 7+ Folgt 2po]E Ho|A] Ao (F=1.179, p=323), Ft
W 24 A71(F=868516, p=00D)ol A el@ Ahol7l vpEde). wa Aw 13 24
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Figure 26. Change of left shoulder add peak torque N.m/kg after resistance exercise
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Zn] 2] W3} (Right shoulder abduction/adduction ratio)
877 AT LEA BN gud LEadel Be 2% ua gotde] 7

74 9 e W3l A3 <Table 54>, <Table 55>, <Figure 27>l A A3}

Table 54. Descripive  statistics and one-way ANOVA  results of 60° Right shoulder
abduction/adduction ratio (%)

Pre Post Total
Gt 96.32+10.07 91.84+863 93.90+9.35
SMGP 100.08+22.13 B.96+15.61 RW.02+£1887
MSG 112.41+12.02 M 51£1760 103.46+£14.81
Total 102.94+16.65 94.10+14.07 9R52+15.36
F 2.8%9 209
D 073 313

Tukey - -

CGF, non-exercise group;, SMQ, Single joint affer multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 55. The result of two-way repeated neasures ANOVA for 60° Right shoulder

abduction/adduction ratio

Variable SS df MS F D 1 yéi
Between Subject

Group 443.672 2 221836  1.093  .350 075 222

Error 5480.081 27 202.966
Within Subject

Period 1170.417 1 1170.417 24.094  .001 AT72 997
GroupxPeriod 616.857 2 308.429  6.349 005 320 864

Error 1311.556 27 48576

<Table 55>°llA Het 1+ Fo& Ao]& HolA| Feop(F=1.093, p=350), F
W A AI71(F=24.094, p=001)lA 23t 2oz} vpebtTh T8k Ad k3t S4
A7)l w3 AE Gl A frol Rk zhel7F WERS T 6.349, p=.005).
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2TH=1.411, p=192). MSG® F-A&A o - dn Fd ¥W3h= 17.90+£13.61(N-m)
2 frolek Aol 7 vERR (4159, p=002).
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Fgure 27. Change of right shoulder abduction/adduction ratio after resistance exercise
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©® $AA4d gdE 289 AF (Relative value of peak torque in right
shoulder abduction)
8T A FA dBAdT gHd sl e T Iap giskael ¢4
2

J}+= <Table 56>, <Table 57>, <Figure 28>9]

A 2o Adigke] WstE Ued dvd 5829 @S <Table 56> A4
[ox]

SAom, <Table 57>& $79d o)Az el Azt dste) A4 Aoz o

Table 56. Descriptive statistics and one-way ANOVA results of relative value of peak torque in 60°
right shoulder abduction (Nmykg)

Pre Post Total

CG 0.81+0.14 093+0.13 0.87+0.14

SMG® 0.77+0.11 1.06+0.11 0.92+0.11

MSG* 0.79+0.21 1.16+0.22 0.93+0.22

Total 0.79+0.16 1.05+0.18 0.92+0.17
F 113 5311
D 8A 011
Tukey - a<c

CG. non-exercise group, SMG, Single joint after multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 57. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° right shoulder abduction

Variable SO df MS F D n’ B
Between Subject
Group 056 2 028 1136  .336 078 229
Error 670 217 025
Within Subject
Period 1.032 1 1.032  593.708 .001 957 1.000
GroupxPeriod 163 2 082 46.967  .001 T 1.000
Error 047 27 002

<Table 57>A & 7+ FoJst 2olE& Ho|x| ko (F=1.136, p=336), J&
W A AZN(FH3708, p=00DA Freld o7k Erton] g 23
A A7)el W Asate Eol A frold 2ol 7k e THFH6967, p=001).

A
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Fgure 28. Change of right shoulder abd peak torque Nimvkg after resistance exercise
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® $AFd WHdE 2899 Ait (Relative value of peak torque in right
shoulder adduction)
8T A FA dBAdT gHd sl e T Iap giskael ¢4
2

J}+= <Table 58>, <Table 59>, <Figure 29>9l

A 2o Adigke] WstE ved dvs 25829 @2 <Table 58> #1A]

st o, <Table 59>& ¢-A#A WA 2o Azt Wate] 244 zo)= 3

Table 58. Descriptive statistics and one-way ANOVA results of relative value of peak torque in 60°
right shoulder adduction (Nmvkg)

Pre Post Total

CG? 0.84+0.10 1.01+0.11 0.93+0.11

SMG® 0.81+0.21 1.13+0.23 0.97+0.22

MSG 0.71+0.21 1.25+0.24 0.98+0.23

Total 0.78+0.19 1.13+0.22 0.96+0.21
F 1.283 3439
D 292 047
Tukey - a<c

CG, non-exercise group; SMG, Single joint afier multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 59. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° right shoulder adduction

Variable SS df MS F D n° B
Between Subject
Group 018 2 .009 250 780 018 085
Error 974 217 036
Within Subject
Period 1.820 1 1.820 614.610 .001 958 1.000
GroupxPeriod 336 2 168 596.741  .001 808 1.000
Error 080 217 .003

<Table 59>c1A Ha 7+ Fog zo]E& Mol WO H(F=250, p=780), Hct
W A AZI(F614610, p=00D)ell A gk Aol 7b vebstom w3k [ ki =
A A7l mE g aatlA frel gk Zolzk YEbstH(F=56.741, p=001).
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Fgure 29. Change of right shoulder add peak torque Nimvkg after resistance exercise
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@ AAA ¢d #F-$4] (Bilateral balance ratio of shoulder abduction)
ST AdA A dREy gad SEeAd wE T dA giskae Aw

A T #F-9ule W3 A= <Table 68>, <Table 69>, <Figure 34> A] A A]

85 AR oA dddd g FesAd e 4 A Adad oA

2 F-one W2 yed Fiy T2 7-e <Table 60> A A 890w
<Table 61> A¥E oA -1 Wste] FAA zol& FQlstr] 3l o] ¢n

R

Table 60. Descriptive statistics and one-way ANOVA results of 60° Shoulder abduction left/right

ratio (%)
Pre Post Total
CG &3.75£10.04 89.98+7.92 89.37£898

SMG’ 86.49+7.78 89.34+4.68 87.92+6.23
MSG* 87.10+10.69 &9.15+11.59 83.13+11.14
Total 87.45£9.30 89.49+£8.25 8347878

F 149 026

D 362 974
Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 61. The result of two-way repeated measures ANOVA for 60° Shoulder abduction left/right

ratio
Variable SS df MS F D boad B
Between Subject
Group 12.281 2 6.14 087 917 .006 062
Error 1903.047 27 70.483
Within Subject
Period 62.628 1 62.628  2.622 117 089 346
GroupxPeriod 6.561 2 3.281 137 872 010 .069
Error 644.805 217 23.882

<Table 61>°A & 3t Fo3 Ao]E Holx] FROVH(F=087, p=917), J&

US4 A7N(F=2622, p=117)oA &5 ZFol7F YepA] stow =g i 7H
I} SAH A7l mE e Gl Folgk Aolrb uEhubAl Skt (F=137,
D=872).
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Fgure 30. Change of hilateral balance ratio of abduction after resistance exercise
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H] (Bilateral balance ratio of shoulder adduction)
= #43 ad eEedel B B 94 detye) An
A WHAZ #F-98] W3l 43 <Table 62>, <Table 63>, <Figure 31> A A A3}

N
N,
2
ol
ol
2,
Ho
off
>
AV

gE7 AR £5A wRAd g gEedd BE 54 A7 A9
2 A ool WE Uy BT EFAAY G <Table 62>0] AN 3o

<Table 63> &4 YA -1 Wsle] TAZ zol& &3] ¢ o] Yt

R

(&)

rJ

Table 62. Descriptive statistics and one-way ANOVA results of 60° Shoulder adduction left/right

ratio (%)
Pre Post Total
CG A.78+19.11 &3.75+10.04 91.77+14.58

SMG® 93.60£26.86 86.49+7.78 90.05+17.32
MSG* 102.37£25.96 87.10+10.69 94.74+18.33
Total 96.92+23.71 87.45%9.30 92.19+16.51

F 386 549

D 683 559
Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 63. The result of two-way repeated measures ANOVA for 60° Shoulder adduction left/right

ratio
Variable SS df MS F D boad B
Between Subject

Group 112.585 2 56.292 .364 698 026 102

Error 4177578 27 154.725
Within Subject

Period 1345.214 1 1345214 3643  .067 119 453
GroupxPeriod 255.216 2 127608  .346 11 025 .100

Error 9968.796 217 369.215

<Table 63>°|A F 7+ F3t 2po]E HolA YdovH(F=364, p=693), H&

U FA A7I(F=3643, p=067)o A &g Zfol7} YEbA] gtow e o 7H
I SAH A7l mE e Gl Folgk Aolrb UEhubA] Skt (F=346,
p=T11).
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Fgure 31. Change of hilateral balance ratio of adduction after resistance exercise
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G) 87 AYAE A 9EI o el mE opl(180°/see) TEA SATE
9]

(shoulder iso kinetic muscle strength)®] 3}

O #FHAB4A ¢ - Hdn e W3l (Left shoulder abduction/adduction ratio)
8T Ay 5 dHAY gHd LA g T3 T dEAe #A

A4 ¢ @n] W3 A <Table 64>, <Table 65>, <Figure 32>°)4 A A8}

e ®stE Yebd @y ZEAAe] 32 <Table 64> A8 2,
<Table 65> FHAHH &-Wxdu] Wste] FAA Aol& &Rlsty] &l ol duky

Table 64. Descripive statistics and one-way ANOVA results of 18)° Left shoulder
abduction/adduction ratio (%)

Pre Post Total
CG* R.72+28.31 81.28+22.9% 6.00£25.64
SMGP 98.39+41.74 81.28+22.93 0.84+32.36
MSG 115.80+27.44 90.23+17.08 103.06+22.26
Total 101.00+33.97 6.47+20.40 03.24+27.19
F 1.726 469
D 197 631

Tikey - -
CG, non-exercise group, SMG’, Single joint after multi joint exercise group, MSGS Multi joint after
single joint exercise group

Table 65. The result of two-way repeated measures ANOVA for 180° Left shoulder

abduction/adduction ratio

Variable SS df MS F D n’ B
Between Subject

Group 1668740 2 834370  1.448 253 097 282

Error 15553566 27  576.058
Within Subject

Period 3617713 1 3617.713  9.555 005 261 .846
GroupxPeriod 861.133 2 430567  1.137 336 078 229

Error 102227199 27  378.622
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<Table 65>14 HA 7 Fo3 2o]S Holx| ekgtovh(F=1.448, p=253), At
Ul 34 A7I(FH555, p=005)olA 23t Aol7b velytth wkd Ha 79 A
s Gl A frelgh zte] 7 VrERUHA] ek SEeH(F=1.137, p=336).
e e 1F AolE gelshy] g ddmR] FAREA S AAg A
3, A 5 AF=1726, p=197) M= F93 2ol7t YERYA ¢kgton £%
Joll Al F-el gk Apo] 7F LhERLEA] 259kt
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Fgure 32. Change of left shoulder abduction/adduction ratio after resistance exercise
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@ #HAAA Hd A FH A dk(Relative value of peak torque in left
shoulder abduction)
8T A FA GBI gHd 5ol uE T Ik giskael #4
H

B A2 2ATEe dug
33> 4 A A3k,

87 AR 54 wEAI dud eEedd B 34 A2 Rand 9
A AT gt Weks uehd Btk EFPA k2 <Table 66>
AABEG o, <Table 67> FAFAA o 2AFH] Aozt ¥ste] BA4 =

o2 #5}y] $l8) o YurEZA BARA L HAG Aujolr,

.

Table 66. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18left shoulder abduction (Nmvkg)

Pre Post Total
G 0.55+0.12 0.64+0.11 0.60+0.12
SMG® 050£0.15 0.68+0.17 0.59£0.16
MSG* 058+0.24 0.81+0.20 0.70+0.22
Total 054+0.17 0.71+0.18 0.63+0.18
a 632 2.860
D 539 075

Tukey - -
CG, non-exercise group;, SMG, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 67. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° left shoulder abduction

Variable SS df MS F D n’ B
Between Subject
Group 076 2 038 1.401 264 094 274
Error 132 27 027
Within Subject
Period A28 1 428 111.261 001 805 1.000
GroupxPeriod 043 2 021 5.567 .009 292 813
Error 104 27 004

<Table 79>A A 7+ fFolgt 2po]E Ho|A] ko (F=1401, p=264), Ft
W 24 AZN(FA11261, p=00Dol A Sel@ Ahol7h vpede). w3, dw 13 24
N7Vel wE A oA ol 2ol 7k JEGTHEBE6T, p=009).

=
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offt
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3, AGAH &5 AF=632, p=539)llH= o3 2ol7t vhebhA ek

T F(F=2.860, p=075) A frefgk 2ol 7b vebA] ekttt

A Wl WstE glstr] sl deEE t-HAS Al 23, CGo Hdud
LAFFHe] Adigk WEeE 10£.06(N'mez  #F93 Zol7p uERR:

(t=-5833, p=001). SMGe Hx#d oA IAFE9 Aoz wWas

18+10(N'm) 2.2 o] gk ake]7b WEFRTH=-5.924, p=001). MSG®] #A#H 2

oA FEe] A WetE 23+ 100N-meZ o3 2ol 7b uhebuth(/=-6.893

—_

HARA fHdT 2ATH Y Ui WstE FFekd, <Figure 33>A4 4 3t

go] gt Wate] ARl A fro @ Aol7h YERLA
F CG, SMG, MSGolA & 25 #A¢4 odz AT
o) glgre] AbAgkET FelEA S

LA

=

Z 1.5-

=

2

fa

= E 1.0- - CG
i = - SMG
-

= & - M5G
T = 0.5

5%

-

E

=

* 0.0 T r

I Pre Post

Fgure 33. Change of left shoulder abd peak torque Nmvkg after resistance exercise
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Q #HAAA WAL ZATH] At (Relative value of peak torque in left

shoulder adduction)
A AWA £EA Bedal bl eEadel BE F% U utae #4

A4 AL ZA 7 gk W3l A3 <Table 68>, <Table 69>, <Figure
34>l A A A3 T

877t A A dREY g3d FEwAd wE 4 AE FAE o
A 2AFEe Aozt WstsE vEd Jdd xFAAe g <Table 68>
A A8Fl o, <Table 69> #Awd WAL A2 gt ¥ste] A4 A
ol& Felat7] &l olANMESA FAREA S AA g Aol

Table 68. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18Fleft shoulder adduction (Nmmvkg)

Pre Post Total
Gt 0.66+0.20 0.68+0.21 0.75+0.21
SMG® 0.55+0.16 0.81+0.14 0.68£0.15
MSG* 052+0.22 0.92+0.26 0.72+0.24
Total 034£0.20 0.85+0.20 0.70£0.20
F 1.369 3
D 271 A78

Titkey - -
CG, non-exercise group, SMG, Single joint after multi joint exercise group, MSGF Multi joint after
single joint exercise group

Table 69. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° left shoulder abduction (Nmykg)

Variable SS df MS F D 0’ L
Between Subject
Group 022 2 011 .288 152 021 .091
Error 1.035 27 038
Within Subject
Period 1.173 1 1173 376451 .001 933 1.000
GroupxPeriod 122 2 061 19.606  .001 592 1.000
Error 084 27 003

<Table 69>0l4 & I+ FJg zo]& HolA| SO HF=288 p=752), A

W 24 A7I(FSB6451, p=00DN A Feld aol7h tehon w@, g B =
g A wE A Gl folF Aol7h EkTHF=19.606, p=001).
24 A7l B AW 2 Aol Bsy] Sda A BARAL ANE 2
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B, AYA F A(F=1369, p=2TDlA = Fod Aol7h YEA] ¢fokon %

8% F(F=T58, p=4T8)91 4 frola Aol7h A eskrh
49y waks Solely] da HeEE 7S A A G AAVA
Az 2ATge g Wes 1805(N-moR felg Folzh eyt

(1=-10.387, p=001). SMGY = A AT A wse
27+ 10N-m) o= o3 2ol 7} vrebyt o v (1=-8.647 p=001), MSGe| 2 a4 U
AT ZATEe Aoz W 40+08N'm)ez  Fod Aoz el
(¢=-15.785, p=001).

FA%E W2 AT g MstE T, <Figure 34>olA e
FARE N 2ATE] gt wMske] Abdgl A feld Aol7h vEhA] o
stom 85 AP &% F SMG, MSGolM= #ddd Wd 2473 Fdig
of Abdgtrng frofstAl F7heslTh
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Fgure 34. Change of left shoulder add peak torque Nmykg after resistance exercise
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¥ o] W3}l (Right shoulder abduction/adduction peak torque ratio)

®
o
)
e
2
©
=

87 AW BN wwEs) tEd gEeAd wE 3 94 dgAy 94

7= <Table 70>, <Table 71>, <Figure 35>l 4 A A&}

r
i3
fo
=
2
)
=
toh
iR

Table 70. Descriptive statistics and one-way ANOVA results of 18)° Right shoulder
abduction/adduction ratio (%6)

Pre Post Total
CG* 106.87+21.83 97.99£20.53 102.43+21.18
SMG? 114.76+37.33 103.42+25.77 109.09+31.58
MSG* 119.14+31.67 107.02+14.33 113.08+23.00
Total 113.59+30.32 102.81+20.37 108.20+25.35
F 403 A80
D 672 624

Tikey - -
CG. non-exercise group; SMG, Single joint after multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 71. The result of two-way repeated mreasures ANOVA for 180° Right shoulder

abduction/adduction ratio
Variable SS df MS F D 0 yéi
Between Subject
Group 578.994 2 289497 0454 640  .033 116
Error 17234951 27  638.332
Within Subject
Period 1743.126 1 1743126 15500  .001 365 967
GroupxPeriod 28.596 2 14.298 127 881 .009 068
Error 3036.388 27 112459
<Table 87>oA et 7+ Fod Aolg Ho|X Froh(F=454, p=640), FJtt
Ul 24 A7IF-15500, p=00D)el A frol@ apol7h vepstth wha, ek 7h3) =4
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Figure 35. Change of right shoulder abduction/adduction ratio after resistance exercise
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® A#E AT FATFH] gk (Relative value of peak torque in right
shoulder abduction)
8+ A 5A dBAd gid sl e T Ik giste ¢
H

W sz 24T g
365014 A A5k,

3} A= <Table 72>, <Table 73>, <Figure

AL ZAFEY Adghe HaE yed Hda FF=8xe e <Table 72>9
A Al St o <Table 73> A#A o|d X F#H9] gk Wste A4 A

Table 72. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
180° right shoulder abduction (Nnvkg)

Pre Post Total
G 0.75£0.16 0.83+0.19 0.79£0.18
SMGE 0.77£0.15 0.99+0.14 0.88£0.15
MSG* 0.72£0.21 1.01+0.17 0.87£0.19
Total 0.75£0.17 0.94+0.18 0.85£0.18
a 213 3195
D 809 007

Tikey - -

CG, non-exercise group;, SMGP, Single joint after multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 73. The result of two-way repeated measures ANOVA for relative value of peak torque in
18 right shoulder abduction (Nmvkg)

Variable SS df MS F D 1 £
Between Subject
Group 045 2 023 801 459 056 172
Error 166 27 028
Within Subject
Period 557 1 557 231.005 001 895 1.000
GroupxPeriod 105 2 052 21.742 001 617 1.000
Error 065 217 .002

<Table 73>°4 A b F3t zpo]E Holx| Ao (F=801, p=459). At
W 24 A71(F=231005, p=00Dol A $eld Ahol7h vpede). w3 Aw 13 24
NAol we A Ehel A folah 2ol 7k ERITHF21.742, p=00D).
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Ag Ul ®stE gelsy] 98 vsnE t-@de A dn, CGe anA
LAFE ] Adigk WEeE 08t.07(N'm)ez  #F2o3 Zol7p uERR:

(t=-3473, p=007). SMGe $A#d A AT Adg wes
21£.05(N'm) 2.2 gk zto] 7} vEbsk 0 m (¢7=-13.331 p=001), MSG¢] $-A#4
A ZAFEe Adg WHskeE 28+08(N'm)eZ o3 ozt yEhyk
(t=-11.261, p=001).

FARE AT IAFH gk HEE Fetd, <Figure 36>ol4 Hd 1

T gk Mske] Abd gkl A

gkom 8F A&AA &% F CG, SMG, MSGllA = $ABA oA A7 4
i gto]l AR gkE T f-elskAl F kst sith.
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Fgure 36. Change of right shoulder abd peak torque Nimykg after resistance exercise
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£ F5 94 e $

Al

6® ATE WAL ZAFH At (Relative value of peak torque in right
Table 74>, <Table 75>, <Figure

-

shoulder adduction)
877 AZA SEA wnd
2o 4

I e
37> A A A A T
87 AR £EA e o
A2 2ATE gige] wskE tehd 3
AAER o <Table 75>+ $A#E WAL X
o1 Felaty] 93] ol AMBEH RAELAL HAF A3}
Table 74. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
180° right shoulder adduction (Nnvkg)
Pre Post Total
CG 0.71£0.15 0.85+0.15 0.78+0.15
SMG® 0.70£0.17 0.98+0.18 057+0.18
MSG* 0.63£0.19 0.95+0.19 0.79+0.19
Total 0.68+0.17 0.93+0.18 0.81+0.18
F 636 1530
D D12 235
Tikey - -
CGF non-exercise group;, SMG®, Single joint after multi joint exercise group, MSGF Multi joint
affer single joint exercise group
Table 75. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° right shoulder abduction
Variable SS df MS F D 7 yéi
Between Subject
Group 022 2 .011 376 .690 027 104
Error 794 27 .029
Within Subject
Period 915 1 915 777124 .001 .966 1.000
GroupxPeriod .091 2 .045 38.434 .001 740 1.000
Error .032 27 .001
<Table 75> He I+ {23 zpol& Ho|X kO U (F=376, p=690)
AZNF=T77124, p=00D) A 2o 2Fol7F yepsten =8 | 3ta =
B Ag a A fregh Aol 7F YEETH(F=38.434, p=001)
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(t=-10.748, p=001). SMGe $A#d AL IAFH] Adigt Wes
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AR WA 2AFHe gk HetE F3etd, <Figure 37>olA Hd 1
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Fgure 37. Change of right shoulder add peak torque Ninvkg after resistance exercise
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@ AAA ¢d #F-$4] (Bilateral balance ratio of shoulder abduction)
b A $5A d3dY gad SEaAe wE T JA g Ay

=
A 9H #F$u W3t A3 <Table 76>, <Table 77>, <Figure 38>l A #|A] &}

A A7IE ARAE QA
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<Table 77>& @A <JQ s9u] WUske] A Aol5 &Qstr] A3 ol
B2y RAEAS AAF Aol
Table 76. Descriptive statistics and one-way ANOVA results of 180° shoulder abduction
left/right ratio (%9
Pre Post Total
CG 73.83+10.65 79.59+12.45 76.71+11.55
SMG 63.29+9.03 63.34+9.56 65.82+9.30
MSG* 80.24=16.07 &0.33£11.34 80.29£13.71
Total 72.45%13.83 76.09+12.15 T4.27+12.9
F 4.848 3612
D 016 041
Tikey b<c -

CG, non-exercise group, SMG’, Single joint after multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 77. The result of two-way repeated measures ANOVA for 18)° shoulder abduction

left/right ratio
Variable SS df MS F D n’ B
Between Subject
Group 1136.269 2 568.134  4.897 015 .266 158
Error 3132.230 27 116.009
Within Subject
Period 197980 1 197980  4.490 043 143 533
GroupxPeriod 95.460 2 47.730 1.083 353 074 220
Error 1190.472 27  44.092

<Table 77>A A& 7+ FoJst 2ol& Rolg HIOoW(F=4897, p=015), J&
W 24 AZNFA440, p=043) 4 §old Hol7l etk W, Ag 1h)

A7)l whE gz AE Gl A frol Rk zkel 7 wEbuA] e AEH(F=1.083, p=353).

5

5\
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Fgure 38. Change of hilateral balance ratio of abduction after resistance exercise
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ABd W2 =99 (Bilateral balance ratio of shoulder adduction)
b A $5A d3dY gad SEaAe wE T JA g Ay

=
A WAE F-$1 W3t A3 <Table 78>, <Table 79>, <Figure 39>l A #|A] &}
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Table 78. Descriptive statistics and one-way ANOVA results of 18)° shoulder adduction left/right

ratio (%)
Pre Post Total
CG R.75+28.12 100.48+29.86 9%6.62+23.9
SMG 80.26+25.81 85.59+21.22 82.93+2352
MSG* 82.26+30.00 99,68+31.73 90.97+30.87
Total 85.09+27.61 9B5.25+27.83 90.17+27.75
F 573 2%
D 571. 420
Tukey - -

CGF, non-exercise group, SM(G, Single joint after multi joint exercise group, MSGF Multi joint
affer single joint exercise group

Table 79. The result of two-way repeated measures ANOVA for 18)° shoulder adduction left/right

ratio

Variable SO df MS F D n’ B
Between Subject

Group 946.680 2 473.340 642 534 045 146

Error 19894.693 217 736.840
Within Subject

Period 1548.384 1 1548384 16312 .001 3771 973
GroupxPeriod 1548384  1.000 1548384 16312  .001 377 973

Error 2562.929 27 94.923

<Table 79>0A & I+ FJ3 2o]& HolA| ot OHF=642, p=534),
W =4 AIZIFA16.312, p=00D)ell A o8 pol7} yepyton wet e 7k =
g ANl mE Feag Zatel A Fol7h Apol 7k YERRHH(F=16.312, p=001).
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3 A S5 A(F=573, p=57D)IM = F3 2ol 7t vERA kgt
F F(F=896, p=420)°ll A ol g zteo]7} vpEpEA] edokTt.

A wistE gsly] 98 fexE 18-S Add A7, CGo Add o
#-$-n1e g WIE 773+643(N'm)ez  F93% Aozt yEhyt
(t=-3799, p=004). SMGe A#d  ud  FH96e Adigk WEE
5.33+1818(N'm) 2.2 98 zto]7} e A] ot om (/=927 p=378), MSGS 7
AE WAL #9919 Aoz HEE=1742414.00(N-m) 2 93 Aol7p ey

TH(£=-3.919, p=004).

AT WAL F-49 dog wals sk, <Figure 39>91A4 Aok 7+ A
AUl #-ue Abdgtel A foe Zolzk vElger 8F A +F &
CG, MSGellM = A#d W - 7F Abdghro freofstAl F7kskant.

1504
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1004 & SMG
- M5G

LN
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Shoulder adduction 18(0/sec
left/right (%)

Pre Post

HKgure 39. Change of hilateral balance ratio of adduction after resistance exercise
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6) 8573 A TN wEEds g Feere mE FE60°/sec) TE5E ZH(Knee

isokinetic muscle strength)] 3}

e

O FFE=4d F218] (Left knee flexor/extensor ratio)
8+ A A dHAY gHd LA wE T JAb e FF

E9d Zane] W3l A= <Table 80>, <Table 81>, <Figure 40> 4] A|A| s}
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Table 80. Descriptive statistics and one-way ANOVA results of 60° left knee flexor/extensor ratio

(%0
Pre Post Total
CG 60.19+8.09 61.93+£7.69 61.06+7.89
SMGP 60.24+22.86 62.60+17.87 61.45+20.37
MSG* 56.81£10.83 R965+6.96 57.89£892
Total 59.08+14.90 61.18£11.62 60.13+13.26
F 164 2170
D 849 165
Tikey - -

CG, non-exercise group, SMQG, Single joint affer multi joint exercise group;, MSGF Multi joint after
single joint exercise group

Table 81. The result of two-way repeated measures ANOVA for 60°° left knee flexor/extensor

ratio
Variable SS df MS F D n° B
Between Subject
Group 76.473 2 38.237 208 814 015 079
Error 4970.369 27  184.088
Within Subject
Period 66.360 1 66.360 6.935 014 204 719
GroupxPeriod 1.172 2 586 061 941 005 058
Error 258373 27 9.569

<Table 81> H&& b o3k Ao]E RolA] @kom(F=208 p=814), Hdt
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W 4 AZNF6935, p=014)o4 ek 2pol7b vepwth ®=37F A 3k 54
aatol A el gk zbol7h YEhA e (=016, p=941).
S A7l mE A 3 Aol S Flety] A% dduiA 2AEA s AAE 2
s A (F=164, p=849)°l = Foldt zol7b vEA] okt
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Fgure 40. Changes in left knee flexor/extensor ratio after resistance exercise
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@ FH= 289 A3t (Relative value of peak torque in left knee flexor)
8T A A dHdY gHAd EesAdd E T A g =
—_L

H o] Azre] W3l A3 <Table 82>, <Table 83>, <Figure 41> #|A|

tehbd $EEAe e 24 AV FEe Y
o abujzke] W e Win BEAA] %S <Table 102>0] A G 0w
& wstel A4 Aoz BAay] Aa oldw

Table 82. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° left knee flexor (Nmyvkg)

Pre Post Total
CG 1.48+0.27 1.62+.27 1.56+.27
SMG? 1.27£0.25 155+.24 141+.25
MSG* 1.37+0.31 1.69+.31 1.53+.31
Total 1.38+0.28 1.62+.27 1.50+.28
F 1477 369
D 246 431

Tukey - -

CGF, non-exercise group, SMG, Single joint after multi joint exercise group;, MSGE Multi joint after
single joint exercise group

Table 83. The result of two-way repeated measures ANOVA for relative value of peak torque in

60° left knee flexor
Variable SS df MS F D n° B
Between Subject

Group 117 2 059 167 A74 054 167

Error 2065 27 076
Within Subject

Period 920 1 920  970.209 .001 973 1.000
GroupxPeriod 090 2 045 47.643 .001 779 1.000

Error 026 27 .001

<Table 83> Fct I+ Fost 2po]& HolA| LR NF=767, p=474), J
0 EA AZNF970209, p=000)eN A el g zol7h vpepstth Ea He b3
A7Vel we 4EAE BRI o7 Aol7t UERHTHE=T.643, p=001).

5|\
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A A7l wE A 3 Aol S Felsh] 97 deujA] AR e AAR A

1

B, AZA &% A(F=1477, p=246)o = Feldt 2ol7b YehbA &gton &%
F(F=869, p=431)ell A frefgh ate]7} veERHA] eroltt.
A W wsts gshy] 98 dexE 0 dS g 4y, CGY H= &
ol gk ¥eE 14+04AN-m)OZ 598 2oz} ERGETH =-12.439, p=001).
SMGS #Z 28] Adz Wste 28:0UN-meR o3 2ozt eyttt
(t=-23.184, p=001). MSG| #FH= <89 Aoigh M3l= 32+.056(N'm)ez o3
2Fo] 7} WEREH(£=-18.684, p=.001).

Fa 289 AU WIE F36lH, <Figure 41>94 Aok 3 F=L 299
A A Felg Aolrh yEUA skow 85 AFA 5 F CG, SMG, MSG
A= A2 2o Addgho]l AbHgRY fFolstA Skl

- CG
24 - SMG
- MSG

Left knee flex peak torque
ol/see (Nom/ikg)

T T
Pre Post

Hgure 41. Change of relative value of left knee flexor after resistance exercise
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@ FHA 2 289 Ao gk(Relative value of peak torque in left knee extensor)

8T A +&A dRd gid SeeAdd e T Ik gistAe 40
< 289 Adighe] W3l A3t <Table 84>, <Table 85>, <Figure 42> A #|A|
sk ot
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Table 84. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° left knee extensor (Nmvkg)

Pre Post Total
CG 247+0.35 263+0.34 2.55+0.35
SMGE 2251055 259+0.55 2424055
MSG* 2.48+051 2.89+052 2.69+0.52
Total 240047 2.70£0.48 2501048
a 729 2.392
D 492 d11

Tikey - -
CG, non-exercise group; SMG, Single joint afier multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 85. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° left knee extensor

Variable SS df MS F D 1’ £
Between Subject
Group .358 2 179 188 465 055 170
Error 6.137 27 227
Within Subject
Period 1.368 1 1.368  1202.005  .001 978 1.000
GroupxPeriod 173 2 086 75.785 001 849 1.000
Error 031 27 001
<Table 85>°|A Het 1+ F3k Aol& HolA| FJO(F=788, p=465), It
WS4 AI71(F=1202.005, p=00D)l A ol gk zto] 7k yetskth =3, Hd ko &

A A7l whE Fazg Zatel M ol Aol 7k YESTH(F=75.785, p=001).
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3 A S5 A(F=729, p=492)o )= 3 2ol7t vERA kgt
F F(F=2.392, p=111)ll Al frelgh zte] 7k vreERbA] ekttt

A W wsts gshy] 98 dexE 0 dS Ade Ay, CGY HAT &
o] Az #eE 16+.03N-moZ 598k o7} ERGETH =-14.740, p=001).
SMGe] Al 8o Aozt Hats M4+UN-mez 23 o7t vehyttt
(t=-26.166, p=001). MSG2] #HA 8o Aoigh M3l= 41+.06(N'm)e2 o3
2Fo] 7F WEREH(£=-20.533, p=.001).

AT Eo] Adog WaE T, <Figure 42>901A4 Aok 7F FA 89
A A Felg Aolrh yEUA skow 85 AFA 5 F CG, SMG, MSG
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Hgure 42. Change of relative value of left knee extensor after resistance exercise
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@ $HF =34 =47] (Right knee flexor/extensor ratio)
8T A +&A dRd gdd FeeAdd e T G s ¢+

294 ZF418)¢ M3 A= <Table 86>, <Table 87>, <Figure 43>l A A A3}

AT,
85 AR oA @A gad el nE 54 AVE sFEuA

Table 86. Descriptive statistics and one-way ANOVA results of 60° right knee flexor/extensor

ratio (%)
Pre Post Total
CG 5751+6.37 59.34+6.72 846655
SMG® 56.93+10.10 59.50£8.9%6 38.22+9.53
MSG* 52.96+7.07 57.74+6.27 55.35+6.67
Total 565.80£7.80 B.6+7.19 57.33£750
F 956 173
D 397 42
Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 87. The result of two-way repeated measures ANOVA for 60°° right knee flexor/extensor

ratio
Variable SS df MS F D 1 yé;
Between Subject
Group 59.027 2 29513 508 1.607 036 125
Error 1568.817 27 58.104
Within Subject
Period 140.454 1 140.454  49.958 .001 649 1.000
GroupxPeriod 23.557 2 11778 4.189 026 237 687
Error 75.909 217 2.811

<Table 87> Ak 7+ o3k Ao]S Holx ko w(F=508, p=1.607), J*
W =4 A 7)(F=49.958, p=001)ol A 523 o]z} vehyt) ma A 7ty =4
o A fFefgk apo] 7k YERUA] kT (F=4.016, p=026).

e =
24 A7lel We Pe 2 Aol FAF] A QLU BARNES AW 2

¢

1
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I, A 5 AF=956, p=397)°l A= Frolgk xfo]7F ERA] ko 5 8

A W Wwss 98] g e rE -HAS AP A3 CGY $¥-EuA
SRH] WBh= 1.8342.32(%) 22 fro g xpol 7k yrERRETH(=-2.493, p=034).
SMGe] $F&3d =2/ATdH Wshe 257+2.80(%) 2 frojg zto]7h eyt
CH(£=-2.900, p=018). MSG2] $-FZ#4d FH/Adn] Maks 478+1.90(%) 02
o1gk Aol 7F vERRTH(¢=-7.398, p=001).
SHETHAE ZAn Y WHals £, <Figure 43> Hd 1+ $H =04 =
Anle] AR ghel Al frefgh ztel7h YERUA] Fem 8F AFE E F
SMG, MSGolA = 7 E3A Z4H7F 25 AbA g R foetAl st
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Hgure 43. Changes in right knee flexor/extensor ratio after resistance exercis
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© = 299 A3t (Relative value of peak torque in right knee flexor)
8T A A dHdY gHAd EesAdd E T JA g =
—_L

H o] Azre] W3l A3 <Table 88>, <Table 89>, <Figure 44>°l 4 #|A|
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Table 88. Descriptive statistics and one-way ANOVA restults of relative value of peak torque in
60° right knee flexor (Nmvkg)

Pre Post Total
CG 1.46+0.27 1.63£0.28 1.55+0.28
SMG® 1.39+0.38 1.65+0.37 1.52+0.38
MSG* 1.44+0.24 1.79+0.25 1.62+0.25
Total 1.43+0.30 1.69+0.30 1.56+0.30
F 145 309
D 366 431

Tikey - -
CGF, non-exercise group, SMG, Single joint after multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 89. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° night knee flexor

Variable SS df MS F D ok ¥
Between Subject
Group 049 2 024 265 769 019 088
Error 2.485 27 092
Within Subject
Period 1.017 1 1.017  732.051  .001 964 1.000
GroupxPeriod 090 2 045 32.496 .001 706 1.000
Error 037 27 001

<Table 89>A Ft 7+ F3t 2po]E HolA ko (F=265 p=769), H&
W =4 AI71(F=732.051, p=001)° A {23k zpo]7} ypebTh =3 ek 7k =4
o A gk zfe] 7t YEFSTH(£=32.496, p=.001).

kel 2
A A7l wE A 7 Aol S Felsh] 97 dduiR BAEAS AAR 2
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I} A &5 HA(F=145, p=866)A = et Aol7F YERUA] gkom & 8
T F(F=869, p=43D)A ol d Aol7} YAl &
A ol WstE gdstr] A d-sxd 78S Alds 43 CGY = &
Hol gk Wk 17+.06(N'm)e 2 o8 zo]l7F YEbutH(=-10.946, p=001).
SMGe $= 489 g ¥stes 266.06(N'm)ez o3 o]zt eyt
(t=-15.448, p=001). MSG®| =+ 99| Aozt Wsh= 362.06(N-m)o= {9
zko] 7k vFEFRTH(£=-19.828, p=001).

F= 2E AU WIE F35tH, <Figure 44>94 Aok 7 = 299
Bogkel A el gh Zpol7t vEhuAl ko 85 AdAd 5 § CG, SMG, MSG
M = 29 Auigto]l AMAFE Y FolstA S7sk i
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Figure 44. Change of relative value of right knee flexor after resistance exercise
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® A1 =99 Atk (Relative value of peak torque in right knee extensor)

8T A A dRd gd SeeAdd e T oIk gistAe 941
< 289 Adighe] W3l A= <Table 90>, <Table 91>, <Figure 45> A #|A|
sk ot
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o sl =
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Table 90. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° right knee extensor (Nnvkg)

Pre Post Total
CG 255+0.42 2.75+0.40 265041
SMG® 2464053 2.79+0.51 2.63+0.52
MSG 2714021 311+0.25 291+0.23
Total 257+0.41 2.88+0.42 2.73+0.42
F 953 2392
D 398 111

Tikey - -
CGF, non-exercise group, SMG, Single joint after multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 91. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° night knee extensor

Variable SS df MS F D ok ¥
Between Subject
Group 491 2 246 1.498 242 .100 291
Error 4.428 27 164
Within Subject
Period 1.414 1 1414 926589  .001 972 1.000
GroupxPeriod 104 2 052  34.187 .001 17 1.000
Error 041 27 002

<Table 91>o14 Fet b fo] & Apols Holx| eFghoh(F=1498, p=242), &t
W 34 AZI(F=926589, p=00D)el A Fele atol7k vhebyke) md, He 73 34
Fhol| A f-o @k ZFo)7F LFERSTH(#-34.187, p=001).

TAL F
54 A7l e Je 7 AolE gelatr] 9l iR EabEA S AAg 4

—1 O
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I, AFA s A(F=953, p=389) M= Fo g ztol7F YEhLbA §kkon fF 8
T F(F=2.392, p=11DIAM frolgk 2ol 7k HebA] et

A lf WstE gshr] fal Hexe t-d-s AP 23 CGY A2 &
gol gt Waks 202.07(N'm)e2 o3k 2ke]7F yeEbRth(£=-9.338, p=001).
SMG® Al 299 Aozt ®stes 33:.06(N'm)e® Fogh ztol7F yrebyt
(t=-19.824, p=001). MSG®] F-Al++ &9 izt Wsk= 402.04N'm) o= o3t
ZFel 7k WERRETH(¢=-27.892, p=001).

Al 2] Ak WstE F86HH, <Figure 45>A e 1+ A2 299
FHEANAM Fo7E Aol 7h yEhA] wgkoen 85 AYA =& F CG, SMG, MSG
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Fgure 45 Change of relative value of right knee extensor after resistance exercise
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D F= B4 = F94(Knee bilateral balance ratio of flexors)

877 AR £HA wads gl SEEAY WE 3 dA gt 78
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Table 92. Descriptive statistics and one-way ANOVA results of 60° knee hilateral balance ratio of

flexors (%)
Pre Post Total
oG 102.32+12.34 100.68+12.11 69.63+6.32
SMG® 96.42+29.02 97.34+22.11 70.60+4.19
MSG %.35+12.59 9.33+10.00 M.84+11.30
Total 98.03+19.17 97.45+15.34 97.74+17.26
F 367 412
D 697 667
Tikey - -

CGF, non-exercise group, SMG, Single joint after multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 93. The result of two-way repeated measures ANOVA for 60° knee hilateral balance ratio of

flexors
Variable SS df MS F D n’ B
Between Subject
Group 232.872 2 116436 382 686 027 105
Error 8237.920 27 305108
Within Subject
Period 5.046 1 5.046 261 614 010 078
GroupxPeriod 17.836 2 8.918 461 635 033 117
Error 521.778 27 19.325

<Table 93>°|A F 7+ F3t 2po]E HolA Yhow(F=382, p=686), J&
Y =4 A71(F=261, p=614)°olA gt zFo]7} YebA] ek, w3k Hdok 73
=4 A7l wmE AEAE oA fFogk zbolrt YEUA] 2kt (F=461,

o

p=635).
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HFgure 46. Change of Knee hilateral balance ratio of flexors after resistance exercise
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H] (Knee bilateral balance ratio of extensor)
873 AR B4 wRdEd ged eEedd e 3 9A Yetde) 12
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Table 94. Descriptive statistics and one-way ANOVA results of 60° knee hilateral balance ratio of

extensor (%)
Pre Post Total
CG? 9R.00+12.69 9%.32+1052 9%6.66+11.61
SMG® R.45+14.11 93.26+12.77 92.86+13.44
MSG 91.84+17.18 93.86+15.49 N.8H5+16.34
Total M.10+1454 M.15+12.65 94.13+1360
F 527 066
D 596 937
Tikey - -

CGF, non-exercise group, SMG, Single joint after multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 95. The result of two-way repeated meastres ANOVA for 60° knee bilateral balance ratio

of extensor
Variable SS df MS F D n’ B
Between Subject
Group 96.647 2 48.324 251 780 018 085
Error 5193.986 27 192.370
Within Subject
Period 038 1 038 008 930 001 051
GroupxPeriod 59.557 2 29.7718 6174 .006 314 853
Error 130.221 27 4.823

<Table 95>olA Ak 7+ K3t 2po]E Holx Ykow(F=251, p=780), H&
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3, A &% A(F=527, p=59)o = o3 o]z} YehtA ekgron $% 8
F S (F=066, p=93D)N A Folg ztol7b veRLEA] ek kT

Ae W W3S Belsty] g8 e EE t-dA4S AdE Ay CGe £5 ¥4
AT Z-gnle] W3 268:4.04N-m)oZ  Fo3  Aolzb vERSTH(£=-2.100,
p=065). SMGS] #% #d 2 #F-9u9 Wstes 81:234(N'mo = o3 Ao
7 GERAL @ 9Th(1=-1.093, p=303). MSGS F& wd A FH-$uje W=
2.02+2.68(N-m) . & o] Apo]7} YRS TH(=-2.387, p=.041).

5 #d A Feule] gt wekE F3etd, <Figure 47>914 Jd 1F T
& W A2 F-gue Abdgel A folg zbol7b vEbA ekgtow 8F A A
£ F MSGOIAM & AbdgET 5 34 22 #F-9u7t fostA F7hshalth,

3 120

= - CG
Z 100 - SMG
g

E -+ MSG
3 804

=

o

o

=1

c

¥ 60

| ]
Pre Post

Fgure 47. Change of knee hilateral balance ratio of extensor after resistance exercise
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O FFE=4d F218] (Left knee flexor/extensor ratio)
8+ A A dHAY gHd LA wE T JAb e FF

E9d Zane] W3l Ad= <Table 96>, <Table 97>, <Figure 48>°A] A|A| s}

A mE 4 AVE #AFEHA
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Table 96. Descriptive statistics and one-way ANOVA results of 180° left knee flexor/extensor

ratio (%)
Pre Post Total

CG 59.11+9.18 5369+8.70 5R.90+894
SMG® 56.02+18.20 57.08+15.29 56.06+16.75
MSG* 54.80+9.67 58.04+7.43 56.42+855
Total 56.31+12.73 57.94+10.66 57.13+11.70

F 347 04

D 710 948
Tikey - -

CG non-exercise group, SMGP, Single joint affer multi joint exercise group;, MSGF Multi joint
affer single joint exercise group

Table 97. The result of two-way repeated measures ANOVA for 18)'° left knee flexor/extensor

ratio
Variable SS df MS F D 0’ B
Between Subject
Group 48.033 2 24.016 169 845 012 074
Error 3836.721 27 142101
Within Subject
Period 39.691 1 39.691 5582 026 171 625
GroupxPeriod 34.897 2 17449 2454 105 154 451
Error 191.992 27 7111

<Table 97>l et 3+ Fo 2o]& HolA Ao H(F=169, p=845), {d
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HFgure 48. Changes in left knee flexor/extensor ratio after resistance exercise
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@ FH= AT it (Relative value of peak torque in left knee flexor)
A g#d el uE T Ik gk =
< ZATFHEo Aighe W3 Ai= <Table 98>, <Table 99>, <Figure 49>0l 4]

857 AGA L5 A dR Ay gid SEEAd wE =4 Al7|E FEFE 2A
T Athzte] WaItE Vel Hity EFHA gHS <Table 98>0 A A &S L
., <Table 99>+ FHZF+ X gk wste]l A4 zkolE &Rlstr] 9l E|

-
)
o

Table 98. Descriptive statistics and one-way ANOVA results of 180° Left knee flex peak torque

to body weight (Nnvkg)
Pre Post Total
CG 1.26+0.30 1.3240.28 1.29+0.29
SMG® 1.00+0.28 1.20+0.29 1.10+0.29
MSG* 1.16+0.35 1.42+0.33 1.29+0.34
Total 1.36+0.32 1.31+0.31 1.33+0.32
F 1.833 533
D 171 3A
Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 99. The result of two-way repeated nmeasures ANOVA for relative value of peak torque in
10° left knee flexor

Variable SS df MS F D ol B
Between Subject
Group 248 2 124 1.337 279 090 263
Error 2.508 217 093
Within Subject
Period A79 1 A79 484751 .001 947 1.000
GroupxPeriod A11 2 056 56391  .001 807 1.000
Error 027 217 001

<Table 99>l A H&t 2t {3 o] & Holx| hth(F=1.337, p=279), A Ul
=74 A7(F=484.751, p=001)ol A $ela o7} Yebyton e Ay 7kyp =3
el A Fef gk 2ol 7F YERSETHEF6.391, p=001).

el 3
24 A6l wE A 7k AolE Helaty] Ad AuA BAEA

s}o) qe AR 2

=
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I A s AF=L888, p=17D)olA = Folg Afol7t YEuA gsken &E

F(F=533, p=394)°ll A F2 & AFo]7} reprbA] Qi)

Al WstE gshr] fal Hexe t+-ddes AP 23 CGY =< &
ek W3k 06£.06(N-m)e=  Fo3  Ztol7b yEkRt(r=-4.145,

p=003). SMG®] #FH= AT gt Wk 21£.065(N'm)e=2 o8k ko] 7}

UERSE O (£=-13.080, p=001), MSGe H= IATHe Adig Wsks

27+ 03(N'm)e.=2 2|3 zpol7} WepRtth(£=-8.738, p=001).

Fa ZATE A dsE FE6kH, <Figure 49>0A4 ek b FH=S 2
Aol Aot oA weldk Aozt vEuA ekskth 87 AP *F F CG,
SMG, MSGellM = = IA 7] ddigho] BF ARHdgRG F7kets 7
Bt

2.5

.04 -+ CG
- SMG

= MSG
1.01

0.51

L eft knee flex peak torque
180/sec (N.m/kg)

0.0 T T
Pre Post

Fgure 49. Change of relative value of left knee flexor after resistance exercise
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@ HAaZ ZAFEY] At (Relative value of peak torque in left knee

85 AR oA ddd g EeeAd mE T FA digtd e #Al

o+ AT Aogte] W3l A= <Table 100>, <Table 101>, <Figure 50>°l

85 AR oA diEd g FesAdd mE A AVE A oA

o, <Table 101> A+ A 759 Foigh Wate] SA4 AolS &elstr] 9

S ol ANEEY RARAS AT Astolch

Table 100. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
180 left knee extensor (Nnvkg)

Pre Post Total
CG 2.12+0.33 2.24+0.34 2.18+0.34
SMG® 1.90+0.58 2.18+0.57 2.04+058
MSG* 212052 247+053 2.30+0.53
Total 2.06+0.48 2.30+0.49 2.18+0.49
F 645 966
D 533 3A

Tikey - -
CG. non-exercise group;, SMG®, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 101. The result of two-way repeated measures ANOVA for relative value of peak torque
m 18 left knee extensar

Variable SS df MS F D Yok yéi
Between Subject
Group 320 2 160 672 519 047 151
Error 6.423 27 238
Within Subject
Period 948 1 948 704.190  .001 963 1.000
GroupxPeriod 129 2 064 4777166  .001 780 1.000
Error 036 217 .001

<Table 101>14 Ht 7F F2]3F 2o]= Holx AUt F=672, p=519), I
=4 A71(F=704.190, p=001)ol A {23t zFo]7} vpebTh 3k Ak 7H =4 A
of e A3 2L A o3k 2ol 7t Ve THEAT.766, p=001).
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3, A £% AF=654, p=533) A=

A W wsts gshy] 98 dexE 0 dS Ade Ay, CGY HAT &

gzt WskE 13+ 05(N'm)eZ Gk  Aol7t ERGETH =-8.738,
p=001). SMG®] #FHAlZ ZAFE9 gk Wsts 28+.05(N'm) & fefgh zto]7}
Ve o (1=-18.857, p=001), T3k MSGS #Hal: A FEe Adigk Wals
35+.06(N'm)2. 2 Fo] s 2ol 7} vERRETH(=-17.932, p=001).

Al AT gt BstE F8std, <Figure 50>olA e 1+ AL
Aol Aok oA fold ztelrt vERUA dston 8F AIAH &% F CG,
SMG, MSGellA = #FA 2AF+E 9] Adoghe] 7 AR ghReh folstA Z 7kl
=3

3.54

3.0
-+ CG
1.5
- SMG
2.0

= M3G
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1.0+
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HFgure 50. Change of relative value of left knee extensor after resistance exercise
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@ FE=34d =218 (Right knee flexor/extensor ratio)

8T A +&A dRd gdd FeeAdd e T G s ¢+
234 ZF418)¢ W3 A3t <Table 102>, <Table 103>, <Figure 51>°]A A A|

il
i

|

8T A A dHAN gdiHd oAl wE S AU SFEHR
ZAH o] WsE ekl W ZERAe g <Table 102>¢l A sk3l o,

<Table 103> FFE0d =410 W35t A=A Aol& &lstr] ffal ojdwty

Table 102. Descriptive statistics and one-way ANOVA results of 180° right knee flexor/extensor

ratio (%)
Pre Post Total
CG 334811 56.89£7.77 5762794
SMG® B02£12.55 B.83+£12.50 5843+12.53
MSG 53.50£850 55.63+7.36 5457793
Total 56.62£9.84 57.11£9.26 56.87£9.56
F 144 283
D 485 NG
Tikey - -

CGF, non-exercise group, SMG, Single joint after multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 103. The result of two-way repeated measwres ANOVA for 180° rght knee

flexor/extensor ratio
Variable SS df MS F D ik yés
Between Subject
Group 82.786 2 41.393 445 646 032 115
Error 2512.211 27 93.045
Within Subject
Period 3.6501 1 3.601 1371 252 048 204
Groupx*Period 32.972 2 16486  6.191 006 314 854
Error 71.897 27 2.663

<Table 103>°4] Het zF o8k xto]& HolA| EUTHF=445, p=646), J U
57 NINFAL3TL, p=252)9 A frel gk 2kel7k vehdx gkeh vk, a2 =
A A7)el g AEag Eeld o3 2ot eI THE6.191, p=006).

24 A7l WE w2 Aol elety] AF QYW BARHS AN

iih)
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I, A 5 A(F=744, p=485)°l A= Frolgk xfol7t ERA] ko 5 8
=752)9 A o g Ao 7k vpEhbA] gt

Ae W Wsts gstr] 8 dexd t-Hd4S A A9 CGo| +7E#A

A46+2.60(%) 0.2 Fo 7k AFol7F YERSEH(£=1.775, p=110). SMG2]

TEEAE =48] ¥ge 81+257(%)oE st Aol7t YERSTH(=.995,

p=346). MSG®| &34 Z4v] Wste 2132161(%) & o3 Zpol7} Lpebyk

ol
_Jﬂ,
i
N
*
i~

M
>
=
E
fo
rlr
—_
D

SFEHE 24009 WstE T, <Figure 51>A4 He 3 $FEAAE =
ARLe] AP gl M ol gk zho]7F vEbbA] eigkon 85 A @A &E § MSGOllA

= eREnd TN BE ApAgu FosA Foheack
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Figure 51. Changes in right knee flexor/extensor ratio after resistance exercise
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A8 o] At 3k (Relative value of peak torque in right knee flexor)

TN A gad e mE T 3 et =
T Adgke] W3 Aut:= <Table 104>, <Table 105>, <Figure 52>¢l
A AA S AT

85 AR e dadd

o

N
e
o,

—L
i

r

A

A

o

A4 EFoAo wE S A7|E SE A
T Atizhel W3lE vebd Hoy ZTFHAY e <Table 104> A A3+
om, <Table 105>+ ¢= <A 749 Aozt Wste A4 zol& Felstr] ¢

8 ol EEY BARNS AAF Azpolrh

Table 104. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
180° right knee flexor (Nmykg)

Pre Post Total
CG 1.28+0.29 1.33£0.29 1.31+0.29
SMG® 1.20+0.39 1.38+0.40 1.29+0.40
MSG* 1.26£0.25 1.50£0.26 1.38+0.26
Total 1.24+0.31 1.41+0.32 1.32+0.32
F 134 21
D 333 A%

Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 105. The result of two-way repeated measures ANOVA for relative value of peak torque
m 180° right knee flexor

Variable SS df MS F D 0’ B
Between Subject
Group 046 2 023 225 800 016 082
Error 27154 27 102
Within Subject
Period 392 1 392 270.408  .001 909  1.000
GroupxPeriod 098 2 049 33647 001 714 1.000
Error 039 217 .001

<Table 105>°A & 2+ fre]gt Zpol& Ho|x| FPOo L (F=225 p=800), Ht
0 =4 AZNF270408, p=000) A 2] 8 Atol7h vtehgrh wE, A 13k 54
28 motel A freld Aol 7k ebsth(F33647, p=001).

24 A6l wE A 7k AolE Helaty] Ad AuA BAEA

NS AAE 2
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I, AFA s A(F=184, p=833) M= Fo g ztol7F YE LA §kkon & 8

T (=121, p=49%)el A el gt Apol7k vpERLEA] GokTt.

A lf WstE gshr] fal Hexe t+-dds AP 23 CGY F=< &
ek Wske 05 06(N-m)e= ok Aoz WERSETH(£=-2.846,

p=019). SMG9] ¢= A7FH9] gk Hdhs 192.06(N-m) o2 o3k Aol 7}

UEFRTH(=-9.347 p=001). MSG®9 F=< <A 749 izt Wst= 252.04(N'm)

o2 fogk Aol 7k e tH(=-21.819, p=001).

$E2 2ATY gt WeE TP, <Figure 52>olM FE 7 $FE 2
AT ggk AA FolF Folsh vhehdd gtk 8% A%Y % F CG,

SMG, MSGl N &= S22 247 Augte] 25 AA@R Fola4 2719
.

o

;' 2.0+

= % - CG
< 2

e ) & SMG
=Rl 5

) - MSG
= o

- &

:E]J 5: 1.0
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Pre Post

Figure 52. Change of relative value of right knee flexor after resistance exercise
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® AL ZATHY A zh(Relative value of peak torque in right knee

extensor)

T Adigtel was vEkd Wiy wEdAe] g <Table 106>l A48
owf, <Table 107> Al A= Zulgh Wske] SAA Aol #lstr] 4

S ol ANEEY RARAS AT Astolch

Table 106. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
180 right knee extensor (Nmykg)

Pre Post Total
CG? 2.20+0.42 2.34+0.39 2.27+0.41
SMG® 2.09+0.56 2.38+0.55 2.24+056
MSG 2.35+0.21 2.70+0.24 253+0.23
Total 2.21+0.42 247+0.43 2.34+0.43
F 920 2243
D 411 126

Tikey - -

CG, non-exercise group; SMG, Single joint afier multi joint exercise group; MSGF Multi joint afier
single joint exercise group

Table 107. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° night knee extensor

Variable SS df MS F D bl B
Between Subject
Group 491 2 246 1.409 .262 094 276
Error 4.706 217 174
Within Subject
Period 1.022 1 1.022  989.740  .001 973 1.000
GroupxPeriod A11 2 056  53.835 001 800 1.000
Error 028 217 001

<Table 107>°M H b 723 2po]& Holx| L h o (F=1.409, p=262), Ht
W 24 A 71(F=989.740, p=00D)el A & Fhol7h et £ Ad ki =4
o A ol 7t Afol7F WER TH(/7=53.835, p=.001).

>
~
=,
)
ff
0%,
folr
_y
oo
fol
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B
Ho
offt
o0

3 AGAH &5 AF=920, p=41D)lH = 3 2ol 7} vebbA sk
FS(F2243, p=126)ll A fref ek Zpo] 7k vhERbA] @ okt

Al WskE Asy) A8 geEE -AAe ANAF A, CGY AT
ATEe] Aggk W3eE 15£.06(N-m)eZ  Fo3 o]z yERGTH(=-9.573,
p=001). SMG9] -2l AT Aoigh Wahs 29+.04N-m) o2 frofgh Aol 7}
UERSEH(/=22526, p=001). MSGe $-alt A8 Adigk Waks
35+.05(N'm) 2.2 g =Fo] 7} vhebtvh(£/=-23.263, p=001).

o

FAE 2ATH Frigk WSS FTSY, <Figure 53>NA A T FAS 2
AT gk oA frel@ Aok tehbA @gkeh 8% AYY €% F CG,

SMG, MSGAIAE $A2 24789 guige] mF Adguet fo1 3719
o

- CG
- S5MG
- MSG

180/see (N.m/kg)

Right knee ext peak torgque

]
Pre Post

Figure 53. Change of relative value of right knee extensor after resistance exercise
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D F= B4 = F94(Knee bilateral balance ratio of flexors)
8T A FeA dHAdy gad LA wmE T3 dA gEAY &

wd 2 #9419 W3l A3= <Table 108>, <Table 109>, <Figure 54> A A

i
r

87t AW $EA wRAd Hd $Eedd wE 34 A7 7g #a

2o A5 walE e Bws mEade g <Table 108>0] AAa%e
W, <Table 109>% #& #& @ #-$u Wstel BAH & sy 919

REY

Table 108. Descriptive statistics and one-way ANOVA results of 180° knee hilateral balance
ratioof flexors (%)

Pre Post Total
CG 0. 76+£17.58 100.42+16.40 100.09+16.9
SMG® &6.32£19.10 90.06+£20.63 83.19+£19.87
MSG* 91.20+17.33 MY 72+1454 92.96+15.H
Total 92431828 B.07£17.31 93.75+17.80
F 1425 892
D 258 422

Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 109. The result of two-way repeated measures ANOVA for 180° knee hilateral halance ratio

of flexars
Variable SS df MS F D ik yéi
Between Subject
Group 717.333 2 358.666  1.169 326 .080 235
Error 8282.772 27 306.769
Within Subject
Period 104.544 1 104544  7.956 .009 228 176
GroupxPeriod 29.524 2 14762 1.123 .340 077 227
Error 354.792 217 13.140

<Table 109>014 Awk 7+ 28 2o]2 Holx 3oL H(F=1.169, p=326), A&
Ul = AZN(FT956, p=009)dl A o ot vEhdth wa, dd 7hy =4

el

o A Fef gt xfol 7 YRR EkTH(F=1.123, p=.340).

el B
A A7l wE A 7 Aol S Felsh] 97 dduiR BAEAS AAR 2
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B, AR % A(F=1425 p=258)l = §98 Aot UEhbA egtow 9%
8% F(F-892, p=A22N A FI% Ao/t vhehtA ersiet.
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HKgure 54. Change of Knee hilateral balance ratio of flexors after resistance exercise
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& 34 A2 #F-9-1](Knee bilateral balance ratio of extensor)

8F A& +5A dRAY Rd el wE T 3R digtd e &
#A A2 #9819 W3l Ay <Table 110>, <Table 111>, <Figure 55> 4 A

8T AYA oA dddn vid FeaAdd mE S A7IE RS
At Zgue] wisks vebd Bud xEAAe] G& <Table 110> A AISFA 2
M, <Table 111>& F& #d A 298] Wste] SAA Aol& &Qletr] sl

]
=

i
r

Table 110. Descriptive statistics and one-way ANOVA results of 180° knee hilateral balance
ratioof extensor (%)

Pre Post Total
CG RW.3H£15.35 6.87+£12.28 97.61£13.82
SMG® 92.59+18.19 92.86+15.65 92.73£16.92
MSG* 90.03£19.28 91.27£16.38 90.65+17.83
Total 93.66+17.43 93.67+14.55 93.67£15.9
F 530 376
D 567 690

Tikey - -

CG. non-exercise group; SMGP, Single joint affer multi joint exercise group; MSGF Multi joint
affer single joint exercise group

Table 111. The result of two-way repeated measures ANOVA for 180° knee hilateral balance ratio

of extensor
Variable SS df MS F )2 s B
Between Subject
Group 255.368 2 127684 484 621 035 121
Error 7118.770 27 263.658
Within Subject
Period 002 1 002 001 988 001 050
GroupxPeriod 19.003 2 9502  1.364 213 092 268
Error 188.021 27 6.964

<Table 111>14 " 3 o8t Zol& Holx| AUTHF=484, p=621), & Ul
Z4 AZNF=001, p=930NA FoI% Aok e ergton EW, gu 0
24 A/ mE 3EAE Bl % Aolsk vhehbA @oivHF-1364

’
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Fgure 55. Change of knee hilateral balance ratio of extensor after resistance exercise
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MEAEE 7]E AERY A ABA Tlsd o 2t Fua daeid
(Vasconcelos et al., 2021). o] <o AaAFe W2 Fgu=HEZ golEE
23 vyt o <8, A7, &4 Lrledd EdE Bidva dusidn
(Prasetyo & Nasrulloh, 2017). B3k o] 2w vguEAdExs dFo T W
How AET FaE S/ YUa
B

AEE WHEst= A ALg g

2=
JPE
P
-
Ll
N
[-'O
o
K
re
il
_0|L

952 ¥ e 4ue £58 8
o
o

£ fatelA] &) wwdd s32E 34 fA st P e = At (Fischetti
et al., 2019).
FHAE AA 5o FEIy AygLS A& sEe ¢ dA U F

2
G717 el AEd A

o

-t

dS A%t 2942 HAYES AT 5 Advk(Sabido et al, 2016: Schoenfeld e
al, 2011). B3 Agde] w=w v 7k & 28jg Ads i o &
A RREE vug A% FHAE ALEol 7|E AES AdgsEt ZHH
g £ 298 Yt s AMES 25 tH(Sabido & Hernandez, 2016). ©] <)ol
71%& ME(The effects of traditional), FHAE, Ego]ME # &5 (tri-set
resistance training) &7F A7 Aok A A whgol] mX= gkl hald A
g A3 SSoF TRIx= &8 &84S FA7IAL Abe d5A71A R 343 &7
YA whgo A FElg g3 HolA & Ao ® yEytH(Weakley & Jones,
2017).

ki

Ao = e tHMaia et al., 2014; Robbins et al., 2010). 3tx|®F ojefgk F& A1t

Ahe FEALERPE) 5 WF 1 Fabol st 7S w4 9lth(Balsamo
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H(Trecroci et al., 2020). 183l 8F3F HFANEE &&3t do]lE FHS JF A
T8 o] s AAAFA HEe A FFAE AYY 5 AFAF
2022). E3H A HEHA
Training)< Hlust7] 918 12573 stA] A3 55 AP A3 Hoj<y, <5
A, 25 G A= EoE AolE HolA kAR ZAFEE 25 A A
° 2 YebgtH(Merrigan & White, 2019). o] &ol %= 30x<F 120 FAAS & 7
HAES EFAE o] Ao wAE &S G5ty A& AAATE,
A, 28, AA S AT A, pHAEE EFAERY AAWE i O

FAQ whd, BHAEE FHAERY SHI AT Fge § 29 Ao

= YEeEbg o (Nasrulloh & Mintarto, 2019). =3k A7Z3 YA S tiAo = 6573 &
A E (compound set)9t 23 €% (Complex Training)S A3dsta <44, 448 5

-~

BAG A% RPAEE $4 Jum 2ude aRger FANE oz

o

et (Stasinaki & Gloumis, 2015). o] &ldl &= 1257F E3F &-%o] v|vk FAd A

A dd AEe] A= G FHAJ] HEEol vk Fade] Hnk A

g

ERANE, FHAE, g EAES 7]E A FES Hluwg B AT AlEE
S AyEd AA A AUy, SATE, A Sol d

el th(Fatouros et al, 2017). S3AME, FHAE, I EAES 7]E A4
& v AT AlEE B2 HolAwh EINE FHAE, fgrEAES] A

AR $F wAe A= Mg AT Ads A Holth W B ATE Ee o

N

\:.
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A EEZEaH JUEHNEAE, FHAE

B A% o 9 e WA £9E 7
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B AFDY 542 A X209 JHIZEANE, #HAE, HEIAAHE)
b EA el Feoa Age 2 8 2uge nAs 53s #9187 A%
2347 ot}

B oo A HAE <Figure 56>3 Zt}

Study 2 Subject n=40
A 4
CG CSG PSG SsSG
n=10 n=10 n=10 n=10

i

| Pre-Test
v
TEST 8 week
) CG Non-exercise
- Physical fitness
- 1RM CSG Compound set group
- Knee, shoulder
Isokinetic exercise PSG FPyramid set group
test SSG Super set group
- cross-sectional area
v
'l Post-Test |
v
Data
analysis

Figure 56. The experimental study design for study I GG Control group, CSG: Compound set
group, PSG: Pyramid set group, SSG : Super set group
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2) AT

2 AF A H oMEd AE8AA 9 244 Zsbo] gle uishA 19
~23t FA(n=40)s EAstGon, 2 AFE 98 409 didAE FAHA T
(random assignment) s} HME &5 1w (Compound set exercise group:

CSG, n=10), ¥ 2}r] =A)

m &
(0/e]
N
oY
Y
ot

%5 1% (Pyramid set exercise group: PSG, n=10), 73
AE 515 (Super set exercise group: SSG, n=10), ¢4 %2 15 (Control group:
CG, n=10) & 4709 2§ o2 FE3t%Th

PAAEL Ao Y&y ZAE odstn A7} T2 A3 T Ao =
Ies stglom, AFgsn A7 asel $4 (JINU-IRB-2023-005)S

we F QA s,

=

s
ol

¢

AT idAre] A 542 <Table 112>} 2t}

Table 112. Characteristics of participants (n=40)

& cs@ PG SG p

(n=10) (n=10) (F10) (n=10)
Height (cm 17410468 171908443 13204343 174404430 1340420 AR o7
Weight (k9 72565H0)0 728858 R7MH62ZB 5D 764623 1018 36
SVM (kg 3L06:280  3L28348 0628 RPR2DH 3068060 1318 233
BEM (kg) 202340 20643 0 0PEbS D035 20BH4B 4B M8
BM (%) BPH21 464162 20 88T 28B4 2171 AR
614
a0
067
649
50

Total F

o8 D145 0044 01507 203411 084409 68
ChestC (cm BBBE7 BE3HO14 BEOHRB  BOHAL DRI 68
AnC (em 20240  B1&2EB 314D BRALI3 R4M42B 2608
ThighC (cm  HEHBFH DG HEHAI0 5741425 H168350 5A
CafC (em  HBSHA3Z  HBH2U U214 DH2D DI2EB &l

Mean#standard deviation

CG, non-exercise group, CSG®, Compound set group; PSG, Pyramid set group, SSG°, Super
set group, SMDM, skeletal muscle mass; BFM, body fat mass;, BMI, body mass index; %BF,
percent body fat; ChestC, circumference;, ArmC, Upper arm circumference;, ThighC, Thigh
circumterence; CalfC, Calf circumféerence
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S
M0

s=Z==233

2 Qe

2ade] 853 F

Mo
offt
[H

2 M= compound set, pyramid set, super set, Al &% X%
33], ¥4 == IRM 60~80%% #3stil & A7 %= (Rating

of perceived exertion: RPE; Borg Scale) 8~12, &3t F2AI7Fo] 90-120%2 2
Al skt

CRREE

5

Mo
[H

2I1WLE <Table 113> 2t}

Table 113. Study II training program

Session Exercise Intensity/Time
Dynamic stretching 3 min
Warm-up
Running 7 min
Bench press
Incline push-up
Under—griplat pull down
Cable row 3 days a week
Dumbbellshoulder press Exercise: 0~40(sec)
Main- Side lateral raise
exercise Rest: 10~90(sec)
50 min Lunge
Leg extension Sets: 4
Stiff deadlift 1RM 60~80%
Leg curl
Leg press
Squat
Cool-down Static stretching 5 min
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(8,1
I
02
oo

=
=

1) A3 2 ANA FA4 (Physique and body composition)

AA E A A4 S4E Y8 ddAES AT FE AdECA 2 9ol A
PAES WEEE Stk T RoR i 5 ks ZAEsHA] ¥ AHE
A5 A& A S A(DS-103M, Dong San Jenix, Seoul, Korea)S AF-&3Fe] 2131 A
o SASEH. AA A AAE 8 A L2471 (Inbody 770, Inbody, Seoul,
Korea)E AM&3to] AlA W (Fat-free mass: FFM), AW (Body fat mass:

BFM), A& =4 =(Body mass index: BMI), #|A|%%&(Body fat percentage: %fat)S

& ol A7), 4% Edeld F@F)d SAHsAH

o
o

2) 47 A¥ =R (Basic physical fitness)

ZNZAEE 28, 2478, 794, AHATESs AL EF Fo A0F), A
4 EE F@F) SAsAH
Table 114. Basic physical fitness
Physical fitness : Physical fitness Items Measuring Instruments Apparatus

Muscular

Grip strength (kg)

Digital dynamometer

T.KK-5101, TAKEL Japan

strength

Back strength (kg)

Digital back-dynamometer

TKK-5402, TAKEL Japan

Muscular
endurance

Sit-up (N/60sec)

Sit—up board

T KK.-5505, TAKEI, Japan

Flexibility

Sit and reach (cm)

Long-seat aniteflexion mater

T.KK-3412, TAKEIL Japan

Agility

illinois agility test (sec)

Traffic cone Stopwatch

T.KK-528 TAKEI China

Knee Shoulder

Knee iso kinetic muscle
functiont (PT)

muscle function

Shoulder iso Kinetic
muscle function (PT)

LsoMed 2000

Manufacturer D&R FERSTL
GmbH Spon- und
Medizintechnik

N, Number of times
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(1) <*&(Muscular strength)

ol H(0F), A

5

oh

ojp

H

1e-A 7B A 5~103]

[e)
L

|

@O 1RM(One-repetition maximum) =734

;OL

~
Nlo

5|
T

A=l

A

2 A4

= =
= =

!

7¢4A IRM= Al =3kt

*

bl

9

E A THAR o

Flvbd 67

433

KeX
=

8Al 9@ A7F IRM

el

*

£ 714 5~10%

Fah 67

5

)

o7

ol

ot

o] §-3}of

=
=

OA g o8 A(T.KK.-5101, TAKEL Japan)

ol

i

9l

UHl = A, 94

olJ

“IoH

A

B
o

-

],

0.lkg &9 = 7]

ol

L
NE

e

Atstel 4

A
L

Hj

=
=

ol g oA

=
=

Al 5 A(T.K.K. 5402, TAKEIL Japan)

o

ATt

3t

= 0lkg 9912 715
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(2) A7 (Muscular endurance)

My Y2 3ln 98Yo7)7] A7) (TKK-5505,
TAKEL Japan) $lo 2% oF 90° w32 & & Az A58 a7 A4S do=
W GE IEAIL FE FZO 2 3 T g vE 52 dESH 60% Fot

NG AI5E 7)Es0,

Wehgel HAde Bl As A4, AFEE A £F Fo 40P, A

F E F@F) AU

FdAd 238 FAF =AH7(TKK. 5111, Takei, Japan)E ©o]&ato], 9k Aol
o] 7Aool bem7t WA EA st A7) flol GEE 3 T AL AT FE
S g FEE Foly AR AF7E Hue Do 3% AME FA = WHS

2

3 =A & AYQAYE 0.1lem GYE 7 =3

|
.

Ak
4a,
i
—n
P
o
olrt
4a,
=
>
=)
B
%
X
o
2
=
o
BN
>
rlr
=
o
>
1o
-
el
&
_Ol',
1z
X
Ll

(4) dexo] YHA H2AE (llinois agility test)

getgel mad U B A8 Qeiwe] WMAH HAE AAZ Fd o

wo] RIAA HAEE A0F), AZAY &5 F6F)d 4kt

- 146 -



Qelio] WHY HiEE 242 2o] 10m, F 5mE Atk 449 2o AH,

O:

R4, 209 ABHL BANAL, E e 49 FoE 1A 4 HAtg
thoFgl 9E 2L 33m¥ APl 1AL T gddEe

=2 Aot 3t
A FRA =g AIFE 171002 G E SAe%h 23] dAste] 2% £ 4

getae 23 ozl 27%e B A8 B54 2% A4S AR
5

Spon-und Medizintechnik)S AF&3te] SHsom, 4 Al & 25T E9 7
ds FHAasgslr] f& HERZ T dEE F9E nAgsdo. 2 A A 33 ]
Fe] o) & st 54 WY

Al F3FEE = 60%/sec, 180°%/sec®E A slo

) ol 544 £7)%5(Shoulder isokinetic muscle function)

oA &4 2715 LsoMed 2000 (Manufacturer D&R FERSTL GmbH

Spon—und Medizintechnik) S AF&3lo] 43 ow, =4 A =4 F9 o]9e &
o] MYst= AS HAassHr] fste 539 slglE 1AL Ao wigd &&
ERolE FuF: ALY 2 =4 A 33 ol ou] S sty A W
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(Lower extremity muscle function)

34 271

®))

A 2] E 2] ¥ 7] (Standing long jump) =743 Al

H]
TH

o} glojof i

7R A %

5

=

] 3L
=

o
T

A MM Al ZRstaL, S

171 Aol &9

o} 5

o
a

o

=13
=

g e

SREES

bk, = op ol A

H]
KR

el
=

Foith 13]

7] = 3]

=
=

Hdl A2 (em)

Nr

4) AA 4 (Body circumference)

IEERE

ol

), A&

105

zhe A

G

o

FATE

5]

o R= ;:xg

4

E

& Asgold oA 5

=
=

A

=
=

9 2ol g #e Bl

s

-

Ee
oF
als

J)
7o

7
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6. A=A 2|

o] 7]=% A% (descriptve statistics)S &3 ZE W< Hi(mean)d E A2t
(standard deviation)& At=3sdow FAotat A7) 7+ a8 9 Ao 7k 2ol
gelgt FAAQ FAAY PHS vhS 2

D mE WA FY A7) el Aol AFS e ol AMBEH RAHRA

Ry

(two-way repeated measures ANOVA)S A A&t}

Q@ AgY &5 ZFA9 AOF), AFAE =5 $06F), I 19 AolE Hlwsy]
A8 ddufx] EAHEA(One-way ANOVA) 3 A5 ZFo2  Tukey

(Post-hoc)& A}&3te] Awk 7ke] AJol= 3Holalgdct,

© A W A7l we WakE glety] g8 dexd ~dTs AAEH
@ s wAe SAA oo 052 24
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7. g E3

T 32 Ul S e s 8573 AR Rez=ad Pl wet AA A,
T

8
o3 A& 2, g 2 554 2 7wl mA

D A=(Body weight)

877 A T2 P e T FA gAY As vt Ane
<Table 115>, <Table 116>, <Figure 57>l 4 A A3}

877 A TEZEaH Fyo mE FA AV AT ¥sE Vel E
I A G <Table 115> AAsLG o™, <Table 116> A& W3} &

]_
AF Aolg Helsty] As) o AEEY LA S HAG Aol

Table 115. Descriptive statistics and one-way ANOVA results of body weight (ko)

Pre Post Total
CG* 72.56+5.58 73.22£5.51 72.89+5.55
CSGP 72.89+5.79 72.94+5.92 72.92+5.86
PSG* 68.70+6.23 68.85+6.10 68.78+6.17
SSG 72.53+7.19 72.60+7.20 72.57+7.20
Total 71.67£6.23 71.90+6.24 71.79+6.24
F 1.018 1.089
D .396 .366
Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group
<Table 116>°4 A 7+ {23t xfo]E Ho|X| ko (F=1.048, p=383), It
Ul 24 AZNFD599, p=00DeA ol @ Aol vhebsith EE, AW g 34
Al7lol & A5 Ag oA o g kol 7F YEFSTHF9.988, p=001).
24 A7 mE HE 1 Ao E HAsY) A% AAWA BARHS AT 2

Frezad s HEs7] AF=1018, p=396)7 AFH %5 8
j1‘(}7:1.089, D= -366) ]/\1 -,—,—.4 3} 7(]-0] 7]- ‘/}E]"%X] oLo E}
Ak W WsE gelsr] g g CAAe AAF A CGel AF A

N
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Table 116. The result of two—way repeated measures ANOVA for body weight

Variable SS df MS F D i B
Between Subject
Group 121.664 3 4055 1048 33 030 260
Error 132611 3B R6A
Within Subject
Period 1.081 1 1081 25990 001 419 99
GroupxPeriod 1.246 3 415 998 001 454 9%
Error 1.493 % 042

e

sk 66237(kg) o2 o7k Aol 7F WERSHH(¢=-5.569, p=001). CSG2| AlF Ht
3H= 05+.23(kg) o2 F9 & ol7k YERA ek %tH=696, p=504). PSGSl A
# W= 15+ 25(keg) o2 Fo8 xpol7h vERRA krh(=1.930, p=086).
g SSGO AT HA WHsteE 07x28(kg)o = fFos Aolrt YEhuA ekoktt
(£=7182, p=454).

E

==

= \

.u.;

Aze] WstE F3stH, <Figure 57>l Hok 1+ AT ARAgEAA Folg A
o] 7F e grom, 857 A &5 F CGollA = ARG F7std o,

T BA

CSG, PSG, SSGolA = AR ghrth Zpo]7b YepuA] 3kt

80 -

= -+ CG

~

—~ & CSG

; i

21 -~ PSG

e 60y

= ¥ SS5G
40 T

Pre Post

Figure 57. Change of body weight after resistance exercise

- 151 -



@ 2 (Skeletal muscle mass, SMM)
8T A SeZ2 a3 FHd w2 Fo Ak gistAe] A Wslte] 4
3}= <Table 117>, <Table 118>, <Figure 58>°l| 4 #|A] 3} t}.

853t AR Fez=ad FHd nE A4 AV A4 Wiks yE

FUH

she] BAH Aol B HAsHy] Ash o) ANBEAY BAHRAS LA Apolnt.

Table 117. Descriptive statistics and one-way ANOVA results of skeletal muscle mas (kg

Pre Post Total

CG? 31.06+2.80 31.12+2.79 31.09+2.80
CSGP 31.22+348 31.70+3.49 31.46+3.49
PSG® 2065+2.84 30.34+2.85 30.00+2.85
SSG! 32.33+2.95 32.81+2.87 32574291
Total 31.07+3.06 31.49+3.04 31.28+3.06

o 1.318 1.192

D 283 327

Tukey - -
CG? control group: CSG* Compound set group: PSG* Pyramid set group: SSG* Super set group

Table 118. The result of two-way repeated measures ANOVA for skeletal muscle mass

2

Variable SS df MS F D b B
Between Subject
Group 33.838 3 11.279  1.237 311 093 303
Error 328.391 36 9.122
Within Subject
Period 3.655 1 3655 993.091 .001 965 1.000
Group*Period 1.047 3 349 0 94.857  .001 388 1.000
Error 133 36 .004

<Table 118> At 7+ 93 Fo]S Ho|A ko (F=1.237, p=311), &
U =4 A 7](F=993.091, p=001)ol A H28 o)z} Jepgth ek g 7k =4
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o W3tE 05:.05(kg) &2 §28 xpo]7b Wbt (¢=-3.674, p=005), CSG] &7

i WskE 48+.10(kg) o & frelgh zkol7h W TH=-14.697, p=.001). PSG

o FAZLZE i WIE 69:07(kg)o® T Aozt vERWETH=29.571,

p=001). =3+ SSGO FAH Hit Wals 48£10kg) o2 F93 o)zt vEbyt
TH(£=-14.697, p=001).

=AIHe] WsE T, <Figure 58>A Ad 7+ Z AT AR gholl A

ol abol7h vEhA] gkken, 85 A % F CG, CSG, PSG, SSGolA

= wE AAguT #Age] Sk

40-

Y

=

= 354

g ) - CG
2 - CSG
2 301

= -+ P56
E > 556G
b

L

i

o

¥

Pre Paost

Fgure 58. Change of skeletal muscle mass after resistance exercise
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y fat mass, BFM)

85 AFY ez Fuo] wE Fo Fa iAo AAg wsle] 4
7} <Table 119>, <Table 120>, <Figure 59> #l|A] 3} t}.
Z2ad el wE FA APE AAWEFe] WaE yehd

Bty FEAAY S <Table 119> A A e o, <Table 120> A A& W

()
N
=~
2
oft
ox,
Ho
offt

Table 119. Descriptive statistics and one-way ANOVA results of body fat mass (kg

Pre Post Total

CG? 21.23+4.05 21.84+3.89 21.54+3.97
CSGP 22.06+4.36 21.64+4.48 21.85+4.42
PSG* 20.79+4.45 20.32+4.37 20.56+4.41
SSGH 20.07+3.56 19.65+3.36 19.86+3.46
Total 21.04+4.03 20.86+4.00 20.95+4.02

)a 408 676

D 748 573

Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 120. The result of two-way repeated measures ANOVA for fat free mass
Variable SS df MS F D i yé;

Between Subject

Group 24.964 3 8.321 499 685 040 141
Error 600.427 36 16.679
Within Subject
Period 612 1 612 17626 .001 329 983
GroupxPeriod 4.116 3 1.372 39.487  .001 167 1.000
Error 1.251 36 035
<Table 120>0A & z+ fFogt Zpo]& Holx| A PO H(F=499, p=685), HF

=
X
o
oX,
Ho
offt
(&l
it
I

o
ofl
=
il
)
ofo
ol
N
2
R
i~
o
o0
5

3
N
X
::I
X
o
oX,
Mo
offt
oo
N
4
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W Hsks Zeshy] e SEE -AAS AW A3 CGe AA L
Hit Weks 61£.38(kg) o2 frol sk Aol 7h UERRtH=5.137, p=001). CSG2] A|A|
W g Wals 42+ 23(kg) 02§98 2ol 7F YEFETH 5900, p=001). PSG
ARG Hd Ws 47x15(kg) o2 Fojg zol7b e TH(£=9.945 p=001).
SSGe] AAEF Hyr Wes 42+25(kg) o2 folg Aolrt VERSTH5.250,

b

AAgere] e FFeY, <Figure 59504 Pw 7+ AA e A ghel A
Fol@ Aot hehtA Qgkor] 857 ARA £5 F CGolAE AR A

A keke] Frbskd o, CSG, PSG, SSGllA &= AP ghr el A2 wFo] 7Fastad

o 30

S

= -+ CG
o

=1

E - CSG
)

= 204 -+ PSG
= ¥ 556
=]

il

10 . r

Pre Post

Hgure 59. Change of fat free mass after resistance exercise
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@ A& %A 5 (Body mass index, BMI)

8T A SeZ2aF FEo mE T FA gistA e AAZFA S Wt
A= <Table 121>, <Table 122>, <Figure 60> A | A} t}.
87t A%y eBx21d Fejol g 34 AV ARPAze) WakE e
A Hia E5AXY S <Table 121>9 A8t o, <Table 122>+ A& XA
S owste] A Aol s 98] o YNEEY BARAS ANG Aolth,
Table 121. Descriptive statistics and one-way ANOVA results of body mass index
Pre Post Total
CG* 23.92+1.21 24.14+1.19 24.03+1.2
CSGP 24.67+1.62 24.67+1.64 24.67+1.63
PSG* 22.88+1.70 22.93+1.67 22.91+1.69
SSGH 23.81+1.71 23.83+1.76 23.82+1.74
Total 23.82+1.64 23.89+1.65 23.86+1.65
F 2.171 2.129
D 108 114
Tukey - -

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 122. The result of two-way repeated measures ANOVA results for body mass index

Variable SS df MS F D i yé)
Between Subject
Group 15.986 3 5329 2143 112 152 D01
Error 89.520 36 2.487
Within Subject
Period 105 1 105 16562 .001 315 977
GroupxPeriod 151 3 .050 7.950 .001 398 982
Error 229 36 .006

<Table 122>14 Atk 7+ fol@ o2 wolx| WFo(F=2143, p=112), A&
W 24 A7 (FA6562, p=00Dsl A Felg Aol7h vebith w3, A9 03 24
oA el 3k 2ol b ERTHE=.950, p=001).

A% 0 WEE seley] gel deuE A4S AAe A, G AAFASF

et Wske 22+14(kkg/m2) o2 ol g AFol7b WERTH(=-4.975, p=001). CSG2]
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AdZFA T Bt Hake 01:.08keg/m2) o2 Fo g AFol7} vhEhbA] ek Skrh(£=.001,
p=1.000). PSGE] AA#FA G Hat Was 05+.10(kg/m2) o2 F2 8 2ol 7t e
Al ATH=-1.627, p=138). SSGC| AMAZFAF H W3+ 02+.12(kg/m2) 22
o gk xpol 7} vERUFA] @ %vH(e=514, p=619).

ANAdFA G2 Wes F38A, <Figure 60>14 Fek 3+ A G| 5o AL Fho]
A ek Apolzb yEtuA kom, 853 AR &5 F CGollAe AbdgtRt
S7hek s o, CSG, PSG, SSGollM = AR gkt ol gk AFol 7t yehbA]l 3ttt

301
A

2 cG
E M

- & CSG
=

£ -+ PSG
5 20 = 536
&

15 . .

Pre Post

Hgure 60. Change of body mass index after resistance exercise
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® A A& (Percent body fat, PBF)

877 A TEZEaH Py mE T FA gt AAWE Wste] 4
7}= <Table 123>, <Table 124>, <Figure 61>l 4] A A5} T},
Z2a3 el wE FA APE AAWES] WIE yed

Pty FEAAY S <Table 123> A Ao, <Table 124> AAHE W

()
N
=~
2
oft
ox,
Ho
offt

Table 123. Descriptive statistics and one-way ANOVA results of percent body fat (%0

Pre Post Total

CG? 29.17+4.57 29.76+4.36 20.47+4.47
CSGP 30.07+4.44 29.45+4.58 29.76+4.51
PSG* 30.15+5.07 29.39+5.04 29.77+5.06
SSGH 27.73+4.11 27.14+3.90 27.44+4.01
Total 29.28+4.49 28.94+4.44 29.11+4.47

)a 608 724

D 614 544

Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 124. The result of two-way repeated measures ANOVA for percent body fat

Variable SS df MS F D bk B
Between Subject
Group 37.897 3 12632 618 608 .049 .166
Error 736.346 36 20.454
Within Subject
Period 2.380 1 2.380 58737  .001 620 1.000
GroupxPeriod 5911 3 1.970 48613  .001 802 1.000
Error 1.459 36 041
<Table 124>°4 &t 7t fFolgt AolE HolA FULWH(F=618, p=608),

k
3
[\
~
b

Rl

o
B
B
=
X
Ho
1o,
ro
_>|4_|‘
o
N
N
-
Auj
i
B
&2
30
ui
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o,
N

7 W3leE 59+41(kg/m2) o2 9% ZFol7t YERS T =-4.975, p=001). CSG2]
AAEGE Bt Wste 62+27(kg/m2) o2 F 3 Aol 7k yEbETH(¢=7.145, p=001).
PSGe AAE Hyt W3t 76+.13(kg/m2) o2 293 xFo] 7} YR TH(£=-19.000
p=001). SSG2| AALE Hy W= 59+26(kg/m2) 02 F2ld o7t eyt
(t=-7.293, p=001).

AAWE WalE F3atd, <Figure 61>0A etk b AALES] AL Fhol A
ok Apol7k vEuA] @dskom, 853 AE £F F CGolA e AHFRTG F
7Fski o, CSG, PSG, SSGolA & AP E G AAEo] frolshAl astlth

rr

501
9
= 40
= - CG
S
2 & CSG
S 30
= i -+ PSG
o
g -+ 550
2 20
[
[«

10 T T

Pre Past

Figure 61. Change of percent body fat after resistance exercise
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® 7}<5= 9l (chest circumference, CC)

8F A sz Py wE F= T gAY JtEFEd Wt 2
W+ <Table 125>, <Table 126>, <Figure 62> A #| A| 3} 3]t}

8F AFdAY TeszEad P wE 4 AV JteEde] ¥IE Yed
Ford ZFAAY] F> <Table 157> A A8t o™, <Table 158> 7t<=d W
ste] SAA AolE FA]letr] fla] o] ARtESAH BAMEA S AT Aol

Table 125. Descriptive statistics and one-way ANOVA results of chest circumference (cm)

Pre Post Total

CG 96.95+8.67 96.98+8.62 96.97+8.65
CSGP 96.63+6.14 96.80+6.17 96.72+6.16
PSG¢ 93.60+5.28 93.80+5.26 93.7+5.27
SSGY 96.70+4.42 96.78+4.45 96.74+4.44
Total 95.97+6.24 96.09+6.22 96.03+6.23

o 628 586

D 602 628

Tukey - -
CG? control group: CSG* Compound set group: PSG* Pyramid set group: SSG* Super set group

Table 126. The result of two-way repeated measures ANOVA for chest drcumference

Variable SS df MS F D i B
Between Subject
Group 72.765 3 24.255 607 615 048 163
Error 1439.570 36 39.988
Within Subject
Period 288 1 288 47342 .001 068 1.000
GroupxPeriod .093 3 031 5.096 005 298 .889
Error 219 36 .006

<Table 126> et 7t Folgk Aol& HolA FROWHF=607, p=615), e
W S AZIFAT342, p=00D)l A F23 2pol7b vpebyteh, wdt, Het 7k 54
A7Vl w3 AE Bl A frel gk Aol 7 WERSHHE5.096, p=.005).
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o

W WEE 03:.09(cm)e® o zolzb yERUA] Fokth(r=-1.000, p=343).
CSGel 7h&=d Hd ¥ste 17.08(cm)o2 Fog Apo]7b YERSTH=6.530,
p=001). PSGe 7t&Ed Hit W3t 20+16(cm) o2 Fo3 2ol7b uEbyk
(t=-3.873, p=004). SSG2| 7}&Ed v W3k 08+.08(cm) o2 F9 3 zHol7} 1}
EFuEth(£=-3.207, p=001).

teede] WstEs FRetd, <Figure 62>o4 ek b ThEE o] AR grell A
fFojgk Zpol7k vepbA] ekokom 853 AFA &5 F CSG, PSG, SSGAlA & AL

Agnr HEEd7 S84

_~~
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& 120+
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=
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Fgure 62. Change of chest circumference after resistance exercise
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@ 1% =% (upper arm circumference, UAC)
877t A FFZEZaH FEHo| wE T A gy s ¢ W3t
A3}= <Table 127>, <Table 128>, <Figure 63>°|4 A A| s} At}

82 AWH $EZIY Fejol W 24 A/ 9% Eee] WaE e

Bty TEAAY S <Table 127> A AstH on, <Table 128>S 1T =7
WHslo] FAA 2ol & EQlsty] f&) oY ESA FAHEA S AR Aijolt),

Table 127. Descriptive statistics and one-way ANOVA results of upper arm circumference  €m)

Pre Post Total

CG 32.25+2.40 32.27+2.39 32.26+2.40
CSGP 33.18+2.03 33.30+2.03 33.24+2.03
PSG¢ 31.14+1.89 31.28+1.87 31.21+1.88
SSGY 33.22+1.13 33.34+1.13 33.28+1.13
Total 32.45+2.03 32.55+2.03 32.48+2.03

)a 2.608 2.632

D 067 065

Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 128. The result of two-way repeated measures ANOVA for upper arm circumference

2

Variable SS df MS F D n B
Between Subject
Group 28777 3 9592 2620 .066 179 593
Error 131.793 36 3.661
Within Subject
Period 200 1 200 33333 .001 481 1.000
Group*Period 044 3 015 2.444 .080 169 061
Error 216 36 .006

<Table 128> A J 3+ Fold xfol& Ho|A| kYO (F=2.620, p=066), T
W EA A71(F=33.333, p=00D)ell A g Apol7b vetwth A b3k Z4 A7
Fhol| A F-ol gk Aol 7k vEbLEA] S SheH(F=2.444, p=080).

24 A e A9 7 Aolg syl A AAA RARNS ANF A

2,
=
fl
oX,
fol
)
o
];op
i)

W, AR FeZzad FHE AEshr] A(F2.608, p=067)I AL & 8F

F(F=2.632, p=065)°A #23k Fol7} vpebLEA] SokTt.
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Fgure 63. Change of upper arm circumference after resistance exercise

- 163 -



5] %] = (thigh circumference, TC)

8F A e ZEad YJed wE Fx P Y A =8 W
A= <Table 129>, <Table 130>, <Figure 64>l 4 #|A| &} T}

8F A EEsZEad Py wE FA AE A =99 WstE U
Wt mEAAe] g <Table 129> A|AJ8 o™, <Table 130> 3 A

29 watel BAH Aol FAsp) o) olANBZY BARAL AN Adfo)

Table 129. Descriptive statistics and one-way ANOVA results for thigh circumferenc m)

Pre Post Total

CG 55.66+3.36 55.66+3.34 55.66+3.35
CSGP 55.90+4.05 56.05+4.05 55.98+4.05
PSG¢ 55.68+4.10 55.89+3.97 55.79+4.04
SSGe 57.41£2.50 57.57+2.54 57.49+2.52
Total 56.16+3.50 56.29+3.47 56.23+3.49

)a 554 603

D 649 617

Tukey - -
CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 130. The result of two-way repeated measures ANOVA for thigh circumference

Variable SS df MS F D i B
Between Subject
Group 21.755 3 7.252 D77 634 046 157
Error 452.265 36 12.563
Within Subject
Period 338 1 338 29.041  .001 446 999
GroupxPeriod 123 3 041 3.523 025 227 136
Error 419 36 012

<Table 130>14 He 7+ F2]3F 2po]S Ho|x POV F=577, p=634), A&t
W S A71(F29.041, p=00D) oA F23 xfol7p vpepyteh, met He 113 53
A 71el wE dEAg ZIol A frol gk Abol7h YERETHEF=3.523, p=025).

A A7l & FJ 1 Aol Flstr] 9 Al FAEA S AAg 4

W AR ezzad dHES A &8y (=554, p=649)3 A 5 8F F

(F=603, p=617)o14 2|3 2po]7} YeEluA] Skt
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A W wsks gsr) 98 SR - @4A4S AP A CGe YA =
g e Wske 01£15(cm) o2 frol sk zfol7k YEREA ok 2t (£=001, p=1.000),
CSGel #9# e it Wate 15+10(cm) o2 {93 o]z} vhebytrh(£7.145,
p=001). PSGS ™A =¥ Hi+ WE 21+22(cm) o2 Fo e o] 7F YEly:
(t=-2.973, p=016). SSG2| WA =& Hit W3 16:11(cm) o2 723 o] 7}
bt oh(1=-4.707, p=001).

&8z Edo WaE Fad, <Figure 64>l Ak 2+ WA e Azt
ol A Fog Zpol7k e A ekokom, 853k AFA &5 F CSG, PSG, SSGolA

T ARghET A S vt F7hsk T

o

-

E

2

a TU'
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@

1 u g
%a 604 - CG
=1 & CSG
= 504

= - PSG
a8 -+ 586
] 40

=
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-]

= 30 T T

=)

Pre Paost

Fgure 64. Change of thigh circumference after resistance exercise
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©@ Folg] Ed(calf circumference, CC)

8F AFA weZEaH FHo| e T= @A dEAe] Foty] =¥ W3t
A= <Table 131>, <Table 132>, <Figure 65>° 4] #|A] &} t}.

8F A e ZEad Py wE FA AIZE Foty =¥ WsE U
W Hoy ZEHAY gk <Table 131>0] A|AStH oW, <Table 132> ol

Se wWae] BAN AolE FAAsy] 98] o] UNBZY BARNS AN T Aol
=4
Table 131. Descriptive statistics and one-way ANOVA results for calf circumference (cm)
Pre Post Total
CG* 36.57+3.22 36.59+3.21 36.58+3.22
CSGP 36.26£2.84 36.23+2.82 36.25+2.83
PSG*¢ 34.97+2.14 34.99+2.09 34.98+2.12
SSGe 35.85+2.30 35.82+2.27 35.84+2.29
Total 35.91+2.63 35.91+2.60 35.91+2.62
F 681 681
D 570 569

Tukey - -
CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 132. The result of two-way repeated measures ANOVA for calf circumference

Variable SS df MS F D T B
Between Subject
Group 14.317 3 4.772 681 570 054 179
Error 252.350 36 7.010
Within Subject
Period 001 1 .001 142 709 004 066
GroupxPeriod 012 3 004 1.181 331 090 290
Error 127 36 .004

<Table 132>°4 A I+ Fst zpol& HolA| L} o (F=681, p=570), Fct
W A AZNF=142, p=T09)e1 4 feld o7k ek ehtrh w#, [w 7k} =
4 A7)el e gEAg Gl fold Aolzk Ve SATHF=1I8L, p=331),
=4 A7d we A
B, Ady ¢Ezead FuE ALa] AF=681, p=5103 A &5 85 F

(F=681, p=569)°l 4 2|3k A}o]7} yeptbA] 3ttt

o
ﬁ—‘

Aol g s AT SAA BARHS ANF 2
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Fgure 65. Change of calf circumference after resistance exercise
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ks

=
s

(Basic fitness) 2]

T AR SEZEI Fejo] mE 17 712AY
@D °F=(Grip strength, GS)
877 AR SEZ2ad Feol WE FF A tetdel o W 2
<Table 133>, <Table 134>, <Figure 66> A A A3} t}.
87 A ez Feo w2 S A7 oHe WstE vkl Fat
I} EFHEAY g2 <Table 133> #A|AlstH o™, <Table 134>+ <t8 Wl =
AH Aolg 2A57] Ad o] GEEY FATAS A G Aupolr.
Table 133. Descriptive statistics and one-way ANOVA results for grip strength (kg)
Pre Post Total
CG* 46.60+4.98 46.47+4.99 46.54+4.99
CSGP 47.16+4.86 49.97+4.81 4857+4.84
PSG* 46.44+5.43 49.12+4.49 47.78+4.96
SSGH 45.10+£3.50 47.68+3.33 46.39+3.42
Total 46.33+4.62 48.31+4.49 47.32+4.56
F .338 1.209
D 798 .320
Tukey - -
CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group
Table 134. The result of two-way repeated measures ANOVA for grip strength
Variable SS df MS F D i Yé
Between Subject
Group 32.427 3 10.809 b17 674 .041 145
Error 753.271 36 20.924
Within Subject
Period 78.805 1 78.805 153507  .001 810 1.000
GroupxPeriod 29.955 3 9.985  19.450 .001 618 1.000
Error 18.481 36 b513
<Table 134>°A F 1+ Foldt zpo]E HolA| LSO (F=517, p=674), A
Ul 374 A71(F=153507, p=00D)ol A e]g Zpel7b yepwtth =3 Jo 113 54
A7lel e g gyl A s kol 7b YERTH(F=19.450, p=001).
=74 A7l &2 Jd 1 AolE FRlshy] flgh dhnlA FAREAS AAg
g TR JYE ALty d(F=338 p=7R)} AFY =5 8
- 168 -
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(F=1.209, p=320)ol A F<la =7} vepbA] ek okt

o W wEE g8y e SR E -AAE MBI A3 CGY 4E ¥
3hi= 13+.85(kg) o & ok Apol7b e RA] @ kTH(£=486, p=693). CSG2| °}
i Wsh= 281+.78(kg) o2 o gk Kol 7b e TH(=-11.399, p=001). PSG2] <}
W3l 268+1.43(kg) O & F 9 & AFol 7} vrEFREH(=-5.909, p=001). SSG¢]
A3t Wk 26+.85(kg) o & ol ek Abo]7b WEFETRH(=-9.574, p=001).

Hol Wals F39ehH, <Figure 66> FAw 7+ o] AbAgl A F9 3 A}

o
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e
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BhuA] Ggotem, 85 A} & F CSG, PSG, SSGolA = AR ghr ot
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Fgure 66. Change of grip strength after resistance exercise
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@ ¥ ¥ (Back strength, BS)

8F A sz Py wE F= T gAY w2y W Axs
<Table 135>, <Table 136>, <Figure 67>lA] #| A&} t},

8FF A e ZEad Py wE FA AI7E wiE ] wstE e 3
3 B A #h> <Table 135>l A|AeF3) o™, <Table 136> Hvi<+¥ %3}

54 AolE FA37] 919 o] AWERZR BARA S AT Aot

Table 135. Descriptive statistics and one-way ANOVA results of back strength (kg)

Pre Post Total
CG? 76.80+5.38 77.72+8.34 77.26+6.86
CSGP 74.68+9.56 103.57+9.72 89.13+9.64
PSGE 75.63+11.99 103.90+9.84 89.77+10.92
SSG! 82.38+7.52 105.40+10.33 93.89+8.93
Total 77.37+9.12 97.65+14.87 ]7.51+12.00
F 1.484 19.284
D 235 .001
Tukey - a<b,c,d

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 136. The result of two-way repeated measures ANOVA for back strength

Variable SS df MS F D bind B
Between Subject
Group 1534.602 3 511.534 6.567 001 354 955
Error 2804.295 36 77.897
Within Subject
Period 8221.513 1 8221.513 506.510  .001 934 1.000
GroupxPeriod 2601.447 3 867.149 53423  .001 817 1.000
Error 584.341 36 16.232

<Table 136>A HJ 7+ frefgh ztelE& BAOH(F=6567, p=001), & ] =
A AN (F=506.510, p=00D)l A = Fo] e ztel7h vedt) Ed, Ao 1ta 5
NA FE2E BI7F YEFRTHF53.423, p=001).
=4 A7le) wE FJe 7 Aol Felshy] fE dYujx] BAEA
3 AL $TZEaY JHE A8y AF=1482, p=235)7F YEYA] getom
A &% 8F IT(F=19.284, p=001)o 4] 28t zfo]7t YETh ALSEA Ay}
CGE.T} CSG, PSG, SSGolA sl ol foatA 718t

o
>

AN

rot

|

rulo
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Fgure 67. Change of back strength after resistance exercise

- 171 -



@ A= (sit and reach, SAR)

8F7 A TEZEaH Py mE T G gt A= W Ane
<Table 137>, <Table 138>, <Figure 638>+ 2|3} c}.

877 A RTZ2 W Jyo M2 FA AV|E FH=o WHIE UE %
3 B A #h> <Table 137>l A|Ae}3) o™, <Table 138> = W3}

54 AolE FA37] 919 o] AWERZR BARA S AT Aot

Table 137. Descriptive statistics and one-way ANOVA results of sit and reach (cm)

Pre Post Total

CG 8.44+2.42 850+2.72 847+2.57
CSGP 6.98+3.74 8.85+3.14 7.92+3.44
PSG* 7.98+3.13 8.75+3.31 8.37+3.22
SSGe 8.08+1.82 8.37+1.83 8.23+1.83
Total 7.87+2.81 8.62+2.71 8.25+2.76

)a A76 062

D 701 980

Tukey -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 138. The result of two-way repeated measures ANOVA for sit and reach

Variable SS df MS F D i B
Between Subject
Group 1.743 3 081 074 973 .006 062
Error 282.103 36 7.836
Within Subject
Period 11.175 1 11.175 24625  .001 406 998
Group*Period 9.712 3 3237 7134 001 373 969
Error 16.337 36 454

<Table 138>°14 A It Foldk z2o]E WolA O (F=074, p=973), At
W =74 AZI(F=24625, p=00D)lA F23 2pol7b vpebyteh, &g, Het 7 54
18 fatoll M #ol g 2ol 7k e EH(F7=7.134, p=001).

e
%4 Aol B gw gk AolB sty A% YA BARAS A

=

it

W AR FeZzzad dHS AEs] =476, p=701)} A 5 8F

(F=062, p=980)o1 A fre] gk 2fo] 7} WEbbA] o Skt

o

Y
AV
=
®
oty
il
toy
ro
ol
N
o
%
=
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E
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o
o
o
>
o
o
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(@)
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T ¥t 06850(cm) o2 9§ Aol 7 YA & Skth(£=-308, p=713). CSG9
HHz A Wshe 187£138(cm) o & ok AFol7b e TH(=-4.282, p=002).
PSGel #HH= Hy HWste= 77+115(cme2  FY3t zol7F yEhbA] Sk
(t=-2.112, p=064). SSGY FHd= Ht W3+ 29+38(cm) o2 93k Z}o]7} e}
W TH(=-2.405, p=040).

HAHZF WHelE E3elA, <Figure 68>0lA Ao 7+ FAZFo AbAzEol A 9
gk Apol7b vreEbUbA]l edskow 8F7F A & § CSG, SSGolA = AbdghR T

20| F7k3h5

151

8
T
s o - CG
3 - CSG
=
= - PSG
b 54 -+ 556
w2

1 T
Pre Post

Figure 68. Change of sit and reach after resistance exercise
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@ A A2 E 25 7] (standing long jump, SLJ)

897 A4 gErand gud me F3 dA g Adeddss] v
3} A3+ <Table 139>, <Table 140>, <Figure 69>l A #|A| 3} 31t}
857t A eZEad e mE A AE AxEEH wakE
YEbd 3 1] g2 <Table 139>l AA|stl o™, <Table 140> A=}
dae R wstel BAH AolE HAAS] s olAMREY RARML LA
7 3o}
Table 139. Descriptive statistics and one-way ANOVA restilts of standing long junp (cm)
Pre Post Total
CG* 2.39+0.29 2.39+0.28 2.39+0.29
CSGP 2.38+0.16 2.44+0.14 2.41+0.15
PSG* 2.38+0.19 2.44£0.17 2.41+0.18
SSGY 2.38+0.17 2.43+0.16 2.41+0.17
Total 2.38+0.20 2.42+0.19 2.40+0.20
F 005 177
D 1.000 912
Tukey - -

CG? control group: CSG* Compound set group’ PSGF Pyramid set group’ SSG* Super set group

Table 140. The result of two-way repeated measures ANOVA for standing long junp

Variable SS df MS F D i B
Between Subject
Group 004 3 .001 033 992 .003 055
Error 1.489 36 041
Within Subject
Period 037 1 037 117120 .001 765 1.000
GroupxPeriod 013 3 004 13740  .001 534 1.000
Error 011 36 .001
<Table 140>4 H{et 7+ FoJgk ztolE Holx| UTH(F=033, p=992), Jt

ol A el gk AFol 7k YERttH(F£=13.740, p=001).

@

7

1=

Q.

k7] A (F=005, p=1.000)7} A4
o] 7k e
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Jeb o ®stE gels] 8 Ui t-d4s A A3 CGo A Ee
Wsks 01t12(cm)e®  frodh Aoz UEuAl gk otk (¢=190,
p=3853), CSGY A He 57| HFat ¥eE 06+.04cm) o2 28k o7} vpEft
tH(¢=-5.220, p=001). PSGe| AAteldels”] HFd Wite 06£.03(cm) o= o3
Apol7F WERSTH(=6.398, p=001). SSGS] A== el 7] B W= 06+.01(cm)
o8 fog Aol 7} YERTH =16.474, p=001).
AAg e H 7ol Was £g3H, <Figure 69>°1A e 7F A&l de= 7] ¢
ARG A Frel gk Apolzh yEbubA] ke, 853 A E § CSG, PSG,
SSGllM = AR gkE s At E el H7]e] Azt fefstA kst

4.0
T 351
(=9
£ 3.07 -+ CG
2,
of 2.54 i _i & (3G
=]
: 2.0 - PSG
E - 556G
o 1.54

1.0 T T

Pre Post

Hgure 69. Change of standing long junp after resistance exercise
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® S 2.717](Sit-up, SU)

A FEHel wE T dA g SlE

Z el o 7]7]

4 5}

ol e},
Table 141. Descriptive statistics and one-way ANOVA results of sit-up (rep)
Pre Post Total
CG? 35.60£3.34 35.70+2.79 35.65+3.07
CSG” 36.40+5.25 41.80+3.46 39.10+4.36
PSG* 29.60+3.89 36.60+3.81 33.10+3.85
SSGe 32.40+4.72 36.80+4.37 34.60+4.55
Total 33.50+5.01 37.73+4.26 35.62+4.64
F 5118 5.710
D .005 .003
Tukey c<ab a,c,d<b

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 142. The result of two-way repeated measures ANOVA for sit-up

Variable SS df MS F D i B
Between Subject
Group 195.019 3 65.006  4.219 012 .260 817
Error 554.7725 36 15.409
Within Subject
Period 357.012 1 357.012 230.124  .001 865 1.000
GroupxPeriod 130.638 3 43546 28.069  .001 J701 1.000
Error 55.850 36 1.551
<Table 142>°1A & 1+ Fog Aol& BASWHF4219, p=012), & W =

A A7I(F=230.124, p=00D) el A o gk apel7b vebyint, 4, Jok 1h3p 34 A7)
of e A oAlA ol gk Aol 7k vEFETHF=28.069, p=001).
4 A7l w F Aol B Ity 9ok dujA BaHEAS A A

= (e}
A +E

A4g &

fo
it
B
e

[kl

Ful= A48 A(FH118, p=005)°l A &

U FEAEA (Analysis of Covariance ANCOVA)O. &2 Al ¥l

N
)
ofk

&

=

i
o
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F 3 (F=29.957, p=001)ol A F2]g o] 7} LpEbRt

Ae W HEE sty s dSEE 7S A A3 CGe SiEdey)
7] Ha WalE 01x19102 §93F =Fol7F JEUA 9kth(s=.165, p=872). CSG
o SlEdoy|y] HiF W= 540421707 F3 zolrb VERETH=-7.867,
p=001). PSGe] $1Ede77] Hit Wal= 70017002 F23 Aozt elyt
(t=-13.024, p=001). SSGS = Jo7]7] Fit Wa= 440+1.080. 5 23t x}o]7}
LFEFSEOH(£=-12.944, p=001).

Slpdoy7iel Mats Fgahd, <Figure 70> FAdk 7F SiEA o779 ARA
ojgk Aol 7k vERg o 853F A &5 F CSG, PSG, SSGolA= AL

_(IQI_
Agu ABdos7] 457t f95 Srhehark

60+

% -- CG

£ 40+ - CSG

£

3 ¥ -+ PSG

R - SSG
0 T T

Pre Post

Fgure 70. Change of sit-up after resistance exercise

- 177 -



® dglwo] WHA HAE(llinois agility test, IAT)

857 A wez2ad dHd mE = FA tide sleder)r] wsl

iih3
<
Ir

+ <Table 143>, <Table 144>, <Figure 71>°|A] A A3} t}.
87 A ez FHd mE 4 A7E dElweo] UHA H2E]

WestE vebd i 58 A gh <Table 143>¢] AA8F% 2™, <Table 144>

© Yol WHA HZE Wste] $AH Zols gQletr] 9&f oldwtESFA &
AEA S AR Aol
Table 143. Descriptive statistics and one-way ANOVA results of agility test (sec)
Pre Post Total
CG* 16.81+£0.69 16.76£0.69 16.79+0.69
CSGP 17.27+0.54 16.80+0.50 17.040.52
PSG* 16.97+0.81 16.57+0.77 16.77+0.79
SSGH 16.95+0.65 16.52+0.56 16.74£0.61
Total 17.00+0.67 16.66+0.63 16.83+0.65
F .836 478
D 483 699
Tukey - -
CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group
Table 144. The result of two-way repeated measures ANOVA for agility test
Variable SS df MS F D i B
Between Subject
Group 087 3 196 456 715 037 133
Error 15.434 36 429
Within Subject
Period 2.298 1 2298 288253  .001 389 1.000
GroupxPeriod 560 3 A87  23.408 .001 661 1.000
Error 287 36 .008

<Table 144> A 7k F2]3F 2po]S Ho|x POV (F=456, p=715), At

Ul 54 A71(F=283253, p=00D)oll Al froek kol 7k yebgeh w3t e 1k 53
kA

74 A7lel W Fw 7 Aol Hsy] 9% dYuA RS g A

I, A wezEad FHE A&7 A(F=836, p=483)% A +F 8F F

(F=478, p=699)o1 A 2|3t 2pol7} vepbhA] e 3ttt
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HHA HZE #Hd WEeE 06H1s) = fogh Ao
(t=1524, p=162), CSGE] del=o] WHA HZE Hit Wsts 47:11(5) 02 #9
g Aol 7b YEFRTH(£=13.867, p=001). PSGE] de o] RWHFA HZAE W W=
A1:07(s) o2 798 2ol 7 YEstH(¢=17.733, p=001). SSGS d o] WIHA
HAE Hit W3les 43+.19(s) o2 93 Zpol 7} et £7.164, p=001).
delwo] WA HAES WaE FHshd, <Figure 7T1>A He 7 Aol
WA HAES] APl e @ Apol7h yEhA ok, 85 AR E F
CSG, PSG, SSGollM = AP gtET defieo] WA HAET #ofshA il

of

20-
@
4-_] -
z - CG
Z & CSG
El -+ PSG
15-
= -+ 556

Pre Post

Fgure 71. Change of agility test after resistance exercise
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@ 10m 222 I E(10m sprint)

8T AdA ez o] w2 Fo I gAY 10m ~ZHE W3}
A3}t <Table 145>, <Table 146>, <Figure 72> #| A3} t}.

877 AdA SExaad Feo w2 =4 A7]¥ 10m 2ZdES WS 1}
AxFe] gk <Table 145>¢] A8kl oH, <Table 146> 10m

AEZYUE WEke] FAH AeolE Asty] g8 oldntnSA St d s AR 4

o
s
o
a
_\7\_1,
b
AN
_‘EL‘,

Table 145. Descriptive statistics and one-way ANOVA results of 10m sprint (sec)

Pre Post Total
CG* 1.88%0.28 1.86%0.28 1.87+0.28
CSGP 1.87+0.19 1.79+0.16 1.83+0.18
PSG* 1.95+0.21 1.84+0.20 1.90+0.13
SSG! 1.83+0.15 1.72+0.11 1.78+0.13
Total 1.88£0.21 1.80+£0.19 1.84+0.20
F 548 1.011

D 653 399

Tukey -
CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 146. The result of two-way repeated measures ANOVA for 10m sprint

Variable SS df MS F D i B
Between Subject
Group 083 3 028 687 566 054 180
Error 1.454 36 040
Within Subject
Period 119 1 A19  40.053  .001 527 1.000
GroupxPeriod 024 3 .008 2.631 065 180 595
Error 107 36 .003

<Table 146> Hgk 7+ $9)3 o] S mo|x| WO VH(F=687, p=566), {+
Ul =3 A 7(FH0.053, p=001)ol A §28 o7} vEhtth ek Au 7ky =4
Fo| A o] gh zpol7b yEbLEA] @ ATHF2.63

=
24 A7lel WE P 7 Aol FAAs] A dAuA BARAL

-

Y
o
(@)}
g

I A FEZEad FJEHE HE817] A(F=548, p=653)F AFAH & 8F F
]

Aol 7k UER}A] eskey.

S|
—_
()
—_
—_
S}

W
=
o
Ho
lo
o
>4
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Fgaure 72. Change of 10m sprint after resistance exercise
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20m 22U E(20m sprint)

8F AR Lxzeadl P BE = A gAY 20m ~AZHE W3 2
7}= <Table 147>, <Table 148>, <Figure 73>l Al A A5} ]},

8F A SFZ2ad P wE 4 A7 20m AZYES] BgtE Y
Azlo] gk <Table 147> A|A8A 2™, <Table 148>2 20m

sEAE W] AN Ae]Z HAAss] g8 olANBIA BARAS NG 2

o
s
o
a
_\7\_1,
b
AN
_‘EL‘,

Table 147. Descriptive statistics and one-way ANOVA results of 20m sprint (sec)

Pre Post Total

CG* 3.36+0.30 3.33+0.30 3.35+0.30

CSGP 3.20+0.22 3.11£0.21 3.16=0.22

PSG* 3.40£0.18 3.26%0.18 3.33+0.18

SSG! 3.37£0.22 3.14+0.11 3.26£0.17

Total 3.33+£0.24 3.21+0.22 3.27+0.23
F 1.382 2.401
D .264 .084

Tukey - -
CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 148. The result of two-way repeated measures ANOVA for 20m sprint

Variable SS df MS F D i B
Between Subject
Group 221 3 074 1.548 219 114 373
Error 1.710 36 047
Within Subject
Period 295 1 295 56.581 .001 611 1.000
GroupxPeriod A11 3 037 7.104 001 372 969
Error 188 36 005

<Table 148>4 H& 7t o]t #fo]& Holx| ko (F=1.548 p=219), J&
W Z4 AZNFS6581, p=00Del A fol@ Aol7h vepstth £#, A 3 54

B\
o
>,
~
=2
=
it
o
ol
)
2
[e]

12 Salsly] 9% dAuA BARAL AT 2
3, A $EZeaW FPYS Hear] AF-1382 p-264)3 AFY £EF 8F
o

)l A o gk Aol 7h vrEhubA] g okt
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Ad W Wes 37 & HSHE -@3A4 S Al 43, CGY 20m ~=Z¥
T Wske 02:07(s) 22 FoJg o7k UEhAl e rhH(e=1.116, p=293).

CSGY 20m A~ZUE Hqt WakE 09+.05(s) o2 F23 o] 7} Vel tH(£6.248,
p=001). PSGS] 20m ~XHUE Hi W= 14+.10(9) 22 {9 st 2o 7t YERRL
(t=4.720, p=001). SSG2] 20m ~EHUE it WeE 23+16(s) 02 2l ak 2fo]7}
UFERSOH(£4.487, p=002).

20m ~ZHUES] WHEE FFH, <Figure 73>004 e 7F 20m A2ZHUE] A}
HAgkell Al frelgh Aol 7k vebbA] Ftom, 873 A &5 F CSG, PSG, SSG
A= AFAFRT 20m ~ZAET} FoletA 7t

E

o

2, - CG
=
;':.- - CS5SG
e -+ PSG
g 31 - 556
(o]

(=]

Pre Post

Fgure 73. Change of 20m sprint after resistance exercise
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© 30m 22U E(30m sprint)

87 AR £ELRIY ol e T a4 kel 30m ~ZIE Ws
A= <Table 149>, <Table 150>, <Figure 74>°l 4 = A] &} t}.

8F A EFxzEad e mE 4 A7 30m ~ZHUES] ®stE
AXFe] Fhe <Table 149>l A|AIeF] o™, <Table 150> 30m

sEUE Weke] BAA HoB HAAs] Ad o UNEEY RS AN 2

o
| =
o,
=N
K
=5
N
_‘EL‘,

Table 149. Descriptive statistics and one-way ANOVA results of 30m sprint (sec)

Pre Post Total

CG* 458+0.44 4.56+0.45 457+0.46
CSGP 4.42+0.30 4.28+0.30 4.35+0.30
PSG* 4.71+0.32 453+0.33 4.62+0.33
SSGH 4.65+0.28 4.38+0.17 452+0.23
Total 4.59+0.34 4.44+0.33 4.52+0.34

F 1.289 1.599

D 293 207

Tukey - -
CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 150. The result of two-way repeated measures ANOVA for 30m sprint

Variable SS df MS F D i B
Between Subject
Group 403 3 134 1.279 .296 096 312
Error 3.783 36 105
Within Subject
Period 461 1 461 36.055  .001 500 1.000
GroupxPeriod 155 3 052 4.056 014 253 800
Error 460 36 013

<Table 150>l A F e 1+ FoJgk Apo]& HolA %O H(F=1.279, p=296),

W, AR TeZ2ad FHE A S8y A(FE1289, p=293)3 AFE F 8F
o

)l M o gk Apol7F vrEhubA] S okt
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p=002). PSGE] 30m ~ZHE i Wgl= 18+.14(s)o2 fF93k zol7F YEy T
(73992, p=003). SSG2| 30m ~XHUE it WeE 27+.25(s) 0.2 2| a fo]7}
UERSTH(£=3.333, p=.009).

30m ~ZHES] WIS FFH, <Figure 74>0014 A 7F 30m 2ZHUE] A}
Agkol A fFolgh xpol7 vepubA] ehgkon, 853 AdA &5 $ CSG, PSG, SSG
A= ApAGRT 30m AZHETL FoletAl ZAsTh

6.0

5.54
< - CG
T 5.0
= & CSG
[=H
E 4.5- - PSG
S ¥ 385G
o

4.0

35 T T

Pre Post

Figure 74. Change of 30m sprint after resistance exercise
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@ 40m 222U E(40m sprint)

877 AY EeZRIY Fed wE T FA et 40m ~2ZUE W3
A= <Table 151>, <Table 152>, <Figure 75>° 4 #|A| &} t}.

87 A SFZ2ad P wE 4 A7 40m ~ZPES] BgLE Y
Axke] e <Table 151> A|Astl2n, <Table 152>% 40m

2EUE W] EAH FolE FAUsy] A3 ol AWBEY RARNL AT 2

o
| =
o,
[l
K
=5
N
_‘EL‘,

Table 151. Descriptive statistics and one-way ANOVA results of 40m sprint (sec)

Pre Post Total

CG* 6.40+0.38 6.38+0.38 6.39+0.38
CSGP 6.12+0.40 5.81+0.35 5.97+0.38
PSG* 6.10+0.40 5.80+0.31 5.95+0.36
SSG! 6.18+0.34 5.69+0.26 5.94+0.30
Total 6.20+0.38 5.92+0.42 6.06+0.40

F 1.344 9.130

D 275 001
Tukey - b,c,d<a

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 152. The result of two-way repeated measures ANOVA for 40m sprint

Variable SS df MS F D i B
Between Subject
Group 1.481 3 494 4184 012 259 814
Error 4.249 36 118
Within Subject
Period 1.596 1 1596 103.792  .001 142 1.000
GroupxPeriod 568 3 189 12305  .001 506 999
Error 554 36 015

<Table 152>°llA &t I+ Fo|gk 2ol & HolA| QO (F=4184, p=012), H&
WS4 AZIF=103792, p=00D)A el 2fol7h vebytnh, 3, Hd ha 54
ol A el gk Aol 7 YEbmttH(F£=12.305, p=001).

A A7l mE A 3 Aol S ERlehy] A% dduiA ZAEA S AAE 2

7 A sEzaad FEYES HLsy] A(F=134, p=2757 NI +5 8F

F(F=9.130, p=00D)lM ezt zpol7h uebuhx] okt ARS-HA 23, CSG,
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Fgure 75. Change of 40m sprint after resistance exercise
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2z o] W 1RM (One-repetition maximum) 2] ¥ 3}

&4

Mo

2

(3) 83t

O WA zZ#d~ (bench press, BP)
g ez Feo w2 T Jdk gistde] WX xzyg s W 4

[e]

f
2

8+t
3= <Table 153>, <Table 154>, <Figure 76> A A A] 3}
87 A T2 FHO mE F4 AV WXZY 2 BgE UE

A G EFEAA gh2 <Table 153> AA|5F 2™, <Table 154>+ W] Z |
2 Wske] BAA Aolg HAAs/] As) ol AWEZY BARAS A Aol

Table 153. Descriptive statistics and one-way ANOVA results of bench press (kg)

Pre Post Total

CG* 44.00+5.92 44.50+5.75 44.25+5.83
CSGP 43.75+5.58 58.22+5.96 50.99+5.77
PSG* 43.25+5.90 60.75+7.08 52.00+6.49
SSGH 50.75+8.17 66.25+9.07 58.50+8.62
Total 45.44+6.70 57.43+10.59 31.44+8.65

F 2.995 17.024

D 043 001
Tukey - a<b,c,d

CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 154. The result of two-way repeated measures ANOVA for bench press

Variable SS df MS F D T B
Between Subject
Group 1020.602 3 340.201  7.624 001 389 978
Error 1606.320 36 44.620
Within Subject
Period 2876.401 1 2876.401 895451 .001 961  1.000
GroupxPeriod 904.253 3 301.418 93834 .001  .887  1.000
Error 115.640 36 3.212

<Table 154> H 3t o Ao]& HeolE HPYOH(F=7624, p=001),
W 54 A7I(F=895.451, p=00DlA frol gk 2ol 7k yebyteh, =3 e ks 54
Al7lol e A g gt d 938 zol7F vebtH(F=93.834, p=001).

A A7l wE A 7 Aol S Flsh] A ddujA AR S AAR 2

I, A SEzZEad FEHE A&st7] A(F=29%, p=043)H AP 5 8F

- 188 -



F(F=17.024, p=001)o A G238k pol7} Vet AFEAA A3, CSG, PSG, SSG
7} CGRY WX Ze 27t folstA Z7h8d
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Fgure 76. Change of bench press after resistance exercise
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@ "W=2 ZE(Dead lift, DL)

85 AFY ez Feo] e Fo A s dEgZE s 4
7} <Table 155>, <Table 156>, <Figure 77>l #|]3}%]t}.

87 A ez FHlo wE A A7|E dEgZES WilE yE
At 3 ko] 7he <Table 155>0] A& o1 <Table 156> H = X

£ wstel BAA AolB Fe] e ol ANBEY BARAL AN T Aol

=
.

=5
N
g

it

¢
4

Table 155. Descriptive statistics and one-way ANOVA results of dead lift (kg)

Pre Post Total

CG? 62.25+7.68 64.00+7.19 63.13+7.44
CSGP 61.75%6.78 82.95+7.31 72.00+7.05
PSG* 64.25+4.72 87.50+5.40 75.88+5.06
SSGH 65.00+7.45 84.50+7.53 74.75+7.49
Total 63.31+6.64 79.56+11.42 71.59+9.03

F 532 23523

D 663 .001
Tukey - a<b,c,d

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 156. The result of two-way repeated measures ANOVA for dead Lift

Variable SS df MS F D bind B
Between Subject
Group 1000.781 3 333594  7.472 001 384 976
Error 1607.188 36 44.644
Within Subject
Period 5281.250 1 5281.250 1283544 .001 973 1.000
GroupxPeriod 1439.375 3 479.792 116,608  .001 907 1.000
Error 148.125 36 4115

<Table 156>A Hwt 7t fo|dt Aol Holg HPow(F=7472, p=001), H
W &4 AI7I(F=1283.544, p=001)ell A fefgh zte]7h vebweh ek A 3 &
A A7l e A g G A fogk Aol 7b YRR THF=116.608, p=.001).

A A7l mE JAd 7 2ol & ElEy] e dAufA EAREAS AAS A
o, A Sz ad U E AEsty] dF=532, p=663)% ALY +F 8F
(F=23523, p=00D)olA o3t Aol 7} vebytch AFSHA A3 CSG, PSG, SSG7}
CGHEY H=gZEVL foatA S7Het4d
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Hgure 77. Change of dead lift after resistance exercise
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@ ~F E(Squat)
8T A $Fx2ad e nE T3 I gAY ~FE W A=

<Table 157>, <Table 158>, <Figure 78>° A A A3} t}.

-

83t

3

7] 314

[e e

£t
=5
N

of

TeZ2ad FHol mE S AVIE AFES] WSS

Table 157. Descriptive statistics and one-way ANOVA results of squat (kg)

AN G Aol

(BRI
Az ke <Table 157> AA AW, <Table 158>& ~AFHE W3}

A4 Aolg Helsts] 93] ol AMEZH HARLH S

Pre Post Total
CG* 66.00+6.26 67.25+5.46 66.63+5.86
CSGP 63.50+4.74 81.00+£3.94 72.95+4.34
PSG* 62.50+7.17 83.50+6.99 73.00+7.08
SSGY 62.50+3.91 80.50+4.22 71.50+4.07
Total 63.63%5.63 78.06+8.19 70.856.91
F 351 19.170
D A75 .001
Tukey - a<b,c,d

CG? control group: CSG* Compound set group: PSG* Pyramid set group: SSG* Super set group

Table 158. The result of two-way repeated measures ANOVA for squat

Variable SS df MS F D i B
Between Subject
Group 248.555 3 82.852  2.929 047 196 647
Error 1018.281 36 28.286
Within Subject
Period 4168.828 1 4168.828 1185.800  .001 971 1.000
GroupxPeriod 1195.234 3 398411 113326 .001 904 1.000
Error 202.900 36 5.636

<Table 158>c14 HA 7t {23 FJo|& Ho|E R OomW(F=2929, p=047), At
p=00D)e A Felet Apol7} vpebth, gk Huk 1h &
gl A fref g zhel7b U tH(F=113.326, p=001).
sHelstr] 91 deufR] BabRA S AAe 4
T2 FJEHE A&7 A(F=851, p=475)3 AFd +F 8F *
(F=19.170, p=00D)oll A ek AFol7k vebuttt. AFFHA A3 CSG, PSG, SSG7F
CGEY ~FET} frostAl 57t
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Hgure 78. Change of Squat after resistance exercise
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(4) 873 A S22 el w2 o71(60°/sec) 554 8 (shoulder isokinetic muscle

O HA34 - yAdn]e] H3}(Left shoulder abduction/adduction ratio)
8T AdA FsxEad e wE Fo I skl ZATAE o - A
M3l A= <Table 159>, <Table 160>, <Figure 79>l 4] A A] &%t}

A Beds) gl $EEA B2 24 A8 A8 9

(0/¢)

I
=
2L
o
oX,
Mo
of

Wdule] ®wstE ekl Hed ZERAe g <Table 159>¢] A sk3l o,
<Table 160> A4 o]-Udn] Wste] FAH Aol& elstr] 9jaf o] AntE

Table 159. Descriptive statistics and one-way ANOVA results of 60° Left shoulder
abduction/adduction ratio (%6)

Pre Post Total

CG* 90.23+16.24 88.74+13.04 89.49+14.64
CSGP 94.32+8.56 91.95+6.21 93.14+7.39
PSG* 96.17+7.70 90.22+7.22 93.20+7.46
SSG! 94.06+15.85 86.30+12.43 88.30+14.14
Total 93.70+12.42 89.30+10.01 91.50+11.22

F 334 552

D 765 650

Tukey -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 160. The result of two-way repeated measures ANOVA for 60° Left shoulder

abduction/adduction ratio
Variable SS df MS F D i Ve
Between Subject
Group 113.489 3 37830  .325 807 026 107
Error 4189.934 36  116.387
Within Subject
Period 385.881 1 385.881 11.722  .002 .246 915
GroupxPeriod 131.404 3 43801 1.331 .280 .100 324
Error 1185.100 36 32.919
<Table 160>°A & 7+ fFodt 2fo]E HolA| ASFOoL}(F=325 p=807), Ht
W5 AL, p=002)0 A FelF Aol vhehgeh wiw, A 13} 23
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z g A folgh Aol 7k YERA] 2 dTH(F=1.331, p=280).
= A7]e] wE Fd 7+ ZolE Flsty] 93 ddujx] BAHREA S AAE 4
I A SEZ2aw FJEHE HE37] A(F=384, p=765)d = g Aoz}t

UERA] gtom % 8F F(F=552, p=650)oA ol Apolzb uEhbA] ok
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Fgure 79. Change of left shoulder abduction/adduction ratio after resistance exercise
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@ A787 o

abduction)

R = A=

Fejo] wE Fo Fx gAY AdaAd
ZA3}= <Table 161>, <Table 162>, <Figure 80>°l4 A3}

N\

=

<Table 161>¢]

gk Wkl A Aols Flstr] 9

o] Arth zk(Relative value of peak torque in left shoulder

A &

9]

A A7 AARAE o Ee] A

Al A8 0.1,

Table 161. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° left shoulder abduction (Nnmvkg)

Pre Post Total
CG* 0.71%0.10 0.86+0.11 0.79+0.11
CSGP 0.68+0.09 1.04+0.09 0.86+0.09
PSGE 0.67+0.06 1.12+0.12 0.90+0.09
SSG! 0.62+0.13 0.89+0.13 0.76+0.13
Total 0.67+0.10 0.97+0.16 0.82+0.13
F 1.419 12171
D 253 .001
Tukey - a,d<b,c

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 162. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° left shoulder abduction

Variable SS df MS F D T B
Between Subject
Group 131 3 044 4.216 012 260 817
Error 372 36 010
Within Subject
Period 1.830 1 1.830  928.081  .001 963 1.000
Group*Period 254 3 085 42933  .001 82 1.000
Error 071 36 002

<Table 162>°llA F I+ FoJg Apo]& HolA oo (F=4.216, p=012),

S

A7) el

HEAE

o
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Fgure 80. Change of left shoulder abd peak torque Nimvkg after resistance exercise
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© A AT T
adduction)
8F AFH $EZEIY ool BhE F3 94 e AABA YA o

R

o

} o 7k (Relative value of peak torque in left shoulder

Heo] Atz W3l A3k <Table 163>, <Table 164>, <Figure 81>°)4 A&t}

853t A weZ2ad FH =4 A7IE HAawd WA 299 Gt

of WztE uetdl Bad ZFAAY S <Table 163>l AAt o™, <Table

1645 #ARA WA 229 g wske BAY AolE Feets] 8 o]

Table 163. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° left shoulder adduction (Nmykg)

Pre Post Total

CG? 0.80+0.09 0.97+0.11 0.89+0.10

CSGP 0.73+0.14 1.14+0.15 0.94+0.15

PSG* 0.70+0.07 1.24+0.10 0.97+0.09

SSGA 0.67+0.12 1.03+0.13 0.85+0.13

Total 0.73+0.12 1.10+0.16 0.92+0.14
F 2.434 9.244
D 076 001
Tukey - a<c

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 164. The result of two-way repeated measures ANOVA for relative value ofpeak torque in
60° left shoulder adduction

Variable SS df MS F D T B
Between Subject
Group 085 3 028 2.324 091 162 b37
Error 437 36 012
Within Subject
Period 2.738 1 2738 785340  .001 956 1.000
Group*Period 352 3 A17 33682 .001 37 1.000
Error 126 36 .003

<Table 164>014 Hek 7+ 9@ Aho]& wolx| YFOLHF2.324, p=091), W&
W 24 A7)(F=185340, p=00D) A fel @ Folz} Uepton] wg A 13 =
QA7)0 e AsAe malA Fo3 2ok JERITHF=33.682, p=001).

A A7l wE A 7 Aol S Felsh] 93 ddujR ZAEAS AAR 2
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7, AR ELRaY FHE ALy A(F=485, p=62DNAE FelF Aol
GERA egten] £% 8% F(F-9244, p=00DoI A §)8 Aol7h ekt A
44 A3, PSG7 CGurh AA%A WA 2ee] digtel fo08 Frhssich

1.5

1.0- e

C5G

PSG
355G

Ftowoe

==

Pre Post

0.54

0.0

Left shoulder adduction peak torque
60/sec (N.m/kg)

Fgure 81. Change of left shoulder add peak torque Nomvkg after resistance exercise
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@ $-7ABA 9-xn] el 83k (Right shoulder abduction/adduction ratio)

85 AFAY X2 Felo W T da g fAwEd 9]
W3l A3l <Table 165>, <Table 166>, <Figure 82> A1 #| A| 3} 3]t}

87 AP LeZ2ad Felo wE FA AVIE SARE o uldue wgl
2 e Fd g20x9 ge <Table 165> A&kl en, <Table 166>

%8 S Au] Wate] AR Aol ety Aa) o AWBEAY B
A

ShiA
tlo

Table 165. Descriptive statistics and one-way ANOVA results of 60° Right shoulder
abduction/adduction ratio (%)

Pre Post Total
CG* 96.59+7.08 91.80+9.07 94.20+8.08
CSGP 98.79+8.08 93.69+7.90 96.24+7.99
PSG* 93.28+7.52 89.02+6.63 91.15+7.08
SSGH 91.82+9.45 88.31+5.54 90.07+7.50
Total 95.12+8.24 90.71+7.44 92.92+7.84
F 1.527 1.136

D 224 348
Tukey - -
CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 166. The result of two-way repeated measures ANOVA for 60° Right shoulder

abduction/adduction ratio
Variable SS df MS F D ik B
Between Subject
Group 239.317 3 797712 1.752 174 127 418
Error 1638812 36 45523
Within Subject
Period 389.845 1 389.845 13412  .001 271 946
GroupxPeriod 7.264 3 2421  0.083 969 007 .064
Error 1046.441 36 29.068

<Table 166> & 7+ Kot 2fol& Ho|A| IRV (F=1.752, p=174), Hot
W =4 AIZI(F=13412, p=00D)olA Felgk Apol7b vepuke) 3 Ao k3t &
A 7Tel we G5 Ag FAlA freldh Aol 7k YEbA]l & THF0.083

.
24 A7l wE g 7 Rl HAAs] AF AL BARAS ANF 2

oxl

b
L
o]
(@)
O
~—
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Fgure 82. Change of right shoulder abduction/adduction ratio after resistance exercise
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©® $ABE A= =89 A (Relative value of peak torque in right
shoulder abduction)
853t A ez Feo g T Ik gt A HA o St &

R

Heo] Atz W3l Ax:= <Table 167>, <Table 168>, <Figure 83>°)4 #1831

dgkel WetE el PEs EEBA g <Table 167> AAIGOH,

<Table 168> ¢-Ayd o)d 5] Aozt Wste] SAH Aol& &lstr] 4

Table 167. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° right shoulder abduction (N.mvkg)

Pre Post Total
CG* 0.84+0.12 0.97+0.11 0.91+0.12
CSGP 0.78+0.08 1.13+0.12 0.96+0.10
PSG* 0.79+0.11 1.27+0.15 1.03+0.13
SSGY 0.73+0.09 1.00+0.09 0.87+0.09
Total 0.78+0.10 1.09+0.17 0.94+0.14
)a 2.227 12.289
D 102 .001
Tukey - a<c

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 168. The result of two-way repeated measures ANOVA for relative value of peak torque in
60° right shoulder abduction

Variable SS df MS F D bk B
Between Subject
Group 144 3 048 4.331 010 265 144
Error 400 36 011
Within Subject
Period 1.910 1 1.910 808685 .001 957  1.000
GroupxPeriod 318 3 106 44913  .001 789 1.000
Error 085 36 .002

- 202 -



3, A eEEE

[
o
ol
=
i
2~

UERA ekokom £ 8F F(F=12.289, p=00D)ll A <]k Aozt vhERy
A3k, PSG7F CGREF A% old 28] Zdigkel frelstA S7heta

o}

H7

TR,

o

2,

=

s 2.0+
2

g

el 4
g ¥ 19
- e

X

3 <  1.01
]

L

-

=z 05
=

=

=

= 0.0
£

E

Pre

T
Post

CG

P5G
5506
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® +AFd WA <99 g (Relative value of peak torque in right
shoulder adduction)
8T A $Hx2ad e nE T3 I g ¢aA4d AL &+

R

o] izt W3l A¥= <Table 169>, <Table 170>, <Figure 84>°ll A #|A| 35}

<Table 170> -7¥d WA 5 gt Mate] 44 Aol #lstr] 9
3 o] YNHESA FAHEA S AAE Aot

Table 169. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° right shoulder adduction (Nmvkg)

Pre Post Total
CG* 0.87+0.11 1.06+0.12 0.97+0.12
CSGP 0.80+0.13 1.20+0.12 1.00+0.13
PSGE 0.85+0.10 1.42+0.14 1.14+0.12
SSGH 0.79+0.09 1.14+0.08 0.97+0.09
Total 0.83+0.11 1.20+0.18 1.02+0.15
F 1.237 16.707
D 310 .001
Tukey - a,b,d<c

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 170. The result of two-way repeated measures ANOVA for relative value ofpeak torque in

60° right shoulder adduction
Variable SS df MS F D ik B
Between Subject
Group 190 3 063 5.167 005 301 894
Error 442 36 012
Within Subject
Period 2.865 1 2.860 1783.348 .001 980 1.000
GroupxPeriod 385 3 A28 79.879 001 869 1.000
Error 058 36 002

<Table 170>°4 HJ 3+ FoJ3 zol& HolE KO U(F5167, p=005), Hot
W 54 A7I(F=1783.348, p=00D)°l A Felgh zel7F vepywivh, 9, e 1k =
A A7)l mE deg aatlA el Zolzb YEbstH(F=79.879, p=001).
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@ ¢4 o)A+ -9-v](Bilateral balance ratio of shoulder abduction)

87 ARA EFZRIY Jd wE FT= FA dde Add ojHdS ¢
H| o] W3} A3 <Table 171>, <Table 172>, <Figure 85>°l 4] A A3} t}.

8T AA EEZEIY Py wE S8 A7IE AR odS v ®
3t5 vebd gay ZEAAY & <Table 171>¢l AAEHSl oM, <Table 172>+
A

B A2 vl Wahe] FAH Aol sy e olAWRZA PR

Table 171. Descriptive statistics and one-way ANOVA results of 60° Shoulder abduction left/right

ratio (%)
Pre Post Total

CG* 85.61+15.19 88.57+11.17 87.09+13.18
CSGP 86.85+7.78 92.35+7.04 89.60+7.41
PSGe 86.08+11.43 89.24+10.38 87.66+10.91
SSGe 85.74+11.54 88.31+13.79 87.03+12.67
Total 86.07+11.33 89.62+10.61 87.85+10.97

F 022 291

D 995 831
Tukey - -

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 172. The result of two-way repeated meastres ANOVA for 60° Shoulder abduction left/right

ratio
Variable SS df MS F D ik B
Between Subject
Group 43.567 3 14522 125 945 010 071
Error 4183.504 36 116.208
Within Subject
Period 251.695 1 251.695  9.860 003 215 0.863
GroupxPeriod 26.315 3 8172 344 194 028 110
Error 918.984 36 25.527

<Table 172>A & 7t Folgh Apo]& Holx| FUTHF=125 p=945), ¥ W
=4 A7I(F9.860, p=003)ol A 2l dk 2pol7} vrepytth vbd, fd 7wy 4 A7)
of W e aelM Fofgh Abol7F YEhA B THIF=344, p=794).

S A7l mE A 3 Aol S FRlety] A% dduiA 2AEA S AAE 2

3, A4 $FZ2I FUE H§87] AF=022, p=99)l At Fol@ el

o
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Figure 85. Change of hilateral balance ratio of abduction after resistance exercise
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H Gl

223 FE
A= 7
1 3} 9]

e

e

=4 A7

z}--$-H] (Bilateral balance ratio of shoulder adduction)

F% @4 g And WA

.0
T

<Table 173>, <Table 174>, <Figure 86>l 4 #|A|&} %}
234 WAL J-ue |
L <Table 173>l A|A|et o™, <Table 174>+

FAH ol FA3hs] 98 olANEEY

A

-

=] =]
'E'\_r__}‘\jl

Table 173. Descriptive statistics and one-way ANOVA results of 60° Shoulder adduction left/right

ratio (%)
Pre Post Total
CG* 93.54+20.98 93.35£20.59 93.45+20.79

CSGP 91.96+16.19 94.27+10.40 93.12+13.30
PSG* 83.94+11.72 87.96£9.06 85.95+10.39
SSGe 84.84+13.65 90.57£9.47 87.71+11.56
Total 88.57+15.97 91.54£12.99 90.06£14.48

F .930 464

D 436 709
Tukey - -

CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 174. The result of two-way repeated measures ANOVA for 60° Shoulder adduction

left/right ratio
Variable SS df MS F D i Vel
Between Subject
Group 432.292 3 144097 732 540 057 190
Error 7090.590 36 196.961
Within Subject
Period 176.121 1 176.121 4571 .039 113 H48
Group*Period 95.706 3 31.902 328 487 065 211
Error 1387.228 36 38534
<Table 174>°4 At 7+ F3st 2pol& HolA| A} OoU(F=732, p=540), Ft
W EH ANFASTL p=030)1A Fel@ Aolsk ebdnh W, W@ 43 53

AZlel mhE A8 gl s kol 7F YERA] Skt (F=828, p=487).

24 A7l ME QA 3 Aol Felsty] 9% YA BARNL ANG 2
B ARy SEZRaY FUE 4887 (=930, p=436)l 4t Felg Ao|7h
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(B) 8 A SEZE a9 o wE o(180°/sec) SEA A7 (shoulder iso kinetic
muscle strength)¢] ¥3}

O FAB4 9 - du ¢ ¥3H(Left shoulder abduction/adduction ratio)

877 AE EEZRIH FElo wE T FA gAY AAwd o U]
W3l A= <Table 175>, <Table 176>, <Figure 87> #|A| 3} 3]

877 AFY xRN Fejo wE FA A7IE Hddd o -uidn e W)

S UEhd Ho AR k2 <Table 175> AlA]s 2w, <Table 176>
4794 oA wske] BAN FoF HeAss] 8] ol ANRZY PARAL

Table 175. Descriptive statistics and one-way ANOVA results of 180° Left shoulder
abduction/adduction ratio (%9

Pre Post Total

CG 96.39+9.49 91.37+11.98 03.88+10.74
CSGP 86.90+9.55 86.91+15.59 86.91+12.57
PSG¢ 92.45+14.17 03.26+12.41 92.86+13.29
SSGY 103.53+19.83 94.76+15.05 99.15+17.44
Total 94.62+14.83 91.58+13.64 03.10+14.24

Ja 2.751 605

D 057 616

Tukey - -
CG? control group: CSG Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 176. The result of two-way repeated measures ANOVA for 18)° Lef shoulder

abduction/adduction ratio
Variable SS df MS F D n2 yés
Between Subject
Group 807.703 3 269.234 1.682 188 123 402
Error 5763.576 36 160.099
Within Subject
Period 184.832 1 184.832  2.824 102 073 373
Group*Period 332.377 3 110.792  1.693 .186 124 405
Error 2356.071 36 65.446

<Table 176>14 H& 7t o3t 2fo]& HolA| kO (F=1.682, p=183), H&
W A AZNF2824, p=102)14 Fel§ o7k hehtA) ke w3, Aw 7k3)
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Figure 87. Change of left shoulder abduction/adduction ratio after resistance exercise
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@ #HAAA Hd A FH A dk(Relative value of peak torque in left
shoulder abduction)
853t A ez Feo g T Gk g FHaHAd o S &

A+ Aoz W3 Ayl <Table 177>, <Table 178>, <Figure 88>l 4] A A]
Ei=

71§18 ol utE=A Ak

Table 177. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18Fleft shoulder abduction (Nmvkg)

Pre Post Total

CG? 0.64+0.08 1.33+0.30 0.99+0.19

CSGP 0.51+0.11 1.55+0.22 1.03+0.17

PSG* 0.50+0.07 1.59+0.19 1.05+0.13

SSGe 0.47+0.14 1.49+0.19 0.98+0.17

Total 0.53+0.12 1.49+0.24 1.01+0.18
F 5.037 3.833
D 005 018
Tukey c,d<a d<c

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 178. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° left shoulder abduction

Variable SS df MS F )2 T B
Between Subject
Group 030 3 010 624 604 049 167
Error 576 36 016
Within Subject
Period 18.288 1 18.288 573.053  .001 941 1.000
GroupxPeriod 492 3 164 5134 005 300 892
Error 1.149 36 032

<Table 178> &+ 7+ F2]8k 2po]S Ho|x] ALOHF=624, p=604), At
Ul =4 AI71(F=573.053, p=00D)ol A F<g Aol 7k vepyteh m=3h Mok 7k
A7l 3 A AE oA fFol gk ol 7k YERSTH(F5.134, p=.005).

g
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24 A6l e A 2k AelE Hlsy] 98 APuA FAR

o)
o

>,
>,
ol
uy,

I A FEZEad FEE A&7 A(F=5.037, p=005) = Fog xpol 7t
Yebth FE2HEA (Analysis of Covariance ANCOVA)S. 2 AFHH S E43519
o}, A £E 8F T(F20714, p=001)olA & =to]7} vhebyich.
A Wl ®istE gshr] Hal fexE - HA S AT 23, CGY Hda4
A gk Hir dsteE 07+.04N-me=2 Fogk xfolrt vElyT)
(t=-5950, p=001). CSGe HAHHE odL IATHY Hdigh Hd Wst=
28+09(N'm) o2 #2 & Aol 7F Yebkth(1=-10.325, p=001). PSGe] #HA#d 9
= 2ATEe] Aog Hi ¥se 3B+0NmoR Foe Aeolrh yERyT
(t=-12.679, p=001). SSGe HAAA HdL A= Adiadt HFd ®sh+=
22+ 07T(N'-m) o= ol g 2ol 7} YRRt th(£=-9.900, p=.001).
AR AL FAFHY Adge] wstE FFetw, <Figure 88>olA o
o HAABAE QT FAFH Y ke ARGl A fFefgk el 7b YEE Y, 85
& % CG, CSG, PSG, SSGollA = AbdgtEh dAad ofd A
o] ddigkel FelstA S7tskait
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Fgure 88. Change of left shoulder ahd peak torque Nmvkg after resistance exercise
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Q@ HATAE WHd: ZATH Ao dk(Relative value of peak torque in left
shoulder adduction)
87 A SeZ2ad FHd w2 T Ak gistAe] A3 d HS 2

A FE e Az W3 Ay <Table 179>, <Table 180>, <Figure 89>l 4] A A]
3} St

o
7] §le) o kR A RARA S AA G Aujolr

Table 179. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18Fleft shoulder adduction (Nmvkg)

Pre Post Total
CG? 0.67+£0.10 0.79£0.13 0.73+0.12
CSGP 0.59+0.12 0.93+£0.17 0.76x0.15
PSG* 0.55+0.08 0.92£0.11 0.74+0.10
SSG! 0.46+0.14 0.73£0.15 0.60+0.15
Total 0.57+0.13 0.84+0.16 0.71+0.15
F 5.677 4.797
D .003 .007
Tukey d<a d<b,c

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 180. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° left shoulder abduction

Variable SS df MS F D T B
Between Subject
Group 161 3 054 3.463 026 224 128
Error 559 36 016
Within Subject
Period 1.491 1 1491 643.030 .001 947 1.000
GroupxPeriod 193 3 064 27.691 .001 698 1.000
Error 083 36 002

<Table 180>°llA ot 2+ o3k ztol& HolE EHAAUTHF=3.463, p=026), {t
W =4 Al71(F=643.030, p=001)° A {23k zpo]7} vpebTh w3k ek 7k =4
A 7Tell e AAg adtel A #ol ek Ael7k vERETH(=27.691, p=001).

J
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A=
A ) W3ztE gosly] & iR +—-74AS AP A3 CGY HARH
yAas 2

A e Az Hi WEkE 12¢07(Nmez 93 2jo]7b eyt
(t=-5472, p=001). CSGo HA#d UWHZ ZATH
34 08(N'-m) o= 23k o7} Yebutth(¢4=-13.483, p=001). PSGe| #HA#d A
2 ZAFEY Az "y dl3E 37207(NmoE §93% xfolrb byt
(t=-17.847, p=001). SSGS HAHd Ud IATFH] Uizt Hd Wgs
27+ 06(N'm)2. 2§ s zpo]7} e TH(/=-14.334, p=001).

HAAAd WA AT Aogte] HetE Fetd, <Figure 179>00A4 Hd
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Figure 89. Change of left shoulder add peak torque Nmykg after resistance exercise
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@ -7A4#4d 9-An 2o W3 (Right shoulder abduction/adduction peak torque ratio)

87 A ez FJHd e T dxF gistd e fa3E oy
W3} A3t <Table 181>, <Table 182>, <Figure 90>l A A A] &%t}
[e)

83 AR Lez2ad dHd wE S AV AwE o/ b o] s}

Uebd Hiry TFAAFY S <Table 181> AA8tA oW, <Table 182>+

=]
A4

o

B2

ShiA

AR WA s BAL Ao Has] s ol
A

Table 181. Descriptive statistics and one-way ANOVA results of 18 Right shoulder
abduction/adduction ratio (%)

Pre Post Total
CcG* 98.40£13.18 97.36£22.15 56.10+11.45
CSGP 100.13£12.32 92.40+10.18 59.05+9.15
PSG* 89.21+7.45 85.54+7.37 60.65+5.26
SSGe 97.85+12.00 92.26+11.65 50.65+13.21
Total 96.40£11.81 91.89+14.11 56.62+11.11
F 1.822 1.200
D 161 323

Tukey -
CG? control group: CSG” Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 182. The result of two-way repeated measures ANOVA for 18)° Right shoulder

abduction/adduction ratio
Variable SS df MS F D bk B
Between Subject
Group 651.056 3 217.019 1518 226 112 .366
Error 5147760 36  142.993
Within Subject
Period 406.351 1 406.351  9.823 .003 214 362
GroupxPeriod 121.406 3 40.469 978 414 075 244
Error 1489.227 36 41.367

<Table 182>914 Ak 7+ frod 2ol 2 Ho|x| gkgtok(F=1518, p=226), ATt
W ZA AZI(F29823, p=003)°14 fe8 ahol7 vheptTh whd, 3
g Bl el Afol 7t UEUAl S RATHF=978, p=414).

<
24 A7l e A 2 AolE eyl A% AQuA BARAS A
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® 7A34d HdTE ZATFH 2 At Relative value of peak torque in right
shoulder abduction)
8T A L2 FHd e T IAp st $ATE o HdE &

A -2 o] Azt W3 Ak <Table 183>, <Table 184>, <Figure 91> A #|A]

L)

@ el me S AVE A8 o s SAT
FH A} ghe <Table 183>l AA]3}9)oH,
Heol Azt wste] FAH zelE Fels)

7] §le) o kR A RARA S AA G Aujolr

/\
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o
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rir
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fo
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rd
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Table 183. Descriptive statistics and one-way ANOVA results of relative value of peaktorque in

180° right shoulder abduction (Nnvkg)

Pre Post Total

CG? 0.70+0.13 0.78+0.11 0.74+0.12

CSGP 0.63+0.07 0.90+0.12 0.77£0.10

PSG® 0.64+0.11 0.91+0.14 0.78+0.13

SSGA 0.54+0.09 0.75+0.08 0.65+0.09

Total 0.63+0.11 0.83+0.13 0.73+0.12
F 3.957 3.833
D 015 018
Tukey d<a d<c

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 184. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° right shoulder abduction

Variable SS df MS F D T B
Between Subject
Group 103 3 034 3.102 .039 205 675
Error 398 36 011
Within Subject
Period .349 1 849 442810  .001 925 1.000
Group*Period 129 3 043 22501 .001 652 1.000
Error .069 36 .002

<Table 184>014 ¥k 7 Ho& HFo]& HolZ WP Om(F=3102, p=039), A&
W 24 A 7](F=442.810, p=00)oN A 593k zFo]7} YEptth A 73} =4
Al7lol wE FE g Zael A ol gk AFolrt YEbRttH(F=22.501, p=001).
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(t=-4.666, p=001). CSGY $AAA gd IAFH Azt Hd Wes
27£.08(N'-m)e2 23 o] 7F YERT(£=-11.490, p=001). PSG2] $-7A#d 9
= ZATFEY A #Hy d3E 272 07(Nme® 93 xpolzb byt
(t=-12.683, p=001). SSGS SAHA < IAFH] Uzt Hd Wgs
21+.05(N'-m) o2 §2]8 2ol 7} YERGTH =-12.866, p=.001).
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® +7A34d WAL 2A4TFH2 it Relative value of peak torque in right
shoulder adduction)
853t A Sz e g T Ik gAY asd YA &

A -2 o] Azt W3 Ak <Table 185>, <Table 186>, <Figure 92> A #|A]

F Fefol e 4 AVE SAFE HHS 2ATE

FHAY] S <Table 185>0 A A e+ o,
<Table 186> ¢-A#HA WAL ZAFHY Aozt ®ste] A4 Aol& st
BAS AAG Aol

71§18 ol iubE=A 2k

Table 185. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18 right shoulder adduction (Nnvkg)

Pre Post Total

CG? 0.72+0.13 0.82+0.16 0.77£0.15

CSGP 0.64+0.12 0.99+0.15 0.82+0.14

PSG® 0.71+0.09 1.06+0.09 0.89+0.09

SSGA 0.57+0.14 0.82+0.14 0.70+0.14

Total 0.66+0.13 0.92+0.17 0.79+0.15
F 3.443 7.493
D 027 .001
Tukey d<a d<c

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 186. The result of two-way repeated measures ANOVA for relative value of peak torque In
180° right shoulder abduction

Variable SS df MS F D T B
Between Subject
Group 195 3 065 3.933 016 247 87
Error D96 36 017
Within Subject
Period 1.381 1 1.381 1026.263 .001 966 1.000
Group*Period 202 3 067 50137  .001 807 1.000
Error 048 36 .001

<Table 186>014 ¥k 7t o1& 2o]& HolZ BIYUTHF=3.933, p=016), A&
W 24 A7) (FE1026.263, p=00D)el A Srelah ztol 7} vpebyth w3l Ak 7kt
B A7lel mE Ao AE Zdol A Fogk Zpol7F YEutH(F50.137, p=001).

B\
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el k. FEAHEA (Analysis of Covariance ANCOVA)S. 2 AFAW S £3589
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(t=6.225, p=001), CSG® +AFH Uz ZAFEe Aogh Fd Wshs
35+ 06(N'm)2 2 freog #Fo] 7k YEbSth(r=-17.205, p=001). PSGS -2#d W
= ZATFEY A #Hy dA3E 3B06N'meE #§93% xpolzb eyt
(t=-21.332, p=001). SSGS SA#Hd Ud IAFH] Uizt T Wgs
25+.04(N-m) O 2§28 2ol 7} YERGTH =-21.901, p=001).

AR WAL AT Ao MaE Fetd, <Figure 92>o0A4 Ho
AR WA ZATFH APHgA fre g akel7h vEbE T 8573 AT
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Fgure 92. Change of right shoulder add peak torque Nmykg after resistance exercise
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@ ¢4 o)A+ -9-v](Bilateral balance ratio of shoulder abduction)
8F AR Lxzead Yo BE T= FA gAY dad ods 2§
W3l A3} <Table 187>, <Table 188>, <Figure 93> A #|A| 3} 31t}
87 A LEZE I JEo mE S AVIE Add S F-9re W
k& YERd Fard 2EHAY] 3
A#d 9 90 sk

= AANF Aol

L <Table 187>l A|A|et o™, <Table 1883><

FAA Aolg Felats] Ga) ol AWHZY BAEA

LA -

Table 187. Descriptive statistics and one-way ANOVA results of 180° shoulder abduction

left/right ratio (%)
Pre Post Total
CG* 94.58+24.73 93.38+19.95 93.98+22.34
CSGP 81.42+12.67 88.32+10.18 84.87+11.43
PSG* 80.25+16.35 93.86+14.29 87.06+15.32
SSG! 86.15+18.02 92.17£16.04 89.16+17.03
Total 85.60£18.64 91.93£15.07 88.77+£16.86
F 1.242 262
D .309 852
Tukey - -

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 188. The result of two-way repeated measures ANOVA for 180° shoulder abduction

left/right ratio

Variable SS df MS F D bk B
Between Subject

Group 454.474 3 151419 576 635 046 157

Error 9470.103 36  263.058
Within Subject

Period 802.011 1 802.011 14396  .001 286 958
Group*Period 550.601 3 183.534 3.294 031 215 704

Error 2005.593 36 55.711

<Table 1838>°llA &t 7+ o3t Aol& Ho|A| YTHF=576, p=635), Ht Ul
4 A7I(F=14.396, p=00DlA Fo& Apol7b yepwth w3 gk 1k} S A

7ol W Fogg gyl A o8 2ozt YR tH(£=3.294, p=031).
& 7+ Aol 5 Felsly] 93 PR BAEAS AAF 4

3 AR SEZead GuE 4887 A(F-1242, p=300AE foF o|7h
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UEFA] gkom &% 8F I (F=262, p=852)lA <3 o]z} vreb A ¥t

Aa Ul #stE Belsty] 94 dend t-@dAgS Ads Ay CGe A#A
F-9-mo] Aogt Wk 1.20£9.25(N'm) o2 §98 o] 7} YepA] ghogrt
(£=410, p=691). CSGE] A#AH o+ 2509 Aoz W3+ 6.9047.86(N-m) 2
Z Fo3 2ol 7b YERGeH(=2.777, p=022). PSGE A#H oA 919 A)
gk Wsk= 1361:1064(N-m) 22 o3k 2po]7F WEEtH(=-4.044, p=003). SSG2
A9 9dd #-$ule Adig WaE6.02+1360(N-m)o.2 f2o 3 #o]7b pERL)
Al kth(£=-1.399, p=195).

ATA AT F-19 AUz Wwas T3, <Figure 93>9A4 vk 7 W
S AR gl A fFoldk ez yEb o, 85 AddE &5 F CSG, PSGOlA
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Fgure 93. Change of hilateral balance ratio of abduction after resistance exercise
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A#d WA+ #-9-v](Bilateral balance ratio of shoulder adduction)
8F AR Lxzead Py BE Tx T gAY dad fd2 2§
W3l A3} <Table 189>, <Table 190>, <Figure 94> A #| x| 3} 31t}
87 A SLEZE a9 JEHo mE S AVIE Add WS F-9re ®
St YEd Hu 3y F5AAS 32 <Table 189> A A]8F% 2™, <Table 190>

A WA F-u Aske] FAA AolB sy A ol ANESY BARA

Table 189. Descriptive statistics and one-way ANOVA results of 18)° shoulder adduction left/right

ratio(%9)
Pre Post Total

CG* 97.45+32.94 101.76%+39.88 99.61+36.41
CSGP 95.26+18.39 94.91+13.02 95.09+15.71
PSG* 7791+14.37 86.86+11.27 82.39+12.82
SSGH 83.96+23.70 90.69+19.02 87.33+21.36
Total 88.65+23.92 93.56+23.46 91.11+5851

F 1573 725

D 213 544
Tukey - -

CG? control group: CSG” Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 190. The result of two-way repeated measures ANOVA for 180° shoulder adduction

left/right ratio

Variable SS df MS F p T B
Between Subject

Group 1784.171 3 594.724  1.121 353 085 277

Error 19092970 36  530.360
Within Subject

Period 482.162 1 482.162  9.793 .003 214 361
Group*Period 238.308 3 79.436  1.163 203 119 387

Error 1772.430 36 49.236

<Table 190>l4 F& 7+ Ffgt xfolE HolA| Ao U(F=1.121, p
W 24 AZN(FO793, p=003)el A 25 Aol vehgrh w, A 19 27
Bl A o3 2ol ERA erokTh(F=1163, p=203).

- 224 -



UELA ggkom $% 8F F(F=725, p=544)olA 23k o7} yEhLH

TEX

Pre Post

=
S
<
=
=
=
—
Ll
=
o
= 150+
=
o
=
2
= 100-
£
=
S
= 50+
@
e
£l
=
=
=
=
==

CG

C5G
PSG
S5G

HKgure 94. Change of hilateral balance ratio of adduction after resistance exercise

- 225 -

&2



<3 (Knee isokinetic muscle

=A41H] (Left knee flexor/extensor ratio)

8F A TezEad e wE T A ey (FEH4
kil <Table 191>, <Table 192>, <Figure 95> #| 2|3} c}.
TELZEIY FHd wE 4 A FFEaE =408 e] Wt
S Yetd Fy 1FAAe] g2 <Table 191> A|A|8F9 2.1 <Table 192>

SEMICEIE R TS RN

ZA0H]

rir

1%
tlo

Table 191. Descriptive statistics and one-way ANOVA results of 60° left knee flexor/extensor ratio

(%)
Pre Post Total
CcG* 61.33+6.75 60.89+5.65 61.11+2.48
CSGP 60.60£7.20 64.21£7.48 62.41+£7.34
PSG* 58.27£6.14 69.85+5.48 64.06£5.81
SSGe 58.91+6.16 52.30+5.15 55.61+5.66
Total 59.78+6.44 61.81£8.65 60.80+7.55
F 471 14.929
D 705 .001
Tukey - d<a<c

CG? control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 192. The result of two-way repeated measures ANOVA for 60°° left knee flexor/extensor

ratio

Variable SS df MS F D i B
Between Subject

Group 402.877 3 134.292 3491  .025 225 132

Error 1384.723 36 38.465
Within Subject

Period 82.825 1 82.825 33635 .001 483 1.000
Group*Period 872.246 3 290.749 118.072 .001 908 1.000

Error 88.649 36 2.462

<Table 192> A Jtk It FoJg Aol HolE H YO (F=3491, p=
Ul =74 A71(F=33.635, p=00D)llA frel gk AFol7h ety Bg, A
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Figure 95. Changes in left knee flexor/extensor ratio after resistance exercise
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#(Relative value of peak torque in left knee flexor)
29 Aol We Fw 9A gtde] Ao 2 )
el W3l A3= <Table 193>, <Table 194>, <Figure 96>°l 4] A A8} % T},

gE7 A4 eEzead ded he 24 A/W 420 22 grgel A
5t= el Hity EEAXY S <Table 193> AAston <Table 194>+

gk Wskel FAH Aol #Rls] 9 oldwESA Ak

Table 193. Descriptive statistics and one-way ANOVA results of relative value of pedk torque in
60° left knee flexor (Nmvkg)

Pre Post Total
CG* 1.46+0.29 1.57+0.28 1.52+0.29
CSGP 1.52+0.21 1.87+£0.22 1.70+0.22
PSG* 1.37+0.11 2.00£0.14 1.69£0.13
SSG! 1.46+0.23 1.68+0.23 1.57+0.23
Total 1.45+0.22 1.78+0.28 1.62+0.25
F 772 7.169
D D17 .001
Tukey - a<b,c

CG? control group: CSG” Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 194. The result of two-way repeated measures ANOVA for relative value of peak torque in

60° left knee flexor
Variable SS df MS F D i yé;
Between Subject
Group 237 3 079 1.585 210 117 381
Error 1.794 36 .050
Within Subject
Period 2.148 1 2.148 1877928  .001 981 1.000
GroupxPeriod 145 3 248 217117 001 948 1.000
Error 041 36 001

<Table 194>l e 3t 2ol Zto]5 HolA| ko (F=1.585 p=210),
W A AZIF=1877.928, p=00D)ll A o g ztol7h yebyteh, =3, Jd 3 =
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Hgure 96. Change of relative value of left knee flexor after resistance exercise
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#(Relative value of peak torque in left knee extensor)
a9 Felel e T FA distd e Al 2] A
el W3l A3= <Table 195>, <Table 196>, <Figure 97>°l 4] A A3} % t}.

8T A FeZEad Yo mE FA AVIE HAAS 29 g ¥
T ALY gk <Table 195> A A8} 2™, <Table 196>

3x
gk owste] EAA Aolg @elely] g4 ol AuE I HarEA

Table 195. Descriptive statistics and one-way ANOVA results of relative value of pedk torque in
60° left knee extensor (Nmvkg)

Pre Post Total

CG* 2.36+0.31 2.56+0.32 2.46+0.32
CSGP 2.51+0.19 2.92+0.27 2.72+0.23
PSG* 2.38+0.38 2.83+0.36 2.63+0.37
SSG! 2.48+0.30 3.23+0.41 2.86+0.36
Total 2.43+0.30 2.90+0.41 2.67+0.36

F 565 6.471

D 642 .001
Tukey - a<d

CG? control group: CSG” Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 196. The result of two-way repeated meastres ANOVA for relative value of peak torque in
60° left knee extensor

Variable SS df MS F D bk B
Between Subject
Group 832 3 277 2,710  .059 184 609
Error 3.687 36 102
Within Subject
Period 4.320 1 4320 75737 .001 955 1.000
Group*Period 184 3 .261 45822  .001 192 1.000
Error 205 36 .006

<Table 196>l4 He 7+ 23k 2o]S Holx o} (F=2.710, p=039), H&
W A A7I(F=757.37, p=00D) A F-2lgk zo]7} yebytth =3k Ao k) A

A7) W F3AE Bl A froljE Aol 7 YERS T F=45.822, p=001).
SA A7l wE A 7 Aol S Flshy] A7 ddujA AR S AAR 2

3 AR wEZzad FHE A&st7] d(F=565, p=642) = ol d Aol 7t
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HKgure 97. Change of relative value of left knee extensor after resistance exercise
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@ $-HF =34 =248 (Right knee flexor/extensor ratio)

8F AFAY Tz P wE Fx A gAY $FEHE =4l
W3l A3} <Table 197>, <Table 198>, <Figure 98> Al #| A| 3} 31t}

8F AFAY TesZEad P wE 4 A SFEHE 240 W3t
S el BEd EEAAe] b <Table 197>0] AASG o, <Table 198>

A AolE HAsI] A o UNBEY R

ShiA
tlo

Table 197. Descriptive statistics and one-way ANOVA results of 60° right knee flexor/extensor ratio

(%0
Pre Post Total
CG* 62.50+7.14 61.47+6.49 61.99+6.81
CSGP 63.86+5.75 66.10+5.25 64.98+5.50
PSG* 58.01£6.19 68.44£6.76 56.51+6.48
SSGe 60.01+5.81 53.01£3.69 56.51+4.75
Total 61.10+6.42 62.26+8.09 61.68+7.26
F 1.728 14.381
D 168 .001
Tukey - d<a<c

CG? control group: CSG” Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 198. The result of two-way repeated measures ANOVA for 60°° right knee flexor/extensor
ratio

Variable SS df MS F D i i
Between Subject

Group 399.441 3 133147 3918 016 246 785
Error 1223469 36 33.9%5

Within Subject
Period 26.565 1 26565 8060  .007 183 789

GroupxPeriod 794856 3 264952 80388 001  0.870  1.000
Error 118654 36 3.296

<Table 198>4 At 7+ Fo)3k xpo]S HolZ H Y Oom(F=3918 p=016), {4t

W A AZIF=8.060, p=007)o14 frelgk zfol7b wvepskth =3 e 1k 54
S Bl Fo 7 Aol 7k YERETHF=80.388, p=.001).

el Helsy] g8 AR BARHS AT 2

- 232 -



B A eEzZead GuE ALar] AF-LTS p=169d 4L Felg 2ol

UERA ekgton 9% 8F F(F=14.381, p=001)olA &23 2o]7} Lpebyt

kel
T

<

o

%

g}

g

A

A3, PSG7F CG, PSGRTF 7294 2Auel Augte] flsk o]}

o

=

- CG
- C5G

=+ P5G
¥ 555G

v
-3 100-
k

4 804
a:p—"-
s

ZT 60
=D

u =
=S

o & 404
L4

=

- 20
)

o

Pre

T
Post

Fgure 98. Changes in right knee flexor/extensor ratio after resistance exercise
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#(Relative value of peak torque in right knee flexor)
a9 Aol ©E 23 9A getae] S22 e )
ol W3l Axl= <Table 199>, <Table 200>, <Figure 99> 4] =] 3} 31t}

85 A Fezrad JHol e A4 AV = 2o Fdighe] |

Table 199. Descriptive statistics and one-way ANOVA results of relative value of peak torque
in 60° right knee flexor (Nmvkg)

Pre Post Total
CG* 1.56+0.25 1.64+0.25 1.60+0.25
CSGP 1.48+0.13 1.18+0.14 1.33+0.14
PSG* 1.42+0.23 2.02+0.28 1.72+0.26
SSGH 1.45+0.14 1.68+0.12 1.57+0.13
Total 1.48+0.20 1.79£0.25 1.64£0.23
F 907 6.576
D 447 .001
Tukey - a,d<c

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 200. The result of two-way repeated measures ANOVA for relative value of peak torque
in 60° right knee flexor

Variable SS df MS F D bk B
Between Subject
Group 135 3 045 1.107 .359 084 273
Error 1.459 36 041
Within Subject
Period 1.888 1 1.888 916.839  .001 962 1.000
GroupxPeriod 701 3 234 113398  .001 904  1.000
Error 074 36 002

<Table 200>°llA A 7+ fFo| gk ApolE Holx FR OV (F=1.107, p=359), At
WS4 A7I(F=916.839, p=00D)lA o] gk 2ol 7k yebsteh, 3 e 1k SA4
ol A F-of gk 2ol 7F WERSETH(A=113.398, p=.001).

el B
A A7l wE A 7 Aol S Felsh] 97 ddujR BAEAS AAR 2
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o, A4 2z FEHE ALsy] AF=907, p=44nolA= Fod zelrt
UERLA] ekgtom &5 8F F(F=6576, p=001)olA 23 o7t vElyth AL
AR A3, PSG7F CG, SSGRE ¢t 8] Aoigte] 23 o] 7} byt
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Fgure 99. Change of relative value of right knee flexor after resistance exercise
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#(Relative value of peak torque in right knee extensor)
a9 Felel e T FA digtd e Al 2] A
#kel Wsl A3 <Table 201>, <Table 202>, <Figure 100>l 4 #|A] 3} }.
877 A FeZEad Yo mE S AVIE S 29 g ¥
EH Ak k& <Table 201>0l AA|a} 2w, <Table 202>+

*
& WS EAH oS FAsy] 9As) ol AWBZH RAEA

Table 201. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
60° right knee extensor (Nmvkg)

Pre Post Total
CG* 2.49+0.23 2.66+0.26 2.58+0.25
CSGP 2.33+0.15 2.73+0.16 2.53+0.16
PSG* 2.46+0.33 2.96+0.32 2.71+0.33
SSGY 2.44+0.35 3.19+0.28 2.82+0.32
Total 2.43+0.27 2.88+0.33 2.66+0.30
F 656 8.191
D o584 .001
Tukey - a,b<d

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 202. The result of two-way repeated measures ANOVA for relative value of peak torque n
60° right knee extensor

Variable SS df MS A D T yéi
Between Subject
Group 494 3 165 2.333 .090 163 539
Error 2539 36 071
Within Subject
Period 4.140 1 4.140 1163516  .001 970  1.000
GroupxPeriod 349 3 283 79.506 001 869 1.000
Error 128 36 .004

<Table 2025014 A9 7+ 98 o] Holx eorh(F=2333, p=090), A
W 23 A7 (F-1163516, p=00Dsl A freld Aol7h ekl we, A 3 =
3 Aol e 4sae Zal A fold 2ol 7h LR tHF79506, p=001).

A A7l wE A 7 Aol S Felsh] 97 ddujA BAEAS AAR 2
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3 AR EezEad dHE A85h7] D(F=656, p=584) = Ko Aolrt
UERA ekgtor &5 85 F(F=8.191, p=00D)o Al Fo& o]zt vebkth AR
AR A3 SSG7F CG, CSGRTE -2+ 89 Aigho] frolstAl F7hskarh

o 320
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= - CG
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Fgure 100. Change of relative value of right knee extensor after resistance exercise
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@ F& ¥4 F #F-94](Knee bilateral balance ratio of flexors)

8F A Txzead e BE Tw FA gAY F& #d =< F-
v ] W3l A3t= <Table 203>, <Table 204>, <Figure 101>l A A A3} 3]t}

8F AFAY Texzrad P wE S A FE #4d =2 F-51]9
HelE el Har ) TEHAS] 32 <Table 203>0l A|A|8F 2w, <Table 204>

RS R 22 A9 0o BAH GolE s g8 olANBEY B

Table 203. Descriptive statistics and one-way ANOVA results of 60° knee hilateral balance ratio of

flexars (%)
Pre Post Total
CG* 92.69+6.15 94.98+5.45 93.84+5.80

CSGP 102.43£12.01 103.80+11.16 103.12+11.59
PSG* 98.25£16.06 100.12+11.88 99.19+13.97
SSGe 101.72+19.25 100.37+14.13 101.05+16.69
Total 98.77+14.22 99.82+11.16 99.30+12.69

F 976 1.068

D 415 375
Tukey - -

CG? control group: CSG* Compound set group’ PSGF Pyramid set group’ SSG* Super set group

Table 204. The result of two-way repeated measures ANOVA for 60° knee hilateral balance ratio

of flexors
Variable SS df MS F D Vind o)
Between Subject
Group 474.786 3 158262  1.002  .403 077 250
Error 9685.933 36 157.943
Within Subject
Period 21.840 1 21.840 2082 158 055 290
GroupxPeriod 40.362 3 13.454 1.282 295 097 313
Error 377.658 36 10.491

<Table 204>14 A&t 2+ Fo]F 2ol& BolA FFTHF=1.002, p=403), J
Wl =3 A7)(F=2.082, p=158)el A <l atol7h VehbA] ekgkth @, Fk 7ha
4 A7 mE ZAaAs ZdelM Fo7h Aolrb yEuAl S dR(F=1.282,

AN G 2

tlo

24 A7)0 whe A b Aol E e 8 A B
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3, A $EZ2Y JuUS A8 AF-976, p=Al5)l e o o]}

e A fokon &% 8F Z(F=1.068, p=375)°lA -+ 3t o]z} YERLFA] %9
=

E 1604
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Fgure 101. Change of Knee hilateral balance ratio of flexors after resistance exercise
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F5 B4 A #F-9-8](Knee bilateral balance ratio of extensor)

877 A EeZEad FHd wE = 94 g F& 4d A F
oue] M3l A= <Table 205>, <Table 206>, <Figure 102> 4 #4451 ch,
Z2a9 el e A AE v & #d S F9u 9
Asts Jebd Ha e FFEEAY] g <Table 205>0] A|Al5F) 2, <Table 206>

4 AE 9 wske] BAH AolE Belals] Sla) o duESY B

0]
N
S
24
ot
o,
Ho
off

Table 205. Descriptive statistics and one-way ANOVA results of 60° knee hilateral balance ratio of

extensor (%)
Pre Post Total
CcG* 94.58+9.18 96.00+9.21 101.92+9.20
CSGP 107.80+7.68 106.97+8.70 107.39£8.19
PSG* 97.52£15.31 97.73£9.98 97.63+£12.65
SSGe 104.22+23.48 102.29+17.69 103.26+20.56
Total 101.03£15.57 100.75+12.28 100.89+14.20
F 1.579 1.693
D 211 186
Tukey - -

CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 206. The result of two-way repeated measures ANOVA fort0° knee hilateral balance ratio of

extensor
Variable SS df MS F D i yéi
Between Subject
Group 897.985 3 299328 1671 191 122 400
Error 5685933 36  157.943
Within Subject
Period 1.596 1 1.596 .094 761 .003 .060
Group*Period 30.775 3 10.258 601 618 048 162
Error 614.004 36 17.056

<Table 206>°A et 1+ Fog 2po]& HolA| &3Ok (F=1.671, p=191),
W 4 A7I(F=.094, p=761)1A o8 Apol7b yehuhA] ekt =9, e 3kt
A Al wE dEEg ZdlA fFold Aozt uEuAl UtHF=.601,
p=.618).

24 Aol e g 3 Aol s A AW BARHS ANE 2
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o A eEEZEa FejE Hga7] AF-L579, p=21Del A= o3 2ol 7}
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Fgure 102. Change of knee hilateral balance ratio of extensor after resistance exercise
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() 873 A

H] (Left knee flexor/extensor ratio)

A e gk

srxzad e w2 F2(180/sec) 554 AT (Knee isokinetic

[e)
muscle strength)¢] ¥3}

FEEAC BE FF WA e A7

E9d ZFA8) 9 W3l A= <Table 207>, <Table 208>, <Figure 103>°A A|A|

Table 207. Descriptive statistics and one-way ANOVA results of 180° left knee flexor/extensor

ratio (%)
Pre Post Total

CG? 64.06+7.06 63.09+5.98 63.58+6.52
CSGP 60.00+7.44 61.58+6.74 60.79+7.09
PSG* 54.74+8.67 62.13+7.80 58.44+8.24
SSGH 60.04+7.98 63.79+7.90 61.92+7.94
Total 59.71+8.22 62.65+6.92 61.18+7.57

F 2.393 190

D 085 903
Tukey - -

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 208. The result of two-way repeated measures ANOVA for 180°° left knee flexor/extensor

ratio

Variable SS df MS F D i B
Between Subject

Group 139.634 3 46.545 863 469 067 219

Error 1942.371 36 53.955
Within Subject

Period 172.578 1 172578 40.862  .001 b32 1.000
GroupxPeriod 187.981 3 62660 14.836  .001 .5H3 1.000

Error 152.046 36 4.223
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<Table 208>ll4 Het 7+ 23 2o]S Holx o} (F=863, p=469), Het
W 53 AZI(F=40.862, p=001)ol Al Fefgk Apol7h vrepytnh, w3, Hd 13 574
kel gl A frefg zke]7h b th(F=14.836, p=001).
0 Hk 7 ZolE Felhy] 9l dduix] BAHRAS AAg 2

B AR SETea JuE 4887 H(F2398, p=08)lAE % Ho|7h
(FP=190, p=903)e 4 feld ol7k LhehA shsk

i
o
=
N
&2
22,
o
=)
Mo
offl
OO
4ov

A ol ®sE gelsty] A8 i t-d4ds A 23 CGo AF534
=4 o] Wk 97£2.015(%) 0.2 193 Apo] 7b yrEbUbA] 8 FTk(£=1.430, p=187).
CSGel #HF=a4d =ane wWes 158:153(%)o2 fod Aoz eyt
(t=-3.262, p=010). PSGe] HFE&H =4l Wk 7.39+4.83(%) o= 23 A}
ol 7} YEFTH=-4.841, p=001). SSG9| #AFEAH =419 Wal= 3.75+£1.88(%)
O Fofg Aol 7k YERtH(=-6.306 p=001).

F2dd Zane wes F38, <Figure 103> Ae 1 fFR2a4d =
AL wske] ARGl A fref gt Apolzh yElUAl skow, 8F AR & F
CSG, PSG, SSGollA+= #5534 ZAM7F AR R T frolgh 2ol 7t vrebwtt

3 100+

=

23 - CSG
R 601 - PSG
73 =+ 556
=% 404

ﬂ |
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-

o= 204

E

T T
Pre Post

Figure 103. Changes in left knee flexor/extensor ratio after resistance exercise
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@ FH=< AT+ it (Relative value of peak torque in left knee flexor)

Table. 209. Descriptive statistics and one-way ANOVA results of 180° Left knee flex peak torque

to body weight (Nmvkg)
Pre Post Total

CG? 1.28+0.31 1.33+0.30 1.31+0.31
CSGP 1.31+0.16 1.55+0.22 1.43+0.19
PSG* 1.10+0.16 1.59+0.19 1.345+0.18
SSGe 1.20+0.17 1.49+0.19 1.35+0.18
Total 1.22+0.22 1.49+0.24 1.36+0.23

F 1.750 2.413

D 174 083
Tukey - -

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 210. The result of two-way repeated measures ANOVA for relative value of peak torque in

180° left knee flexor
Variable SS df MS F D i o
Between Subject
Group 078 3 .026 D34 662 .043 148
Error 1.748 36 .049
Within Subject
Period 1.412 1 1.412 314.816 .001 958 1.000
GroupxPeriod 468 3 156 90.047 .001 882 1.000
Error .062 36 .002

<Table 210>°14 H& b fFoJgk zo]E Holx| o HF=534,
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UEtA] Fkor &E 8F F(F=2.413, p=083)ellA Felg Aol 7b YERA ek

Al WstE gshr] fal Hexe t+-ddes AP 23 CGY =< &
A8 Adigt Wk 065£.02(N'm)e®  Fo% Abol7t YERSTH(=6.868,
p=001), CSGe| #FH= IAT99 Aozt Mk 24+06(N'm) = F2]3 2ol 7}
YESETH=-15.637, p=001). PSGe] =< A 799 Ak Wt 48+.08(N-m)
o2 fogt Aol7h YR TH(¢=18520 p=001). SSGO] FH=F <A FH| iz
A3k 202.06(N'm)e2 F2l3k 2ol 7} kst th(£=-14.160, p=001).

Fa IATE Adigkel Wats F3ekd, <Figure 104>eA Hd 7+ H=d
SA T e kel AR A frel gk Apol7h yEluA @gken, 85 A7
& ¥ CG, CSG, PSG, SSGolA = e <A 749 doigto] B5F AdgRt
oetA F7tat AT
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Mo
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Hgure 104. Change of relative value of left knee flexor after resistance exercise
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@ HAZ ZATH A gk(Relative value of peak torque in left knee
extensor)
853 AFgA Lz FHd U2 Fo FA gAY FA AT

Table 211. Descriptive statistics and one-way ANOVA results of relative value of peak
torque in 180° left knee extensor (N.m/kg)

Pre Post Total
CG* 2.04%0.30 2.14%+0.33 2.09+0.32
CSG® 2.18+0.18 2.51+0.18 2.35+0.18
PSG¢ 2.02+0.16 2.56+0.21 2.29+0.19
SSGH 2.01+0.21 2.34+0.21 2.18+0.21
Total 2.0620.22 2.39+0.28 2.2620.25
F 1.258 6.239
D 303 002
Tukey - a<b,c

CG* control group: CSG* Compound set group: PSGE Pyramid set group: SSG* Super set group

Table 212. The result of two-way repeated measures ANOVA for relative value of peak
torque in 180° left knee extensor

Variable SS df MS F D i ye;
Between Subject
Group 394 3 131 2.544 071 175 979
Error 1.861 36 052
Within Subject
Period 2.122 1 2122 1045.091  .001 967  1.000
GroupxPeriod 469 3 156 76.999 001 865 1.000
Error 073 36 .002

<Table 212> H& I+ Fo3 2to]& HolA| sk oH(F=2.544, p=071),
W S AZIF=1045.091, p=00D)oll A ol @t zhel7h vepskth, 3, fAa 7k =
A A7l mhE Fazkg Zatel M Folgh Aol7b YR TH(F=76.999, p=001).

- 246 -



)

=4 A7ld & "o 7+ *
HE S A8}y A(F=1.258 p=303)llA= &8 =lo]7}
UehA] @gkom &% 8F I(F=6.239, p=002) A 3k zpo]7} vpERLUGETE AL

-

% syl AT AAWA RARAS AAF A

Ry

$oAPY gELE

4
i)

AR Ay, CSG, PSG7F CGEY Al +9 9] Auighe] Fg o]zt ey
t}.
3.51
@
s 3.0
S G - CG
2= 151
3£ - CSG
27 207
=< -+ P3G
> g 1.5+ ¥ 5SG
g =
= -
£ 1.0
‘—j 0.5
a 0.0 : :

Pre Post

Hgure 105. Change of relative value of left knee extensor after resistance exercise
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@ =34 =218 (Right knee flexor/extensor ratio)
8T AT SFZ2a3 Fyo mE ST Ex gAY FERE =4l
M3l A3+ <Table 213>, <Table 214>, <Figure 106> 4 #|A] 3} t}.

g0 AR SEZEaY Fejd] e 37 AsE SRewd 2 Wl

=)

& U iy 2FdAe & <Table 213> AR o™, <Table 214>+

o BAA A& Helss] s olANBZY LARHS

> o
n
et
r o
i)
M
e
=)
e
Lo

Table 213. Descriptive statistics and one-way ANOVA results of 180 right knee flexor/extensor

ratio (%)
Pre Post Total

CG* 62.15+7.50 61.31+6.59 61.73+7.05
CSGP 63.76%6.56 68.00+4.89 65.88+5.73
PSG¢ 61.30+9.29 66.50+7.94 63.90+8.62
SSGH 59.50+4.88 64.37+5.16 61.94+5.02
Total 61.68+7.12 65.05+6.54 63.37+6.83

F 601 2.142

D 618 112
Tukey - -

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 214. The result of two-way repeated measures ANOVA for 180"° right knee flexor/extensor

ratio

Variable SS df MS F D T yéi
Between Subject

Group 160585.920 1  160585.920 3732.441 .001 .990 1.000

Error 1548877 36 43.024
Within Subject

Period 226.801 1 226.801 40.580 001 530 1.000
GroupxPeriod 120.399 3 40.133 7.181 001 374 970

Error 201.204 36 5.589

<Table 214>elA & 3+ fo & Aol& HolA| &kop(F=3732.441, p=001),
A Wl 54 AZIF=40580, p=001)ANM ek zFel7h Wepste, ®ek, v 7}
=4 A7lel e doad aael A el sk Aol 7k YRR tH(=7.181, p=001).

A A7l wE A 7 Aol S Felsh] 97 ddujA BAEAS AAR 2
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W, AR Fezzad dHE A8ty A(F=601, p=618)llr = el zte]7}
UERA] @9tk &5 8F F(F=2.142, p=112)°l 4] F-ol g Apo]7} vERLEA okt

A o WstE glsty] 98 WexE A8 A 243, CGY 7 E34
ZA ] WEkE 84+3.09(%) 2 o7 zkol7b YEhA] & tHH(£=860, p=412),
CSGe 7 E#4 =Z4ve] W= 424+204(%) 0= o3 Afol7t yEbRt
(t=-6.566 p=001). PSGe] +FES8d =41H]8 Wt 520+4.88(%) 22 98 2
ol 7} YR tH(¢=-3.371, p=008). SSG®] FHEWH Z4In 9] Wk 4.87+2.69(%)
o2 g Aol 7k YERETH(¢=-5.733, p=001).

TrERd FAM e WstE Fostd, <Figure 106>0A4 He F 55844 =
Alale] ARl M - ek Abel7h vEbuA] @gto, 85 AIAY *E ¥ CSG,
PSG, SSGolA = +FE8d FAn7F AT EY FoatA S 7tskadh
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Figure 106. Changes in right knee flexor/extensor ratio after resistance exercise
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F o} 7k (Relative value of peak torque in right knee flexor)
8 A SeZ2aF Feo mE T EA gistAe = A9

A zhe] W3l A3 <Table 215>, <Table 216>, <Figure 107>l A A8} T},

8T AA SFZEa¥ e wE A A7 = A TE Ak
o] W3lE Yl Hyy EFAHAY FE2 <Table 215> A|AFA o™, <Table

Ak Askel FAA Aolg Belsts] 9Aa) ol AukHE

Table 215. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18 right knee flexor (Nnvkg)

Pre Post Total
CcG* 1.35+0.23 1.40+0.23 1.38+0.23
CSGP 1.27£0.14 1.57+0.14 1.42+0.14
PSG* 1.22+£0.24 1.67=0.27 1.45%0.26
SSGe 1.21+0.19 1.53+0.14 1.37x0.17
Total 1.26+0.20 1.54+0.22 1.40+0.21
F 980 3.164
D 413 .036
Tukey - a<c

CG? control group: CSG* Compound set group’ PSGF Pyramid set group: SSG* Super set group

Table 216. The result of two-way repeated measures ANOVA for relative value of peak torque in
180° right knee flexor

Variable SS df MS F )2 T B
Between Subject
Group 039 3 013 326 806 026 1.000
Error 1.429 36 .040
Within Subject
Period 1.568 1 1.568 599.172  .001 943 1.000
Group*Period 430 3 143 94.770 001 820 1.000
Error 094 36 .003

<Table 216> H& 3+ F2s zolE HolA] PO H(£=326, p=806), J&
W 274 AN (FBH9172, p=00DA §el@ o]zt et wd Aw i)
A7Vol wE s el freold 2ol 7k YERFTHESATI0, p=00D).

24 A7l wE g 7 Rl HAAs] AF AU BARAS ANF 2

o
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Fgure 107. Change of relative value of right knee flexor after resistance exercise
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® AL ZATHY A zh(Relative value of peak torque in right knee

extensor)

87 AP e Z=ad Fyol mE For A Ao A X
A zke] W3l A3 <Table 217>, <Table 218>, <Figure 108>l A | A &}t

85 AR wezraF FHd wE A AZIE A2 2ATEe

off

Table 217. Descriptive statistics and one-way ANOVA results of relative value of peak torque in
18 right knee extensor (Nmvkg)

Pre Post Total

CG* 2.16+0.23 2.27+0.22 2.22+0.23
CSGP 2.00£0.14 2.31+0.17 2.16+0.16
PSG® 1.98+0.21 2.52+0.27 2.25+0.26
SSG! 2.10+0.31 2.40+0.28 2.25+0.30
Total 2.06+0.23 2.37+0.25 2.22+0.24

F 1.409 2.063

D 256 122

Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 218. The result of two-way repeated measures ANOVA for relative value of peak torque in
18 right knee extensor

Variable SS df MS F D i e
Between Subject
Group 057 3 .019 360 782 029 114
Error 1.901 36 .053
Within Subject
Period 1.941 1 1.941  656.794  .001 948 1.000
GroupxPeriod 455 3 152 51.317 .001 810 1.000
Error 106 36 .003

<Table 218>l & 7+ F23 Aol& HolA FPoH(F=360, p=782), I
W =4 A7) (F-656794, p=00)ol A Fel @ Aol7h peteh e W 1) 27
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Ad o WHeE gdstr] & dSEE -HAS A3 A3 CGY A &
Ao Aoe WaE 11£.04N-m)ez  Fog Zo]7h e TH=-7.866,
p=001). CSGe $22 247 Fugte] W= 31£06(N-m) o2 et Ao
7} YEbsk e (4=-16.140, p=001). PSGe A< ZAFHY Adzte WIE
54+.09(N'm) o2 93 o] 7h LERITH(£=-19.177, p=001). SSG] $-4 A7
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Figure 108. Change of relative value of right knee extensor after resistance exercise
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@ F&5 #4d = F9-¥](Knee bilateral balance ratio of flexors)

877 AZH $EZead Fejd BE 33 9a g 78

r-L

Hd =2 F-

$-v] 9] W3} A¥+= <Table 219>, <Table 220>, <Figure 109>ol 4 A A| &} %3t}
8 A SFZ2aF Yo mE A AVE 55 A4 = F-99]9

Hals Yeld iy F58Ae] 3h2 <Table 219>9] A A8 o™, <Table 220>

o RE A BT A3 wake] BAH G| FAAs] 98 olANBEA L

Table 219. Descriptive statistics and one-way ANOVA results of 18)° knee hilateral balance
ratio of flexars (%)

Pre Post Total

CG* 93.65+11.78 94.32+10.23 98.99+11.01
CSGP 103.18+15.33 08.71+12.24 100.95+13.79
PSG* 03.53+22.22 96.04+14.20 94.79+18.21
SSGY 98.95+17.99 97.90+14.90 08.43+16.45
Total 97.33+17.07 96.74+12.63 97.04+14.85

F 726 227

D 543 877

Tukey - -
CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 220. The result of two-way repeated meastres ANOVA for 18)° knee hilateral balance ratio

of flexors
Variable SS df MS F D i yéi
Between Subject
Group 315.852 3 105.284 A76 701 038 137
Error 7964504 36  221.236
Within Subject
Period 6.844 1 6.844 276 603 .008  .080
GroupxPeriod 132.318 3 44.106 1.779 169 129 424
Error 892.628 36 24.7195

<Table 220>°4 At 3+ Fgt xpol& HolA| ko (F=476, p="701), Fct
W EA AINF=216, p=603)NA FolF Aol7t UEpA ehgth wd, 4w 13
24 A7lel we BEAs Aded f9@ Aozt UEuA LHF-LT,
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& #4d A F-$H)(Knee bilateral balance ratio of extensor)

877 A EeZEad FHd wE = 94 g F& 4d A F
o9 Wal A= <Table 221>, <Table 222>, <Figure 110>0]4 A3} t}.
Z2a9 el e A AE v & #d S F9u 9

oo
N

N
N
2
oft
ox,
Ho
offt

Hals Yeld Hy F5HAe] 3h2 <Table 221>9] A A5 o™, <Table 222>

4 AE 9 wske] BAH AolE Belals] Sla) o duESY B

Table 221. Descriptive statistics and one-way ANOVA results of 180° knee hilateral balance ratio

of extensor (%)
Pre Post Total

CG* 94.12+9.86 94.07+9.57 94.10+9.72
CSGP 109.06£9.16 108.69+7.43 108.88+8.30
PSG* 103.31+£13.70 102.69+12.95 103.00+13.33
SSGH 98.45+18.30 99.13£16.11 08.79+17.21
Total 101.24+£13.94 101.15+£12.71 101.20+13.33

F 2.347 2.635

D 089 065
Tukey - a<b

CG* control group: CSG* Compound set group: PSGF Pyramid set group: SSG* Super set group

Table 222. The result of two-way repeated measures ANOVA for60° knee hilateral balance ratio of

extensor
Variable SS df MS A D T yéi
Between Subject
Group 1184.344 3 394781 2521 073 174 D75
Error 5637773 36  156.605
Within Subject
Period 162 1 162 026 873 .001 053
GroupxPeriod 4,769 3 1.590 254 .858 021 094
Error 225.389 36 6.261

<Table 222>°A A 3 Fo3t 2ol & Ho|A| Edom(F=2521 p=073), J&
0 54 AN (F=026, p=8TDeIA freld Atol7h UEbA gk 8, g 1k

o

24 A7l wE AuAs wdeld fo@ Aol Vet SThF=254

D=858).
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Asghari, 2021). 21 ¢ A Ao w2 Al FAo] 8F FoF 1IRM50~70% 7%=
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Weol SAHCR 73 AolS AAGHATHHEZIH & ol LA, 2010). ol S
AR ATy Ade Add Ade dAYARE A A FE2FE bl Aol
AAh AF7HA] AHE APATES EF A A AT T2l AA
ol A= Zdtolty, 2y Al 7HA Adkes ZEIH o] dA g ES
dos mlugh =io] B Helow F7F A+ dasirta Azbgtt
BEIAE, deu=ME, FHME Al 7HA AdeEol A T4 ddEY] 7%
Aol mAl= WstE EA467] e <8, 2479, 794, oY
2EQt, &8 HX2E A= CSG, PSG, SSG 12 CG IFREY 9 H2E
A3, Boh Skt oy, Al AddEE 1w gl SAA Aol uEhbA] RSkt
vl 28 o] gAaE Ao A CSG, PSG, SSG xS w8 o 8o FonsiA F
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s 1257 % 5 2" ATl FAvEA S AR yEut
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<Abstract>

Effects of resistance training sequence and form on basic
physical strength, hypertrophy and isokinetic muscle function

in male college students

Peng Liu

Department of Kinesiology
General graduate school Jeju National University

Jeju, Korea

Supervised by professor Tae-Beom Seo

The purpose of this study was to confirm the effects of joint sequence (Study
I) and program (Study II) on body composition, basic physical fitness, muscle
hypertrophy, and isokinetic muscle function in male college students during an
8-week resistance exercise program.

In Study I, we compared and analyzed the effects of changes in single—joint
and multi—joint exercise sequences during an 8-week resistance training program
on body composition, basic physical fitness, maximum muscle strength, and

1sokinetic muscle function in adult male college students. For Study I, 30 adult
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male university students were randomly assigned to either a control group (CG,
n=10), a single-multi joint exercise group (SMG, n=10), or a multi-single joint
exercise group (MSG, n=10).

Participants in the exercise groups performed resistance exercises for 60-90
minutes a day, three times a week for eight weeks. The exercise intensity was
gradually increased from 60% to 80% of their one-repetition maximum (1RM).
The number of repetitions was set at 15 times at 60% of 1RM, 12 times at 70%,
8 times at 80%, and 5 times at 80%. Rest time was set at 60-90 seconds, with 3
minutes of rest between exercise programs. To confirm the effect of exercise, we
measured body composition, basic physical fitness, maximum muscle strength,
muscle circumference, flexibility, agility, power, and isokinetic muscle function for
all groups before the program and again 8 weeks later. We used a two-way
repeated measures ANOVA to identify the interaction effect between groups and
time periods for all variables. After conducting a one-way ANOVA to compare
differences between the groups before (week 0) and after participation in the
resistance exercise program (week &), we used Tukey's post-hoc test to confirm
the differences between the groups. Additionally, we conducted a paired—sample
t-test to track changes over time within each group. The statistical significance
level (a) for all analyses was set at .05.

The results of this study showed a significant decrease in body fat percentage
and an increase in grip strength in the SMG group. Furthermore, lean body mass,
body circumference, muscle strength, muscular endurance, agility, flexibility, and
1sokinetic muscle function of the shoulder joint significantly improved in the SMG

and MSG groups compared to the CG group.

In Study II, we compared and analyzed the effects of three types of resistance
exercise programs - Compound set, Pyramid set, and Super set — on the strength
of the agonist and antagonist muscles of the upper and lower joints of adult male

college students, as well as their effect on muscle hypertrophy.
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In Study II, 40 adult male university students were randomly assigned to a
control group (CG, n=10), a compound set exercise group (CSG, n=10), a pyramid
set exercise group (PSG, n=10), and a super set exercise group (SSG, n=10).

Participants in the exercise groups performed resistance exercises for 60-90
minutes a day, three times a week for eight weeks. The exercise intensity for all
groups was gradually increased from 60% to 80% of 1RM.

For the compound set, the number of repetitions was set at 15 times at 60% of
1RM, 12 times at 70%, 8 times at 80%, and 5 times at 80%. Exercise time was
30 to 40 seconds for each group, with a rest time of 10 seconds between
exercises and 3 minutes between programs. For the pyramid set, the exercise
duration was 30 to 40 seconds with the same number of repetitions and
intensities as the compound set. However, the rest time between exercises was
60-90 seconds, and the rest time between sets was 3 minutes. For the super set,
the exercise intensity, number of repetitions, and rest times were identical to the
compound set. To confirm the effect of exercise, we measured body composition,
basic physical fitness, 1RM, muscle circumference, flexibility, agility, power, and
isokinetic muscle function eight weeks before and after the exercise program. We
used the data of 30 participants for the analysis. For the measurement data of
this study, we will calculate the mean and standard deviation of all variables
using descriptive statistics through the SPSS for Windows (Version 21.0)
statistical program. A two-way repeated measures ANOVA was performed to
verify the difference. To compare differences between the groups before (week 0)
and after participation in resistance exercise (week &), a one-way ANOVA was
performed. Additionally, we conducted a paired—sample t-test to track changes
over time within each group. The statistical significance level (a) for all analyses
was set at .05.

The results of this study showed that sit-ups significantly increased in the

CSG group, and the PSG group showed the most significant improvement in
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shoulder isokinetic muscle function. Additionally, all resistance exercise groups
positively affected the isokinetic muscle function of the knee joint, as well as lean
body mass, body circumference, muscle strength, muscular endurance, agility, and

flexibility.
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