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PURPOSE The aim of this study was to investigate the effects of 12-week
instrumental pilates exercise on isokinetic muscle function and body composition of
healthy college women. METHODS Twenty-four college women (aged 21.6+1.3yrs)
were recruited to the study. The participants were divided into two groups, as
the instrumental pilates group (IPG, n=12) and the control group (CG, n=12). The
springboard pilates exercise was conducted 3 times a week for 40~60 minutes during

12 weeks. RESULTS There was significant interaction effects in the right knee and left
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- right elbow extensor muscles (60°/sec) and left knee flexor and right elbow extensor
- flexor muscles (180°/sec)(p<.05, p<.01). There was no significant interaction effects
in the muscle mass of the total body, trunk, arms, and legs (NS) and also in the serum
growth hormone, insulin-like growth factor-I and 25(OH)Vitamin D (NS). Serum
creatine kinase was significantly increased (p<.05). There was also no significant
interaction effects in weight, body fat, serum total cholesterol, triglycerides, low &

high-density lipoprotein cholesterol (NS). CONCLUSIONS These results suggest that
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although prolonged instrumental pilates exercise of healthy college women might
be improving isokinetic muscle function, there is no increasing effect of muscle mass.
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i«] A%, AHAS iAo 1053 7 F 33]9] AA] & oFd, wjtd,
KAF For7] & 28 W ALY A#7F F7Hths Eil(Hwang et
al,, 2012)¢} 9t 4541~60A1 9] 7371 4 F 2199 Wz 851t
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Table 2. Instrumental pilates exercise program

717 Wete 2 5 3}

et A AXYHE %5 JAIPG)NA 12537 533, 13] 40~60%-
o] delgla ARYRE 5 APt &5 Ft= 7119 414
29l EAS 1&5tojA &% A2 = (Rating Of Perceived Exertion;
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Table 1. The characteristics of subjects

Variables CG(n=12) IPG(n=12) P

Age(yrs) 22.75+1.42 22.50+1.24 .651
Height(cm) 161.28+5.05 159.18+4.17 281
Weight(kg) 54.33+4.01 54.68+4.50 .846
BMI(kg/m?) 20.92+1.69 21.54+1.16 301

Values are mean+SD. BMI, body mass index; CG; control group,
IPG; instrumental pilates group.

Duration(Weeks)
Program 1~4 5~8 9~12

RPE Rep. Set RPE Rep. Set RPE Rep. Set

e Self massage 9 10~12 2 9 10~12 2 9 10~12 2

\Y';‘g?n‘;p e Breathing 9 10~12 2 9  10~12 2 9  10~12 2
e Spine articulation 9~10 6~8 2 10~11  8~10 2 10~12 10 2

e  Roll down 9~10 6 1 10~11 6~8 2 10~12  8~10 2

e  Side sit ups 9~10 6 1 11~12 6~8 1 11~13  8~10 2

e Kneeling 9~11 8 1 10~11 12 1~2 11~14  8~10 2

e  Knee pulls 9~11 5 1 10~11 8 1~2 11~14 8 2

Instrumental Pilates Lying leg spring 9~10 5 1 10~11 6~8 1~2 11~14 10 2
Exercise e  Lying arm series 9~12 1 1 10~11 2 1~2 11~14 1 2
(30~50min) e Abdominal 9~11 5 1 10~11 6 1~2 | 11~14 8 2
e Swan 9~11 6 1 10~12  6~8 1~2 11~14  8~10 2

e Teaser 9~10 3 1 10~11 6~8 1~2 11~14  8~10 2

e  Kneeling arm series 9~10 8 1 10~11 8 1 11~14 8 1

e  Standing arm series 9~12 5 1 10~13 6~8 1~2 11~14  8~10 2

e Plyometric 9~10 8 1 10~12 10 2 12~16 10 2

Cool down e  Stretch 9~12  10~15 2 9~12  10~15 2 9~13  10~15 2
(5min) e  Massage 6 1 1 6 1 1 6 1 2

40~60 min/day, 3 times/week, during 12 weeks
RPE, rating of perceived exertion; Rep., repeat.

Korean Journal of Sport Science 2021, 32(3), 363-372

https://doi.org/10.24985/kjss.2021.32.3.363


https://doi.org/10.24985/kjss.2021.32.3.363

Effects of Instrumental Pilates on Isokinetic Muscular Function

365

A& xbeto] F83t &) o] AlRAQ] IS5FS FrleloH, A
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LDL-C = TC - [HDL-C - (TG/5)]

Table 3. Effects of 12-week instrumental pilates on isokinetic muscle strength of knee & elbow peak torque(60°/sec)

Variables Group Before After Source F p
CG 213.08+35.15 203.25+26.68 group 005 443
Ex (%BW) time 129 809
- IPG 196.58+23.13 204.50+26.49 ot 6379 023
ig
CG 101.17+23.66 99.58+19.35 group 597 456
F1 (%BW) time 010 920
. IPG 93.58+19.83 95.83+19.74 ot 550 470
cc
CG 202.67+37.55 196.58+25.82 group 195 667
Ex (%BW) time 024 880
. PG 191.17+23.21 198.67+23.92 ot 4198 065
€
CG 95.25+22.10 96.08+20.09 group 121 735
F1 (%BW) time 3.541 087
IPG 89.42+17.89 96.08+23.69 axt 1 628 98
CG 36.009.40 33.25+7.06 group 005 944
Ex (%BW) time 129 726
- IPG 32.25+7.25 36.50+11.64 axt 6.379 o
ig
CG 30.758.40 31.25+7.06 group 001 972
F1 (%BW) time 1247 288
. IPG 29.75+6.06 32.008.80 ot 420 30
oW
CG 32.50+6.63 29.75+6.20 group 562 469
Ex (%BW) time 7301 021
. PG 27.75+6.02 36.33+10.59%* oxt 13,569 004
€
CG 31.75+4.52 30.25+6.33 group 038 849
F1 (%BW) time 050 828
IPG 29.506.11 31.50£9.00 axt 2736 126

Values are mean+SD; Ex, extensor; Fl, flexor; CG, control group; IPG, instrumental pilates group; F-values from two way repeated ANOVA;

**: p<.01 vs before by paired t-test(post-hoc test).
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A A

=A% E HlE9 2 Windows SPSS 23.0 statistics
package(SPSS Inc., Chicago, IL, USA)E o]-&3lo] 4513t F 3

| Fjo] ulmE Slstol T EEHAE ANt =

Qe 2

S A ADYRE 25 33 HIE Joto] o] AR EANEA]
(two-way repeated measure ANOVA)S A1 00 ek A7), ]
X A7]9] WE(Q2 by 2) Bate] AolE £45H . ANOVAEAL &
G913t 207} Q= 49, AFEAALR Al7|7H paired t-test, HEH

+ independent t-testS AAISHAC 5AA o4

A7t

()2 a=.052

554 Ad 29

125 717+ gebg| A7) B2 SEATE] 3yt B 5454
o (peak torque, 60°/sec)°ll P X|= AIHE (Table 3yl Vel
o} F- 9= 52 9 BEA FgIolAe BAR R fogt HslkE &
A 5= YA, = FETE U F- 9= TEATE HLA IF
xAl7] koA fefgt e antrt veho®(p<.05, p<.01), CG

oA Zashe AFS UEhd Wb, IPGOlA ZHzE 9F 4.0%, 13.2%,
30.9% S7Feke A o2 et

&4 Ad A+
544 H) 2278 (endurance muscle strength, 180°/sec)2
% 55 U 9 S FEAEIE g ¥ 2olA 1F x A7) 2ol f-9
3 ARG R HERE L H(p<.05, p{.0D), CGollA= 7&5\_0}»‘: %
& Yehd §HE, IPGOlA 22} OF 4.8%, 3.5%, 6.6% &7Fol=
PG THTable 4).

l>1'

Table 4. Effects of 12-week instrumental pilates on isokinetic muscle strength of knee & elbow endurance strength(180°/sec)

Variables Group Before After Source F P
CG 72.58+3.23 73.4243.03 group 1.194 298
Ex-En .
ratio(%) time 1.597 232
- IPG 72.83+3.90 75.00+3.67 ot 633 L3
ig
CG 77.17£10.16 70.8349.39 group 898 364
Fl-En .
ratio(%) time 3.594 .085
PG 70.9249.38 71.50+8.85 axt 3507 088
Knee
CG 73.5045.49 73424355 group 699 421
Ex-En .
ratio(%) time 2.709 128
o IPG 73.17£4.04 76.67+5.84%* gxt 6.256 029
€
FLEn CG 75.42+8.96 71.00+8.61 group 121 735
ratio(%) time 452 515
0
PG 71.00+7.76 73.17+10.63 oxt 3.159 103
CG 85.50+12.70 75.17£11.90% group 002 963
Ex-En .
ratio(%) time 1.643 226
. IPG 79.17+11.81 81.92+13.55 ot 6.199 030
Right
CG 85.42+13.56 78.67+13.08 group 263 618
Fl-En .
ratio(%) time .055 819
PG 81.42+12.35 86.75+7.15 ot 12,589 005
Elbow
CG 75.33210.82 74.33+14.85 group 1315 276
Ex-En .
ratio(%) time 2.585 136
o PG 74.75+14.51 85.58+14.20 - 2082 112
€
FLEn CG 82.67412.05 79.8348.65 group 318 584
ratio(%) time .001 974
PG 81.67+7.78 84.67+6.07 gt 1517 244

Values are mean+SD; Ex, extensor; Fl, flexor; En, endurance strength; CG, control group; IPG, instrumental pilates group; F-values from two
way repeated ANOVA; *: p<.05, **: p<.01 vs before by paired t-test(post-hoc test).
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2% 9 28 IR

1. 5%
AR S Eetete] A B 56, &, v IS DE XAl
719] 352G B UERHA] 9ktH(Table 5).

3 ISHA AR
’\“‘LﬂGrowth Hormon; GH) ¥ &3 §-AF A7412KInsulin
like Growth Factor-I; IGF-I), 25(OH)Vitamin D oA+ 15 x A|
719] A5 A8 git= YehA] aortt I obel 7]UA|(Creatinine
Kinase; CK)OlA= T x A17] ZHollA] f-ofgt a8 aa7t et
H(p<.05, p{.01)(Table 5).

AAG R A A

L AR
AT Z3oto] AAYT D AXGEANA = LT xA719] 428
HIE HERA] 2 HTable 6).

2. @3 AEUA A8

ZZ ¥ AHE(Total Cholesterol, T-C) @ 5/ A% (Triglyceride,
TG), AZLE A ZF A HE(Low Density Lipoprotein
Cholesterol, LDL-C), U= Xt ZHAHE(High Density
Lipoprotein Cholesterol, HDL-C)OlA 15 x A|7]9] A5 A-8-a3k=
YERIA] 2tH(Table 6).

Table 5. Effects of 12-week instrumental pilates on body muscle mass by DEXA and serum muscle growth factors

Variables Group Before After Source F p
CG 36.68+2.34 36.10+2.48 group 699 421
Lean body mass (kg) time 208 .658
IPG 35.3142.65 35.73£2.76 gxt 1.435 256
CG 35.06+2.43 34.8342.63 group -840 379
Body muscle mass (kg) time 5.978 .033
IPG 33.73£2.70 33.4442.42 gxt 567 467
CG 16.861.45 16.65+1.63 group 1.791 208
Trunk muscle mass (kg) time 1.641 227
IPG 16.07+1.67 15.94+1.41 ot 085 776
CG 3.2040.27 3.18+0.32 group 216 651
Arms muscle mass (kg) time .037 851
IPG 3.12+0.36 3.15+0.37 ot 1,395 262
CG 11.70+0.89 11.70+0.75 group 5.173 044
Legs muscle mass (kg) time 1.373 266
IPG 11.29+0.73 11.10+0.83 - 1610 31
CG 4.8442.70 3.10+£3.47 group 802 390
GH (ng/mL) time .086 775
IPG 3.2743.25 4.55£2.36 gt 2937 163
CG 290.58+89.42 298.25+84.11 group 019 894
IGF-I (ng/mL) time .549 474
IPG 280.92+90.50 298.42+91.35 gxt 078 186
CG 10.52+2.38 12.9742.82 group 11.267 -006
25(OH)Vitamin D (ng/mL) time 25.090 .000
IPG 12.7742.40 17.3442.65 gxt 4878 051
CG 117.58496.33 65.42424.80 group 014 909
CK (U/L) time 936 354

*

IPG 74.42428.16 104.42+41.10 gt 5.807 035

Values are mean+SD; DEXA, dual energy x-ray absorptiometry; CG, control group; IPG; instrumental pilates group; HGH, human growth
hormone; IGF-I, insulin-like growth factor-I; CK, creatinine kinase. *: p<.05 vs before by paired t-test(post-hoc test).
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Table 6. Effects of 12-week instrumental pilates on body weight, fat and blood lipids profiles

Variables Group Before After Source F p
CG 54.33+4.01 54.44+4.71 group on 918
Weight (kg) time 1.011 336
IPG 54.68+4.50 53.72+4.38 axt 3241 099
CG 16.72+:4.66 17.09:4.50 group 608 452
Body fat mass (kg) time .051 .826
PG 18.71:4.30 18.12+3.98 oxt 175 216
CG 30.936.70 31.83£6.16 group 920 358
Body fat (%) time .088 773
IPG 33.58+5.44 34.27+5.78 axt 2359 183
CG 186.25+30.63 180.33+39.16 group 090 770
T-C (mg/dl) time .010 921
IPG 184.9237.34 189.67+35.56 axt 756 403
CG 76.58+38.34 72.83431.94 group 1.628 228
TG (mg/dl) time 1.384 264
PG 77.58432.19 93.33+47.54 axt 5397 150
CG 96.52+20.29 97.43+30.92 group 428 526
LDL-C (mg/dl) time 309 589
PG 98.73+32.56 104.42+26.48 axt 19 78
CG 74.42+13.09 68.33£17.12 group 139 0y
HDL-C (mg/dI) time 3.472 089
PG 70.67£17.41 66.58+16.85 ot 143 13

Values are mean+SD; CG, control group; IPG, instrumental pilates group; T-C, total cholesterol; TG, triglyceride; LDL-C, low density
lipoprotein cholesterol; HDL-C, high density lipoprotein cholesterol.

=9
£ Q7oA A717k0] 717 Wekel s g0l 27153t AR 24 o
A mIE AEe] Slotel, 273 ol ek 2498 5 Feto g 1}

tro] 7] Wetel WRHIPORIA 12 608, % 38], 125 k] Wee]
£ ARYRE 85 15} AR AAste] EYHCO HmSlck
1A% 717 Behels MR 95 TEUA 4 H-95 DRV
H29) 544 Hrh 2HE0°/sedolA R 37} SHg0m, 2
08 BT 9 05 BRNYIY FYL 544 A 2A7H180°/
seolHE fo43H] 37F S Zlo] walzict. Betel Ak W A0l 5
23} 38 28-S 5ol 859 Aol 7]ofohe 8= B/33HAIA
=8 4l ;iﬂrﬁ(Phrompaet et al., 2011zt &&A Ut A
1841~304) 273t o4 113 Ao 37k1]0] AEAel e e}
HA 29 2 EE HES 23 15%~61%MVICY] =S
Hepdittyl B3 QltkMenacho et al., 2010). g ot it
o= T|E Wethl s £5-2 19 508, % 28], 125 7F A AT
£ o] 7Rtk Rskal 9lem(Yoon et al., 2007), 9L
o g "etgact dAAE2E 1Y 808, 5 23], 145 7+ A%
Aol A = v o] S7FCk Y. B 1E| T QJtHPark & Lee, 2009). 1
g oSS Yo E WiE A 52 1Y 80+, 5 23], 12
3 2F AAIRE AelMs FEolls RS XA Zilths B1E 9
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tHPark et al., 2011). o] AFofA=
o2 jE FEAE AAlstaL 9lo],
£ 719 "ete Ao Hlawsto] 8 g
(Anderson & Spector, 2005), &8 S22k oFF viIH5S &7
stal Qlo] 8 e AES|ol= ARk .
£ Ao 28 HskE %0}7] Qo] 5544 Fu 2 HEI 7
EL 1
a1

£ WA FRl7 B9 Hd 55
59 52 B 7k el °‘°1
EE 3l= 25°Z(Knapik et al., 1983) —rOHZ AHs}HA| 2hg-oh=
g Aol £50] Wioke A2 WE9 el 2o wet
Al tr27] “41—1:0] S0l QlofA AF|Eo} BTt rhal B E gl
(Hislop & Perrine, 1967). ©|A 9 544 AH|E ol-&olo] & =74
g Aol A= BEtElA 59 Tl QlolAe] 384 At B
3 Slch ot AlE o' HEHEE o] 83 BEHAE 1Y 50
B, F33], 125 7H AAJSE oA E 544 oFA] =9l SHE Bl
6]—"’ tHHwang et al., 2016). == A3HAg--50] 7163 A%
& AtollA et AnYREQ}F fAKSITHAL S 4= Qlrh AAE
7H‘j , 22T, Aloje} vk 5] Tt 714t At AE BHoR
AE3t Ao ME B5 T 554 2=olA 74 ZeHElA 515
o] tixT1Fol Hloto] Hg £t ofl et HLoA % R-2l5kA S7Fst
L 7o) H11%] 7 9JtHOliveira et al., 2016; Oliveira et al., 2017). ©]
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AY 2 AqolA HAIRE AnHE 719 el As i E FabE A0
fxH oz Aol BolE o]gato] FEIF FEA| PHof| thafsl &
B2 AABIAAL, AFRebrt 2-8sto] 5454 SEdgol a3tao|gl
o}l wekEch

SHA ol#jgt &g W] 28] JS HES| ot HlwA
Justetal 4ef 2l DEXAE o8t M4l 9 55, &, tfejo] I8
< &4ttt O 23 F o 7o) o5t 2ol yERA] okt

Hwang 52012)9] A& tiifoz siE Fapg A 58 1Y 50
B, F33], 105 7F AAIRE Aol = &l Rt 2ol 7t ¢l
k. Buska glo] 2 Ae] Avkg H djEch wEkA 5454
49 9 7YY P2 59 ¥ P Bk 27158 Pl
93t Ao & FZEFojZitt. olF FRIst] $J5t 7t A7t "astt
I gekEch

T3 €5 28 AGAAR AR ERE Qe SAF AFRIA,
25(0OH)Vitamin DOA = 5-9J3F Zpol= sk Z3ict. 1=t 39
oFgl Z|UoA|(CK)NA = 325t S7Foh= A2 R WAt o) o
S oz tE Hapg A 258 19 70~80%, & 33], 85 7+ A4
Algt 7H(Kim et al., 2014a)°l4] CK7F f-2J5HA| S7Fsto] & thA
of] G vH = ket ARt CKE 2 AlZolA ol thAt
28-S AR & = Sl NRE, AA 50 9Jd) &4do] T+
o=z AA 9 & &4 e e X|3Eo|tHYoon, 1998). 11F
A o2 AASE 5]y WiE kgl 25 SOl oF 1.44] F=
CK7F S71ohe A0 & oA AtHKim et al., 2014b). & 159] 7]
T FeEH A 50] 25 thAlel] GRS FA1 YASE T = Qe
Aty gokgch B35 8E Do s 895t AFeRRR-2 UER)A]
£ ZRAT STl A3 UElltip=.051). 5 7|9 et Aot
Hety] D] FAAol oA A7-7F Lot wekE

SHH 2 AT A A S-S ZFoto] AA R L A AT A Aot
|HI= YehR] goror, 8% At A 1el FEHAEHE U 5
AR, A A FYAHE, 1 AT FYAH ST A
SRS E I YERER] ottt 2 S0l 2082 thde2 1Y 50
£, 533, 85 7 A=, gan, Aojol vl 5o 7|3 dEte|As
AT Ao M 2 Aot FAH AF 3t AR EC] vlAE a3t
= Qlgitk B 115k QItHAn & Seo, 2021). ZLE{Y, 3 oJAS At
o=z mE dtA 258 1Y 508, 3 33], 85 7+ AAFE AFof|A
T AN AARINE B8k YO (Hyun et al., 2018), |5t
o4 tigez fE datga 258 1Y 50~608, F 338, 125 7t
ARG AP E F2FA, Qe HOMA A5t 34 AALES]
ZAagart B uE T IoKim et al., 2017). E3F, kgl o7} of
249] AlA 24T} hARE T EAR| ] w|X]E= G B4 9
3 o] HEE 38W o] =Eg HEHEATH Ao M A A EC] B
AHog folstA Akl E3(0h, 2019)3k1 U= AAHE 2
g2 Y A B3Pt AL A= =k ES A7) |
E g AE 89 S ojA(Kim, 2017; Hashemi et al., 2015), 1L
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% oJ4(Kim et al., 2011), LY =2l oJ 4ol A -8t 23} BFA A
ESHAHE, S, AUz Add ZHAEE, 1EE A g
g 2EE)9] HAel F2Q1 FRFS etk B sy ik
717te] viE e A0] - A A3 TA] A DAL 7R g3t} Q)
£ AT 202 7|7 Pt 20] A9 28 §59] 258tz Qlst
of & 762 A= AR 2 A -AL A Sk w)8E ke
o] i}, wHEkA] AR A4S HRE sto] 7| gl As 24 T
- AAGE AAAE 5= Y FAE 258 23 ol 5 Hgo] Ug
g 702 wekEc

= datea B A 313H9] A7 2 AERRS g A
7ol o5 A E]et HoK1991, 49.4%)9} AE 24188t HoK(185
H, 45.9%)°1%1 01, ATFA= AAR/G494H, 12.1%), A73HAAH
(384, 9.5%), WEHIA 35(8.7%)<=C]1 AUtk FeHChoi & Lee, 2017).
oA A FH oz RESHA] ofrhal U 4= glont, off] dHo= F
FSH7A] U 4= Qlot. dEte|a Ate] AH P fJste] 25
Ae 9 5 A7 Wk 52 BESol, ek A JHjEE v wshs
59] ke2o] " g3t Zlolr},

ESH 20194189 A|(MCST, 2021)°] oJatd AHe&s o] 5 <
Qloll 871, dete A, BEI oid S71ske] 201990 590 23t
I ohe AAY detEak SUASEES shE I Sl 1
g depg|2rt A7l v|x= &xfof tigh Hsha LA otz wek
g AAolct, & A7t 71719 71 BEt AE-2 I8l &9
sto] 27158 LA 4 the ahte] 2A7 € & ot A2
o}, gt 713 dEte A 25 B Y] 5F7| YAl viE Hete A
Akt 24 vlwe Y Qo] itk o]S 3t 7 Av Zes Ao
2 Akmgct

of
o

e}
1=

I

5

=
& AT = oA 248S LR 1Y 60, 5= 33], 125319 &
LPHE 717 HeteL 25 FoF Ads dAste] 4713t 717 2
A 250] 2715 A0l viAle 2 FESI 1 2
I 95 T 9 F-95 FEAwE B2 554 A4 2=60°
[sed)tt 5 55 BT 95 TEAEIH G2 54 HA 2
AF8(180°/sec)°] KAl S7F st Zlo] galFet. et A4l
255, T o2 ZEPolAE FTt Aole HERA] d3te
dF o5 AR AT EEN e FAF 4EJAAL 25(0H)
Vitamin DA = f-218k Ato] ilet. €5 =|ord 7THHAI(CK)E
JsHA S71st3it. AlE& 2dsto] ARG L AATEN = FF=
uAA] Fsilen, €% SEdcEHE ¢S94, Ade Add &
AAEHE, LUE AT FYAH S S PIAA ZHH. ol
AR RE A73te] 71 gt A 252 e JIAAITIAl SE)
At 27155 A 7hsdol AlAET
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