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ABSTRACT

The purpose of this study was to investigate the effect of leg extension exercises performed on outdoor resistance exercise machines on
knee extension muscle strength and quadriceps muscle group cross sectional area (CSA) in elderly women. Two groups were recruited for
this study, including an exercise group (EG: n=13, 71.3842.79 yrs) and a control group (CG: n=5, 73.4+£5.94), In all subjects, maximum
isometric and isokinetic muscle strength of knee flexion and extension were measured using an isokinetic dynamometer (Cybex® Humac
Norm Testing & Rehabilitation System, USA). Quadriceps muscle group CSA were measured using MRI (Philps, Intera 1.5 T, NE
Netherlands). The results of this study showed that post-intervention isometric knee extension peak torque value were higher than
pre-intervention measures in the EG. However, the EG did not show improvement in quadriceps muscle group CSA, Also, no differences
in the shift of optimal knee joint angle were observed between pre and post-intervention exercise. Outdoor leg extension exercise showed
small increases in muscle strength in comparison to other resistance training exercises. The results of this study suggest that because outdoor
leg extension exercise machines lack a progressive loading mechanism, significant increases in muscle strength may not be obtained.
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Table 1. Characteristics of subjects

Gender Group N Age(yr) Weight(kg) ~ Height(cm)
EG 13 71.38+2.79 56.62+7.5 151.23£6.29
Female
CG 5 7344594 62.8+10.43 156+4.8

EG : Exercise Group, CG : Control Group
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Figure 1. Leg extensmn exercise
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Table 2. Peak torque during isometric and isokinetic of knee muscle strength(M+SD) (unit: Nim)
Pre Post
Variable Group
0 °/sec 30 °/sec 60 °/sec 240 °/sec 0 °/sec 30 °/sec 60 °/sec 240 °/sec
K E EG 100.94+19.7 783841839  71.37+16.28  44.33+11.07 112334229  84.94+15.88  73.98+13.64  45.92+13.36
Peak Torque CG  103.87+41.83 77.13£28.52  69.53+28.65 47.49+17.04 98.28+32.36  75.88+27.63  70.00+22.57  45.83+12.43
K F. EG 52.00£10.20  46.59£9.02 39.56+5.52 25.10£3.50  52.94+12.86  47.85+8.11 41.234£7.68 25.15+4.07
Peak Torque CG  48.06+12.19 43331846 36.48+1558  22.56+1047  5427+14.97  47.52+16.64 39.81£15.72  25.44+12.62
EG : Exercise Group, CG : Control Group, K. E. : Knee Extensor, K. F. : Knee Flexor
Table 3. Peak torque during isometric and isokinetic of knee extension
Source df MS F P
Group 1 32.923 104 751
Time 1 31293.863 132.792%** .000
Angular Velocity 3 6074.2 54.202%** .000
TimexGroup 1 157.475 .668 426
Angular VelocityxGroup 3 160.974 1.436 244
TimexAngular Velocity 3 11.698 261 853
Angular VelocityxTimexGroup 3 82279 1.837 153
Table 4. The relationship between joint angles and torque during isokinetic knee extension(M+SD) (unit: deg)
Pre Post
Variable Group
30%/sec 60°/sec 240°/sec 30°/sec 60°/sec 240°/sec
K. E. Optimum EG 49.57+12.84 45.14+£11.79 16.18+12.66 50.33£7.56 45.9149.69 27.37£23.52
Joint Angle G 53.32+16.84 42.66+2345 23.50£13.45 60.76+10.73 56.78+10.03 21.52+12.54
. EG 20.3246.56 28.1249.51 63.19+£22.77 18.65+4.38 24.65+5.14 48.35£19.25
K. F. Optimum
Joint Angle CG 2230+4.16 28.44+8.92 61.54+34.98 23.60+19.60 22.38+9.61 49.80+16.29
EG : Exercise Group, CG : Control Group, K. E : Knee Extensor, K. F. : Knee Flexor
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Figure 4. The relation between joint angles and torque during
isokinetic knee extension. A typical result obtained
from one subject
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Figure 5. The relation between joint angles and torque during
isokinetic knee flexion. A typical result obtained
from one subject

Ao ¥ =] Yehd A4%E BAe A 2EaFy
AR A Faa v An SAAS
RIS OHF=51.173, p=000) A7 A3} 253
A1E B ZHeo] wslellA] SAAQ
ot =, daadd &F A 5 Sl Hol &
o] 1JrE‘r ZFERAs7L A O R et ] VR 2955
ofmgitt, ZHEe Fai) vl AFefAE SAA oAt
= FRIEAtHF=16.667, p=.000). 30 °/sec¥} 60 °/sec, 240 °/sec
A SAAQ o]k UERs=T, 60 /sec} 240 fsecell A=
EAAS felat UeRA] ekl A4l ko R 1ok
) 57 S7F 9 E A 554 75 22yl v

5= 2ozl AS & = At(Figure 5, Table 4).

L o

s dEATE) 2R 54 23

T SATLES] EARE SETHA Bl A
é‘lu—s— &5 A W 4215.94+655.11 mm'Fro] VEREIL, ¥
T o= 4182.05+1587.95 mm® ] gro] UEFSTKFigure 6).

i

Figure 6. Quadriceps muscle CSA(Cross Sectional Aera) of
exercise Group(Left: Pre MRI, Right: Post MRI). A
typical result obtained from one subject

%Zﬂl%% &5 7 4850.57+1157.07 mm’e] Fro] YR
Toll= 4772.6741258.61 mm’e] gho] VyERTE A% 1
ﬂ(ﬂilu, FALE) I AZIEA, ARl B EAA

Q1 oA} UERIA ik,

[e]
70@}7} 4413 Jﬁd AWOHH °lf94
Qle] A Aol 34 JOJ g w
2 JAEAE o] 7)E HSe A FE3 Aotk
M opeld 57| o] aEld Algo]
kA 2715 H R ow gk o

OFO
)4 [‘o
o
N
—Hr
=
.
12
[
=
o mx ® o

FEJ

b
rO
o\_&
N oX
=
tlo
Ho
off &
o oX,
s |o
@ |
o o
Cog
W ooe
rl Mo
R
Mo N
ol —H
oo
2y
= >
L%
F.:rﬁ
ot e

e
ofo
ol
2

—d
Hl
>,
ru
2\
3

. 29 ox
ot @
L ox

S

ST

=

F>“ X o o

ot}-r

yo= d o
29] ke ’ébj]ﬂ JjJr 677Fe] 50 % 53
= o 55 3 508 £ et
¢4-(Cannon, Kay, Tarpenning & Marino, 2007)
A9} O—J ] afal Qltk mgk A3 o] w9159
Z7FA1Z1(Fiatarone et al., 1990; Evans, 1998; Kim, 2005;
Lee & Lee, 2010; Rabelo et al., 2011)2L Hadh M3ATEIE

=
2

mlojzi:lrﬂkmkr_lzﬂ
E



206 Dong-Sung ChoiJin-Sun Kim-Dong-Il Kim-Justin-Y Jeon-Young-Shin Won-Hae-Dong Lee

Hlsg ZA3ke BojFal glok drhe] hRlE2 wdlel S5
Aol meh AAe] B FtolM 2 s ddskal Sl

tl(Danneskiold-Samsoe et al., 2009' Schlicht, Camaione & Owen,
2000), 53] 3] E S TolHA BB ACES s
= AR 7t Fed A A veRdal e Choi, Jeon,
Won & Lee, 2011 Hurely, 1999). 75 AlES disshks dE

ARl 2 A o}~ QA W BRES TR
(Carter et al, 2002), YAALO] AAFAIoF SHAL B 4o

Z Pl A % I A= 29(Danneskiold-Samsoe et al.,
2009; Jette & Branch, 1981; Parizkova, Eiselt, Sprynarova &
Wachtlova, 1971) o]oi4] RIS Al thEAFFe] S 73t
A7IE AL Tl Tesit ofeld £E7|T dlelsdl
Ao AR W919] BhA] 2 T 53] & AEEY] SUkE
3l TAA FIFES A RS RISk ey OW%
ST AT S5 U AP 5 vl 2
o] $7F Am7) nEsk Aoz T Lee9}t Lee(2008)S
Gelgs thoR 105709 ATY EdoldS AN
LR H3EE 180 e U W, HF &R ELE—:‘,
19 % 7k A& iﬂfb‘}?i‘ﬂr. =3 Sung¥} Le
Agd o3t HE3Y & Edold
371% w9 Y B od Al mAs ke Oﬂ?oﬂfﬂ
S 5 Ll%% & T FEE 90 ofsec A
{\JELT?,OI 15 % S7Fel3lom, F-a145 180 */sec & W&
o Zoleliria wasigith 9 e ZAwae) 4
£57F 90 °sec A W, 2 409 %2 < o] YeRd A&
Ha gk 9tk ey B AgelXE 55430 Ofsec, 60
°/sec, 240 °/sec) T =TI AlFEOA B FAAOE
% F7PF UehA] gskom, 75 A ARt 11
%2 S7H5 BTtk olelet A= ofelg 57| w1
ol=|ld F-go] FzINste] ElE o &e SAlE A &

)

["

2 § B 524 4w} R4S ve
A TEA o] Yrhe 43S P_?iﬁ}. olgjgh A=
Hill(1938)] 2] Z Z7sto, A9
A-HChoi, Jeon, Won & Lee, 2011; Lee, Jung, Chung, Kim &
Kim, 2011)¢} AR A3HE HoFit

2 Ayellde Ao EA wEbA A H3HAe] 715l
qeks vA 4= Qo= A3 A Kawakami, Kubo, Kanehisa &
Fukunaga, 2002)2] ZA3}Z nlgro 2 ofe]d gl1o el &%
o] 5t Bl AxA Y JEAG FFL IXEA Popn
4 O ASEe B4 2E S4sigon], A 5
44 o] MARE Zwg Uohught), 24w Fis v)
WM et FkEE A B4 R Al 1y

o

A,

O:

o _1\1
m J»

J

1N o

e AopAe A Btk olydt A= 75wt
7F BE Ao 54 S 22 1 53 dojA|Rt
54 Zol7} F- doloA Tddr= 4317 Kawakami,
Kubo, Kanehisa & Fukunaga, 2002)&] Az} X5l 9t} tf
Al sl Hoff 554 2o e FEREe] Awrt 7}
Lol whebA] T2 A VERRE Al 11349 Zo] Wt 7}
o e e T Ues AN A A5 ST
= 59 Aol o Folxl A -elA FHojlEo] yeRd
T Stk o]& HigoE £ AN
| et 75 A% 1 5319 s 4
24 ELrM Zo](Optimum Length) A|5lellA] Zth
L5 e 53 & 7 Sl
Z%Q AR 2] Wshs AR FolRt
7F VR 2okt o]2f gk A= Tachi et al(2011)¢] 5-2
e} ARl ASEA ofe] R #ao Hd 57]TE AR
& 677te] 50 R e LA wstel] & 4
S A 2 Aoz yhdEn)

i
i -&*
r

pocy
[o

firmm
_l&{mo
01-‘

ul
il

d
>

ol

r wo
ﬂ % ol

WA, DEIFE 95 AUk £ F A 5 78 A
el F9 B, F 08 B 2% 4% 28
o) 544 5% Ao 2aee] et 80 2 v
s skek A, 5 1 2R 2t 1) det A
S4B A el paddnt WA, F 1§ =
F et RIS A 544 ¥ A2En 22
w = 4% Bynk i, T %

18 75 4Es Aol
B A &8 Foll thERFETe] SRdAe] sk
UERA] g9kt

17gs} A 7kl uhet x=91e) )T Aske A9AE
T S 2vke ekl Hadh duislolM ool eI
o] HiFo -0159] 77 Aol FAHOl kS mH|= Ao
= et 2oy AR Feh defs 488 SAlE AR
T T T7F RS vl & & o, oRlE &ETE
AR gl A= mr|E % 71 Yebeet

upebr] Bk gl 8 54 2 7S AlaiAs et
FA-o] 7Fsdt ofeld 3%71 TE M A, Hag 2|
ATS olgsto] 75 AATe e =i 5 = AEd

7179l mie] Wa & Zlow Az

L-l



Effects of Six-week Resistance Exercise using an Outdoor Knee Extension Machine on Function and Structure of the Knee Extensor Muscles 207

A2

American College of Sports Medicine(2009). Guidelines for Exercise
Testing and Prescription, 8th Ed. Philadelphia, IL.

Brown, M., Sinacore, D. R., & Host, H. H.(1995). The relationship
of strength to function in the older adult. The Journals
of Gerontology, 50, 55-59.

Cannon, J., Kay, D., Tarpenning, K. M., & Marino, F. E.(2007).
Comparative effects of resistance training on peak isometric
torque, muscle hypertrophy, voluntary activation and surface
EMG between young and elderly women. Clinical
Physiology and Functional Imaging, 27(2), 91-100.

Carter, N. D., Khan, K. M. Mckay, H. A, Petit, M. A,
Waterman, C., Heinonen, A., Janssen, P. A., Donaldson,
M. G., Mallinson, A., Riddell, L., Kruse, K., Prior, J. C,,
& Flicker, L.(2002). Community-based exercise program
reduces risk factors for falls in 65- to 75-year-old women
with osteoporosis: randomized controlled trial. Canadian
Medical Association, 167(9), 997-1004.

Choi, D. S., Jeon, J. Y., Won, Y. S, & Lee, H. D.2011).
Skeletal muscle strength characteristics in elderly people
and its relationship with body composition. Korean
Journal of Sports Biomechanics, 21(3), 297-308.

D'Antona, G., Pellegrino, M. A., Adami, R., Rossi, R., Carlizzi,
C. N., Canepari, M., Saltin, B., & Bottinelli, R.(2003).
The effect of ageing and immobilization on structure
and function of human skeletal muscle fibres. The
Journal of Physiology, 552(2), 499-511.

Danneskiold-Samsge, B., Bartels, E. M., Bu'low, P. M., Lund, H,,
Stockmarr, A., Holm, C. C., Wa'tjen, L., Appleyard, M.,
& Bliddal, H.(2009). Isokinetic and isometric muscle
strength in a healthy population with special reference
to age and gender. Acta Physiologica(Oxford, England),
197(Suppl. 673), 1-68.

Evans, W. J.(1995). What is sarcopenia? Journal of Gerodontology
Medical Sciences, 50A, 5-8.

Fiatarone, M. A., Marks, E. C., Ryan, N. D., Meredith, C. N.,

Lipsitz, L. A., & Evans, W. J.(1990). High-intensity

strength training in nonagenarians: Effects on skeletal

musce. Journal of the American Medical Association,

263(22), 3029-3034.

V.(1938). The heat of shortening and the dynamic

constants of muscle. Biological Sciences, 126(843), 136-195.

Hurely, M. V.(1999). The role of muscle weakness in the

Hill, A.

pathogenesis of osteoarthritis, Rheumatic Disease Clinics
of North America, 25(2), 283-291.

Jeong, J. G.(2006). Current trend of outdoor exercise machines for
family and neighbors. Sports Science, 97, 87-93.

Jette, A. M., & Branch, L. G.(1981). The framingham disability
study: II. Physical disability among the aging. American
Journal of Public Health, 71(11), 1211-1216.

Kawakami, Y. Kubo, K., Kanchisa, H., & Fukunaga, T.(2002)
Effect of series elasticity on isokinetc torqueOangle
relationship in humans. European Journal of Applied
Physiology, 87, 381-397.

Kim, H. M.(2005). The effects of resistance training on muscle
strength, blood lipids and testosterone in older men.
Korean Journal of Sports Science, 14(1), 645-654.

Knight, C. A, & Kamen, G.2001). Adaptations in muscular
activation of the knee extensor muscles with strength training
in young and older adults. Journal of Electromyography and
Kinesiology, 11(6), 405-412.

Lee, D. Y., Jung, M. K, Chung, K. R, Kim, S. Y., & Kim, C.
K.(2011). Development of sports science based human model
and application technology torque angle relationship of the
knee joint in 20s adults. Journal of Sport and Leisure
Studies, 44(2), 667-673.

Lee, J. M., & Lee, J. Y.(2010) Effect of resistance exercise on
the isokinetic muscle function, gait ability and balance
ability of elderly women. The Korean Journal of Sports
Science, 19(2), 1259-1268.

Lee, J. M., & Lee, S. E.(2008). Effects of 10 weeks resistance
training on living physical fitness, isokinetic muscle
function. The Korean Journal of Sports Science, 17(3),
983-994.

Parizkova, J., Eiselt, E., Sprynarova, S., & Wachtlova, M.(1971).
Body composition, aerobic capacity, and density of
muscle capillaries in young and old men. Journal of
Applied Physiology, 31(3), 323-325.

Rabelo, H. T., Bezerra, L. A., Terra, D. F., Lima, R. M., Silva,
M. A, Leite, T. K., & de Oliveira RJ.(2011). Effects of
24 weeks of progressive resistance training on knee
extensors peak torque and fat-free mass in older
women. Journal of Strength and Conditioning Research,
25(8), 2298-2303.

Schlicht, J., Camaione, D. N., & Owen, S. V.(2001). Effect of
intense strength training on standing balance, walking

speed and sit to stand balance, walking speed and sit to



208 Dong-Sung ChoiJin-Sun Kim-Dong-Il Kim-Justin-Y Jeon-Young-Shin Won-Hae-Dong Lee

stand performance in older adults. The Journal of Gerontology,
56(5), 281-286.

Sung, S. C., & Lee, M. G.(2007). Effects of resistance and balance
exercise training on isokinetic function, postural stability,
and balance efficacy in elderly women. Korean Journal
of Sport Science, 18(4), 21-33.

Symons, T. B., Vandervoort, A. A., Rice, C. L., Overend, T. J.,
& Marsh, G. D.(2005). Effects of maximal isometric and
isokinetic resistance training on strength and functional
mobility in older adults. The Journal of Gerontology,
60(6), 777-781.

Trappe, S., Gallagher, P. Harber, M., Carrithers, J., Fluckey, J., &
Trappe, T.(2003). Single muscle fibre contractile properties
in young and old men and women. Journal of Physiology,
552(1), 47-58.

Tachi, S., Oguri, K., Torii, S., Kobayashi, K., Fujii, K., Kim, J. D.,
& Nho, H. S.2011). Changes in psoas major and
quadriceps cross sectional area in elderly people after 12
weeks of exercise. Journal of Life Science, 21(1), 1-8.

Vandervoort, A. A., & McComas, A. J.(1986). Contractile changes
in opposing muscles of the human ankle joint with
aging. Journal of Applied Physiology, 61(1), 361-367.

Yamaguchi, J., Mishima, C., Nakayama, S., & Ishii, N.(2009).
Aging-related differences in maximum force, unloaded
velocity and power of human leg multi-joint movement.
Gerontology, 56, 167-174.



