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Lee, Pai-Yi (2008). Leg stiffness modulation during the
individual constraint of instant. Unpublished master’s thesis,

National Taiwan Sport University, Taichung.

Abstract

The purpose of this study was to examine the adjustment of
leg stiffness under individual constraint of fatigue through
instant and intense exercise for the whole body. Eighteen
volunteer male college students (age: 20 £ 1.6 years, height:
175.9 £+ 7.5¢cm, weight: 70.3 £ 9.1 kg) were served as the
participants and were asked to perform continuous counter
movement jump (CMJ) on a Kistler Platform (1000Hz) for one
minute. The Vicon MX-F40 motion analysis system was used
to record the trajectories of reflective markers that were
placed on the skin surface of lower extremity. The first five
jumps defined as pre-fatigue, last five jumps defined as
post-fatigue. Paired t test was used to test the statistical
differences for kinematic and kinetic parameters with alpha
level .05. The results showed there were no changes in leg
stiffness on hip stiffness, knee stiffness and ankle stiffness
between pre-fatigue and post-fatigue (p > .05). Knee angle
when ground contact, ankle flexion angle, ankle angular
displacement, hip moment and ankle moment smaller than
pre-fatigue (p > .05). This study demonstrated that the
individual was in constant leg stiffness to store or output
elastic energy in muscle-tendon system during continuous
CM]J.

Keyword: leg stiffness, fatigue, counter movement jump
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WH PR

( Nm/deg/kg) 004 001 0.03  0.01 1.800 .15 .04 .23
oW RS R

( Nm/deg/kg) 0.06 0.02 0.06 0.03 1.587 .79 .02 .13
( Nm/deg/kg) 0.02 0.01 0.02 0.01 1.000 .39 .00 .06
L

R )

( BW/m) 0.48 0.45 1.04 1.14 -2.176 .26 .10 .48
WM OE SR

( Nm/deg/kg) 0.01 0.00 0.01 0.01 -1.230 -.06 .04 .23
UV

ko = 0.01 0.00 0.01 0.01 -2.046 .10 .10 .48

( Nm/deg/kg)

*p < .05 ni=fc® 2 & (effect size) o
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Wilson, 2002 ) % ¢ % T % & & 3 ¥ o

Hortobagyi ¥ DeVita ( 1999) 2 # 7 # B T % = # & -
WA A R R E RS BN EEEE R g
TR S RM < @ E AR S NI R % AP Y B E
TR A > F R BT R R ET A FIRY A A A

o4
“

8 o A ¥ PFREF > 5 > Arampatzis % 4 (2001) 2 2 Hobara

i

Lo(2007) FHEP T RDRE EFEFEBFERTRED R T
2001) L & N FH EEF B M E
B2 M E SRS TRDRETBEAREPM - AFTRE 2
FrPFERLIHEFLE (p<.05) B7 ¥y @Ermagspp
BOE T OR ¥ R o0 B R AFE T ORY RS2 FE BTGP L
B oo T MR 2 g o

‘# 7 Arampatzis % A (2001) # 3 2 * > Farley & 4

19
~
N\

% % R > Arampatzis ¥

8

51



(1998) 4% 5 # # FIBL M & B & # 4 1.75 & ¢
e 1.7 R ERM S F R & R ML § AR T R RN L

1368 + @ #F {7 FLBANGEARRAART DG L

BEx AR (p<.05) wfrix 3 @+ 7T S RE H R AT
foo» TREHSEZ w4 B EARY DY LG LB AT

I o

Farley % 4 (1998) ™ % Farley #

TF

Morgenroth ( 1999 )
Frd b i BMEHEBIEDFIFERL DL o A

i“‘a%}ff’a@éﬁ\%l’ﬁ %fr&;{rﬁg ;‘:?}il’;‘—ﬁ’g‘lﬁxé ?ﬁ&?%}‘;
B g o FY o T oa o4 3 AT MR AR Rt M AFA L2
@ o

EAF T RY LT M E RS R Y &R E M
E MM e s EBEY R EFOLE A BRME MY &
B:2BRM& L8823 HF

£ 3 (p<.05) F] 3 7 dH &
TR ¥ LA T R M S AR ZEME S ERFEE L
g1 4 & o A Moran # Wallace (2007) éham 3 ¢ P 7 8 <

TR ERM e FE RS ARG A DM R A

W2 R ZFRY U HETHRDREDEPEAET P O R
AE TR R A AL TR RN A AT 2B ER

P o2 TR ¥ TP E A €T %S R i % 0 Dutto £
Smith( 2002 ) % Kuitunen~ Kyrolainen~ Avela ¥ Komi( 2007 )

Aowl L gE 2k x FEr R TR RS f TR AR

0 B T o R Y P K % > Madigan # Pidcoe (2003) 4
DB AERY R FR ER R G FIEY 4 2 O A BSR4
B X2 R eirg ¢ 245 2 % > Kuitunen ® 4 (2007) { & -

52



Hdp g A T B R 2 RF Rk S R ER A R
TREFFRREY S B4 B % ERG R 2 A TR
RO HBRATRG 2 0 - F AT HR S F T SHT

ipoRE A 2 B A o F R AR R - A x R Tt oM e R
R NS SRR I R T . AT R

g

SN REE AR N R R RRBEY ARSI T A
£ 4 2 & ( Kuitunen et al., 2007 ) - Butler & * (2003) ~
Granata ¥ 4 (2002) f= Williams II -~ Davis~ Scholz - Hamill

¥ Buchanan ( 2004) % ® P 7 &~ & R B ¢ & = ¥ % > 5 2
53 ORI PR EEEFEF G 2 G TG AHm o T
W R ZAA T AT AR Y EET P B
e v m e L E T > 2§ AR RS e

8
4
=1
(\x,
NEw
s

AT R R FRAM S RY P BB E kY 4 E AR

¥ouo 3 HFALREGFAE (p < .05) ¢ % % 4o Madigan &

ae)
_-
ol
(@)
]
(@]
7N\
[\
-
-
(8]
—
kit
o+
ol
)
=
S
)

fon

0o W R B W E E AT A R
g

G o d o R Rk ¥ #l e

[
|
‘.3;
=
el

B¢ A et s sl TH RS E PN
S B M E M E LR NS RS foRME A 4
B CAEM S B M EfRME LSRR w R
Fr M S - %M S oM S e BHEE o BH S R
Mo B W 4 e M E RS B M S 4 me g R AR
BE - M e RS R ORY R R LEEL RN
T BHMAEFREREAEREZREFAEEP T OBWMAEF AR Y EE
TooE Rk AN EER LS W FR BT o
TR E AN BHT AT LB G



>
it
o4y
£

18 ¢ #8 % 4 M # 4% 2 7 1k & & Kistler ] 4
Poos i 1 A 42 & L3 g &% Vicon MX-F40 # 1%
¥4 S EBREF R 2 f 4 B L Bl A sz w5 Pz T
Sfkc 2 B L R ER LRY v o5 R BB SE2z T ol z fRR
TLE RSB HREEFRF T F e T R R
Bo& ~ M S e M DR E - AR Y VAT B

CR R R BRME RV LR M EE SR M S A

2=

B BB S B Y 4B A N T TR PR YR Y B s A

TETEY RS Y 2 RS FR AR A RT R

\.

O U H T s T o R 2 WP 2 E oo d oA
S ek o0 BOM R ¥ T H T ou g — ek ko g FH R T OB
SREI A I A SR S R A B RS -
o BHRETRERAREE] FEPERFfT R REG LES
AT B TR R A LR L

54



foridp B % e

AL X

e

)

RXN

247

=2

B

MR TR

-

e

b oA R

£ % 9 3 e oev ft«ﬁ B

]

S

= W= K
TR £s
byed S
W % s
IR
EE S
w4 B
I
g e ¥
L B2 )
- & W
o F
W &
SR S
o2,
p N PN
Ao B
Mo o
w g
o B e
K Jmoe
5 a)
SR
oy o

4
i

% »

“+*
5

' 2

tp F

2

oo ) ST

g £ R

55



JERY S

RIS

o 2R i

i ¥ (1997)0 F s 4 mHE o & a4 1 fF A E oo

F A3 (2003) B ) B F 7 kB H R e FrHTHSEDGZ
wpxEFE ARz B my o W2 B
£

e o

Arampatzis, A., Briiggemann, G. P., & Klapsing, G. M. (2001).
Leg stiffness and mechanical energetic processes during
jumping on a sprung surface. Medicine and Science in
Sports and Exercise, 33(6), 923-931.

Arampatzis, A., Briggemann, G. P., & Metzler, V. (1999). The
effect of speed on leg stiffness and joint kinetics in
human running. Journal of Biomechanics, 32(12),
1349-1353.

Arampatzis, A., Schade, F., Walsh, M., & Briiggemann, G. P.
(2001). Influence of leg stiffness and its effect on
myodynamic jumping performance. Journal of
Electromyography and Kinesiology, 11(5), 355-364.

Blackburn, J. T., Riemann, B. L., Padua, D. A., & Guskiewicz,
K. M. (2004). Sex comparison of extensibility, passive,
and active stiffness of the knee flexors. Clinical
Biomechanics, 19(1), 36-43.

Brughelli, M., & Cronin, J. (2008). A review of research on

the mechanical stiffness in running and jumping:

56



5% é)]?%

Methodology and implications (Publication no.
doi:10.1111/5.1600-0838.2008.00769.x). Retrieved April
21, 2008, from http://www.blackwell-synergy.com/doi/
abs/10.1111/j.1616-0838.2008.00769.x

Butler, R. J., Crowell III, H. P., & Davis, I. M. (2003). Lower
extremity stiffness: implications for performance and
injury. Clinical Biomechanics, 18(6), 511-517.

Cavagna, G. A., Franzetti, P., Heglund, N. C., & Willems, P.
(1988). The determinants of the step frequency in
running, trotting and hopping in man and other
vertebrates. The Journal of Physiology, 399, 81-92.

Derrick, T. R., Dereu, D., & McLean, S. P. (2002). Impacts
and kinematic adjustments during an exhaustive run.
Medicine and Science in Sports and Exercise, 34(6),
998-1002.

Dutto, D. J., & Smith, G. A. (2002). Changes in spring-mass
characteristics during treadmill running to exhaustion.
Medicine and Science in Sports and Exercise, 34(8),
1324-1331.

Enoka, R. M. (1996). Eccentric contractions require unique
activation strategies by the nervous system. Journal of
Applied Physiology, 81(6), 2339-2346.

Enoka, R. M. (2002). Neuromechanics of human movement (3"¢
ed.). Champaign, IL: Human Kinetics.

Farley, C. T., Blickhan, R., Saito, J., & Taylor, C. R. (1991).

Hopping frequency in humans: A test of how springs set

57



5% é)]?%

stride frequency in bouncing gaits. Journal of Applied
Physiology, 71(6), 2127-2132.

Farley, C. T., & Gonzalez, O. (1996). Leg stiffness and stride
frequency in human running. Journal of Biomechanics,
29(2), 181-186.

Farley, C. T., Houdijk, H. H., Van Strien, C., & Louie, M.
(1998). Mechanism of leg stiffness adjustment for
hopping on surfaces of different stiffnesses. Journal of
Applied Physiology, 85(3), 1044-1055.

Farley, C. T., & Morgenroth, D. C. (1999). Leg stiffness
primarily depends on ankle stiffness during human
hopping. Journal of Biomechanics, 32(3), 267-273.

Ferris, D. P., Bohra, Z. A., Lukos, J. R., & Kinnaird, C. R.
(2006). Neuromechanical adaptation to hopping with an
elastic ankle-foot orthosis. Journal of Applied
Physiology, 100(1), 163-170.

Ferris, D. P., & Farley, C. T. (1997). Interaction of leg
stiffness and surfaces stiffness during human hopping.
Journal of Applied Physiology, 82(1), 15-22.

Ferris, D. P., Louie, M., & Farley, C. T. (1998). Running in
the real world: Adjusting leg stiffness for different
surfaces. Proceedings. Biological sciences / The Royal
Society, 265(1400), 989-994.

Geyer, H., Seyfarth, A., & Blickhan, R. (2005). Spring-mass
running: simple approximate solution and application to

gait stability. Journal of Theoretical Biology, 232(3),

58



JERY S

315-328.

Granata, K. P., Padua, D. A., & Wilson, S. E. (2002). Gender
differences in active musculoskeletal stiffness. Part II.
Quantification of leg stiffness during functional hopping
tasks. Journal of Electromyography and Kinesiology,
12(2), 127-135.

Gunther, M., & Blickhan, R. (2002). Joint stiffness of the
ankle and the knee in running. Journal of Biomechanics,
35(11), 1459-1474.

Harron, G. M., Vint, P. F., & Kraus, J. A. (2001). Effects of
fatigue on the regulation of leg spring stiffness. Paper
presented at the American Society of Biomechanics 2001
Annual Meeting, San Diego, CA.

He, J. P., Kram, R., & McMahon, T. A. (1991). Mechanics of
running under simulated low gravity. Journal of Applied
Physiology, 71(3), 863-870.

Heise, G. D., & Martin, P. E. (1998). "Leg spring"
characteristics and the aerobic demand of running.
Medicine and Science in Sports and Exercise, 30(5),
750-754.

Hobara, H., Kanosue, K., & Suzuki, S. (2007). Changes in
muscle activity with increase in leg stiffness during
hopping. Neuroscience Letters, 418(1), 55-59.

Horita, T., Komi, P. V., Nicol, C., & Kyrolainen, H. (1996).
Stretch shortening cycle fatigue: Interactions among

joint stiffness, reflex, and muscle mechanical

59



JERY S

performance in the drop jump. European Journal of
Applied Physiology and Occupational Physiology, 73(5),
393-403.

Hortobagyi, T., & DeVita, P. (1999). Altered movement
strategy increases lower extremity stiffness during
stepping down in the aged. The Journals of Gerontology.
Series A, Biological Sciences and Medical Sciences,
54(2), B63-B70.

Hortobagyi, T., & DeVita, P. (2000). Muscle pre- and
coactivity during downward stepping are associated with
leg stiffness in aging. Journal of Electromyography and
Kinesiology, 10(2), 117-126.

Hsu, M. J., Wei, S. H., Yu, Y. H., & Chang, Y. J. (2007). Leg
stiffness and electromyography of knee
extensors/flexors: Comparison between older and
younger adults during stair descent. Journal of
Rehabilitation Research and Development, 44(3),
429-436.

Kernozek, T. W., Ragan, R., Bushke, D., Hart, J., & Iwasaki,
M. (2005). Changes In Lower Extremity Joint Stiffness
With Landing After Fatigue. Paper presented at the
International Society of Biomechanics XX Congress,
Cleveland, OH.

Kuitunen, S., Avela, J., Kyrolainen, H., Nicol, C., & Komi, P.
V. (2002). Acute and prolonged reduction in joint

stiffness in humans after exhausting stretch-shortening

60



5% é)]?%

cycle exercise. European Journal of Applied Physiology
and Occupational Physiology, 88(1-2), 107-116.

Kuitunen, S., Komi, P. V., & Kyrolainen, H. (2002). Knee and
ankle joint stiffness in sprint running. Medicine and
Science in Sports and Exercise, 34(1), 166-173.

Kuitunen, S., Kyrolainen, H., Avela, J., & Komi, P. V. (2007).
Leg stiffness modulation during exhaustive
stretch-shortening cycle exercise. Scandinavian Journal
of Medicine and Science in Sports, 17(1), 67-75.

Laffaye, G., Bardy, B. G., & Durey, A. (2005). Leg stiffness
and expertise in men jumping. Medicine and Science in
Sports and Exercise, 37(4), 536-543.

Latash, M. L., & Zatsiorsky, V. M. (1993). Joint stiffness:
Myth or reality? Human Movement Science, 12, 653-692.

Lees, A., Vanrenterghem, J., & De Clercq, D. (2006). The
energetics and benefit of an arm swing in submaximal
and maximal vertical jump performance. Journal of
Sports Sciences, 24(1), 51-57.

Liu, Y., Peng, C. H., Wei, S. H., Chi, J. C., Tsai, F. R., & Chen,
J. Y. (2006). Active leg stiffness and energy stored in
the muscles during maximal counter movement jump in
the aged. Journal of Electromyography and Kinesiology,
16(4), 342-351.

Madigan, M. L., & Pidcoe, P. E. (2003). Changes in landing
biomechanics during a fatiguing landing activity.

Journal of Electromyography and Kinesiology, 13(5),

61



5% é)]?%

491-498.

Magill, R. A. (1998). Motor learning: Concepts and
applications (5th ed.). San Francisco: McGraw-Hill.
McMahon, T. A., & Cheng, G. C. (1990). The mechanics of
running: how does stiffness couple with speed? Journal

of Biomechanics, 23(Suppl. 1), 65-78.

McMahon, T. A., Valiant, G., & Frederick, E. C. (1987).
Groucho running. Journal of Applied Physiology, 62(6),
2326-2337.

Moran, K. A., & Wallace, E. S. (2007). Eccentric loading and
range of knee joint motion effects on performance
enhancement in vertical jumping. Human Movement
Science, 26(6), 824-840.

Morin, J. B., Dalleau, G., Kyrolainen, H., Jeannin, T., & Belli,
A. (2005). A simple method for measuring stiffness
during running. Journal of Applied Biomechanics, 21(2),
167-180.

Padua, D. A., Arnold, B. L., Perrin, D. H., Gansneder, B. M.,
Carcia, C. R., & Granata, K. P. (2006). Fatigue, vertical
leg stiffness, and stiffness control strategies in males
and females. Journal of Athletic Training, 41(3),
294-304.

Self, B. P., & Paine, D. (2001). Ankle biomechanics during
four landing techniques. Medicine and Science in Sports
and Exercise, 33(8), 1338-1344.

Seyfarth, A., Geyer, H., Gunther, M., & Blickhan, R. (2002).

62



5% é)]?%

A movement criterion for running. Journal of
Biomechanics, 35(5), 649-655.

Stefanyshyn, D. J., & Nigg, B. M. (1998). Dynamic Angular
Stiffness of the Ankle Joint During Running and
Sprinting. Journal of Applied Biomechanics, 14(4),
292-299.

Williams M, D. S., Davis, I. M., Scholz, J. P., Hamill, J., &
Buchanan, T. S. (2004). High-arched runners exhibit
increased leg stiffness compared to low-arched runners.
Gait and Posture, 19(3), 263-269.

Zatsiorsky, V. M. (2002). Kinetics of human motion.
Champaign, IL: Human Kinetics.

Zhang, S. N., Bates, B. T., & Dufek, J. S. (2000).
Contributions of lower extremity joints to energy
dissipation during landings. Medicine and Science in

Sports and Exercise, 32(4), 812-819.

63



¥ oo

RIS
},g\:'_:f"JZx ’
g st
BaowE

5 i
;I\FI;Z?J‘J

bt

\\\ﬁr

A AT 5 (47 ) Y&
*iEF -G M PR Y HT
FHR 29 10 F 0 BEapir
ed-E Bt 1 A4 oo d A %P
B R SR [PV o § F ow R
o F AR LB fR o BB Y OB AR
R L T N O
2o F W Ry 2 o [§ B4 4
e
Foos BOEHE ht s s d 3§ R
wE I e A s gt vk 4 i B L F
hERE Mt
x4 F

8

64

T3

ju



