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ABSTRACT
Gender differences in the impact magnitude and its attenuation during running

Ryu, Ji-Seon*(Korea National Sport University)

J. S RYU. Gender differences in the impact magnitude and its attenuation during running
Korean Journal of Sport Biomechanics, Vol. 15, No. 1, pp. 91-109, 2005. The goal of this research
was to determine whether gender differences exist in impact force and impact shock variables at
stance phase during a preferred running. Ten male and ten female subjects volunteered to
participate in this study. Impact force was quantified by using a surface-mounted force plate. In
addition, Axial accelerations of the tibias and mouth were measured using low-mass
accelerometers. Comparison of parameters relating to impact force and impact shock which
attained from time domain, and impact shock parameters which were analyzed in frequency
domain were made between genders.

The conclusions based on results were as follows;

1. There were no significantly differences in impact force, mouth and tibia acceleration peak in

time domain between two genders.

2. The male group was greater in impact shock peak of PSD(power spectral density) at the

tibia than female group(p<.05), but no differences in active impact of PSD at the tibia and

* Jiseon@knsu.ackr
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the mouth between two genders.
3. Female subjects exhibited that a peak of impact shock attenuation analyzed in frequency
domain moved toward a high frequency, but no difference in time domain between two

genders.

KEYWORDS: IMPACT FORCE, IMPACT SHOCK, PREFERRED RUNNING, GENDER DIFFERENCE, PSD.
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o 2y ojd ER)7le Bo AWe) wEAHoR FEFGoH T F3 AdY G40l 4 UiA
# Aok 2 wEAqd FE2 A 537 FH AU 2AE PYNAY o) F 59 10km

ge]7] A] W Ado] YieF 6000 272 7% FrH(Valiant, 1989). ] A2 54 A4 WY
(FAE)9 dAAA Aas A9 WE $HEFE £3), AAE T8 A2HE 32 23 dd 9

‘H SN, oF 339 YA A$E 208 FAAL £ Kok
T, HHEAQl FA) i) MAEE HalEe HE 194, & B389 ¥4 FESimon et al,
1972)4} g =4 (Milgrom et al,, 1985), Fo}z] ¥-2 &AKDetmer, 1986), V= 5} (Simon, Radin,
& Paul, 1972), 4 %(Radin, Orr, Kelman, Paul, & Rose, 1982; Radin, Paul, & Rose, 1972), 3]€]
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A FEL AT AX HE 2ol 9e7)E Z7)e AREY &R gl Bdsittn A7En
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A 4L A9 B8 dZe) A Fge) A 55 Fdeks EF g9le deiAn
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22)7) A ARER(EH dAFAET A 47 dEEe $2 24, A4 o 93 =
4, A% A2 B4 59 2 ANE WATASEY 2 A% 98 980 any @
(Taunton et al., 2002). ¢} g- AT Aol A F2 )7} €el7) WAt A
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B3t Stk Hortond} Hall(1989)& o418 9uo] WAL AA Fxste UlE Zo] vlo o
ol Wel7t §odu Haglon, o]R& Benas(1984)7} F3stute} o] BT & AH 9wt &
b= dEY 248 F7RAga FA34Y 85 A 94 13 GARY 4do] S 34
2.8 ¢#HHHSimoneau et al, 1998). F718 o] WHH ok &9 724 BHL
AolA Ao s & Q7 Ao oIS F 99108 RugcHAgliett et al, 1983; Horton &
Hall, 1989; Hsu et al, 1990; Livingston, 1998; Woodland & Francis, 1992). Ath& o2 oAojA &
QA2 g/st diEE Ao i FEHoE T s Ao2 A7|HR UrHAlmeida et al,
1999; DeHaven & Lintner, 1986; Messier et al,, 1991).

FEF A vebd A9 24 EAL 25 HES da2A g 22 d7E 27] A
3] wlFtd 2o A ke APP B A A 24 vsh)E d7olA Kerrigan et al (1998)
< AL FAd W A Ux e Jdie] X WA Fo] KA Aty HuFPoew,
Malinzak et al(2001) 2e}7] Al Fdrte] 312 B YA E 73T 23 AFHAN F4Y
£ gy A, o942 AR FEE o 11E ¢ Yt Hdy Rufc £3 442 ¢
Aol Hlgl 5 233 %2 22 ¥37} e AL AR Arendt & Dick (1995)3 Ferretti
et al(192)& Fgol wis) vl HE A Az At AeEe] o FER
oltd A7 EYX AL 2 A7 878 FY8 o|Ao] AMY F§ Bd 2E
#25 A e F4HColby et al, 2000; Cowling & Steele, 2001, Huston et al, 2001;
Kirkendall & Garrett, 2000, Wojtys et al, 2002). Colby et al(2000)2 #X]9} Z1E(cutting) A oA
A FE& AW HE A Ko A" RS FAF3, oo g ARG g & 255

v
WE AL BE A7 2 0l5 59 0F 2 240 2aE vl WAET ¥R AHNE £A3

Y

S
W
u o

AL o)F T A 49 2719 FFYHE A #AY 49, & 4 T J8 F9HE A
o5 ¢ ckNigg et al19%5). §3] FA43 S A9 58 Ao 8 9T w2
F AL SAR F D7) A $3 £3F FAhAYE £ e AW BF A 7§ 27 &
B FH 37), A7) g 2 4 Jelo] LIt (Frederick, 1986). =& £3, £3F FFdted
dts] 2 AAEE et & 22 85308 32 49 % 2] 4 58H 2EH~
A YS9 2 9% /b2 Yo Elftman(1939)& 2ol & FANAA S Eibe g 2
o] A9 Zoj qUAE H& o B4 BIHES Holgn AsyPch o Ay BIE I, & F
UL 7tRAZE 29 A $5o g 4FHE & Uk o) o] &5 Al 2 43 3L ¢
g H5 g A B FH 22Ad o FosEe Ao BRI Hu YrkShorten &
Winslow, 1992). &5 Al F24Y# 33 &3 2 £39 A4 A9 F4o Bodhs Aoz ¢
A A EEEY AT A9 Ad I Azt e dUE wa B AL 2er] A
At mhg AA Y FF F5 71%S 9 U oldstal, Ay dAdg FH}T AUE
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F e A5E AFded v de Yol Al
a5t 5 Al $283% 33 239 dF dFe AH olF £x(Clarke, Cooper, Clark &
Hamill, 1985), AW ¢] 7]27)(Hamill, Clarke, Frederick, Goodyear, & Howley, 1984; Mizrahi et al,
2000), Aure] =4 (Light, McLellan & Klenerman, 1980) 5 chobgh A7 ZAlo) we} 223 32
£39 A71E5 Hlw EA3 glom, BF A7AEL AN FF £39 74 S BEI
A8 AP FH &34 gz AAY &S FFHA 43 B (Frederik, 1986; Clarke &
:1-,'_ .

Hamill, 1984) 7%3}1 glch.

olsh 2o) WA OIF 5 A BANE FAAH 374 a0l vl Sk oRolA T gloy
2el7] A 320 B3 A7 58 34 §rol B8 4R 97E AY IFoAA g2 ok =,
B HY ATEL AN x39 AYE FAACE SHAT, 47 YA AT Fop 4

& BAA ¢ FhelN 243 w8 4 BAFL AR Qo] AAH A7 Al
289 g ATYL A2 Yk

Sl Aok QE duz Besl A 3399 34 439 27,
$ #4 Fgsas g

A7) AAE At 71402 27 Fv)e A4 SEE Ak gl B4 20300
109, o4 20300} 10902 & 20%9) kA AREon, o159 S4L <E 13 2o,

B 1 AE cf{aixte] EX
A A ZHcm) 2 2k(kg) AH(yrs.) Az gelr] $x(m/s)
A 1787 728 5.7 26
2o +55 £3.0 50 £0.2
4 1654 58.9 35 19
o]

4.3 +8.1 31 +0.1
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T W $349 75t Shore A 5091 Y AFY 538 A 7HEEAS
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3

b{ S
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W F2o BXH 4HH9286AA Model, Kistler, Switzerland)d] ©2 wro] AAAHA FAAHEE
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FUzZe] 2E7] Jlsd A o2 A" £xe 74 QY AT &5 BEE Yo o2
A Zxe Hapt 282 2 dpddrMe 2e7] £ & £52 33A g1, 4 M99 7]
&5 FFIE o]fHE ME &% (preferred running speed)E o] &3 tHHamill et al,1995). A&
£t EfS9(treadmill) $oA £5F Folu ¥ FUS wHEE tigzrt gl /1 B
st =7 EE dd3lon, o]g 33 HHES %‘ﬁ% 7 Ay Mg 52 ARYY 74
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=
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o
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E§'

7H319) 3 &5E FEAAN FAE] Y Se M-10 =8 718k +3F Efo)#(TK11630,
Tag Heuer, Switzerland)Z o] &3 om, 43 A 7 gzt g8l &5 ]é-ﬂ M3 LM
+05m/s HHA7A] QAR H3e 7 ddApdE 535 AARen, of FoM H7|(bias) §lol 7t
A AAAHA Ak 9 Ewo] FE Ax = et A3 RS %/ﬁ,oﬂ o] &3ith

AYo] AM4H 745 AE A% 43g Resonant Prequency 38kHzl ¥ 7}¢] Piezotronics
(8776A50 Model, Kistler, Switzerland)o] A}g-53lon, dhte] 7lEers 374 «3+ % A
gako] HAsl AHog AR 2EE Ao AU 99 W(antero medial distal aspect)o] 7
S wet gA0A] G E d¥A Qe £ o83 FFga(Valiant et al, 1987), th& 3}
w3k o) o s 22l Al o B2 #ithWosk & Voloshin, 1982). A wkg 3} 7}
T A A&E 12-bit Computer Boards A/D converterZ o] &3 Azk3} gon, AE &2 747
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10V 19 ellM A8 E A

N
=

o A w9 27 Zo] 43 gHvertical ground reaction force)e HE 3 on,
T #AAM A 10874X9] Bagte WA Bass A3 ¥ rectangular window

e Ase

= o1& Azt @ @ AA IHe] FAHS Atk AR HE $A AW whg o] 5Nejd

9 HE AW AF £HoE FFIT, Nojgtd WE ojA(fHh) £e F FHY 7

oA 2 g %(passive portion) & F%317] $a] 43 1% Butterworth JE|Z WS o]&HU
THEE AT AgE 3AEZEAAE AU o8 HAH olfeH, BE AR M B

= &9 HES WA BiasE AART AA FHY tER Ase GHAAM @ A AW
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do] 24 APon, 2 2Eefe|n R de &R ARE oo 7% AA THL FFFYo
At AT BAY NNETAE FUAEEY FOB AEE 7S AEYom(98Im/s’=1g), 4

Fu5g s YalM Azt 71%8 A5 Ee FFl(fast fourier transform)g AHEs} F3b4= o
deoz AEA

o] o]F9] NFFE T Zero paddings 20483742 H& AsolN 29 U A8E AAY
or, %9 71&7] £8& 98 DetrendE AAPch 2 F34= 4 AHP)S Foh 271(A)

o AFoz AVHUAD, o] o] At e Rid 0& ALD AYE F2A7)7] g2
0282 HHA 42 &3 dHE 27 A8A de3 22 T4E o) &drh
P=(Af N+ N"
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N=022 AR & 44 #£4 77
=022 4 73
off MY 2HMEL AT &3 AZ AT 3 AAHE Far AR AolY 1A FH4H
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S =P Af’
4714,
S =iy 3
Af = F35 A

g9 o] A7t 4doA A5 HF AF V9 T2 ZFPon, 7Y EFHE 8
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Frequencys 37 £39 132, 46Hz WY o] EAslc FrequencyE FF FIAE o4
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A=(l-Dhpesny
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1A= 3 &, PA, 4= 93 9] 7HEE,
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ERHoz F45hn BA) AE 2 UR BN BB 2EH2 3 9¥S I A
T It Bed $7hY 43 Y 37 43 $He A9 PY S BUshed A8Y ¢ 9

tHVoloshin et al., 1985).
T FEY AEE 43 YL AAE B3 Y2 FFoER AL FFHolL FFHQ W
o o3 FrEnhk 2 d7oA A o) dis) £4€E 93 MR st 2 7kA E5
= FUzt Aole AT MY AFAM AAE 2 A7) Al AR A 5 70-80%A10]
o B 25 EAFcHHamill et al, 1995; Valiant et al, 1987; Shorten & Winslow, 1992).
2 @M FA4Y A A2 9 &R Abole Fag A 9o SHzoldke] AQIE B
R, 2 oY FadMe e ZasHdod, 949 248 AdY Fare GART we
o 2HzellM REou 1 o) de Fape G 2ol FFHAT A9 Ao 49 AT 2
o} dXgtiHamill et al, 1995; Shorten & Winslow, 1992). 3t 2 Q39| 52 49 F42 4
3l7] 98 AHgE Ho] e d BT 10-20Hze F2Ad= 423 velAboldlA F4EU0 |
Y 25 AE4 Aol HA 71&xe E4 Are A3 d79 YA cHHamill et al, 1995;
Shorten & Winslow, 1992; Voloshin et al, 1985). @&l7] A] AAo] A2d 22 &3E 97t
AEE7] Ao EFHE AL 4R AL 498 Ageln, A4 71nd $8E AaA7n, oA
d 78S 5832 olF &% 73S 4EA fASeH PsjthPozzo et al, 1990; Pozzo et
al, 1991). o]" o]&A W7ol 7lzs H4F W £ A7 4T gANeE A4 H3 &=E
U EFA $4 437t vEde 9% XA g R0E Btk gy, 33 439 FF
Y327} A 15Hz FHAA o]0 AA% A9 BEe 1T £o2 37 o)FHAT
%73 &3ve] F5 M4 Wosk & Voloshin( 1981)& A
Fa7t AEHO R F7HE Ada FAF o, Voloshin et al
ddes g Fed B 8 93 BN EASL 178 A Hg) FHolx 10 Hz7lA] 1
3 FH22 o|FHUG Eugek B AT A 34 23 4 F3rt Ao A Mg 1
22 A7) ol ° A2 94 Hdo] F4 [ vis) gjr)o] Al 57t =@® JF A we
&3 F7PF AdFeg A old wgde FE /MR AR Ho Ack(Hamill et al, 199;
Shorten et al,, 1992). 718 43 349 7143 A AY LBAA FRAG AAFHE F7H &
3 d= A3 o] M BH 79 239 AF9) g8 FFHe Ao gHXT JUHChu et
al, 1986). Chu et al(1986), Smeathers(1989), Voloshin & Wosk(1982)2 #d9] &3 &4 93S
7)ol HiA B BAELS QAo E ZAE AT o]S BAEL 4T AT ATE AL WAHY
91, Voloshin & Wosk(1982)2 #e] 919} §5& <7t 237 Ae fHale Z2AAY] &
THHAZ A% Anetn s
James(1988) A7%d HFe 17w

<
2 w7 Ao 715 43 Froh BAAYD. olsh Lol 34 &3 FoE B 4F B of

.

i

e

A
(1985)& A FA2RE FEHE 3z}

JRt -w e

=%
oX
M
o
0
]
>
ol
rr
2
g
=2
ol
)
oX
o
ul
r 3
2L



=Ha2l2] Al A FH F2|2k &l X 103

gt F2HA AY, AT F4e] 8 gt F Ao FH AEe &3 Foo 94EE ske AeE ¢HA

THFrederick et al, 1984; Light et al, 1980; MacLellan & Vyvyan, 1981; Nigg et al, 1995). ¥ o2}

o2 435 Foohed hed] & A4S e AeE deith § 53R 34 E5Y Y2 &

det7] A 8T 2EA A WS A3 & 9%FS /AL ot Paul et al(1978)& 2& HEA

AAZ fed 43 AR 24 Fool Fa% 4EE e e F4Fen, Milgrom(1989)2

3 &3 4 w9 Z2YL dEHIY A2 9= 349 fEe F7HIE A
el

L HEaA 24 4= A AR F

O

ot
ks
B
rg
2
2
e
ik

£ AGL w3 FA Uit EA ALl 23 4T we 4 o AT 2] Al 3
43S AR T e AW A4S A B 25 89 3018 27, A7) gE ¢ A
o] FF¥cHFrederick, 1986). Lafortune et al(1996)& 38147} Wa3lt EAld] A2 u] 25 4L &

| =

Ashe A AHezM F28 ATE 8, AA 4 A WHAM FZ BT JUAE

£

ofj
(U

E
fu

& #ES Bl 2 Fdvy AFgn.
B A7 2% 29)7] &5 Aojdx EPEin G459 £4 5 Ha T4 2 R A9 A7
Aol AHE ups} go] gAY $AY 724 7%, a3 T 29 5T, D7) A A9 &
&2 o] Aol N & ez Bo Aok

g T #EF B 72x9 75 Av AL Ao v Bo & FF 9% 5§ 3 3
& Xo|7(Yoshioka et al, 1989), Ze}7] A dlEle] At WZ 3]|H(Tiberio,1987)¢] o]FoiA& A
22 Hyshw ok £3 2E7] Al 44 dE WE o] Bo AA & 7§ as 3 2
Y Q4ds e ¥ &/ uE 4FYS sty givky Eusta gichCowan et al, 199%;
Mizuno et al, 2001). 3 o} Hte G vls) $2 30 Al Bot & F WA F47F vet
doha A HcHMichael et al, 2003). ofr} o] hiAzty sfAlY B HH F A JUAY F
F a5l 34 &5 V1A 9% njdez 4749

V. Z2E€ ¥ Ald

1.2 2

B ATE 71808 24 2715 S0l 8E Ass B30 g WA 2008k o4 207
27 1094 % 2099 e A3a) 45 Del7] Al A7) S (support phasejel 4 FHo] A
Aol olwl FFL wAEE Aengich W Gee Hmaty] A8 34 (mpact force) 3



LA A 22 87 339 ast $50) Aol A2she &2 A2 25 e
€ 932t guz $A40E 499 Aol Holx W
AT ASEANN $E 52 235 @Ao] oAt 2 ouHp<00)
5% 93 3 99 ASEAGN B2 PDRE YU AolE ol g,
3. A% oA 24T ASE 938 olfd AN U9 FF Alelg FHE U Aol
YA, F7% Pl 248 37 43 3} §5 92k dye) 1% Hoz o3yt

FRstd As 2er] Al G49F o4 D A2 el e 3
2 PSD oA fojdt R}O]E BolA eggkA, :

EANA ATAN BEY 34 aae P4l
Aok £ 2 Y)Y 37 43 §4F 24 0l FFIH §F 9aE 44 FBo] o9
o 3%% 2oz o5

2 8 o

B A7E g A AR BAE 37 498 Gu HE BAs AAY e 4 A
24 AEE g W) 212 ASdng fok 294 o A7 Asprh st AaA
£ 3o e dF A} s, 49 DAQE ges) SE2W ohje duls A48 4
¢ 2P FF A7 LR AMBHE ol

ﬂ},.'li

u-
Al

2] 4(2001). ‘:‘ﬂﬂ A &A AW wes AT laE W B4 AT B4 A8
T83202),123-131.
Aglietti, P, Insall, [N., Cerulli G. (1983). Pattellar pain and incongruence. I. Measurements of
incongruence. Clin. Orthop. 176, 217-224.
Alexander, R, & Jayes, AS. (1980). Fourier analysis of forces exerted in walking and running. .
of Biomechanics, 13, 383-390.
Almeida,” S.A., Trone, DW, Leone, DM, Shaffer, RA., Patheal, SL.Long, K. (1999). Gender



g27| Al MM 4 30|18t Eo dX 105

differences in musculoskeletal injury rates: a function of symptom reporting? Med.
Sci. Sports Exerc. 31, 1807-1812.

Andriacchi, TP, Ogle, J A, & Galante, ].O. (1977). Walking speed as a basis for normal and
abnormal gait measurements. J. of Biomechanics, 10, 261-268.

Arendt, E., Dick, R. (1995).knee injury patterns among men and woman in collegiate basketball
and soccer. NCAA data and review of literature. Am. |. Sports Med. 23, 694-701.

Benas, D. (1984). Special considerations in women’s rehabilitation programs. Imn: Hunter, LY., Funk,
FJ. (Eds), Rehabilitation of the Injured Knee. C.V. Mosby Company, Princeton, NJ,
393-405.

Bobbert, M.F., H.C. Schamhardt, & BM. Nigg. (1991). Calculation of vertical ground reaction force
estimates during running from positional data. ]. of Biomechanics, 2, 1095-1105.

Cavanagh PR. & Lafortune, M.A. (1980). Ground reaction forces in distance running. ] of
Biomechanics, 13, 397- 406

Cavanagh, P.R,Valiant, GA, & Misevich, KW. (1984). Biological aspects of modeling shoe/foot
interaction during running. In E. Frederick(Ed.), Sport shoes and playing surfaces.
Champaign, IL: Human Kinetics, 2446.

Chao, EY, Laughman, RK, Schneider, E, & Stauffer, RN. (1983). Normative data of knee joint
motion and ground reaction forces in adult level walking. ]. of Biomechanics, 16,
219-233.

Chu, ML, Yazdani-Ardakani, S, Gradisar, LA, & Askew, MJ. (1986). An in vivo simulation
study of impulsive force transmission along the lower skeletal extremity. . of
Biomechanics, 19, 979-987.

(Clarke, T.E., Cooper, LB, Clark, DE, & Hamill, CL. (1985). The effect of increased running
speed upon peak shank deceleration during ground contact.  Biomechanics
IX-B(pp.101-105). Champaign,IL: Human Kinetics.

Clement D.B., Taunton J.E, & Smart GW. (1981). A survey of overuse running injuries. Physical
Sports Medicine 9, 47-58.

Colby, S. et al. (2000). electromyographic and kinematic analysis of cutting maneuvers.
Implications for anterior cruciate ligment injury. Am. J. Sports Med. 28, 234-240.

Collins, ], & Whittle, MW. (1989). Impulsive forces during walking and their clinical
implications, Clinical Biomechanics 4, 179-187.

Cowan, DN, Jones, BH, Frykman, PN, Polly Jr, DW, Harman, EA, Rosenstein, RM, &
Rosenstein, M.T. (1996). Lower limb morphology and risk overuse injury among male



106 F X 4o

infantry tranees. Med. Sci. Sports Exerc. 28, 945-952.

Cowling, EJ., & Steele, JR. (2001). Is lower limb muscle synchrony during landing affected by
gender? - Implications for variations in ACL injury rates. ] Electromyogr. Kinesiol. 11,
263-268.

DeHaven, K. E, & Lintner, DM, (1986). Athletic injuries: comparision by age, sport, and gender.
Am. ]. Sports Med. 14, 218-224.

Detmer, D.E. (1986). Chronic shin splints classification and management of medial tibial stress
syndrome. Sport Medicine, 3, 436-446.

Elftman, H. (1939). The function of muscles in locomotion. Am. . Physwl 125, 357-366.

Falsetti, HL., Burke, ER, Feld, RD, Frederick, EC, & Ratering C. (1983). Hematological
variations after endurance running with hard and soft-soled running shoes. Physician
and Sports Medicine, 11(8), 118-127.

Ferretti, A. et al. (1992). Knee ligament injuries in vollyball players. Am. ] Sports Med. 20,
203-207.

Frederick, E.C. (1986). Kinematically mediated effects of sport shoe design: A review. Journal of
Sports Sciences, 4, 169-184.

Frederick, EC, Hagy, JL, & Mann, RA. (1981). The prediction of the vertical impact force
during running[Abstact]. J. of Biomechanics, 14, 498.

Hamill, CL.,, Clarke, T.E, Federick, EC, Goodyear, L], & Howley, ET. (1984). Effects of grade
running on kinematics and impact force. Med. Sci. Sports Exerc. 16, 185.

Hamill, ], Derrick, T, R, & Holt, K, G. (1995). Shock attenuation and stride frequency during
running. Human Movement Science,14, 45-60. :

Horton, MG, & Hall, TL. (1989). Quadriteps femoris muscle angle: normal values and
relationships with gender and selected skeletal measure. Phys. Ther.69, 897-901.

Hsu, RW., Himeno, S., Coventry, M.B,, & Chao, E.Y. (1990). Normal axis alignment of the lower
extremity and load-bearing distribution at the knee. Clin. Orthop. 255, 215-227.

Huston, L]. et al. (2001). Gender differences in knee angle when landing from a drop-jump. Am.
J. Knee Surg. 14, 215-219, discussion 219-220.

James E. S. (1988). Measurement of transmissibility for the human spine during walking and
running. Ph. D. dissertation. Rheumatism Research Unit, University of Leeds, Leeds
LS2 9NZ, UK

James, R, Dufek, JS, & Bates BT. (1992). Effects of fatigue on mechanical and muscular
components of performance during drop landings. Proceedings of NACOBII: 553-554.



=Hel7| Al AH &4 Aviet o A 107

Keller, TS, Weisberger, AM., Ray, JL, Hasan, SS, Shiavi RG, & OSpengler, DM,
(1996) Relationship between vertical ground reaction force and speed during walking,
slow jogging, and running. Clin. Biomech. 11, 253-259.

Kerrigan, D.C,, Todd, MK, & Croce, U. (1998). Gender differences in joint biomechanics during
walking: normative study in young adults. Am. J. Phys. Med. Rehabil. 77, 2-7.

Kirkendall, D. T, Grarrett Jr, WE. (2000). the anterior cruciate ligament enigma. Injury
mechanisms and prevention. Clin. Orthop.(372), 64-68.

Lafortune, MA, & Henniggz EM. (1988). Effects of velocity and uphill slope on tibial shock
during running. In CE. Cotton, M. Lamontagne, D.GE. Robertson, & J.P.
Stothart(Eds.), Proceedings of the Fifth Biennial Conference and Human Locomotion
Symposium of the Canadian Socity of Biomechanics(pp.94-95). Ottawa: University of
Ottawa, Dep. of Kinanthropology.

Lafortune MA, & Hennig E. (1991). Contribution of angular motion and gravity to tibial
acceleration. Med. Sci. Sprorts Exerc.23, 360-363. ‘

Lafortune, M. A, M. J. Lake,, & E. M. Hennig. (19%). Differential shock transmission response of
the human body to impact severity and lower limb posture. ]. of Biomechanics, 29,
1531-1537.

Li, Y, Wang, W,, Crompton, RH., & Gunther, MM. (2001). Free vertical moments and transverse
forces in human walking and theis role in relation to arm-swing. |. Exp. Biol. 204,
47-58.

Light, LH, McLellan, GE., & Klenerman, L. (1980). Skeletal transients on heel strike in normal
walking with different footwear. J. of Biomechanics, 13, 477-480.

Livingston, L.A. (1998). The quadriceps angle: a review of the literature. J. Orthop. Sports Phys.
Ther.28, 105-109. _

Maclellan, GE, & Vyvyyan, B. (1981). Management of pain beneath the heel and Achilles
tendonitis with visco-elastic heel inserts. British . of Sports Medicine, 15.

Malinzak, R. A, Colby, SM,, Kirkendall, D.T, Yu, B, & Garrett, W.E. (2001). A comparision of
knee joint motion patterns between men and women in selected athletic tasks. Clin.
Biomech. 16, 438-445.

Mario A. Lafortune & Ewald M. Hennig. (1991). Contribution of angular motion and gravity to
tibial acceleration. Med. Sci. Sports Exerc, 23(3), 360-363.

Messier, S.P, Davis, SE, Curl, WW, Lowery, RB, & Pack, RJ. (1991). Etiologic factors
associated with patellofemoral pain in runners. Med. Sci. Sports Exerc.23, 1008-1015.



108 F XA

Michael, ., Decker, Michael R. Torry, Douglas ]. Wyland, William I Sterett, J. Richard Steadman.
(2003). Gender differences in lower extremity kinematics, kinetics and energy
absorption during landing. Clinical Biomechanics 18, 662-669.

Milgrom C. (1989) The israeli elite infantry recruit: a model for understading the biomechanics of
stress fractures ] R Coll Surg Edinb34Suppl6:518-S21.

Miller, BJ, Pate, RR, & Burgess, W. (1988). Foot impact force and intravascular hemolysis
during distance running. International Journal of Sports Medicine, 9, 56-60.

Nigg, BM, Bahlsen, HA,, Luethi, SM, & Stokes, S. (1987). The influence of running velocity
and midsole hardness on external impact forces in heeltoe running. ] of
Biomechanics, 20, 951-959.

Nigg & Cole. (1995). Impact forces during heel-toe running. J. of Biomechanics, 11: 407-432.

Milgrom, C, Giladi, M, Kashtan, H, Simkin, A, Chisin, R, Margulies,]., Steinberg, R,
Aharonson, Z, & Stein, M. (1985). A prospective study of the effect of a
shock-absorbing orthotic device on the incidence of stress fractures in military
recruits. Foot and Ankle, 6, 101-104.

Mizrahi, ], Verbitsky, O, & Isakov, E. (2000). Shock accelerations and attenuation in downhill
and level running. Clinical Biomechanics15, 15-20.

Mizuno, Y., Kumagai, M., Mattessich, SM,, Elias, ].J., Ramrattan, N., Cosgarea, A.]., & Chao, EY.
(2001). Q-angle influences tibiofemoral and patellofemoral kinematics. ]. Orthop. Res.
19, 834-840.

Nigg BM, Cole G. K, & Bruggemann G.P. (1995). Impact forces during heel toe running. | of
Applied Biomechanics, 11, 407432.

Paul IL, Munro MB, Abernethy, SSR, Radin EL, & Rose RM. (1978). Musculo-skeletal shock
absorption: Relative contribution of bone and sort tissue at various frequencies. . of
Biomechanics, 11, 237-239.

Radin, EL, Orr, RB, Kelman, J.L, Paul, L, & Rose, RM. (1982). Effect of prolonged walking
on concrete on the knees of sheep. . of Biomechanics, 15, 487-492.

Radin, EL, Paul, IL., & Rose, RM. (1972). Role of mechanical factors in pathogenesis of primary
osteoarthritis. Lancet, 519-522.

Shorten, MR, & Winslow, D, S. (1992). Spectral analysis of impact shock during running.
International Journal of Sport Biomechanics,8, 288-304.

Simon, SR, Radin, EL, & Paul, LL. (1972). The response of joints to impact loadings, Part II: In
vivo behavior of subchondral bone. . of Biomechanics, 5, 267-272.



g2(7] Al MH B4 3|2t Ee A 109

Simoneau, G.G., Hoenig, K], Lepley, J.E, & Papanek, P.E. (1988). Influence of hip position and
gender on active hip internal and external rotation. ]. Orthop. Sports Phys. Ther.28,
158-164.

Smeathers, J.E. (1989). Measurement of transmissibility for the human spine during walking and
running. clinical Biomechanics, 4, 34-40.

Taunton, J.E., Ryan, M.B, Clement, D.B., McKenzie, D.C, Lloydsmith, D.R, & Zumbo, B.D. (2002).
A retrospective case-control analysis of 2002 running injuries. Br. ]. Sports Med. 36,
95-101.

Tiberio, D. (1987). The effect of excessive subtalar joint pronation on patellofemoral mechanics: a
theoretical model. J. Orthop. Sports Phys. Ther.9, 160-165.

Valiant, G.A., McMahon, T.A,, & Frederick, EC. (1987). A new test to evaluate the cushioning
properties of athletic shoes. In BJonsson(Ed.), Biomechanics X-B(pp.937-941).
Champaign, IL: Human Kinetics,

Voloshin AS,, Burger CP., Wosk ], & Arcan M. (1985). An in vivo Evaluation of the leg’s shock
absorbing capacity. In: B. Winter et al(Ed),BiomechanicsIX-B(112-116). Champaign, IL:
Human Kinetics.

Wojtys, E. M, Ashton-Miller, ]. A, Huston, L. (2002). A gender related difference in the
contribution of the knee musculature to sagittal plane shear stiffness in subjects with
similar knee laxity. |, Bone Joint Surg. 84-A, 10-16.

Woodland, LH., Francis, RS. (1992). Parameters and comparision of the quadriceps angle of
colleged-aged men and woman in the supine and standing positions. Am. ]. Sports
Med. 20, 208-211.

Wosk & Voloshin, AS,, J. (1982). An in vivo study of low back pain and shock absorption in
the human locomotor system. . of Biomechanics, 15, 21-27.

Yoshioka, Y., Siu, D.W.,, Scudamore, R.A, & Cooke, TD. (1989). Tibial anatomy and functional
axes. [. Orthop. Res.7, 132-137.

5 1 92005 0215
A Ab 2005 02023

HArgkE Y ¢ 2005, 02. 28



