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Abstract

The higher anterior cruciate ligament {(ACL) injury rate of females is one of the most sever
athletic-related problems today. The purpose of this study is to compare the lower extremity
kinematics between male and female during single leg landing.

Six male and four female healthy subjects participated in this study. They jumped from a 32
cm high box and landed with the dominant leg. The landing action was filmed with three video
cameras. The knee flexion, knee valgus/varus, and hip adduction/abduction angle and angle
velocity were calculated.

In female subjects, the knee flexion angle and hip adduction angle were greater compared to
males. Also, the knee valgus velocity and hip adduction velocity were higher in females.

Our results suggest that knee valgus kinematics may be related to hip adduction. It is impor-
tant to evaluate hip kinematics when considering knee kinematics to prevent knee ligament in-
juries.

(Jpn. J. Phys. Fitness Sports Med. 2006, 55 : 403~ ~412)
key word : single leg landing, kinematics, knee valgus, hip adduction, knee ligament injury
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Fig. 1-1.  Anatomical Screeningn). A
Leg-Heel Alignment, E : P/F ratio.

Navicular drop, B : Tight Foot Angle, C : Q-angle, D :
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(Patella), FEREE H .0 (Knee), £ @ KiEF
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#l (Anterior superior iliac spine : ASIS) % 60 Hz T
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JEREIZ TV ARZE B /A X %RWT A0, 2K
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HC) Z 4 L 72,

B, OB FRILTAICHIZY, X7 MV
R =R A FT I RLFEDT VT 7 Xy T
EL, FOLRBAFOOVI/NLFETEILTSH D
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2B L TiE, FI X% dominant, FEF Z M % non-
dominant & LT, #RZFh d BL U nd DR ZFE
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Table 1-1.  Physical and anatominal properties of subjects.
ox | 280 | beight weight | fat | o | dominant oo o Q-Angle | Leg-Heel | Navicular | - hign Foot Hip BOM {deg)

(years) | (em) | (kg | (%) side (dep) (deg) |dropf(em)| Age@® | o | flox | add | abd |extrot|int-rot| SLR

a m 28 177 91 24.7 29.0 R 0.5 15 13 0.7 10 10 120 15 35 25 40 7

b m 23 173 67 14.3 224 R 0.5 15 10 0.7 5 10 130 15 45 45 25 80

c m 34 172 73 19.6 24.5 R 0.5 8 13 0.7 5 5 105 15 50 40 20 80

d m 32 187 80 19.9 229 R 04 12 10 0.5 15 10 130 10 50 50 25 90

e m 22 162 58 16.0 22.2 R 0.5 12 15 0.8 10 20 130 15 40 35 30 75

f m 23 164 62 20.7 22.9 R 0.5 15 15 0.6 10 15 125 15 45 50 15 95

g f 24 159 52 26.2 20.5 R 0.5 13 15 0.6 10 15 130 15 35 45 40 80

h f 24 157 42 18.3 17.0 R 0.7 10 15 0.8 15 25 145 20 60 45 45 140

i f 22 160 48 23.3 18.6 L 0.4 15 10 0.5 10 25 130 20 40 40 45 100

i f 24 167 64 28.1 23.1 R 0.5 15 10 0.6 10 15 135 15 50 40 50 110
[Average 25.6 167.7 63.6 21.1 223 0.5 13.0 12.6 0.7 10 15 128 16 45 42 34 93
SD 4.1 9.0 14.2 4.2 3.1 0.1 2.4 2.2 0.1 3.2 6.3 9.8 2.7 7.4 7.1 114 | 193
Male average 27.0 T72.5%] 7Lix] 19.2 24.0 % 0.5 12.8 12.7 0.7 9.2 12 123 14 44 41 26 83
SD il 9.2 12.3 3.7 26 0.0 2.8 2.3 0.1 3.8 5.2 9.8 20 5.8 9.7 8.6 8.2
Female average] 23.5 160.6 51.3 24.0 19.8 0.5 13.3 12.5 0.6 11.3 20% | 135 18 46 (%43 45 108
SD 1.0 4.1 9.4 43 26 0.1 2.4 2.9 0.1 2.5 5.8 7.1 2.9 11.1 29 4.1 25.0

% denotes signifficant difference between Male and Female (p<0.05)
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vThigh2 & L72. Knee 75 Ankle A7) N7 |k -
V% vLeg & L7, ASISd 45 ASISnd ~[A 9 < VThigh?

//

7 NV % vyPelvis & L7:.
1) BRBIEiRE /R AR (0 fe)
FERBE BRI H /R A B2 (6 fe) 13 vThigh & vLeg @
B fEs Lz, (Fig 1-2)
72721, 0 fe DN MR I o0 I B A B O B0
TERT.

vThigh

2) WEBEA R/ NICAEE (8 v) S
WRBEANS/ A (G ) ix, 220X 7 b
vThigh & vThigh? THE SN L FEH & vLleg 2
THEL L7z (Fig. 1-3). 2L 0w>0 0&%
M, 0 vw=0D5E %R, 0vw<0 DE4%

M & Lf’
) BBAET gL/ S A (0 aa) Fig. 1-3.  The definition of the knee valgus/varus
%JJ:FZT?;{: D X7 Fih (%& B ) Eﬁéﬁﬁ) Iz angle. The knee valgus/varus angle #vv was de-
. o ) "y v" 5 ’ fined as the angle between vector vLeg and the
vPelvis 8 LU vThigh HE L, ThEN%E vPel- plane spanned by vectors vThigh and vThigh2. Posi-
vis', vThigh’ & L72. X7 MVORTHAE & tive and negative value of gvv represents valgus
L. 90° 5Bl i % W B8 ii/t/*ﬁiﬁ i3 and varus angle of the knee joint, respectively.
(Gaa) b L7z (Fig. 1-4). 7275 L 0aa>0 04 el
NEE,  Gaa=0 OEFEF PN, 0aa<0 DEE o e
EAMIRE L7z —
4) PR EEE OB R g
KHHOMEE IAET— 5 FERMS T A 2 & T vThigh
Ki@ﬁ@t
| BRHEOMIT L MR R o
%&%ﬁﬁwﬁaﬁﬁw v R AL v F ﬁéhtﬂﬂ#%‘i% /7 P

vThigh

Fig. 1-4.  The definition of the hip adduction/
abduction angle.The vectors vPelvis’ and vThgih’ repre-

/ o o sent vPlevis and vThigh reflected on the X-Z plane, re-
0 // -~ spectively. Let @ be an angle between vectors vThigh’
, Ot \,774(‘ o 7,/ and vPelvis’. The hip adduction/abduction angle faa
. ) // was defiend by (90-«). Positive value of @aa represents
“w‘-‘/\ 7777 ) e hip adduction, and negative value hip abduction.
s e /
e e pd .
S contact & L7z, £® kT contact B 160 msec 5
Fig. 1-2.  The definition of the knee flexion/extension contact % 400 msec % THTHF REFH & L7z,
angle. The angle denoted by #fe between vectors
vLeg and vThigh was defined as the knee flexion/ =
extension angle. Larger value of f#fe corresponds to . METILIE
flexion of the knee joint. ﬁ HIER A 7)) — HRE, BETHn
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Table 1-1 ZREFHA 7 ) — =V T ORRE R
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Fig. 2-1.

(a)Mean male joint angle as a function of time. (b)Mean male joint angle velocity as

a function of time. In each panel, open box, solid diamond, and open triangle show knee
flexion/extension angle, knee valgus/varus angle and hip addction/abduction angles, respec-
tively. The vertical dashed line indicates the timing of foot contact.
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{a)Mean female joint angle as a function of time. {b) Mean female joint angle velocity

as a function of time. In each panel, open box, solid diamond, and open triangle show knee
flexion/extension angle, knee valgus/varus angle and hip addction/abduction angles, respec-
tively. The vertical dashed line indicates the timing of foot contact.
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Fig. 2-3.  The gender comparison of joint angle. (a)

Knee flexion/extension angle as a function of time.
{(b)Knee valgus/varus angle as a function of time.
(¢)Hip adduction/abduction angle as a function of
time. In each panel, open box and solid circle show
female and male, respectively. The vertical dashed
line indicates the timing of foot contact. Female knee
flexion angle and hip adduction angle increased sig-
nificantly (p<0.05) than those of male counterparts
after foot contact.

BEOMESL L UCWHEIZB W TEEA BT
ARICEEZ/RL72(p<0.05). ACL %A 2K
BT 2L SN TRT 74 4> bo&ERY, Q-
Angle, Leg-Heel Alignment, Navicular Drop,
Thigh Foot Angle (Fig. 1-1) ICB LB TAHEZEI L
Moz, ZOIGEDOT =¥ #FEATLILDOE L
7z,

Fig. 2-1 BX U Fig. 2-2 13, BLoBEEiMaES &
UCBHEAREOFH T RLZbDTHA. $12,
Fig. 2-3 B XU Fig. 2-4 [C3EH T oML L O

OB AR L7,

RBIE IZ B & S AR 4 B L 2055
contact 3 2, contact £ JT%EFH L7z, F72, con-
tact FRAZIZIERIEIYL R34 U7z, St of R,

LHORRBMEE AL, AEEIBERICHNTHE

i, e, AR, B
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Fig. 2-4.  The gender comparison of joint angle veloc-

ity. (a)Knee flexion angle velocity as a function of
time, (b)Knee valgus/varus angle velocity as a func-
tion of time. (¢) Hip adduction/abduction angle
velocity as a function of time. In each panel, open
box and solid circle show female and male, respec-
tively. The vertical dashed line indicates the timing
of foot contact. Female knee flexion, valgus and hip
adduction angle velocities increased significantly
(p<<0.05) than those of male counterparts after foot
contact.

AL THY (Fig 2-3-a, Fig 2-4-a) (p<0.05),
MR THEIF MO fG#EE S AHEIZHE KL 7 (Fig.
2-4-b) (p<0.05). B@Eé’ﬁ'ﬁﬂ)iﬁafﬁzczi%ﬁﬁa%?ﬁ
BAEVELRPo7:. INHIZLY, loKEE
EEMEICHARTEROBIZE SRR L, 2
AR L7722 bR ENT.

EREETIZHE 0L b contact B O RE Tl AMEE 17
(ZEE) LTS, BHIIANEN TH o 22T L,
WHEIZNERCH - 72 (Fig. 2-1-a, Fig 2-2-a). #
L T contact ZDFETIZH & & b BB NELAE

L7275, BT contact 49 100 msec 13 & IE &)
WEERL 2 R o 7R ICNER L 7202 L, i
contact B ICHRBAET SYNERAL 12 B o 722512 & A

51
E, BRICHEL:. SEtREORE, aho
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Wi, MR B TAEEICHER
L 72 (Fig. 2-3-¢, Fig. 2-4-¢) (P<0.05). Z#hIiZ &
D, THORREEITEE IR THEBOBIZKRE L
SMENEY R LI EARENT.

TRTOWEE OF A BB CRBIEIN L & I8
REAM R A ) IR E O R i YRR S 7. BHLI
EPHRICHENLANEZ ALY -ORETHY, £
D720\ ZIERIED % T S A EIEENIL  — KIS
HoNbL0OTHD. Decker et al ) pIEHEEI
BOWTHRESBE MEOR TROMEREICERT 5
MEEMELTWAZ e Y, FHEFICEEE
JRl SR 7L E LB L ORHEDPZ 5.

contact BID B, BEREENIIEA ITMEL &5
5 contact Mz, TR QR4 ITHMEEL At
& contact # % 72 (Fig. 2-1-a, Fig. 2-2-a). 2@
AR, HEREICE L EEAEL/EY BT
FoEEZLNL, IR LERSRK TR
contact BIDZEALAL 5T, contact &AL ARE
AN L 72 (Fig. 2-1-a, Fig. 2-2-a). MEEIEIERBIC
P ICVER T AL w2 eh s, BE
MR BB o 2 AN IS X A ZE 2 A
BERbThH L EEZLNT. Lo T, BESGNRI
o B d MR B X OB S s 1, HE
DRLLMEELTHoT2LFRD.

AT, ZORMEENAEICELETHE
%223 L e o 72 (Fig. 2-3-b). L LIERESE
RKOMHEETIE, THEPSBEICHENTHEREICHEARL
TBY, WHEOBEENRIEEHTHo 72w 2
E AR ENT (Fig. 2-4-b). AT T, Ak
MO BEENAKAESBEEL ) DEATL v
IHEN 2N T0B AV, KRR TREBREO
RLhEZ TETOENE32L T L RDITHREL
72l SABEOBLERTICES o /zb D
R IR,

—77, KFzeciEH L7 REEE O kinematics T
HHN, TITRBELETHENEARLRTIL
ACE . BEEINEAE (Fig 2-3-¢), BBHA
HE M (Fig. 2-4-¢) & B 12, contact BRIZLHENH
PR THEEICHAL, THEORMEAILIIRE
CEHTHLLV) ZEATRENT, SHITHEMI
X, B oM contact BDO AR H T contact H

DR SBEEE N2, Fig 2-3-¢ PR T L9 12,
contact IO BE T, BHOKRMEEIEIHENTH -
oKL, TEENEMNTH 72, Bk d
contact S L IZON TR A (B BEE 34 L L 72
S, MO RS % B 2 3 o7,
contact EORETIX, B 100 msec DR, 5+
Wiy B R L BIcNE L 220X L, i
contact & IZNEE L 72, Fig. 2-3-b 25T £ 912,
B4z D W B SCAG FE ARSI L AR D 72 R A% 1 I3[R
BThbIEhs, BIHIBEE L PR EN
THEEEI R L, —H o B & BB
AR L CE L2 e ARSI,

PED LD 2B XOFMFBE SN HT, EH
T E TR E AL O A & BT kinema-
tics DI TH A 9. ARILMWIE, Ak OB
WP HRTEMTHo 2 EHIRENT
72, ZOHAE LT, BEEASUIEREERO kine-
matics 2ZSHE L TWA L W) T ENREZ LN,
SF Y, IO O fEE AL 72 ERN
LT, HOREBEED contact BiAHNENTH
5728, B LU contact HEAD B EEI N LA
BN LR L2 LG L TwEEWw) 28T
HL. JHEMTEL L BEMENE, REAHE
IZFEE S N7ZIREE CREB AT IE R T AR AL S % C
LiCEET A, JoL XEREETIINGESE). 4
[ OfRTIE, BEOEAIT contact BRI
WS 2 AR o 7RIS o 7272012, BEEI RS
FIA~ORMT 5028 L, RESILORE %
BT A ENTEREEZLONT, ZRITHLT
e, contact EAAICRBHIANIZL, S5IZA
AENKE o 2720, BEEOIERGINOR
I FE T A 2 LN TE T, BRSO EE DR
Kooz z o,

BRI & W B R P gm0 B & i L 7 A ThE
721203 Zeller et al.'”V 12k B b DOHH B, Zeller et
al T4, KEIRENRIIFHAZ Ty b
10 N kinematics % = RICHT L7z, € DFER,
PRI B S TR PR R A B & MR A A
ESFEICEALL, 510, THOKMERA S
7y IR, EREEE U CRICEEL D AR
Wicdh o7, ZORNBIIAIEEO OB O
kinematics (Fig. 2-3-¢c) LHML 726D TH L. Zel-
ler et al. |$Z DR S, TYEOBREHILOWER
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IBRBEENESES L2 b0 ThH L EEZ, BEH
AV & RS 2 70\ II R A NEE S 0 2
EREETHLHEWRE L. KR L LR AR
5%, contact ERIZBIEIANEL L 74 0o 7251
SRBE AN R ARSI S22 s AR o
fiRld Zeller et al. DREE LHT 2D TH 5.

ACL ICHEHEA M L A% 5.2 2 BAE AL 3 B 6
PR TEHBH | LEOERS S, ZOREME
NRICEETAbDE LT, FHBEOLEEH N
*Wéhf TR R L SR L 7 B

Fi PN T B IR B AR IE & o 2RISR O B
%#%z%ﬂé#,pmﬁcow”iiﬁ%&i%
LB REITREDVPLETHA ).

B D TH kinematics # BT 2 2 & T, BHE
BI720 T (BRI OB E R A RT I EDT X
PR EEARMROEELR A TH L. ACLEBEOF
iz HmE Lz AR — v BIfEOE % 4T ) BRIZ1E,
BB O OAZL 59, BEES O kinematics 12
YEHTHLENEZ LN,

v.g & 8

ROFFEIE R A BBIEIC BT 2 B LMD kinema-

tics DALEIIEA L, AT ORRE L5/

1. BB HICH AT contact 0 KA
i, BBEEINELAE DA B AL 7.

2. WHIXBEIZH T contact £ 0 B #i &
i, FREAEROME, BRI G A G BB
KL7%.

3. BHOKBEAL contact BIIZHMERLIZH Y,
contact 2 b 100 msec FMEEAL % (5 L 72 A
L7z, —H, WHEORBEIL contact B
WEL L7z,

# O

KA HZ BHIZHI-Y, RIGTIREN-72E5F L7
P ARF AR 2R o I M P IR A8 %
FKLIET. T, KFFEORBELIIE KL LT K34
AZWIREEE LRERY S5k8E LEF8IFI2E
BrL DR CHICRIDDIT TWAZ s, B#tosE
TEVFE A, WIEAENERFF R A B
IEERSE LR FIRAE L TR F L7, SR
Mo—Z 7 7) 2y 2 BLUREKRF A K-V EEH
REOBERIIZBNRBIFLE W EE L
BHOETELIT.
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