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Effects of different landing directions on lower extremity kinematics, kinetics, and ACL
injury risk in single-leg drop landings
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Abstract

Purpose: Many anterior cruciate ligament (ACL) injuries in sports occur in a non-contact fashion

during landing motions. While the single-leg drop landing in the anterior direction has been used to

assess ACL injury risks and has been used to examine landing mechanics, no motion analysis studies

have examined landing mechanics during single-leg drop landings in more dangerous directions. The

purpose of this study was to examine the effects of different landing directions on kinematic and

dynamic parameters of the lower extremity in single-leg drop landings. Methods: Twelve healthy

females (height: 158.2 £ 5.8 cm, weight: 56.0 = 6.7 kg, age: 21.3 £ 1.8 years) participated in the study.

The participants performed single-leg drop landings from a 30 cm box onto a force plate in four

different directions: the anterior (FDL), lateral (LDL), and posterior (BDL), and the posterolateral

directions (BLDL), and the kinetic and kinematic data of each body segment were measured using a

3-dimensional motion analysis system and a force plate. Sagittal plane lower extremity joint angles,

frontal plane knee angles, and the anterior-posterior and lateral positions of the body mass center

(COM) relative to the ankle joint center at maximum vertical ground reaction force, as well as the

maximum lower extremity internal joint moments during 300 milliseconds after the initial ground

contact were calculated. One-way repeated measure analysis of variance with the Bonferroni posthoc

comparisons was used to compare each variable among conditions. RESULTS: The vertical ground

reaction force did not differ significantly by landing direction (FDL: 2297.3 + 224.0 N, LDL: 2355.2 £

236.0 N, BDL: 2273.3 £ 268.9 N, BLDL: 2329.4 + 257.5 N, p = 0.547). At peak ground reaction force,

knee joint angles in the sagittal and frontal planes (positive directions are flexion and valgus,



respectively) in LDL (sagittal and frontal angles: 32.1 + 4.5° and -3.1 £ 4.2°), BDL (33.5 + 5.5° and -2.3

+4.1°) and BLDL (33.8 £ 4.5° and -1.9 + 4.0°) were significantly higher than those in FDL (28.8 + 3.8°

and -5.3 £ 4.4°) (p < 0.001). COMs in BDL (13.6 = 0.5 cm) were more anteriorly positioned than FDL

(-5.4 £ 0.6 cm) (p < 0.001) while those in LDL (8.7 £ 1.6 cm) were more medially positioned than FDL

(0.1 £ 1.0 cm) at peak vertical ground reaction force (p < 0.001). Significant decreases in knee extension

moment were observed in LDL (1.7 £ Nm/kg0.4) and BDL (1.5 £ Nm/kg0.4) than FDL (2.1 £ Nm/Kkg)

(p = 0.003). Frontal plane knee moments did not differ significantly among different landing directions

(FDL: -0.02 £ Nm/kg0.24, LDL: -0.06 + Nm/kg0.07, BDL: -0.19 + Nm/kg0.10, BLDL: -0.13 *

Nm/kg0.06, p = 0.06). CONCLUSION: The subjects showed a tendency to adopt landing strategies that

avoid ACL injury risks in lateral, posterior, and posterolateral single-leg landings. Thus, single-leg drop

landings in these directions may be used as a task to assess the degree of mastery of safe landing

movements.
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BlES 2 Z A SN TW5D, ACLEE Y — % B 7 AT L7- Koga OHFZETIX, #)
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O FATYE & B D O FATHEERESIC L > TR~ ARIDBE LT Z EREBE X 6N
Do —N7. AWK HAEMBMEIL, +oICHEIIT - RICEHIZ T o 7o 7od, Al
TN 5 BEGIH N A G R ERE TH L Z LN EA BN D, TOMK, Al
WEIS By (A B O 8 VAT 5 6 1 & e U C ARG ~ZR0E U 72 ATREMEAS B, B IR B DM ([ )8
PRI ~ZEGL L 72 2 &2 ko T, BB AR ZMA TR RNE 2 bihvd, DE D,
78 i -C O FiAE T Lo EEAHIGE A3 A HiKE O IRBIEISN R AT IR B A G 2 Tein o 1o T & 3SR
S b,

13



B ~OFEHEEORHH & LT, RIHGAEHLE Hik U CAEHIRRZ I T 2 B (R E UL E O i
FEMLEBEF R ARMEE— A FOED PR LT, S 61T, BBt/ LRI &
Hi1 & Bl U CA BN L 72, Lappénen 1% Drop Vertical Jump (23517 % KB & it
FEZHE L, £0% ACL 24815 L2/ E 9 mBBEAE 217\, ACL BEHE & IFBEERE %
et U, £ oftR. ACL REREIIIERERE X 0 MBI B R ith /4 FE 238 LT
L5 L7z (Lappédnen et al. 2016), F7-. Shimokochi &% ACL #8{5% 5] & Z 4 B
AECIEE) 2 — 2 BfAMICET A2V AT YT 4 v 7 LEa—ICBW T, BEEIE
i 4 B2 DD 72 W BORENEIX ACL DR Z RS 5 LS L Tw5 (Shimokochi and
Shultz 2008), LA LD Z &t #%IT~OFMOBERIEI AN AT A H XL 0 B BhAL & 72 -
722 L3 ACLICE 5> TR REeREMENEL 25722 L 35 2 5. & 512, Shimokochi
5 (Shimokochi et al. 2013; Shimokochi et al. 2016) 13K & Bifi & W 7= 5 HBETIZ, &
HiiRy oD JiR BR F it b A FE 2N BRI L. BRPEET IR R E— A > RN LTz L& LT D,
DFEY | BGERIZIT D5 HEELORTHEMIZ L > T, ACL OEAM 2K S 21
BAfIHEE— A > D LTERTREMEDR D Z BB 26N D,

AEIORFFE T, e R )38 £ R O R BRI & — A > MIATT A & ik L T
FiEMD T A EITHIN L 7=, Shimokochi & (Shimokochi et al. 2013)i% k% Aifl &
B AMBEETIL, EBEHRKERET—A S FBEMLZ EHWELT0D, Shic, HI
BHHEMEICRB W CEMBBREEHREET— A FBRRKE R TIE, BIEFLBATHE
fr & RBFEEE— A > MCABERMBEAMERERH 2 2 & 24 L 72(Shimokochi et al.
2009), & HIRFOF RELALENFTIHEM L, RETOBATHEMNT 52 & T, EBHE
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JEE—A L PRI, HERELEZET~AEMNSETWDL EEALND, DED, RKE

FicB T A EEWRIITEREEEE T — A > M ERAEIE L REFHEREBHIEC L - TThi

TeRAlRetED 8 5

AWFIETIE, BHHITT R OEWIC & D i K BELDICHBEEEO T, Rilze XFFL

RNEER L 72 o 7-, Hinshaw & (Hinshaw et al. 2018)IZ 7 v X — L —T A Ny o7

DERIZ 22 TORBR TR 2 B 51T - 72 O EMEL, B LICRA 7% O 28 Bk &

el U C. FeoR M S D TEE S ORI Z 38072, & 512, Yom 5(Yom et al. 2014) (%22

S TOMUTT ~ A ELZ A S T O R GE T, SMELZ A BIv7Ri o T RE & ik L

TR RME X IRE RS OWINEZTRD T, 20 OEITHE L0 | 22 ToOEREOSMAF

SO K > THIE R D EERRDICEREC LD TERWNEEZOND, —J7, AU

DFEFRTIE, SMATT I Z ORIMAITT ~ D 75 HRF I S (R B O AT G A 4l & Feilse LTl

TF~ER LTz, DFE Y, 2R TORTERRE EOLREHIEIC X > THREONALE D IMUT ~2

AT MR OMIE S EERR L 5 AR T2 2 ENBEZABND, EHIT, K

AR Tl e B KB £ — A o MERTT AL & el U T 5 3 T O IMALT & #iL oD J5 73

HEICHEM U, Self HITHM R v 7FERICBO T, EBESERD 2V TF fEE o ffi

B2 2 N S B 2 SofF T C o0 25 iR 1 S 7] TR 1L R S 1 3R BE R JES e SRt oD A o as S & b

U CHEICED Lz & i LT 5 (Self et al. 2001), BAEOFRERNS | 22 TOHIK

HOLE S KL OEHIEF SIS 2 R BIHIEIE T — A > M & o THltE I ) R ELAR 53 O 18 B %

2 W S, U S TRIELRR Sy O & B2 7o FTREVE S B X b D,

AWFFETIE, SMATT A MU 31T 2 Al _EORFE L % ITEHITI T 5 MR L O R
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MAGD S ST BN LY 2 DOV 27 @EEfNT 2 &5 2, BIMUTT~DEHS

FECE DTz, TOME, AR _EORFREITIMAT A/ SFEL L. KR L ORI RS

HEH LB LM R ThoTe, S HIT, BIMUG EHIZI T D HIREOALEIZE L Tidst

A FER=CH HFERE LT, AiFD LIERNMAIEEM N LV EER LTV, 2F D,

RAMUTT AEHU BN TRERBF O KRB OLE 2 LD 2 BN SEZZ &id, AHIFFOMER

Bz [EES 572D TIERW M EEZ BN D,

e R ) 38 AR IR O M T S AT RT3 (2B LTI, BT A & bl L COMIITT % 07

TRAMATT A HUZ Fo 1 2 it S ARG ARGy A TSN LT, FefThige & 0 (Rep 2 BN S

ToAEHENE T, R 2 BB S W7o g il & P U Cog HuRp S8 RITEEA B2 1259~ % M S )

AMEAEN L VRHME L, ACLHEEY 27 L2 5ERi B N LD K& pMEE2RLIZE

#W4E L Cu 5 (Shimokochi et al. 2016), Mk 5 77 B £ 13 0 5 ) Bi#E Ak oy & Hiii 57

HFEETIC L > THELN D RIRE LOAETH D, HERKAEELDICHEENS LR

MU S TRIDT Ry DI K > THIE R D RMEAFEENEINT 2 Z & RB A6 5

(X 2), AMFFEOFRER KLV | HIE R IIRTHT R AN L2 AMAT | %05, 36 KO AMIl 5 &

i3 i S D RTE A LS BN UL ACLHRE U A 7 & 70 2 I a5 S W /) 23 N3 % I REdE:

MEWEBZZbND, SMUTT, #%T7, BRIMUTTAERUTLL_E OB SR R ) & 4

BT EF D7D, PBREITZEPICTHRBELIELZ 2 br—/L L, ZepaE sk

TR0l EZA BN D,

— 07 RO S 38 AR IR O IR BRI A BE SRS LU, AT b & Bl L TAMITT

% T3 L OMRIMATT A& LoD T35 3 EATHEIIN U e I Rife £ 5 78 il i S ) Aipfe #4 B k0 1
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MMLUTWBEE., IF%GTEIR R BAET 5728, ACL Ik L T4 Td 5 (Shimokochi

et al. 2016), AHFZEIL I SR 7 A5y & EBEETE dh A FE 2N & b (ST & & il L C4b

W5, %7 L ORIMUTTAER O T BAEICHIM LTz, S0, EEF~OFH A kb LRI

% A RREY D 72T HE O R A BE & R B I 48 B O BIARVE 2 MRS D 2 &
P L 72D, A MBNMEIZIS T 2 EH R 57 0 (35 Aife £ B2 & ik SO i A 2 o b

WD 2 & T AME A B 2 M SO RIMEA BE O & 2R3 2 L N HREE 2R D,
Z 2T, AHA M OENT X DI RIE A L i R I RITEAE O A RIEL . L D&
FHNE Y RERERITHE A 2R ESETODLOPRFTHZ L L L, 22T
B R S FEAERFIZ 380 5 IR BB 2 & SR BT oo s <27 hova it L
M R IEHT R 2R SV & HE N7 S V7 B Rk D it B BT A A B AT
A TR Lzt IS im At & L TR L, MR THRONZEEIZBE LT, 1L

IR B ORMEAE L K X7 LD FREVEEL TWAZ L L (T,
DR, T S BRI R A L L 0 B AMALT A oD 7 3 IS HIIN L 72 (p=0.03), L
ML, ETOFEMTEICIBWTIREHE OB 1 LT & Ro7z, 2FED, &TO
HE T RN dS W T SO R A BRI A L L D B L TR, EFIT L TH®T
ST RN TN D E WD, DFEY . AT & 7 S R D IEE R ST )
2k % ACL 5 22713, SMUG%TT . BIMUT ~DERICE W TLZETH D Z LR
ZEZHID,

AIFFECBVTIRA RN N DB STz, AFETIE, Vv o7 M L—= 7%
F—=2 7 EFEAToTND T A Y — hOE, FEOEIC X D EEED Tk
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BB OGEE 2 -« B RO M A 2D Z ENREEE 2 D AREMEN BV LD, EDO X
VRNV —=V T ETO TRV A58 & Ui, LR -> T, AR RO
AR LT FEOHRTHY, NL—=V TN AEITS>TVDLFEAET A Y — MIHE
ROFERDF LN NIABOMGENLETH D, Flo, R TIT o I A HBIEHIC
ACLIZZEL 2 A b L AZOWTOBLIL, BB ~DI AR & FEEICACLICAET D A B
L A DBAFRIZ DWW TRRGE S 72 S8/ THFZE(Shimokochi and Shultz 2008; Withrow et al.
2006; Fleming et al. 2001; Malkolf et al. 1990)(Z S\ CiTbivz, L7z~ T, FEEIZ
ACLIZ ED L 5 2 FEAMMBE L TV D 2E, fOWFZEET /T T HIRGES 115 L ZE)
D, &5, AW TIRA-m L O EREIE O EE 2 - 81 R BIT G L T,
EMENVE L B IEAIACLIRE I Z MR EA I = AL TH D EFDLILTVD
(Shimokochi and Shultz 2008; Quatman et al. 2010), [EERIEI/ AL T D 25 HENETIX.
KERE & EFOEMA B L AR S Z LT, KERNIET 5 Meyer and Haut 2008;
Koga et al. 2010) = & 3K E TOACLEEZEA H=A L L LTEXLND I LD, &

BOREL UTKER LEDOAA A AT =7 AGRERLETH D,

V. fEd

AW TIXRTT ~OEH & Ll U T 7~ 0 25 HiBh (1 TR BEHE dA BE 238 L, Bk
FOLORIGFEMP RO, —H . IMUTT~D 5 HEVEIX BN A E 238 L, Jik
HOOWRIGEMN R bz, RGEITIMUTT, %53 X OERIMUTT ~0 i iz v
T ACL #5Y) 27 Z a5 & Mg 2 IS A 28 L7e, AR ORFE IR 754
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ARBLE LD, ZOX D ICZEREHRIRE L 72BN 50, ACL#EEY 27

A LTV D AR ACL SN 21T 722 o TIEBNT Z DR Y T2 WaErE2 H %, ACL

BN OBEARIR OBLR B3, DD EA~O R v v 78T % 2708 EfED

HFREEWEFNT 22 A7 L LTHERT 2 ZENREE 2 (ACLBRE TR ~NEY T

—a IR WTOMITS, %5, BIMUGOEM N L —= 72 ThEL 2 EIZLY ., A

[FIR SN XD L AR 2B/ SEL e L 2D,

EiraE

KA LOERIZHT=Y . 2L DG THREZWHEZ B £ LT,

FRHZE O TIANEEEEIR I, #ETSETHEDNSBL R THREZHV L, 22

ICRHOBEZRLET, £, BRMIMERR, 75 CICEHAEERBERIZIIATR L OVER

WHIVEIEL LTEERIRYE, ZhE2 L TKEEVELL, LIVE#AL LT E

T, E£o. TITAMIZEERENIIER O % A RERIELI21E, R D AGRILOIERICES £ T

Z<DTHEE, T INANA ZAZTHBLE L, ZOHEZBMH0 LT, LDIVEHE L LT %

T BT, BB LODOKREREOBEFEEZT A L TL 2 & o 24T MIRBED A X v 7 DEHRIC

DR VEFLE L B £,

R&IZ, ZOMREZEDDITHTZY . EBRIC ZTH W2 RIRIEE K707/ &

ORFBEDOERR, THERDOREOHE, SOICHMECELIETHAOIHIZ LT

W22 E £ L2 PRI EE ORI, Z ZIE#HOBEEZ R LET,
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