1RV Gas) 1€ )Lash «Q 3)93 «3)3 § (BG4I (BG)) (alc aslilins

96 L E 3 ¢ dlos! ¢ Joad| S (59 3 (SLAS g0 33 g3l ) ) 39 !
3959 P (oI3 aho B ) T (51510 1y 10 3 59 30 15T ygliis

"9l 3 3L 9 7 W6 536 79 13 siner i ol 391 0313 (T

o)l e sl Baome olfiadls  oulidly 5 (S5 ke 0aSiils ()55 pole o (S S 09,5 ¢ 20559 (STelg e Lol )
Jod )l o)) Biome olStdls (oulidly g (S5 pole 0aSCails ()59 pole g (S S 09,5 ()59 SlSoges Jolinl ¥
el e s | oo olRails (oliidly) 5 (S pole 0aSails (o855 pole 5 (S S 095 (o859 Slag bl (ol I ggetils ¥
o)l | oo olRiadls « oliily) 5 (S5 pole 0aSails (o255 pole 5 (S S 095 (o859 Slag )l (it ggzetils ¥

WAV/AIY 5 by g, WAYIVIYY t il gl WAV/ENY bl ) f b
R

8 ko L) ol Ly Bl o L T olélas i 5555 slacdlad ) Jsane (sloygilo 99,8 5 (o 180 9 dne
g9 e )3 edbial (g39ae (B JL &5 e Jmedll oS sbvg i 2l 1 5515 o ST (e Sl gl Bus ai Bl o
bl ge 99,8 cdled (b ol el o B,y ol syl 55 50 olil gl sS 1 alis

i 0395 Lty SolS Ve[ e ERIE oygg ¢ e VVAES/+ ¥ 2 8) ahid (erlo B, ol slls K55 10 s sbg y g Slgms
Xeleton sl sy 5l 0 plol g 2e gl ¥ el 5109, iocs (il ) 59 &8 o dbogls (ppo 2o 1 0,5 5LS YYIYA
s ooliil (o Joll oS (gl b S (gl S (55 amiie Sl 5 (eld il L5 5l clex (6l SOK30 Jus
Sty 53 ooy Josdll oS Glrg e gl dm e Ol 5 ey Jodll S (595 (slnadlie ol 45 3l (Lt mols :laassly
5315 Gt Sl ool gy 5 L 09,8 Ll 5 99 (o s 2e sl Yo L) Sl L ogesl (o)l - (A3 5 (il - alaB g5 as
b 331 jsiS 5 bl e ISl 5 50 ) sl e IS aisSae Loaily (izman (P> 100) 505 529 (5l simo oglis
(P> [ 0) oo GLtd G 2 (5999 99,8 Ly daglio 1o (o Ly 09,8

S5t Stz (o8 plo Bl ol 4 e ) loy 19 G 45 CiS (s o0 Sl 3o gl A A g Ly g S At
2° 09 go Slgiiiy (izman il (g loline 53U 09,8 IS ie a6 )Tk E0 g pebal 3T S (e Jaall uSe (55,5
35 B ey g9 Laddlie (il 1 (e p Sie 0l 55U u Slallas

M3 ko by ol 0053 5l iy Joal oS slog i i golS Wlols

doddo
LBl ol Gy (o8 (mlo bl izmen 5 29 slacallad 10 Joexo Lo ygilo 09,8 5 (o
poe Doy i o Joliv I; (£¥%) 4l5 soauScoles Ll 5l b cawl b bLS | o Loyl el as s s
ot SCo 09—l Slsgs lg—ie ay Mae Jol s b, sloca—wl Vo I 8(ACL) old —olo

(olisly) g s pole 008l ( 559 poke 5 S S5 09,5 ()9 S5al 58 bl s gl 03lidy (a1 ghn Sy g5
Jﬁ.‘u}) ‘Ls-l‘i’f‘))‘ d_w ol&isls
Jteymour@gmail.com :Sdg yiSIl




ooy Sl 5l Sl SVl ] €095 0 L]
S Sl Sl Pl 5 S o 1y sl )55 5
= OIS 5l (S 5l e Vel e (S5
» el e gleailos ials gl ;S5e (>l
G-l oy Tl g elad oo b cawl L ol 4l
ot Jmaie Sl Lde (gl a8 TPl (0,55 08
Ot mwlie o 3l lazan s ol wl (>l 5l

L8P0 sl b,
i S e R
Ol (Sl 55518 (o dlae (ISl (55l
Fooela)l 5log,8 g o, 1 caols sl flo,
bbb Ly ol e p Lo cdl a0 1) (5 8l
8 bl e (s Al g ml (g0 5 (2
oolaiwl Ly o Su 58 o, Slos ingh ol sloadly asls
o=l b olas i |y gyt (S Badle L g o 2
orols el (A Ldlre Ly g 5l o 2 l e0liind Lo
STl i g STl (gl eanly SIS, iSTas
bbb Ly 5l o OS50 Ol modle 350 o0
ko bl ;o 00l Lo (g9, )l oo 56 S
Cel iS Lo Bl g gily e ol A blas lad
Lol wig—is oo 515 5o STl 5 (iSls Sy ials
b Bz eI ol (A S90S s ) (20l
el Sl el ol bl ol slag s L
Loy olymy a8 (0559 915 ez S ST ol Rl
sl A Sz S e g ol Jade o ly (A0
L) ool 5l e mSslr 5o sl (pSon s 5,
WJo o=l Lo SaS Gly05 59 4 (elad (mlo
ko By ol Gl Q83555 59 5315 it 5!
sbogys zgl L) b ooy (o2 )l slayl o (sl
3 bl (g9 DI 5 ey JedllnSe
Sy9 —ole Blad an QT jslias jolie gl 5 s an

ol a8 55 1,8 ()
o0y J—edl oo (59 5 (e b (5 A Lz

109V Guns) «I€ d)Laud «Q 3)93 3)3 § (AbGLL (Mg} (ke aslilins

O S y0 8 Jolas e ol ;sodle Vol 48,5
SitS gl Eaglio g o aFojlil alug 4y Lal 50 , »
St el i Ly iS5 05 gl nSUS
Dol oo (5555 dled sl ol (55555 50
O—255 sl =l Yo slsanse ol
B Sl 5 (5 ool 5 LT (60 cslad >
oSl 2 S oo Lagl (5555 eail 09, 9
3o ols A L 85 (0B, sl 4 ciS5L (s
Sl QLS55 izes T V0l e ol e
DI L5 ¥I e 3 Jd o Solol Ay (e sl
b, Sas ol jl ey Pa s G o Loy Jlow
Ols=ie a9l o Tarl o Jlaol « alad olo
O b ol BIZY e S5l sy aS o ls 392y gl ol
Jw Ve e b s (B ascaul 28+ 5l i g Jlows
b 3l (8,5 LA 50 gy el Sl ey
Y o Ly 09,8 4 Vi b o Stis ) 4y (o>
l, (GRF) (yej Jodll oS slong s prine )51 4y
b Gl ez g ol (ml 4 s oo il s
Ly oleys Voo oshid o By, el 4y Dz

syl ikt slnol, coul oyl 3l o yeS sl
Sloyd9yld 5 (=l by an ployd asl s 4 g L
WDidy Sgn |y 0, Sae g ams oS 1 050 0ilys o
5 ai® 5 009 Sgome Lol (pogy uyiws ;o Ll
Slome a Vo are a S el ol Loyl > o)ly <
st (05 bie aog ey gy 5
adox 5l gooio (oles e (Sleys slaogt (b
St L g oy ez | o)l 5 S
Syl ol el 1y ool b B, o 5 5
3 it plaie a5l ey OPOS (o0 dogi S
hlem o ooy S pleme by (2 =8 Oleyo
I el Jee cod g oo L walsS oo S
Soh 3 Yamane l)law iz 09-d 0 colail WS S
lacalad ploul ay jols Lol LT asS a0 555

s < LoalS Eel gly e a Sl L om0, 039,




(oSS gl Jold meh 5l ze 2 sl b
O 5l i plasl Jodo OIS Dlac pvac OISt
o L s (ol (el bl ool 0529 pae o e
g ABIS 59) 99 (b (S (b Sl g
P35 OOl Dy g—e] bagi La Gog03] 15 sy
Lo gogesl 5l Gighy po 8, g Mo )5 (e i
Sy sl 0 lge plad ass il a8 abesls,
OO ol Stde apodlel Ly gl

Yo S 5y am L ad aulys Lo bogesl |
S el ool )8 g, Samas LS 4 S 6y gl
5972 Ly 90 O )jgmo d g iamio olKiwd (55) 5 SRS
Lo 5 5305 Dot g 5oty 59 50 303 ol
398 iSOl o ya (b o8 S &0 gl e
Bmo,S Sl g oud plal 5 s L aS posro
50K30 Joo Xeleton ggly w5l ol iy jo
0110 5 ;s s s 2yl () ysgem) A o0lic_
Coslos Gl oo ol 5l ol o el 525 0 bock
o L g o Bl ol 5l Gy gl gu il |
NI CO I USRNSSR S WSO JE S
o aes oy ojlal ol Basscawl an ey o
3=Vl Gaz o b g Wi p 355 050 Lo led
o= ol LLad ay o200 oo 9ly Jmaio a1y LS
abpo dn gy sl )0 S92rse Slam p e 5O
sl

50K30 Joe Xeleton sgily owy ) 9 guad

C)_: u..\_;l)s\ S Gl oo U"‘)‘)—f (\.)09_{::69 u:_;).su
4l prSekS ;o T VY 5 Ve 5l it (0S5 L
30 ek s ML ) il S lSs S, U
aS Cwl oad g ol Ll 0OV I, Ssas
u;u.,‘_..u)b u‘?’“—““ 5o ‘_g)l_wﬁ M 6‘)10 ulf..\_>9~)
Sl )_3‘).3 (JM_]L».QJ‘ ARV FUERAR @:YL (_g)‘.:\j)l.g C)_:
Bl 5Ls o ey St e (slng i ISl Lo
Jolse oo S > ojlail Lo a s m8 ol Ly jasg
iy G35 jee Jo> LS 1S e o 0 Ly
69)_u A S J‘)T )BL»_MS 4SS ool ul_u (\)OHGA
e A S (Kly ey Sl S (09—
051y 8y oly g o gs (b Sodye b JSG
Sl3T j5bntS 5 (gog—ae 50 L 5 Gials Ly b
—olad  do by ol s ol 8l s ki el o
iyt ol s Bas ol b il J8las 4
e o)y el nSe sl gyl 0l e
)_u)l.a.o Cj‘ g = dw 4O @‘_IL"A'" (GO g—oE 6)‘Aj)b
ko bl PR [ I O U SO [ R I X 1

axllao (09,
e AEtale] 5 o aes g9 5l Sl iy
ol Jlila i 5 gslel Al Sl (nd g
aS ol las i dley ol i eolan .l G*Power
Sl eslasil o ez (5 sl L syloel el gz
P SO SR Y) SR [P N B 0/ S
w0 ol 5L S y5e diged olass J8las /40 4l
N0 Jols ol iay )bl asigel o il o
(i YooY o) ool o LUy ol (6l S35
L ta Sl Voo IO 150, ma VVOE /- Y 1 f)
Ly 45 (pyo e gt p-S5bS YYIYR BMI) oy 0555
i LSl gy 43T Oy Sl e e

O 3)3 § (23508 (WG4 O-845)




COPX=- My+Fx(Zoff)
Fz

COPY= Mx—Fy(Zoff)
Fz

) g8 550 csige COP, 5 COP, 4 Sislosl
B g )l 1515 5, Sl oo olaal
3y 7S5 30 9 JSS 59 amivo o ZofF 5 i il
Lolks —olie J,68 6l omlpl el iy piamio
$3g—es Sl el Sde 4y (L 5 bl 5 COP
aobse ook 5 5Lel COP alone (F2) ey (ST
C Jocie ,3STas 170 51 ,5VL Fz o e 45 il
St ) Jie B L EM alil 2868 0 Jobo j5 00
ECRUY N

(FM=MZ - FY (COPX) + FX (COPY

P<-1-0) Shgg s 3] Loy Laools ;g sy
Dol (5 ,lal ool a5 el (Sl 0t ()
=95 = 0331 3 o 099t 5 ot b 053]
Lo b o emime paw jo Lo fdow plod o oolar ]
o al il YO a5 w3 (SPSS) 5l 5 5l ool ol Ly
05t wolial 1y adal, 51 (d) 51 o3l drals g

Lyl 3 eSilee M5

51 031051 (d)=
Alejll(d) Ll 93 3,15kl Gl (5 Sibee

Gy slpadie zgl o a5 ool s olael s
H}—GALLB (GO g—oE Lgl"‘—"“‘") 3 O—0) J—AJL-”&.S.C
S99 (G, o—ine DSl A S8 o) - LSl
z9l 4 damy lo) 50 ol iz (P>4 /4 0) 5o
(o9 Sbioal) 15 Gy el pSe (69,5 SLaadlse
[ l_zb_,‘ag.aﬂ 39,8 b ) - A3l g el elad
ookl L g0 (o gy culw Ve el )l sl sl
) )lo i Dgli 4slond (G99 5 o2 ]

P>/ ) olos ol=is

109V Guns) «I€ d)Laud «Q 3)93 3)3 § (AbGLL (Mg} (ke aslilins

Kistler, type 9281, Kistler) i w.S (59, 4o |
slog s od (gl (Instruent AG, Winterthur, Switzerland
33 6)ld ymaiged £ g 0 oolaiwl ey Jell 1S
Cgz Db odls 85 a Ve e Wl g Sasans oKiwo
ol 51 rny Jaall oS 5328 (sLmosls (390 -2l

0y oslenl 55,0 00 (lS )8 3 Ly s,
(2) $o9—e sLojome (b oy Jodll S SLmg
WSS el (X)) 2 ) - B g (Y) el slad
Sl ey Sl S 59— slwaddge 27 j5 2
Jo 5 (Fz,0) il aile (Fz, ) 4l las slajls
2 Oy JedlpeSe slg s ol )15 5 (Fz,) ool
ool J g (Fyyo) el wles slaslo sl Y H9—ne
(Fx ) ail wlbss slasls sl X je y0 9 (Fy,0)
e )5S s (FXp0) ool Js 5 (FXy) il alos
e Jadll S (S5 (il S i 1o
Coadle g (S gz 50 5 s Lt (ke e
ot 5 el olad Cga g0 g eaee i c e
e Mo yn Jaall Ko (g o 5 SIS
ol Gt Cadle 5 J Bl Cgm 10 5,0 caas L
sleolaiwl b as o o il oo )l Sz 50 5, casa
A Z 9Xe Y sla oo sl (trapezoidal) glais;ed g,

K] e -
: J_ué; :L._..ul.?m)_:) O ye—

F1+F n-1_.
aps=0((—) + ., Fi)

s S Lo 3ol (FM) ofj] gl o8 a wl=ae
(il olad Epg 0 (Y) IS STy (69 5 Sl
5 o) el pSe $35—es 59,5 (2) 09— Ho—xe
ol wimiboe ()l - (B lrg i (X)) Hene
goS e ablie by o2 A LEM o 7
oleioe Snglio (ASS Bz il 0 FM (iie
Lwly aw jo Lag i uidle ay jLs oljl gl as awl=e
s Mx My Mz) L_wl, 4w sla,gbi_z5 «(Fx¢ Fy« Fz)
aS «(Center Of Presser) ,Lcé ;5 10 Cadgn yuiad

() .
: 69_.»‘594_»4[.7:4)_;);))5_@4_1




w2 09 9 bogyd (b am a0 (G 09 5l e ,9) ey Jeddl eSe (95 sloaddge zol N Jgu

Flojll 1o o gl ol O O9N adgo e
-IYA - JOFY YYY/- vEaa/ay RATALESININS Fz, e
Y SN E SYVVSEY A “AVIAYEYY/VA Fyc
Sl colus
-[£4 -IYR) YA/BEY /¥ F\/-FEV 857 Fypo Wy i 3l
AYY “9AA VEAVEY + /s VB -EARS Fx,,.
PSS
1% SIFYY Yl EVYIYA Y8 ALV FY Fx,,
¥ AR SEIVFE F/7E $F/. . da Y Fz, Go90s
-IVO 3 YYIVEE ST VAPFAEV/AA Fyye
Sy ) ol
- ¥ 160 A-IFREFYIV VOV VY/AA Fypo
g s 9
/oY “IAA- WARESTIRS VIYOE) \ /55 FX,,.
- sl
AIYY < ISAD NRREINS SYIAVEYS/- ) Fx,,

& yo il Yo gl |5l elad do by, el 4
Sg—>9 6)‘érm usl_e.: o uj..\_: 9 l_: o 99 o
P>e0) 5l

odbasl 6 STl o s S asls s Laazily
Moo gy Ly 0,8 09,8 (b olj] gl tS o 5 it

Ot 09 5 b 098 b a3 ST pslaS g Gllessl s NSk 25 Y Jgu

Plojlusl S0 Fro el ow Rl O3 O9N addgo R
- - IP5Y Yo/ Y5V YANAEA/VE Goses SIS E
IEA SV F4 OAYEY /A BEAT SlS— solad

ooy
[ IVEY g1V -EY/Eq SIAOEY AN 2B sl
IYY YOV AYOYEA/ - YN i
SI5T sl
-¥a NIy UTYEANY R E= ORIPN

ON—2) 3)3 § (@I58 (036433 (1403



%BWxHEIGH

%BWxHEIGH

-
L=
"

-
[

IS 56 51 sae o

-y O3 SO e

HEIGHxBW%

G156 51 saoyo

09 9 mp b Bl elad glinly o g g e b ()5 (B sl ! ey el nSe (slag ) loged
o ON 9 e b goges bl iz

109V Guns) «I€ d)Laud «Q 3)93 3)3 § (AbGLL (Mg} (ke aslilins



sl sy = (s Jolsie el g oY Jobis 4y 5
oola__ul Pli_a.b ao )lS_w))a U_")JL"’ M)(S‘“ ‘r:l.ao
b1y ey blos! of 5l eolawl poe asles ¢ s 5|
A0 bl alyt eos cowl G 5y, yo 99,8
‘6)‘&j)lg T «O—0) J_,o.x.”u..i.c G9— slnddlse
L ol 90 50 0000 cowl g9505 olT jglis g udlo!
LT"M usl_‘u 05)_9 Pli_».m Ao e )‘ oolaz_wl O99= 9

Cble aless a L
o|) T"M‘ 4_l>).n ) Jal_:) u_:‘ a8 Q‘JJI l_> T“'\S
odnl iy lpmaLac plsl oo b g alS 28
5ol sosay” 3liwl sl as a s Tecul sans 5
0dmy il b g oo aaS ¢ e alac sl il
Sy5—aSId HoliiS g fals oz ()5S j5liiS
Cde any ol 8l ol VA e oy i3 K0 s
el ST J, s an L elad 58,50 5l oy
BT J, S g olad o b, ol 4
'bli_&é\_au_aao)a.la_wl_:o;\_sowidbwu)_:
Cj‘ UM_Q:IS u_cb FELY J_E)L) .59)_.9 l_> u..x_;5.> 4Q;;3) o‘)
= odly )Lt g ey el e (59— sLnadlsa
sdmdy a5 0,8 Gl iz OlgSes [ el o)Ll
o a Lol ales cod jmw oz alae slal 5l ol
&.A_Il})éu)l_ﬁ.») o)_éjéa)_}k‘)_ﬁj U""—’)")‘ oola_l
Jal_..».>| oy )‘ ool o> 90 A g e (H99—=
A Gy Sl S slrg i sl ol Cgr | Y
J—oslloSe 59— loadlse gl ;5 o 5l ool
sanl_ie (5,105 ,L #, 5 g ol ka8 e Ilosl e
Soeases ials s paS cwloa s (355 s

ol gyl ol 81 jo 558 iealS o (unloading brace)

= 9 e 5 ey Bl gy Sl
Lags gyl adox 5l ey JadllnSe (595 sLnadlse
ool o5 s 25 lymany s 5 — Sl 5 il
50 Syl Yo elasl 5lag, & b ooljl sl a8
Y| LA T FONY [PP-SAK W g FIF N IO Sy Y | V.
o2 0992 9 o b e Bl Ve el )l Sl alad

Bl ul_..,...’
ookl a s o Slosged (yb,l3 35 ol X _swghy >y
O - | L S UPVIWIY-L JUL ¥ OVl W
L}‘)_"‘Q — as r‘l} B 09_.»‘50 Lunge UJ)? rb
Sl s—xe 3l ol (g9, Lo 0l a8 gLl
o=l Og—med 5 ol im0 TVl s s 1
J—do olas oz |y ghlo mime ot 25— olud
oolai_l O yg—0 (yw—d 2 6)‘.3_?),..»[) rad_c )_A‘ u_|‘ ﬂf‘L‘H:J
DBl Ol 69y Lt S (bl
= b slagtagy el an 5l gedge ol LS
Sbllas boojls ol 8l o] o (Sl plasl SCslesS
P sos oz 35t s T i o G U
s=bl 0y9—e (olod (o bl ol Ay Ol
G ol ol 555 hie o moliaS s s L8
14565 il co o H9S Ao dslllas moli Ly ,ol>
g ad oo B by M ol 8l s eas ol Goily 0,8
alozsll) 0g2 05y, lacudld bl bl Lo, 3
g 5ol e plsul g Ly 05,8 (g0 (8 ol
MT@MQHOMTMQ@C_‘LQHQJ
U,M_U.))‘ oolai r:LL..Q ao ‘é_& TA‘Jﬁ u’_....l..o .‘ol_u)

O 3)3 § (23508 (WG4 O-845)




Ll d oy oy pae Jold 2l paghy slatusgas
S poe g iyl )0 Ebge (mi> 3929 poc Sham
shosliil 5l amy g J8 OAae (S ey 1Sl e
s ol ipg )0 izred Wil o0 953l G 2
PSS 8 byl 9y e 3l ool il (ST
Gl Sean (6 s ) ool e Vb ol 5l 4 Sl

e s |y glie mals

Q“\_.).)_.l 45 . ’5/ O‘PLSA )_,’il} I . - o @.u 4_3 4).53 l_.‘
Stz o8 o b, T e e yle o

5 oTleal b3l ol a8 e ey Josll oS (55,5 S5
ol Ll Lad Gials 589,83 o8 4 (6,105 )L 7 5

Slalllas o 050 g0 ooy dizmed 0100 (55, 306
3,90 1) 398 sloadlge ;o sy o Boe 0y 56 o
DS )8

109V Guns) «I€ d)Laud «Q 3)93 3)3 § (AbGLL (Mg} (ke aslilins

ot aallan Sy sl Mgt o alad o LU,
o b alie )0 a5 e ool ul a5 il ools
S aals 35 g )9 0y alS S bl C
S ey L dlie 0 ) (st (59l et
JUICON JUp A RV g I WP A IO Y] H IR PR AR
slsailye ;o )2l gl ;o eoliiunl 35 o
Lo iz 39,8 &S > (b ey ol oS (59

Al s o] s
Pt =9 =8 b bl ol 4 St ol 31 o
e S e e R
sanl o 00 ol plassl 0 ™ _Dlac o > ials
005 Bl o g (e g als il o
Sl 99,8 a4y ol 8l (ol aS 05 5 e sl o5
Al an ol )8l ol a s GlassSy S iy jo o>
o3ls JLasl pllw by o a1 355 (59 fimtion 99,2
D o e alS | oo s ool sl esly Lid g
Ss=l5 Jmaie 5o ,Lid Aals Ly o3l il ol a8l
s et o, i o b isl3El 5 s o]
33 SgmiiaST gl iS alS czge a5 Calol o
5 0l Jrade 3 6 gmiitaST jgbiS nlidl g oy Joata
o=lBl g oums ol by 5l (S Lsd ials izen
S Sl ol ol w8l TPas i e Jlie sy o L
= VA e eolai ol el Sl o]l
bl conl ool 8o, 5 pls pleSoo sl (e
Oyge dm |y 093 sl 39,8 el el lo
o=t (JB Sl S ol 5 )Lsd pals cgzoud S
DS (oo ey A e 90 9 Lo Sl 90 50
OO A o e el sl el s
odmol s Azl cle g cul (Bl loren ol
Sl i =1 U G Gl |,
om0 9l (ot (B 5 0929 5 ey Jesll S
G oladod (0 00 o dlpidy o, 5 Lo ol
oy el oS sl o S0 0y 56

DS 58 Bk 0 )50




References

1.

10.

KogaH, Muneta T, Bahr R, Engebretsen L, Krosshaug
T. ACL injury mechanisms: lessons learned from
video analysis. Rotatory Knee Instability: Springer;
2017. p. 27-36.

Bollen S. Epidemiology of knee injuries: diagnosis
and triage. British journal of sports medicine.
2000;34(3):227-8.

CE, CC,

TE. A ‘plane’explanation of anterior cruciate

Quatman Quatman-Yates Hewett
ligament injury mechanisms.
2010;40(9):729-46.

Mokhtarzadeh H, Ewing K, Janssen I, Yeow C-H,
Brown N, Lee PVS. The effect of leg dominance
and landing height on ACL loading among female

athletes. Journal of biomechanics. 2017;60:181-7.

Waldén M, Héagglund M, Magnusson H, Ekstrand J.
Anterior cruciate ligament injury in elite football: a

Sports Medicine.

prospective three-cohort study. Knee surgery, sports
traumatology, arthroscopy. 2011;19(1):11-9.

Roi G, Nanni G, Tencone F. Time to return to
professional soccer matches after ACL reconstruction.
Sport Sciences for Health. 2006;1(4):142-5.

Frobell RB, Roos HP, Roos EM, Roemer FW,
Ranstam J, Lohmander LS. Treatment for acute
anterior cruciate ligament tear: five year outcome of
randomised trial. Bmj. 2013;346:£232.

Bourke H, Gordon D, Salmon L, Waller A, Linklater J,
Pinczewski L. The outcome at 15 years of endoscopic
anterior cruciate ligament reconstruction using
hamstring tendon autograft for ‘isolated’anterior
cruciate ligament rupture. The Journal of bone and
joint surgery British volume. 2012;94(5):630-7.

Peh ECY, Liang Y-C, Guan YL, Zeng Y. Optimization
of cooperative sensing in cognitive radio networks: A
sensing-throughput tradeoff view. IEEE Transactions
on Vehicular Technology. 2009;58(9):5294-9.

Robertson G, Caldwell G, Hamill J, Kamen G,

Whittlesey S. Research methods in biomechanics,

11.

12.

13.

14.

15.

16.

17.

18.

19.

2E: Human Kinetics; 2013.

Dammerer D, Giesinger JM, Biedermann R, Haid C,
Krismer M, Liebensteiner M. Effect of knee brace
type on braking response time during automobile
driving. Arthroscopy: The Journal of Arthroscopic &
Related Surgery. 2015;31(3):404-9.

Pollo FE, Otis JC, Backus SI, Warren REF,
Wickiewicz TL. Reduction of medial compartment
loads with valgus bracing of the osteoarthritic
knee. The American Journal of Sports Medicine.
2002;30(3):414-21.

Self BP, Greenwald RM, Pflaste DS. A biomechanical
analysis of a medial unloading brace for
osteoarthritis in the knee. Arthritis Care & Research.
2000;13(4):191-7.

Gotlin RS, Sherman AL, Sierra N, Kelly MA, Pappas
Z, Scott WN. Measurement of brake response time
after right anterior cruciate ligament reconstruction.
Archives of physical medicine and rehabilitation.
2000;81(2):201-4.

Hau R, Csongvay S, Bartlett J. Driving reaction time
after right knee arthroscopy. Knee surgery, sports

traumatology, arthroscopy. 2000;8(2):89-92.
Moon J, Kim H, Lee J, Panday SB. Effect of wearing

a knee brace or sleeve on the knee joint and anterior
cruciate ligament force during drop jumps: A clinical

intervention study. The Knee. 2018.

Crowell HP, Davis IS. Gait retraining to reduce lower
extremity loading in runners. Clinical biomechanics.
2011;26(1):78-83.

Zadpoor AA, Nikooyan AA. The relationship
between lower-extremity stress fractures and the
ground reaction force: a systematic review. Clinical
biomechanics. 2011;26(1):23-8.

Cheung RT, Davis IS. Landing pattern modification
to improve patellofemoral pain in runners: a case
series. journal of orthopaedic & sports physical
therapy. 2011;41(12):914-9.

O 3)3 § (23508 (WG4 O-845)



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

109V Guns) «I€ d)Laud «Q 3)93 3)3 § (AbGLL (Mg} (ke aslilins

Milner CE, Davis IS, Hamill J. Free moment as a
predictor of tibial stress fracture in distance runners.
Journal of biomechanics. 2006;39(15):2819-25.

Ferber R, Davis IM, Hamill J, Pollard CD, McKeown
KA. Kinetic variables in subjects with previous
lower extremity stress fractures. Medicine & Science
in Sports & Exercise. 2002;34(5):S5.

Yang P-F, Sanno M, Ganse B, Koy T, Briiggemann
G-P, Miiller LP, et al. Torsion and antero-posterior
bending in the in vivo human tibia loading
regimes during walking and running. PLoS One.
2014;9(4):94525.

Jafarnezhadgero AA, Majlesi M, Azadian E. Gait
ground reaction force characteristics in deaf and
hearing children. Gait & Posture. 2017;53:236-40.

Association WM. “ Ethical principles for medical
research involving human subjects,” Declaration
of Helsinki. http://www wma net/e/policy/b3 htm.
2004.

Farahpour N, Jafarnezhad A, Damavandi M,
Bakhtiari A, Allard P. Gait ground reaction force
characteristics of low back pain patients with
pronated foot and able-bodied individuals with and
without foot pronation. Journal of biomechanics.
2016;49(9):1705-10.

Almosnino S, Kajaks T, Costigan PA. The free
moment in walking and its change with foot
rotation angle. BMC Sports Science, Medicine and
Rehabilitation. 2009;1(1):19.

Cohen J. A power primer. Psychological bulletin.
1992;112(1):155.

Jalali M, Farahmand F, Esfandiarpour F, Golestanha
SA, Akbar M, Eskandari A, et al. The effect of
functional bracing on the arthrokinematics of
anterior cruciate ligament injured knees during lunge
exercise. Gait & posture. 2018;63:52-7.

Baghaei R, Salavati M, Majdoleslami B. Effect of
Custom Molded Functional Brace on Balance in

Patients with Anterior Cruciate Ligament Tearing.

30.

31.

32.

33.

34.

35.

36.

37.

Journal of Kerman University of Medical Sciences.
2012;19(3).

O’Connell M, George K, Stock D. Postural sway and
balance testing: a comparison of normal and anterior
cruciate ligament deficient knees. Gait & posture.
1998:8(2):136-42.

Alkjaer T, Simonsen EB, Jorgensen U, Dyhre-
Poulsen P. Evaluation of the walking pattern in two
types of patients with anterior cruciate ligament
deficiency: copers and non-copers. European journal
of applied physiology. 2003;89(3-4):301-8.

Ferber R, Osternig LR, Woollacott MH, Wasielewski
NJ, Lee J-H. Gait mechanics in chronic ACL
deficiency and subsequent
biomechanics. 2002;17(4):274-85.

Hart HF, Crossley KM, Ackland DC, Cowan SM,
Collins NJ. Effects of an unloader knee brace on knee-

repair.  Clinical

related symptoms and function in people with post-
traumatic knee osteoarthritis after anterior cruciate
ligament reconstruction. The Knee. 2016;23(1):85-
90.

Mayr HO, Hochrein A, Hein W, Hube R, Bernstein
A. Rehabilitation results following anterior cruciate
ligament reconstruction using a hard brace compared
to a fluid-filled soft brace. The Knee. 2010;17(2):119-
26.

Konishi Y, Tkeda K, Nishino A, Sunaga M, Aihara
Y, Fukubayashi T. Relationship between quadriceps
femoris muscle volume and muscle torque after
anterior cruciate ligament repair. Scandinavian
journal of medicine & science in

2007;17(6):656-61.

sports.

Krishnan C, Williams GN. Factors explaining
chronic knee extensor strength deficits after ACL
reconstruction. Journal of Orthopaedic Research.
2011;29(5):633-40.

Paterno MV, Schmitt LC, Ford KR, Rauh
MJ, Myer GD, Hewett TE. Effects of sex on

compensatory landing strategies upon return to




38.

sport after anterior cruciate ligament reconstruction.
journal of orthopaedic & sports physical therapy.
2011;41(8):553-9.

Baumgart C, Schubert M, Hoppe MW, Gokeler
A, Freiwald J. Do ground reaction forces
during unilateral and bilateral movements
exhibit compensation strategies following ACL
reconstruction? Knee Surgery, Sports Traumatology,
Arthroscopy. 2017;25(5):1385-94.

O 3)3 § (23508 (WG4 O-845)



ournal of

A hesthesiology and
P @00 wineer 2019, Vo1 9, N0 4

The effect of using a knee brace on the ground reaction forces, impulse,
loading rate and free moment during landing in athletes with anterior cruciate
ligament injuries

Aidin Valizadehorang'', AmirAli Jafarnezhadgero?, Ghader Ghane’e®, Farshad Ghorbanlou*

1. Assistant Professor, Sport physiology, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil, Iran

2. Assistant Professor, Sport Biomechanic, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil,
Iran

3. Masters student, Sport Biomechanic, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil, Iran

4. Masters student, Sport Biomechanic, Faculty of Educational Sciences and Psychology, University of Mohaghegh Ardabili, Ardabil, Iran

ABSTRACT

Aims and background: Jumping and landing are common exercises in sports activities which are associated
with injury of the anterior cruciate ligament. The purpose of this study was to investigate the effect of using a knee
brace on peak ground reaction forces amplitudes, vertical loading rate, impulses in three dimensions and peak free
moment values during landing in athletes with anterior cruciate ligament injuries.

Materials and methods: 15 athletes with anterior cruciate ligament injuries (height: 1.75+0.02 m; weight:

70.0046.54 kg; body mass index: 23.29 kg / m2) volunteered to participate in this study. The landing height was
30 cm. The 50K30 Xeleton knee brace was used to support the anterior cruciate ligament and Kistler force plates
were used to record landing ground reaction forces.

Findings: The results did not show any significant difference during the landing from a height of 30 cm with
and without knee braces (P>0.05) in peak ground reaction force components and the time to peaking of ground
reaction forces along the vertical, anterior-posterior, and medio-lateral directions. Also, the findings did not show
any significant differences in loading rate, impulse and free moment during landing with a brace compared to
landing without it (P>0.05).

Conclusion: According to the results of this study, it can be concluded that using a brace in patients with anterior
cruciate ligament injury did not have any significant effect on the improvement of ground reaction forces, free
moment, impulse and loading rate values during landing. It is also suggested that in future studies, the effect of
wearing a brace long term on these components should be considered.
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