E———

199V 310 o 8)Lasd (Q )93 03) § (041 (BY) (,alc asliling

o ot 38 S I Jolio 42313 Sy g (535 35 il Julod
EUS1 313 pUS0 0 (5300 3 ool o B, (51,15

T oulmn (SAgo (T ygad B 53b ! LS 810599

Ol elaes L Jegs olSiils ¢ o35 poleg (S0 i 0aSLadls ( SilSlagu 09,5 ¢ o) 55 SeilSagu (5550 (gozmiily )
U‘)"‘ ‘u‘d.o.&b sL\.....u &_A‘C}) olKisls “5‘4))3 rnjlcs kf“b w)..v o0aSisly « &g&o}u 09; “5‘4))9 g_i..:lin}u sl Y

U‘J”‘ wlm ‘ubuo.m J>‘5 ‘SA)LM:‘ Q‘)" oKl “5>LM.;‘ 'le: oSl ‘5,.»))5 ‘aglc 9 S:A)w).: 05).? 4‘5..:))3 u_iuls.osaq )LJOL».M:‘ Y

WAV/EID 1y gl WAV/BNG 1wl ol WAV/FITY il ) f b
oduS

ey 9,505, S0 Blstn ol s3lwil 4 005 (3L plasl (bl ool (il (olad o B, ol 10 9 dsione
5o (Sl sl s 4l sy (SleiS glagSll LT as ol 2y ae Sl ol (liims gl Sl ol 00 oy s
bl shls ol 31 (Sbios plal Joolio langly cae w5 (55 2 aials Jodod Soal 2l aslllas €55 L Wigb oo gl (21>
o plonil i) jlag,8 plim oud (bl (el (o

510953 Gl T 5 ((omty28) 00 (53l (omolB (ko Bl (sl 5 (J,25) wllw 09,5 Y 50 0,0 (Sagajl Vo il g 9 Slg—o
Stos pladl Jolas glagly co g (S o aials oY ledlblase 5 a8 8 09,8 — aibe 51 5 5 95,8 - (g0g—es (5, dn>
D00,5 uils s vISual3D Jl5dle kg g o 0 5l eslaiull

P=rle ) g pllw o315l i mo Jaie jo 5 S Ghle Ol 5 51 olie (5 Al Jluzr b asmis s ilaaidly
S5l 5 g Jmolie lanysly co s 4o o 50 (PSe,00) 05l o180 51 ity (lo (55315 (=5, aels S0 (samial o
509,80 Ly 3o sl itie (PSe 0 0) 05y llsl 3151 iy (8l Jlozlw Sloio s o) Joate)s 5 7208 o) bow
P ,e0) wsls (Lt ) (limre G iy 95,8 lojl (g G50 5 (lie 5T dnr

SlenS lasil g8 ailen Jlsdo LIS sl plilm oot (g5lwil (el (o Ll sl o8l i g S A
JLoY L By oo sl jslome Joolie jo (Sl slapmdlSo (o] @ ay 48 00,38 o iled ay 5l) Joabe o (nio el
bl sazme ol (om0 50 Bl pae g ol 8l (ol ag atalss Lol lizes oolad (ol L, (il 5l o

bl o Suoaily 5 5315 ST gl 5 dis g (oold (ol

Jate glaygly oy o Jade S5 o dials 9,8 w0ad g3kl elad odo bl gunds glaejlg

Sl el L deg olSiils o o355 pole 5 (S Sy 0aSiils «SilSogu 05,5 ¢ o) ,9 SelSo g bl ¢j g2 13 ;00 ;] ghmn oy 99
naderfarahpourl @gmail.com : g s Con

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]


https://jap.iums.ac.ir/article-1-5400-en.html

e 39 5 I ol 5l s 5 35y el

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

ools i el (glaaBl oyl ;1 odle “Tols u_alys
8 (o b, gl g adgl slacuwl s el
ST 09,8 wiles ;Sedomy IS o Lol
S Ly S 09,8 (859 slmcdlad o Vol
So b ol want Sl ol aS osg g, IS
5 SSL S > et i a0 Bl oo oSS s
L S 99,8 o Slw el s, S 69,05 2 sl b
Pz plasl Jeolie ol 59, yomie il oo el
= plal oSl (ot il o5
ek LU, 6l oo 5 IS5 ol (sl ol i
r—eealSo 51 (6553233 et Wl o0 00D (5l (elad
dngi 5 (omold lo b sz ol y s Jdlse
oy 5 SleMbl ailiwlie S slonl ol S 5 Tez
03ty B (ko by sazme ol s falge o)Ly
o A (a9 (9L (Sl oSS L o e
g 00— plosl o) e 69,y Slindod i g C
Omlple Sl el preni Gl 0 sl o Jol> sLaaidly
35 o3 iz Slidos 10 LS o o0 L5 4 (6592
P (Sl pladil Jolas lacSiilonsS ) 5 i
Ly sl oo j0 05,8 Jo ydas 1y G IS (6l (=
a0 ,S Sgo ot il (elS lo
Sl piin oy p Soa L o3 Sladllas Lo 5,6 (-
plasl Jolie (glamgly copms 9 (535 > aials (SlersS
5o 0ad (g5l melad ol bL, glls ol Sl

b plosl lif g8 alie Ll

G (9
dnalr 29 (Aol g ()20 dend 295 5| B 3dos
00— (il (ol (ko Lo, Sl ooy 1) 3o
Slow) + Jols 0y 09,5 o Lo Sogejl g ools LS5
i py 5 s Ao <[5 s JLWYFEE ) o,
il iy Uil 595 Jlane &S (p,SslS AY/S +11/¥
sl ol o Ll g5l 5om a8 09

PR JC PEWEH P R  RE STICEIWOT- JCA-JX o WS

1BV 130 o a)ladd (9 8)93 3)s § (gL (g} (alc slilind

doddo
Sl S 5 Sy yins eehd o LU,
bl A )5t 09 oo oo 5y Jaie
(31 ol o0, S il gl Ay S b
Jal_}) 09)'{_*'-’ .(\).\_2564 leu‘ J_»AJ.LA)O @“‘})}5(_8)[}
A dlge S —hoe > Do S 0 OSlie j5 o5
Qi QFL"‘ JJ_Qj a_sls 03— < p ULM.)‘ Tr_..».lo ‘_g‘J_‘>‘ 5
J_A.Lc uls)_‘>9 s.A_».x_‘!}A ‘_go)l_‘a)b u‘)si ul_C-)'Uo‘ .\_Jy

2y o omolad ko by ol ol by Do il e
b el aSPu_il o S > slacled J5 e 4l
Bogii oo any IS 55 )9 bsgd (it g 99,8 sl sl
S a5, (o oo L, IS 5l Lo o
ez e Dol oo i a oy Jabe oy Slae 5 (Sl
4 (55 S9-d g0 4Bl S (S > sl g, a4
Sl Silogn ¢ ¢ liiel o, Slos (5 ) aials ials
Il Paes 0 j5,m 993 511y ol Jolie a8l s
P T»S)} slagSlla s el Jls—w L= Olidoe &l
&3l 5l o Lol e (g4l s laSilsess
O obizea b g ol wnlys moa  olad oo LU,
—de sloadl ( &b 5l fuil aales 8L sy g8
olazmed (g3l o ol ol a S alosls lis
(\)‘rALAS L'>_"'J'é Jol_:) Sd—20 R.H—‘ )_]a.‘> ué)_m)o
Syt 9yl I, 50
R ‘U>—>‘)'? BURUETRUAIWE SR EPY SR oW A RIViLy
20+ g 000, S s iales a1y elad ol by sase
4:_..45.1 o..\_».a—‘ JLM:\ ~—\&)o ‘) 5_:‘) w).:)ij.f.._ua‘ LQ)T o -



https://jap.iums.ac.ir/article-1-5400-en.html

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

o=l Cmdae s, lm Bl 9 Oy (Sl 205 el
I o G b Y e 0 a5 Sl e o el
o by Sl i 5sS S ol o MMa s e eols
La,S b olwbs jolate 4 ool ol ol (S3ge;]
2 Sy sl (Sl el GlaSleainS G g plo]
39031 (ol adSSy0 a0 5 cs IS je o (Sage]
S ol s aloldys (6 el Y der S (55,
slecwo Lgan,y b L oolin] &jgmay gps a i
9 = Semmily sl Lo g 00 e s LIS ol
el Y Bl wly (oges] sl oo 99,3 5 4 mio
Oyg—eyd g o | 0g 5 Jolste ity 39,8l u
o=l b gl il o8 L g ol (9,95 o
) e F9smil e (g i GBS ol S
4l Ve ABsS 1 jlam g o3g—ed ST ) (2isS o
7R G sl ekl ol g 9,5 e cl il
SO i sl Jobd pgd ST s S e oo
Ll b il jpbie an aS o5 Ly S5, 8
093 ol A BN e s e as Soge;] s wa ST
G e olaie ol (6l Slo s pladl gog—as 2y
OBk 50 el dad (G090 gAY ol a ol
R o o5y Gy L] 48 (oges] il e
Ol 52 0, S (o8 el 395 1 L Sgai o0 S |,
50303 tpgm ST 30 A el S g D50
Froole S ety o9 9 dmmio (g el s alsls o
g pRimn (b @ IS ales oolin] O jgmay (6 el
9 Sambe ($; Sl s Lesle s 5l B m L
L pae Ly g oo Ly oj95 0 0500 sl o0 99,8
Ve o 3l GiedeS B liiote ol oo S ieS (Jolss
b oSl 5 ool ) AdSS 52,0 0ad plodl (S
SilerS Sledlbl assges cd Hoge;l 955, lgin
Lo &9=b ¥ o 35 omb 3 Lo Lo g0
DLl s Va8 5l 55,00 Y oy el
00 Jus) Fas Visual 3D 38l 5 slizb 4y Lo 5 Lo
slaabd A Jore S5 Losl 00,5 1,8 aslo,n 0,5 s

Sl e e ol il 4o (5
s YORY 1) s 3, - S 09,5 0 ¢ aiiilas
L (S sk A-EAN tija o> g e VAYE /203
o %5 At g 40 45 o9 Ly Sl 909y e

%)

- ot o] Al il g ol eols e iS5 g
Jlre asges &S b asldbgls & jgay SISl - SMac
L (LS ol (0503l Bl il (3o 5l g >
oolizaol Uy 5 ol —rlo By sl U plys St
P9 0ah (>l 55l )0 S e Sl ,f 8T
B9 o yiwd )3 g diedan aalllas (ol )3 (6 S Hged b,
aillbgls =8, 4l cylo, o, ol Lo Sogesl ads
515 0 ) Soe daliciin s 0,8 (025 09,5 8l 8l g Bl )
O International Knee Document Committee from)
oBiils imgh yo IS aieS a b L go0gad eSS |,
Lo piie aSdges &S b aalllas ;s len (SSp pole
5l 5 95,8 A0S ¥ G IS5 Lol aalllae ] S e
Jols sy (o SlansS slo i 5 (o (il LU,
O 9 950 g g Jolie langly o g (55 > 4l
L o ¥V SolerS oledlbl ogn  Siogilil aansY )0
sy Ly (Sl Yo (5 Joe) Sy (90 ¥ 5l ool
S leatgS 1o Lo )es 0l ()l atgel 55,0 Ve
ails 8 e sl 6 e WLl g (5 eV P Y+ slod
amio 45 50 S/T23 slal Uy ygnasl oIS gld Sy
g a=d atd)S L 5o v oad aes Lad (ol )3 S g,
535 (e ,aT MX. Ja) 6,5 e 8 iy S0, ol 5 > L
4 00 S Ak N ) ey a0 IS Ly 90 1
Do dy (30903l (IS SIS g oDl g dls
s s o LT G IS5 gl o] S5 Ly aido O
1t e s Y08 Ly 55 (500 S St 5 o YA slass
bLi ool abos cmai 0,8 o 133550 LLE (9
5 58 (alad (glools slals ¢ g ST ol Jul
51 SLn syl ooy 5 S 5 ol il
L asl b 2 )ls g b sl ) (20
9y = 5t M sae Vg Ly 0 9 Jlw bl

O3 3)3 § (21508 (830433 -445)



https://jap.iums.ac.ir/article-1-5400-en.html

e 39 5 I ol 5l s 5 35y el

lrools Jdow gl Laools 1050 Jlopan dazg L wds
oty Ul a3l 5l 09,8 aLide A IS 4y by o
=295 o sa—lis sl 5 5,1 S5 slaosls 05—
58l 5 L 0=/ (5 loline s ol 5 I5lo (i5e]

A0,8 eolaiwl Yo az s spss

sty
275 Slwog F (S, aals ke 4y by e ml
sl ool a1 Jaaz o ailS aw @ JIG b o ol
aals ( JLiSg 8 d oo (P=2/ ) Sl 09 >g ol
UZ)_,iu_é_z.Li,"jly-\VA_g.?)'los)_é_b_z.li;)egr’;SP
3975l 3l iy Al SINY 5 (p=+ /- ¥9) 09, 8- (53502
09,5 JoleV iy jd 88l d o (5 05 1 iaS (P=2/- )
.(p:‘/’ ) Sl ails Sg—=>g )L)LSJ.A J_:Lo.m )_».sl.a sJ_@.ias

0B 6 sl sl Ty ooll ym (H09e3T o oy |
5 o8 gy dogl Ll 31 St Ll 0 oy
plal cadye slie o Jolie sLilyy wd aislw 4
sl gy 3l eslawl Ly g (B8 plal ay s Slsw
aS gyt ane S awbxe X-Y-Z g wlul 0
it L g STl STl 1Y ST/ isds X
sy iy sl o ol |y B S e A3
S Lo ol (g (slamygly S s o Jolin (slasyl
o) Ol (B plasil g hrogs (HBgd plail 4
3 S aieS o adllas ol gl i a8 § Las s
elatlanlin b plaes (Sbp pole oSl iongy
ST o8 815 0ol 5,5 \TA£,50) IR.UMSHA .REC
Sl U o Ly Ly eyl 0,55 el 51 lledll
s 35 ALl sgmy s Ty oy iSS ooy 3STe o5 45
ooliil Sy 5,00l (9031 51 Liodls (05 Jlo i (s 2

(42 )3 o ) (8l 5 JUSs 8 Sz los ok )0 Jolas atels ¥ Jguer

99,8 9 Blo 3l o 39,8 9 53908 Sy a5l 09,8
09,5 Z_da.w
ol ¥l e ol ¥l ol ¥l e
AEas YAL0, YO0,V 15 f.1f VLYY \YEY 0 £ty yat),y Js
VWEYY | vvefa | vass Ay YSED | YSEDA Y YeEVS | VY | o
Jieale
P>-,-0 ERIR EIERI # 0,0V ERI RER s s -
P>-,-0 $oe e # o+, \Y \ P
Ay F£ A & oLy AOEN 5 AAES) v,0Y £ FLY v ALY ,0 AN Jys
AAEY AOYE A | V,0EY, FEY A E T Y1, £.vE) WWES £.0+),0 Py JLig 8
P>-,-0 ERIR P>-,-0 P>-,-0 # o0, Y P>-,-0 P>-,:0 # oo, Y P>-,:0 P
NN S ig ARES ALY £EEY v,y ANEVA | OYEVLY | FY-EYA [ aRVA Jys
AAESTN 19,040 ASEYA v AEN AESA AOEVY [ 08E)F | VFvEYY AN 7 eI S
P>-,-0 # oo, P>-,-0 P>-,-0 ERICRA P>-,-0 P>-,-0 ERI P>-,:0 P

Qoo o i [, P> o0 g loline prlan s

1BV 130 o a)ladd (9 8)93 3)s § (gL (g} (alc slilind

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]


https://jap.iums.ac.ir/article-1-5400-en.html

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

OISy el o b (5l 5l ey (Sl
aald asals Las (Y V)8 e g gouii yol M 0o S
998 Pl e o8l oad (g3l 53l Joate (25 >
Ml asls Gieals ZVA sga> ol (g3l am Cad
Gl hlaw ass,S (558 (V1Y) S an 5 —wlivlgo
by ol Jled sod gl —olad —do b,
G2l |y ol Jrade (S 52 aiels ( (S > IS (62
LUl og s cliadss o (Vo )oK ey ;055 Mo
3 o8 (ool By (et sl it S5
b, ol glls ol )8l o o) Jaie 5> aels ials
(Ve M ey yd Tado S 5)J55 (ol el
ipmd Jaie S5 slagsl o Ol sy ool sleainy
ol G e b gy 4 S 0l o (ol LS
Cdyd ol an oS > L oad ploml elad oo LU,
G e sl Sy o 5 Maies 1l
5,5 Tl 5y b (SilainS i a4y (S
9% Bl g oy i ials (Ve V) S

39,8 L JISG gl S8 v plas! Jolas slasgl;
3,0 0 =g jlol e Jliie , U 4 =anY 20 | _ateg
J_»OLG.A 6‘4_35‘) Sy JL».»?LMJ A_ao ) (p=’/‘ ©)
D9, (53508 iy 2SS LA ain> 5l 09,8 G JSG 0
P=+1++) 39,8 ~alo 3l iy S 57T 5 (p=+/41Y)

~)5_>)_~05

ko bl s ey (Sbiow plat Jolae glagl;
asisls lis mols ol plodl gl f 5l og,8 s8 o  —olud
b s asan o oo g3lwil —odo LU, sl )l of, 3
aals gyl oy g 9l Jmolin o S 09,5 4y e
GM@S)’M‘QLS‘)I°@“J—‘4M)°9)—:‘°SQ—'SP
=Sy aaly yials g ), oo olibs mols adoy

ko By ol oz false o5 > 1, Ly o (iS18 Pl (gl i (SilaiS LSl ol 8L 5 55
(4 [z )0 o ) (81 g JUibg 3 (Jlumbo molaw 1o Joolin slagly ce ¥ Jou
39,8 9 &b 3l S 39,8 9 59908 oy daxz 3 99,59 ) s
89y
ob L) fed ob o3 e ab &3 (e
SAEYY | SYYEEND | YOVEYS | Fe:VY | -¥ANEY. | VOVEYE | ¥VEVY | -YOFEYY | YFALY- JsS
YYEYD | -VO-EYH | VIYEYY | FAEVE | —\VeEVS | vadRy FOEVY | VPAEVA | FAEY . s | Jiele
P>+, , , P>+, 0 , ,e oo o e e o e e P
Vo4 OOEVD | -ASEVY YoEY YAty —#\EY YLy FAEA | AVVENE | s
Res! £ty —FYEA Ya+4 FYEA SV $ Y.EA YOEVY | —seVY e g
P>+, 0 YA P>+, 0 P> P>+, 0 PR $ e, P
FYE0 VYL - —F1H4 OVEY - AVENY —fYy FOEA WAEVY | SfYEVY Jyxs
seLy VA ya£¥ Yok I E=2 L \E=2 FOEA NEN yes; B
s ) , P> .00 s ). P>-,-0 oo e %o e P
O3 3)3 § (21508 (830433 -445)



https://jap.iums.ac.ir/article-1-5400-en.html

e 39 5 I ol 5l s 5 35y el

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

ol ool sloaassl (Ll ool 0008 (355 Lyl
Ol yass 00l (g3l olad ol LUy sl ls of 8l assls
8y Jig B slpamio (lasSilenS o ) g blose
Ol 39,89 o sbaygile 5 (S A SS (b o
aals a8 (Yo Vo) LS on 5 93 5L T TN o
00—y (gilmsil (b o Ll (6l (g9l (5 >
S (5090 (P S | 09,8 plSn JLg 2 ammio
Slydlals las Koo (ndss (000,855 ) ol gl 4
IS5 (glyrl S 00 (gl solid ko LU, (6l
P S (7 S5 el ol e s (S >
Gy 4 Sl ool Slgainy A b e Sy
SF9raé I8 bl 6=k Esl (S ot (AL
Ol g 00t Wig B cai 65k b (95 50 Ysone a5
515 oy latingl dy oo a0 0l oo g9
St ol ol 25 aials 5y 1S ok TV
aaoY ;e jo |y ead gilwil solad olo bl slls ol )les
Sy oo bl il asgSiul 0 S (o0 (oy 2 o2 SIS0
elaio o JLi ez Jocs o odle ol 8l oyl aS
Ot JL (Sl Jame S o Sl pladil slacsiilens
e (Sl el Jolis (laSiloS ;o i lasio
A8 o Jimled a9 ,8 aile caory IS (6l )2
asals i35 (Yo YA e g oy olglss oyl ool jo a s
Sl B ous (g5l (olad ko LUy (gl ls of 8
asmio jl (Sl S50 (bl So (S IS
L ot oo il a8l Uy JLiig b (slmamio 4y Lo
Ol a5 pshailen PuiS (e 1) ol SlacSilsls o s
S i (el o By, pgee sl SIS 5 (S0 0
6 yesd Mgl Lk 5 o 55y e e
S5 Pl ol (o SlSe (slpons o5 g (o (s
il oo 1Y il e sy il plrl 5315
s oS a5 st oo S5 | ol o L,
olizel Mas s sage y Calld (3, Shas )5 (glosms
SHS 59 pladly () (o sl a8 El )
Sy sl Jabe (5 5o aials g SaBge gl (SO

1BV 130 o a)ladd (9 8)93 3)s § (gL (g} (alc slilind

—ehd (o Ly ol Jlis 4 Tais ja oy oalad
ez 9 )le—0 LIS Sl Ly gy L
s gl Jslie S > slasillg, 3 jole Je
oS ()99 Glie il adoz il (s (hge s
Sl om0 sl a8 falSy L e
il j o (il Sgilw 5 (Sl pnilSo S
Sl ol 5| (o3 0ty oo oS o B,
bl saome ol Sl aiey 0l oo o SlSoge
ORAY) 5 5 cyeenls Pl ol 3 ) s alad ol
Iy 9=l hrs (g e Jolio assls ylis g5 aslllac o
Ol 998 55l (b o 3l slalie sl 0 g5 (6
ol gllo 818l 8 (Y2 Q) ey S, TaisS o
S8l =l g9l 5o o0, Shos (a0 o bL,
Jolae oS > o b8l al g a4 S o ioges ool i
Sleiiion Ll o ldione (ml abios Gl O L g e
= sl g (60, Slos ((lodgeS a5 asls
SEVERE RN NI I 15 RN o S0
L a8l o ol a8 Pasin 5 (b el g oa s
(Ve Ve 5 565 o ol don Lnasily
bl a5 (e 59 39,8 GlaSuillegn (o) 2 Lo
Gl asvg 00,5 silwil JB ol P, (elad olo
5 goe—a sl TPais Lol (lizres cliar ol aol
G 50 o5 iy i DS 1 55 (V2 ) 2 ) S
slayliz g 9315 (60, Sae OIS _io aols Lid 0=
Ll il 5l oo = ol g Jolie o (ks
b plizes (i3ly slaaliy sl g (oS lo
L (Sl clinks (Ll as gg-d50 (ol 5 aile asalys
ol iz wle aalys 3 Ly B e 5

s =] Giod gl ol o Al olas el
il o JLo¥ b (Bl clinks ool osle (S
e i (i ol o oS o B,
J—ate =S > il 88l JLSg )8 laasian s ol s
(S5 035 Syl ol 81y e a1, 8l 55
S9-l) Jate 13 (252 5 (ilr (S e S 45



https://jap.iums.ac.ir/article-1-5400-en.html

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

(YA

Sl 99,8 993 Cgre 5Ly 59, Sl 5 ey el
=8 o bl gl e ol lss [, o fdos
Bl oSS (=5 o IS gl a8 o0 (g3lewils
WS o0 80 ) gladl s S e sl Sl
s ol pls Mol ol o o el g o0 5l L
S > sl L wazme ool 9,0 5l oy a0
5o 0ad oddliie b 8 glacSiilenS g a5 aladlos
ol aslllas zls plonl i il b e L ol 8
lgly e s g (=S, Ay e o e by s
S5 50 Gl (i g ez 09,8 ST o olis
Oy el a8l (il oa s (155 09,8 —aile 1
5 (S e Oy oS (Gl aen flog, 8 ST S el
9 7Y (Slas slalslis sl s 09,8 wlo 5l oy AdSS
lacosgase dloxjl il 005 09,8 aile s yioduony
PUSNERE SERCEIWON-SL I o B [ DUVRUA g B PNIE S Y |1 9%
Cilys oo 28,8 gl glosl Ly llans 5loola il ayLis
el Joliae (SiloieS” sloagsdl gl |y 6 2t 32>
Slllac,s 0g—i co dpogi il plin 0 S loled Sl
plal SolerS slapiie , s e85 eg 5, S ST
S, B asgi 055 )l il 40 99,8 S8 Sl

3,509y S glye an iz e (el (oo Bl (55l
Sy Shos s d ol i gl clio (Hloyo
Ol 3l S anly i g ol oo by cawl 51 18
g0 G S sl ) ool ol v Gl 45
5 e )3 smab i (o SilorsS (sl 05,5 slas
ez SlapasilSe (ol g 48T 05108 e ioles
o JLw Y L J 8o g oo olou! joloe Jolan o
5z sl Loy e ol (sl B, 55sl
3z ol 2y re 8 (Blye pae Djgo 0 ol 8l
5315 ) ls) (S wais 5 (a8 il LU,

il g0 ooy yo

b é Lol sg2s Gl Lt ol VoS
Gl olad ko L, glls ey o S > aals
Lok 8 ol 0, Shoe ol Gl an o> i 1y o0l
=Y s ol PP EWE B NS RGN

3929 5l (S B aalllas molis a S Lasl 5l s Pass s
Sbos plasl Jeolie glasgly e s 1o (rnnds 8 (slagXl
=i Ole— bl s Lol o il 9 e ol 3
o=l 0, SIS edl Gl a1 oo snalie DY
alesls s s—le sloasl colds (> slross 8
ino)ﬂwtﬁ‘ﬁ‘ﬁbhlﬁ:)du%lﬁu@@
a5k o 80z (o) s (il ot e 5 BA> 5
3524 4 iy oo Eadge yl TV _ad dnwgi |y |ade
O3l le a8 oS o Ll oyl ol 10 (6,508 (Sl (595l
d—abe Ol slacdl an o JLaSl Jos (oo oy
ols s B aslllae mols a S jshailes oS oo 0L ol
Ao Cond o ol 8 0 l5 g e Jolae (glangly s
S92 fimdion Al (o5 50 oy Jde;d 5 508 Il ol 4
2553 (o JU Joe 55 9 jglome Jolio an (mgie
Sg> dalllan,d (Ve + £) )| \Sa 5 (o 9 0l a gy Jo
B ASS a8 gl SIS Gl gl e s A0 ged 5155
3)ly ey 590 Jodll Ko (595 ol Lo (i yotar 09,2
6‘)|~> ul)Lo.u aS cl grjl>ﬁ w‘ el Ja_»)J.c o= =
el ol )8l o ool (glwl ol oo bl
S = S5k Ol 9 ey SO0 el nSe (59
GilS TG 5 e Jastie 99,8 iy slagile by Ty
Iy 09,8 sl Lo ol )31 yo 4 ly |ane glasly ce s
o 59 5l oy diilen 500 Jale B o e b
asols ol E (Ve 2 #) 50 g gouiin y5l 0,5 jundd Suzo
sl Joles molad oo Ll (g5lwil 5l o e

O3 3)3 § (21508 (830433 -445)



https://jap.iums.ac.ir/article-1-5400-en.html

e 39 5 I ol 5l s 5 35y el

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

References

1.

Samaan M.A, Ringleb S.I, Bawab S.Y, Greska E.K,
Weinhandl J.T. Anterior cruciate ligament (ACL)
loading in a collegiate athlete during sidestep cutting
after ACL reconstruction: A case study. The Knee
2016; 744-752.

Johansson H, Sjolander P, Sojka P. A sensory role for
the cruciate ligaments. Clin Orthop Relat Res. 1991;
268:161-78.

Stillman B.C. Making sense of proprioception: the
meaning of proprioception, kinaesthesia and related
terms. Physiotherapy 2002;88(11):667-676.

Agel J,Arendt EA,Bershadsky B.ACL injury in
national collegiate athletic association basketball

and soccer: a 13 - year review. Am J Sport Med.
2005; 33: 524-530.

Mall NA, Chalmers PN, Moric M, et al. Incidence
and trends of ACL reconstruction in the United
States. Am J Sports Med.2014;42:(10):2363-2370

Kiapour A.M, Murray M.M. Basic science of anterior
cruciate ligament injury and repair. Bone Joint Res.
2014;3(2):20-31.

Ardern CL, Webster KE, Taylor NF, Feller JA.
Return to sport following anterior cruciate ligament
reconstruction surgery: a systematic review and
meta-analysis of the state of play. Br J Sports Med.
2011;45:596-606.

Gardinier, E.S., Manal, K., Buchanan, T.S., Snyder-
Mackler, L. Gait and neuromuscular asymmetries
afteracute ACL rupture. Med. Sci. Sports Exerc.2012;
44(8):1490-149.

Nawasreh Z, Failla M, Marmon A, Logerstedt
D, Snyder-Mackler L. Comparing the effects of
mechanical perturbation training with a compliant
surface and manual perturbation training on joints
kinematics after ACL rupture. Gait and Posture.
2018; 64:43-49.

10. Paterno, M.V., Schmitt, L.C., Ford, K.R., Rauh, M.J.,

1BV 130 o a)ladd (9 8)93 3)s § (gL (g} (alc slilind

11.

12.

13.

14.

15.

16.

17.

18.

Myer, G.D., Huang, B., Hewett, T.E. Biomechanical
measures during landing and postural stability
predict second anterior cruciate ligament injury after
anterior cruciate ligament reconstruction and return
to sport. Am. J. Sports Med.2010; 38:1968-1978.

Lohmander, L.S., Ostenberg, A., Englund, M., Roos,
H. High prevalence of knee osteoarthritis, pain,
and functional limitations in female soccer players

twelve years after anterior cruciate ligament injury.
Arthritis Rheum.2004; 50:3145-3152.

Paterno, M.V., Rauh, M.J., Schmitt, L.C., Ford,
K.R., Hewett, T.E. Incidence of second ACL injuries
2 years after primary ACL reconstruction and return
to sport. Am. J. Sports Med.2014; 42 (7):1567-1573.

LucB., Gribble P.A., Pietrosimone B.G. Osteoarthritis
prevalence following anterior cruciate ligament
reconstruction: a systematic review and numbers-
needed to-treat analysis. J. Athl. Train.2014; 49
(6):806-819.

Olsen, O.-E., Myklebust, G., Engebretsen, L., Bahr,
R. Injury mechanisms for anterior cruciate ligament
injuries in team handball: a systematic video analysis.
Am. J. Sports Med. 2004; 32:1002—-1012.

Dufek, J. S. and Bates, B. T. Biomechanical Factors
Associated with injury during landing in jump sports.
Sports Medicine. 1991; 12 (5): 326 - 337.

Sadeghi, H., Allard, P., Prince, F., Labelle, H., 2000.
Symmetry and limb dominance in able-bodied gait:
a review. Gait Posture.2000; 12: 34-45

Ebrahimzadeh, M.H., Makhmalbaf, H., Golhasani-
Keshtan, F., Rabani, S., Birjandinejad, A. The
international knee documentation committee
subjective short form: a validity and reliability

study.K.S.S.TA.2015;23(11):3163-3167.

Grip, H., Hager, C. A new approach to measure
functional stability of the knee based on changes in
knee axis orientation. J. Biomech.2013; 46 (5):855-



https://jap.iums.ac.ir/article-1-5400-en.html

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

19.

20.

21.

22.

23.

24.

25.

26.

27.

862.

Pietrosimone, B., Troy Blackburn, J., Harkey,
M.S., et al. Walking speed as a potential indicator
of cartilage breakdown following anterior cruciate
ligament reconstruction. Arthritis Care Res. 2016b;
68(6): 793-800.

Di Stasi, S.L., Logerstedt, D., Gardinier, E.S.,
Snyder-Mackler, L. Gait patterns differ between
ACL-reconstructed athletes who pass return-to-sport
criteria and those who fail. Am. J. Sports Med.2013;
41:1310-1318.

Elias, A.R.C., Hammill, C.D., Mizner, R.L. Changes
in quadriceps and hamstring cocontraction following
landing instruction in patients with anterior cruciate
ligament reconstruction. J. Orthop. Sports Phys.
Ther. 2015; 45:273-280.

Orishimo K.F, Kremenic I.J, Mullaney M.J, MeHugh
M.P. Adaptations in single-leg hop biomechanics
following anterior cruciate ligament reconstruction.
KSSTA. 2010; 18:1587-1593.

Gomes J.L.E, Palma M.H, Ruthner R. Influence of
hip restriction on nonconact ACL rerupture. KSSTA.
2014; 22:188-191.

Ferber, R. Osternig, L.R., Woollacott, M.H.,
Wasielewski, N.J., Lee, J.H. Gait mechanics in
chronic ACL deficiency and subsequent repair. Clin.
Biomech. 2002; 17(4): 274-285.

Wellsandt E, Zeni J.A, Axe M.J, Sndyder-Mackler
L. Hip joint biomechanics in those with and without
post-traumatic knee osteoarthritis after ACL injury.
Clin.Biomech. 2017; 50:63-69.

Cerulli G, Benoit DL, Lamontagne M, Caraffa A,
Liti A. In vivo ACL strain behaviour during a rapid
deceleration movement: case report.K.S.S.T.A.
2003; 11 (5): 307 - 311.

Gauffin H, Tropp H. Altered movement and
muscularactivation patterns during the one-legged
jump in patients with an old ACL rupture.Am J

Sports Med.1992; 20:182-192.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

Risberg M.A. Moksnes H, Storevold A, Holm I,
Snder-Mackler L.Rehabilition after ACL injury
influence joint loading during walking but not
hopping. Br J Sports Med. 2009; 43:423-428.

Gokeler A, Hof AL, Arnold MP, Dijkstra PU,
Postema K, Otten E. Abnormal landing strategies
after ACL reconstruction.Scand J Med Sports.2009;
el2-el9.

Ristanis S, Stergiou N, Patras K, et al. Excessive
tibial rotation during high demanding activities is not
restored by ACL reconstruction. Arthroscopy.2005;
21(11):1323-1329.

Lohmander LS, Ostenberg A,Englund M, Roos
H. High prevalence of knee osteoarthritis,pain and
functional limitations in female soccer players 12
years after ACLinjury. 2004; 50(10): 3145-52

Andriacchi TP, Briant PL, Bevill SL, Koo S.
Rotational changes at the knee after ACLinjury cause
cartilage thinning. Orthop Relat Res. 2006; 442: 39-
44.

Zimny ML, Schutte M, Dabezies E.Mechanoreceptors
in the human ACL.Anat Rec.1986; 214(2):204-209

Krogsgaard MR, Fischer-Rasmussen T, Dyhre-
Poulsen P. Absence of sensory function in the
reconstructed anterior cruciate ligament. J
Electromyogr Kinesiol. 2011; 21(1):82-86.

Nagelli C.V & Hewett T.E. Should return to sport
be delayed until 2 years after ACL reconstruction?
Biological and functional considerations ;2017.47:
221-232.

Yu B, Lin CF, Garrett WE. Lower extremity
biomechanics during the landing of a stop-jump
task. Clin Biomech. 2006; 21:297-305.

Palmieri-Smith, R.M., Thomas, A.C., 2009. A

neuromuscular  mechanism  of  posttraumatic
osteoarthritis associated with ACL injury. Exerc.

Sport Sci. Rev. 37 (3), 147-153.

Orishimo KF, Kremenic 1J. Effect of fatigue on
single-leg hop landing biomechanics. J Appl

O3 3)3 § (21508 (830433 -445)


https://jap.iums.ac.ir/article-1-5400-en.html

e 39 5 I ol 5l s 5 35y el

Biomech. 2006; 22:245-254.

39. Vlaeyen JW, Linton SJ.Fear-avoidance and its
consequences in chronic musculoskeletal pain: a
state of the art. Pain.2000;85:317-332

40. Trigsted S.M., Cook D.B., Pickett K.A. Cadmus-
Bertram L,Dunn W.R,. Bell O.R,. Greater fear
of reinjury is related to stiffened jump-landing
biomechanics and muscle activation in women after
ACL reconstruction. ESSKA. 2018. https://doi.
org/10.1007/s00167-018-4950-2

1BV 130 o a)ladd (9 8)93 3)s § (gL (g} (alc slilind

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]



https://jap.iums.ac.ir/article-1-5400-en.html

[ Downloaded from jap.iums.ac.ir on 2026-05-13 ]

ournal of
A hesthesiology and

a Yy
P AlIMN Autumn 2018, Vol 9,NO 1 _

Range of motion and angular velocity analysis during landing from different
heights, of the lower limb joints in patients with reconstructed anterior cruciate
ligaments

pourdad Kiani', nader farahpour*?, mahdi majlesi’

1. PHD student of Sport Biomechanics, Department of sport biomechanics, faculty of Physical Education and Sport Sciences,
Bu Ali Sina university, Hamedan, Iran

2. Full professor of Sport Biomechanics, Department of sport biomechanics, faculty of Physical Education and Sport Sciences,
Bu Ali Sina university, Hamedan, Iran

3. Assistant Professor, Department of Sport Biomechanics, Faculty of Humanities, Islamic Azad University, Hamedan Branch,

Hamedan, Iran

ABSTRACT

Aims and background: Anterior cruciate ligament injury is the most common ligament injury of the lower
limb that necessitates reconstruction as a proper treatment approach. It is now up to the researchers to ask, are the
altered kinematic patterns in the lower limbs corrected by this reconstruction? The present study aims to analyze
the range of motion and angular velocity of the lower limb joints in patients with reconstructed Anterior cruciate
ligaments during landing.

Materials and Methods: 20 male subjects who participated voluntarily were divided into 2 groups. One
group consisted of healthy subjects (control) the other of patients with reconstructed Anterior cruciate ligament
(experimental). They were evaluated in 3 assignments: landing from a box, a vertical jump-landing, and a jump
from an obstacle-landing. 3-Dimensional kinematics of the range of motion and angular velocity of the lower
limb joints were recorded using 4 cameras and processed by visual 3D software.

Findings: In the sagittal plane, the experimental group’s knee and hip joints range of motion was less than the
control group (p=0.00) The ankle joint was more (p<0.05) than the control group. In per 3 planes, the experimental
group’s ankle and knee joints angular velocity was lower than the control group. The hip joint was higher than the
control group (p<0.05). In most cases, both variables showed the smallest value in the landing from the box task
and the highest value in the jump from obstacle-landing task (p<0.05).

Conclusion: During complex tasks such as landing, patients exhibit altered kinematic patterns that are
followed by compensatory mechanisms in adjacent joints. These altered patterns will persist for at least 2
years after the Anterior cruciate ligament is reconstructed. These patients, in the absence of care, are at risk for

Anterior cruciate ligament re-injury and prone to develop knee osteoarthritis in future.

Keywords: Reconstructed anterior cruciate ligament, landing, joint range of motion, joint angular velocity
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