IN-IWWE Lo AVAY Glo) 9 5wl O F ojles 39 b wldlae

o 368 Olislun 18 oUET S g 15105 59 Job b 3 ST & Shos (sdmilio
oled O b LT
T o3 L g0 ("1 g plgI! ¢ Bl i  uino

OlR (505,195 SRt Sillogn (5580 (9ol -)
T ol oKl 4L obiw! ¥

325 ol Sxdao oGNS HLidls Y

AVLENY b pdy b AV/VIY bl o g,

NS>

cslio Jood o (ol B g conl Job oy 1yl S0 G (0 Fetee SIS (g4l o
OhB3)s amlie (G ol plnl 5l Bud .l goges Cuopw @ (HI ey
SBdigai o9 SIS syl )0 axd) cnl (Sl Gl b bl YL s Jsb by
w391 yko VIFA 2IVA 2,955 il b Jgb (31 (gaid) 0 0 )05 59 Coiled (Gudini (]
Ol 39 bl (Gloptd (VS )3 (b J215 (Silaaged Wlisbuo (50593 (o)l yo &5
P Voo (il L alus )50 om BSH Gll YV 1 asbls s b
ol Cawddy &S, BT 15800 5 51 eolaiwl b i 50 Gl piio g b (5,10 paded
4 bgpo g2 y0 polio b Jiuo gaignd SO o F (gejl 5l ooliiwl b (Gl (glo it
ool Cawdds gl al 0yl38 o/+0 raw 5o Hlolae reigla g dwslio (e (K
D1 i BT galo o (1)l (G092 30 b 9 u pur (5951 )3 ob oy gl 292
BT sal> 30 0 315 (G191 2 3508 «(P<+/++1) (GBI Cas jaw ((P<e/+2)) (GOg0E Cak puu
(p=efoe¥) wlad ploj 09 gz po yolio I yiaS (p<e/oe)) 3T o8 Job g (p=2/-F%)
&= o polio | plan (p=e/ee)) (olod galizd )0 gily augls 9 (p<e/e+)) Slp=il sal5
A Gy oyl b saaline BT Jol JB 0 g w9 sl Cawsds
Gl ol guomo §ly2l 50 ( SaST UG I (BT ol s e dslunn (1l (GO S
Camai &lp oSy Judzi gyl 5 eoliiwl by by yad 1 palie oyl el
9 915 Sy SO ST &jud B gl 3254065 HLS 50 (ST wlall

Cdloualgs (o 50159585 U, dinlioy ey ]3I

308 (g (SiSS (Jab by ST s sl B 39

Email: eshirzad@yt.ac.ir Jgiomne 8w gi ¥



FPRVTS

2 ) Ceslonds JSi5 098 5 Ism 0 Slg (BISS Gez 90 (ol o Sz 5l sk e
(O-0) el Jsb Sip szl g0 Gioe nyite SIS el so oz S5l
S5 sl (55950 BS540 F5e Jelse 4 az g (Bge szl S il (6l cnlnl
B S gl e 50 5 05 g0 SIS goslel 23 y90 sal>ye 5T 65 50 j0 b Sy
ey a Gl sl (FY) 09b e Slgn Al e Sl adaik 5 (o886 9o b
T iz gabasd b mKF calasd 515 (MKF) " gl 0808 o ity cabasd b olad (galas)
(ol gabimd (3gas Saep o0 Ve o0 192 g0 Sl i bl g g0 iy a3
5 5t soby sgam B Jsl 56 A Wl oo cowods BISCs pgo 6 0 le g Jol 56 50
5 sl EUSS gl TS S5 5 gy (sl ygmntinST Sy yitaST a8 B ety
45z ) GxSope o DMas S 5 Sadls S0 4 L pgs 5l o by
ATV ) 098 ceools Cos oLk iiS

90 S Ogboed 2l Sy 4 Jsb b LSS &5 Somb ek o
5ok 5o syl al &5 oS o sl Gy b 5 SIS Caidge po 1) GRS 0n el
yga> (3390 BT G Vb s L1055 9 9550 50 Lol «(VY-NY) Coslonlionss olabos
Sy i & Oy 2R L) adbioe |y (ST g (5508 e Jalse Glojea
Sty 2 (B et S pile ol B bl sallis 550 sel> pe sleil o
Sro b (Sen (G508 Loy (i oS (Bl SO Culidge Jlre (nlple el (5090
Srl SIS el po (B sy 20l wizse el (Bl s 5l anse (S
S5, Mlae &ya8 g SLaSS w4 atly (g0l sga B ol ol Lol cnl il Sl
OO a8 owd sl g6 @ 1) led galimd ol (55055 5508 Wlgien a5 ol
o9 5l AU Ol 1) At b8 o slasgls wean S8 lae el
Gl cmlio gp,yaelp o Jol a8 sl SaST g &Ha8 ey Jele dn (6,5 ,54
cpal pl 3o gl canlin ol SOl S50, slha! s bla collls 0,5, sl
oadallyl byl 28,5058 5 Gl Jsb i OS5 a9 S es ) 655 6!
Slawslas Jodoo gmgh ol gl 5 Bas dLiwly (ol jo casl as e ol (o (udame lawgs

1. Touch down
2. Maximum knee flexion(mkf)
3. Toe off



wy CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

b Lol o J5ls (Slojgd Jsbo oy gtislans 50 0aiS a8 1 ])I5005 50 SIS 0 Sloe
et sly Sal, sl 5 Jloiml ches bl ol ws, ol Sk oEeu o ,Shes
g1 bl

X ITY)

1o Job (hn ablae (BauSES 10 5 09 (0254es 95 5 GiS Cnl 12l b,
oly LSas |y ol )bl (diges 85 ot olaws 4 (YW )5 (o8, 4o Lewl oyls o ol
g oliwid B (Lldld i (ply (o Gl yenS 5l il g Slpl e g0 Slaws ol
oo plosil oy i B SG p cdisline byl 4y a9 b dodiges 1 SO 0 1 200g pandid
b arg b ch S B s 3,50 5 ab (60 el cnlio jsbar g VY e 0T 51 &S
sl Gz Jsb G 0SS5 Ol |y bl sanelr (Gl saised 09,
e £95 nl )3 o9 (@l b Cle s ool S5 0 o5 (nl 4z g b iz p 08 iy o
O O ,59) o ysSy (saials (g9 5l amelr iy pxi oLl allly HlS 51 o  SlSagn
2l Slin Ga A BV 55 3,58, L Jobo

oo ¥ S5 LIVl S 1l (a9 S (Stlimgy oSS 5 slal
5 5,90 Wb lawg 5l e dw B8l galols b BICs saiss sliwly 1o g0 b o
Al mBs pled «jgo cpl il 18 Ghaw gg, o) s 3l e /D (s0g0s galold
Glopkd ob el g 8,8 18 uie0 W e lesSeS b Bl gal> e 9,5
oo s oS Bl e )y s Jite SeeelS & ables 5l easel
Sy S5, 48,518 sl yS sle ol (6,18 e« Jelods (sl S 950 LS gl ]IS
b )5 18 solatwl 090 Guis (wl yo ol ate g 9l Jhate by e Jeate by gaiily
Lo laySile o g iSOl glaySyle iy oS 0l iy a5l 3 (6l CieSs a
5 Jol slacielo (m FSa S Gaugly W0 S o0 Jeg ]y Ol 5 9l sl Sl g 5l 5
Sl Olyeds po 5 pgs SCieSw o FSEsS sasly 9 b g sl Oy g0
A gzl J18le 55l g ST galasd ey Soleiw b al)l al s 65
Doy el 890 galazd o ey 5l BISS gL iulas galamd g SIS gL s4l;

1. Casio Exilim
2. Win analyze version 1-4 3D



E989 oy o gabaxd aw o g BAST b sail Sl G Ladd (gl galaxd o
YV aen lp 5 cnl adanslss 38l 5l SISl sl Jolis sausly 5 LSyl oS
Syge Jole ) S8 adad S 2l e sl (2ep RB S IBle s g wd el 2]

Ao oo lid |y Judo

NeA~ M

wabx i 4 canly a8 o 6T 6l Sl 0,50 galizd Hlg 50 S plasl Cumsg ) S
otz sabhad (gl Sl il galaxd BT SS gl o woled galax] e el ks

sloyhly Jold oy a8 lize e cta o Ol lgisay l38le 5 (25,5 slo L
L5 090 slajiiie g wiand JuST 138le 5 3l g 0aiiS e 00 S slal 2l (Ssloin
Sl e el Cowsts &8 > Julod 138l 5 2,5 Ml Sl abgy e (slaJgeyd iy
S8 daite By 5l Gy 0500 onalie ¥ Jpaz o Ll snlone (50525 15k

sl (55900 4SS iz
» bt el pnd &S s haugie Copu slllas ol jo aie o sden )

el Cawods e

Bgun g 8l wdiiawd SIS gal> o 4 bgrpe b o yiin a5 cpl @ axgs LY
Bl atuiie Mg b 0045 SIS gal> o 4 bgype a5 Slo e g ol Bl SIS
95 Ol sbral> e 0 by Jelow 9,90 GuudS galaxd oz 5 (o yo boysite sden Y
U mKkf galax) 51 g Jol 58 leae & MKF galasd U oled galasd 5l aies oo ) alax]
s 8 L s BIS pgo 5B lgreds iulas galas

(Seilotms Dl b SIS (sl o po oy Jaba (55, 48,5 )8 S )l (Sesloiw Syt ¥
Staalne sl dlaz (o5 Sipdy b 55 anlllae ool )0 Q) Cend iy Lo 85 82559 02 55 e
5 0ot oy ke o (o | I 55 555 45 559 ol o 90
A5ais 5 L5 S el s ) o (VYLS) | 31 618 soges S O

1. Last stride vertical velocity



we o CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

LT gamlixo (5092 9 rkons 5Lo yuitio ¥ Jgor

GSelul gegous

(él.w’—-.\:|5))ﬁ.§.'i.n pb

A1 gl ol S 316l Job mons Jol>
2ol oy p e S GBI plalr s Jol>
1S gal> e

2 obed by p e S s lraly g Jol>
SIS gal 5

Jol 38 50 oeles ploj 2 02 35 50 (Bl (plr el o Jool>
Bl

3B les pley 2o S0 (B plrals ks Jol>
d_‘sS.J Ho

58 les ploj 2 prx S 00 390 Al e Jol>
Gl sl

B0 led Oles ez I e s350e plraly i Jol>
d_‘sS.J Ho

SIS salo e 50 oy Jabe Sl (50508 (S s

563095 e BT B8 o b ganily B plraly

SIS gal> 50 10 oy b SIS b oled )by oo

5 ail g9, 48,518 Gl ,S ke 5l eaisS jee b3 o sl
oobed galaxd ;5 Sges bas L IS5 o) Jade

a5l Gl Gl ey sy 4B 15 Sl salols
ol gabad o by a5 gl

Spdyse e pESIE G yiin oS glalaxd )5 5l el
bes gabaxd o ol sausl;

(VXLS-m.sh) 31 a8 a8l ce
(WX-m.s™h) bl e p

VY-MsS™) ogas E yu
(WX1-m.s™) Jol 56 a8l e puo
(VXZ-m.S'l) £ )lB GD.Q' CE yw

(VYl-m.S'l) Jj‘ )lﬁ GOgeE i€y
(VY2-m.s'1) P9 )lS GOgeE €y
@y-mj gl )| s

GL-m) a5 Jsb

(T-sec) wles ;o

(inc- OJ Gl ol sausl;

(Dloss- m) a8 cews 3l Cdluws

MKF-DIgl5 sl o 7eS
(KAtd-Dl ool aaxd (o oil5 sasgly

(]2 315 ) s ¥V L oo le 5 s dslono ol 2] (5ad (6l 1135 3,50 (5o vite
65T 1) loosiiS S 1 o Shoe ko (g iols oSt (Lo ke 3las ) gk V¥
8,518 anglie 3550 S9zse slagSll L g oadall)] (8l 5 goges Slacs pu Dl s
b o ol slatiges IS sl (050 conbimmlne (slo it I oslitl b unm
solie 8L Il i o ke 8 aalie Jsb n Sl GBS sl ges
9y oadplxl (it Slilllae @S 5l Ly cnl 5o 09 Ol QS 4 bgye g2y

1. Last stride horizontal velocity
2. Inclination angle



9 S Sl cilize Slalllas ;o bdiges slod )55, plaw i solitul Job b SIS
Oomalive (nlply rtloassad 5 54 b jiie anle sl (Folite slaghs) Guioeen
A5 3550 e sl 93 (lyied 0055, mhaw o FYL eizred 5 e (Aeulre )
Sl 3 ez Sland Slasesss Sl 5 S (55, oabpll Slalllas 2,5 )3
o et @YU 5,65, 5eSile ek a5 (VF-VA) Yo 1) o ¥ouq YooV 199V )44¥
o o e . \ .. . s o |.E .o JRR

9y odplnl Slllhas degorme (w5l &5 ())oeiied Lawgs 0aBA1S gl g atils
ol Glawlio JLdos 10 (1) del ooty yio Caid 390> 3,65, Sl b o)) 5,5
Saie S ol o 4 Budzd cpl goola YV da ke 51 G e sl el pl g aials solai]
6‘)4 6)‘QL..9.A C_Ew uﬁjf )‘)5 u....?h...u Sjy90 sJ.a...w.A 6445.04 s_§.> (5’ Q?A)] )‘ oalazwl

D548, S a5 0 o[+ 0 lagyge;] saes

@islee (pl 53 3,95, e 9 9,55, Cp e 0l bl by olaws wadesls elaisl oS
Dedes o | Joa o L)l 51 S e sl

Sy sl om0 8555 9 95955 (3 3 (b Sl oubasd S Jla o 05 ) Jgu

bovcs s b
eSSlee
Slil)  ggeme A y 5 5 ¥ ¥ v VK as
Olre
- Yv o ¥ ¥ o o 0 0 AR I
N
VIEAL-IYA - VIVE VY- YIOY VIRY O VEY VAY VY A 0555 o
m
ol 5o 585,
Vivate vy - YIYA YNA L YNAYED YIOY  YNE YIOF YIOA
(M) 4ile

1. Linthorn
2. SPSS version 18



wy o CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

B0gr Al e AVECDY g VIYYE/EY N/ NV E /8D oS pa odwlamsds polis
3y YIAYEIEY o JAAE/PY g pg0 9 Jol 5B (gl g adaid 3 ka3 o a0 ‘J.>]

Al oy asls

9 Jol 3B 8 ey e PALIp L] FOT-SOWE NIEJTVUWIPI T Y0F CFFORCI-SUWRTS JUUE L pSC IR i 1N
£99 31 (s3g0e Cus yu
,ajé}l.é s C&ﬂij‘j@éJ’M S o ‘PT ,alf‘_gJ’.n.: S o :w')w‘suow

OEB6 b o ol sladiges o,Slae (sdunlio fygo3l 5l cdnlcawsds mls ¥ Jgam o
Sie iges 09,8 8 lsbiw! Bl il 5 1uSils ¢ Jgaz (p) ;o Cawloalion sl Job oy Sk
5 dY e 90 ;0 3ubod (pl Gladiges o,5lee 0gd 0 03 P lake gt okl x> ye
Solixe (g Lol cglas dla pusiie ol 3590 50 Lol el g o pyolie b (5 loline <glas Dloss
9INC (T e 5 &2 p0 wolie 3l iaS MKF o SL VX VYl Gudss cpl jo .0l oayo

el Cewdds g o polie 5l i KA



i (y3051 ol Y Jour

— T
P laic oyl Do Gl yzil g (Sl o oG
t &y aigod 3 ool

al> S &E
deee ZE VS YAYE:PY G S
MY-m.sHuslss

VX-)H)018s gals 0 88l ce
deee VAN AUYD VY- 10 - S e
m.s
ofeee SNVY VIV VAavE-Ng SL-m) 3165 Job
I Y Y] ¢ (YEE[Y AY-myelis,| ;e
oot FIY N0 /AVYEe[oNF (T- seC) ules \l;
deee AV YD yaty dnc- Dl sl say;
alasd o gl causl;
N Y VY- %0 ST 7 0 SR
KAtd-D)] oles
RS 7 JLY 3 yYaty MKF-DL1; cagl; o ymas
AR Y PR PO N e heEe]o 8N (Dloss- Myas, cows 5 céluws

iloads 0,5 st 2 (gl a0 90 CB0 @ dax gl b Jga olael
Wiloads 0,5 ofe v e Sogod P gly ofe ) 5l 5SS polde s

S5 4 g Cny
Sl ;0 0SS 8 )0 5,9 SIS o ,Sles samslio (ipgh cpl Gl Goa
chns blas 18l g el ol Sl oKss o Sles b Lol ol U3 Slojad Jsb oy
5O 2 g g (5501 0 o ) Sglds Dgg codeliiwsd bl oy olialal o Jlasl
@11 A) 3 g ool = plal,F Lawgs a5 ¥ s ol lis SIS sal> o slya! s095u
olis ;e VIFD 0,55, Sk b olo Sogesl (sl 1) ey pusS (gom ds (595Ul (i
sials as Lo ys & ot SIS sl 5B 0 8l sy o3 ol olol 1 omo
sonlice 15 %00 Sldllas ;o oy ;ois Joe onl wboe Gill s Lo,s o g0
6‘)4 o..\.o]wécb u‘).uo o Y 9 Y 6&@ 64MLD.A ) uﬁhu U")"W (()‘\Y‘) Cwloads
56 0, 88l e auad Y S 0 VXL gt .l SIS ol 51 a8l cs an
VX1 g ol (2,05 ol cdl ol F S bl s a8 Il 50 om0 oyl SIS 5305



ws CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

wbanils VX2 5 VXLS s (s laie b

- TOLS TD MKF TO
P Eeoo0064
10 + "Ceecd
: 1 lﬁ@‘31399(;Laeegeﬁ%}epez-eve)e@;&:;e#s) -e— VX
T Tt
£ 61
2 5
(%]
o 4+ —-— VY
@O
2 34 ’Aﬁaﬁm%
2 -
1 -+
0 e G R gl L R w%
-1 -2-VZ
0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35
Time (s)

3 ouballyl BT (gals yo 9,51 pl5 55 (glalind wils g S8l g3g0c Lo puo ¥ JSS
b 93l pleSld 3y (6 i) TD U oled galioed 510905 oyl 53 .(A) d 9 Comoel oLl 5 uiins
alonds ascin TO b i galind 9 MKF

S FeS Bhos (nl )0 (Bl 5 (990 Slacs p aS wips o (LAY gm0 g Jsl i,
ity Il S (gl e blaitls Wl o e aus gl ol sl gy polie
s ol e et ) VL 008, b a5 b ol gy (sladiges sty
Gt S o Sgate SLiwly 5o (Glayed (Hhb S (g o0 Sy5e (nl jo &5 Slanog
a Jsb G Ol Slayed 5ok e srb by (b nl b sl b G090
9,850 sl a5 (Glavog ez &ly o 5 o) platl ge e sla)5
G Bl Ce g had jo 8055 (ST OMSie dacie o Sglis pgd e o)l o0
Ol e Ll 8 e 18 o 0550 dalal jo aS cal Bl sals ey (60ges
@ azgi bCadly HI80550 o) Jade )0 pyz 35 5 (18,5 a0 Cledy lgi o0 5 1y Dglds
Pz 35y o)l a5 el oy (SIS gl yo 50 5] o 9o o S50 S >
392 O Bl Olie 5 58 1) (Bl S 0)ls (6 5pS Glyed glad a5 () Jaie jo
Sy ) shol S o (nl bl 522l Jlens 69508 Sy 990 40 Llad opl S oo

S0 555 e sl ay bl a5 Cel LBl et pos (5551 yoais poOiiS S 1
St o 2Bl ez GISY 4 s (550l BT a8 gk caiblus cnl slaoasiSeS



IWAY liwmo) 9 ol IF o)lolt b))9 b Sladlae Y.

Sgu> ailue (pl loaniSeS 18 08 Job I8 ST 6 Jsb p wlgioe b Job 5 g0
A e b n sats OS5 98 (ke 5l 5eS a5 3gr e UL A
il g testle Yo Loyl o8 Jobo WS Jotae (aloiias 125590 Co s 45 S o
ol 2 sl BT slaplS S5 5l 3l 8l sl il ol et sl el o eione
k3 Glopls 5l 5elisS 1) ST pl8 5 saak 1) 3T JBle 05 Job (b 510050 S5 o
ool (go908 ey S sl 5 00y5l by 1y pr S i ol s 3o
Soals Jsb o ailas ) slooaiiS oS 15 45wy oo L 4 (N ATAF) 555 o
Sly Gryaaly Wlgioe Wl Glp e strog Ko g W, ole; gwyd ) 5
DOl S5l e

Sawddy oo (e 2 py2 35 o (090 B i el 5l cadlllan ()3 (S090 iy
o5 S Gl am e e b (g loline sl Y g3g08 b pus B 1 Jl> oyl b o]
b (g Lol adlos ;S Jos 3890 wslhae AY a4y Gaems 5o roaiSeS ;0 was oo (lis
oled Glejman Lalosls caws 51, (6,550 mie Julge Lawly (ol jo a5 amo oo ylid by prs
3 i aslllae (nl sladiged (sl el SIS e lojerie 51 Koo (S &S ooy L L
o978 & bgrye (slopsite 3550 50 (Ao (nl ladidl (n e Ll g Sl B
cobes Gloy gl o 0jge 0 cdwlcwsody mls a5 e SIS L malS
zeog 1) (Bl Sy 581 )0 oaalogzr gy JIH! (rizman 5 (B3l 5 (go50e glacs
.M\)GA

el gy oolial 0550 sl S5 5 Jsb (n Sz 850 0 8kes osalive (sl
G (VFY ) WS 3,55 ey 4 4z ,0 YO 090> )0 Syl syl b gl SIS sl
ooled galazd 5| L8 llad 188555 o1 b oS col ' Jla 958 S szl s s
@9y Bl s9 So Jloel crge (Jlad 09,3 (ANY) w3 0 OU e Conw 40 1, L Bl
Sagly @ Gy 50 1) K559 eizen 5 09d e led abixd o ey S5k Sl gl
Ol S 0 6,b wled (galazd ;o (WWADAVYY) ax 0 VPP sg00 celis (545
diglucs (pl glooainS eS8 (gl Bl el eizmen 5 wled galixd o 5l sl
Pz 3 O0sloml Glp Geiod (nl sladised @ly 1o 09 Sy az e polie 4 Co
L Sl gagly oily 0,503 (o5 sz @ cosllae dY 4y oy 5 oled galand o
S Sare Gl (S5 (gl ol e Az Wlod S ey )] Ak o>

1. Active landing



v CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

Ce s Dy 8l ol odwline (Y SUS) (881 Cae o (6ol jo QT ol a5 csl (e pelas
e & ey 3l ) LoatiS o855 5 0 uled lej Gl 4 e ST S5 sl 56 0
Sl (e § udey Slikdos @l Wiz 3,5 pg e Bl ST S350 Sy
Grois Lol ai)ls (6508 (uled oy VL gl Gl)8085 55 &5 aams oo (Lt J2l> gy
85 Sy @5 oS Gloj Tt (olin Saogs (bl loj alS 4 18055 )
il o cmlial izl 5l (26 wlgioe obsST eled ploj ol b (2B gk )b g
Gl 1y e Sl il o iz pe SIS g9 cal Bl 5 L (sl Cend L SIS
(EO508 iy S ;0 (5000 Vo g a5 SIS ol 516 51 citde Bis> ceas Lol camo
S Loy oS gpS |y GBlssl saygly baige a5 09 cawlin .Cand glhas (YA 5l
S99 53ily pASIE sl Suop ool AY 4y wled galazd j5 8 ol (paSUE Sl
@ wlgi oo @it Slea 5l sl olyen Jld 098 S L a5 S8y ogata wax ;s VPP
g ools 1,3 loose-packed cdl> ,o 1) gl5 o))y 5 Glo obwl,ml S S8 K55
S Jol 5B e ilae SlgSiny oo i 5 cnl 4 09di e 3 398 o e
L Gode Jlosl il Jaie by jo (T plisl (25 48) (e JonlloSe (59,8 3]
So b e (B (TT) wespe (1als 1) Jaie ol ol Sy 5 w5 o0 s
ogdll jbar codled ad oo alS i ) (B Sepe B Ay g s
ol szl el ol bsms oo 158 55 Jleel (sl (5 Condy o 1y 55 (sl gt
wrdbanila (SIS ST @08 85555 ol 5 9l sl jgecinST a5 50 )0 (ST
glatdlead 1) onds ;S5 sblze (oolod a5 5500 SIS S5l 51 ) o2 55 50 Lgies g

MEX PPN Jr:
515 6l gmiinS] (1) |, 0luSIl galaie S gools Jaw ,o sadblxd cMlas 09,8 L
carbie S S| Ohgots SIS ol 5B 0 o0,See Ll 4 wMae ol s
SVl (55508 3 dg5l oo 5l adiles o S yandlS SLA  ogdle pg0 S 0 5 Wigds o
S ST LA (Jlo cnl b aigd wiso i 5 PLAl - (A2S a3 2 0S5 5l (LBU
Olee (F) 0)ls (g350e e pn S 5 0y 350 Sgro )0 |) B (n Spte abas (558
A 53l (6l yguaiinST S ST 5538 5l (g lre lsreas (SIS Sl 56 0 gl (2818
5% Al onl SlooaiS S 08 6oily sagly F Joaz elel pp (AF-Y 1) 05l oo i8S

sol3 agly JUS 5o Al cnl Golo)8 0g gz e ke 5l S GBI sl 56 oL

1. Alexander



D)8 s ) gyl (ASL UL (ol )0 eadedalin 55,5 (wled salaxl
F gz e 3l e el Sl S 4 s laeaiiSES b 5SS S|
Sladiges (oo (6 lolae Wiglas 4 conlaid 5115 anslie o g0 SIS o atd,cws 5l cdlus
555 o e (st 5 (gl e (i o sl i IS 5 e
oLl ol sl 21l 0o Sl e (aBelsS oS Jledal (al wiz 2 10,95 ool i 4

2,5 05 olei sei |y allbosgs 15590 Job (gamlone (o
Sy ST S5 ST 508 g didion Sa o G2 5 OST s o9dle ¢ 5ados ol (slaazdl
ES b a5 dayce S & LS e pbled |y cenlie iS5 LBl lsld Caranl o5
5 Al it )] s (sl 8 ¢ 5SS IS5 5l el ok, e ilae ol sloodnsS
dY @ goww, 50 boauSes b @ gogos aiid S alols b SuSs sy og0>
G35 poe @S 50 5 wled Gloj Rl g (B e pw il Bl Sl (S phannen
Silwtingy Wlle S Jsb oy SIS cnls Jlisay ) Y (gogee Sy S 0
4 ey oS 45800559 S p 9 D08 mhan (385 I3 5 (e (ST Sl g
a2y b oS 9 e 9555 5l 1 ol Cenl (See aSly wilugod june 1) SYL a5,
blagn e p pglae )l o (nl )0 (@la) 508555 Cuddse jo0 ST (ol 285 4

ey o0 5 4 (6900 &8 > ot sl Sl eslin

&b

1. Tidow G. Model technique analysis sheet for the horizontal jumps-the long
jump. New Stud Athletic. 1989;4(3):47-62.

2. Coh M. Kinematics-dynamic analysis of the takeoff action in the long jump.
Track Coach. 1997;139:4443-5.

3. Conceicao F. Gabriel R. Vilas Boas J. Abrantes, J. Kinematical and dynamical
analysis of long jump take-off. A four cases study. Proceedings of the XIV
International Symposium on Biomechanics in Sports (1996). Lisbhoa.
International Society of Biomechanics in Sports. 1996. P. 393-6.

4. Hay JG. Changes in muscle-tendon length during the take-off of a running long
jump. J Sport Sci. 1999;17(2):159-72.

5. Lees A. Fowler N. Derby D. A biomechanical analysis of the last stride,
touch-down and take-off characteristics of the women's long jump. J Sport Sci.
1993;11(4):303-14.

6. Koyama H. Muraki Y. Ae M. Athletics: Immediate effects of the use of modified



wy CULS LS f 0559 Jeb g BTSLT 8 ySlos (g lio

take-off boards on the take-off motion of the long jump during training. Sport
Biomech. 2006;5(2):139-53.

7. Lees A. Graham-Smith P. Fowler N. A biomechanical analysis of the last stride,
touchdown, and takeoff characteristics of the men's long jump. J Appl Biomech.
1994;10(1):61-78.

8. Graham-Smith P. Lees A. A three-dimensional kinematic analysis of the long
jump take-off. J Sport Sci. 2005;23(9):891-903.

9. Alexander RM. Optimum take-off techniques for high and long jumps. Philos T
Roy Soc B. 1990;329:3-10.

10. Seyfarth A. Blickhan R. Van Leeuwen JL. Optimum take-off techniques and
muscle design for long jump. J Exp Biol. 2000;203(4):741-50.

Jelse (Sillag pFojlail g Jodow aeble 000 segane (odije padeglad.))
Otz Al o 50 ((Brae (g g )1 e Jadll oS (55,5 «DMlae (59 ,0) e
DAY A YA 08 o i g, 4 (10 0) 908 (gad Job SaisS oy

12.Hay JG. Approach strategies in the long jump. Int J Sport Biomech.
1988;4(2):114-29.

13. Panoutsakopoulos V. Papaiakou GI. Katsikas FS. Kollias IA. 3D biomechanical
analysis of the preparation of the long Jump take-off. New Stud Athletic.
2010;25(1):55-68.

14.Koyama H. Ae M. Muraki Y. Biomechanical analysis of the men's and women's
long jump at the 11th IAAf world championships in athletics, Osaka 2007: A
brief report. Downloaded from the internet
(http:/lwww.spjutforum.se/res/default/biomechanicalresearchvmosaka2007.pdf):
february 15, 2011.

15. Fukashiro S. Wakayama A. Kojima T. Ito N. Arai T. liboshi A. Fuchimoto T.
Tan HP. Biomechanical analysis of the long jump (in Japanese). In Japan
Association of Athletics Federations (ed.). The Techniques of the World Top
Athletes (Research Report of the 3rd World Championships, Tokyo) Tokyo:
Baseball Magazine Co. 1994. P. 135-51.

16. German Athletics Federation. Biomechanical analyses at the berlin 2009- 12th
IAAF world championships- Final report- Long jump. Scientific research
project. IAAF. 20009.

17. Korean society of sport biomechanics. Biomechanical analyses at the IAAF
world championships Daegu 2011 long Jump men — Final. Scientific research
project. IAAF. 2011.

18.Miiller H. Hommel H. Biomechanical research project at the VI™ world
championships in athletics, Athens 1997: Preliminary report. New Stud Athletic.



1997;12(2-3):43-73.

19. Linthorne NP. Guzman MS. Bridgett LA. Optimum take-off angle in the long
jump. J Sport Sci. 2005;23(7):703-12.

20. Mendoza L. Nixdorf E. Biomechanical analysis of the horizontal jumping events
at the 2009 IAAF world championships in athletics. New Stud Athletic.
2011;26(3):25-60.

g iy pgo al> Slaeges lexi 692195 o oy o ool (Lb jaesee Ly Y

ARNNY o YA s ol Ll 1)) 05 e Ol Lol
22.Hong Y. Bartlett R. eds. Routledge handbook of biomechanics and human
movement science. Routledge. 2008. P. 340-53.

23.Hamill J. Knutzen KM. Biomechanical basis of human movement (3"ed).
Wolters Kluwer Health/Lippincott Williams and Wilkins; 2009. P. 50-5.

298599 gy 4 Jlio >

o SIS o Shee stnlio Lo, danl e plell o5 e ¢ xime Bl i
Sladllas . 5lez 56 b Lol Sloygd Slislacs )0 sauS S b o,IK55, Job
IVVYE (1 F) O ATAY L 5,0 b




Studies in Sport Medicine, No 14, 2014 14

The Comparison of Long Jump Take-Off Performance between
World-Class Elites and Athletes Attending the Asian
Championships

Mojtaba Ashrostaghi®, Elham Shirzad?, Ahmad Reza Arshi®

1- Ph.D Student, Kharazmi University
2- Assistant Professor at University of Tehran®
3- Associate Professor at Amirkabir University of Technology

Abstract

Take-off is considered as a critically important phase in Long Jumps. Efficient
transformation of velocities from horizontal to vertical forms the fundamental
god of this part. The objective of this article is to compare the take-offs
performed by elite Asian long jump athletes and their world-class counterparts.
37 performances from 8 male long jump athletes with averages of 7.68+0.28 m,
in Fourth indoor Asian senior athletics championships held in Tehran were
recorded at 300 Hz. The intended variables were anayzed using motion anaysis
software and one-sample t-test with significant level of 0.05 was adopted to
make comparison to data available on world class dite. Differences were
observed both in velocity profiles and in take-off performances. Variables such
asvertical (p<0.001) and horizontal velocity (p<0.001), lowest knee angle at the
take-off (p=0.046) and the last stride length (p<0.001) were lower and contact
time (p=0.003), inclination angle (p<0.001) and touch-down knee angle
(p=0.001) were found to be higher than the available data on world class dlite
athletes. Furthermore, a sharp fal of velocity in the first phase of take-off was
observed. It would seem that those attending the Asian championships were
unable to provide a suitable technical performance, athough they were
obvioudy familiar with the techniques. Constant supervision of practice sessions
through implementation of motion analysis systems, to identify, reduce or
eliminate technical mistakes is highly recommended. In addition, conditioning
programs to enhance eccentric strength of knee extensors and thus improve the
maximum velocities are highly recommended to improve individual records.
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