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& Glas § EMG 3,La] dlas
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dowsll dayd (1999a. e.g. Merletti et al..ARV) @sddll Juas dayd Ll e
Laud) lusdl lawgll Aeidy (2002, e.g. Clancy et al..MAV) glall lusll
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>eaas Jaed Al W e el calaall 8Ly S Bylal JalSS i @ugadll
Llad st LS

154 o aalyll poadadl (pluilsogull pggaill @




i
1
ARV Jrf|><< ) (5.1)
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(2-5 Wslall LasY)

5
1
MS= | = | X3t 55
RMS Tf X=(t)dt (5.2)
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g5 oo el o Audis die i Al o I Adline wlblus Joe IS
1980 or Basmajian and De Winter et al. ‘c_?l)jﬂ Jeolaz]) Juall cliyxs
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Merletti et ) sulp 4 (sl pila Axdlas gl Gosdl cadasdl Ji5Y
s il haadl palanl] 26LyS LAl dixad 3 pasiadd o(1999a.al
Alay Sogee day Zosall EMG 3Ll Jasad pusiuwy @il a5l Juas 2y
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2003 and Morey-Klapsing et . 1996; Allison.Hodges and Bui) (43 (1 g4l

157 o aalyll poadadl (pluilsogull pggaill @
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oo ol e e bLlixdl Al Glasedl cled L 3ipa 500 of 5 10
Al e Mad (1997.De Luca i) plusdl lasgll Gg9d Aleall il =¥
o daall jolew o) coms Aawdly Aadgie of dadd Ll Lgwlys sl dAlaall dad
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e sd5a dang (%100 Mia) Busgll Bt audatll sl lia (e bl
ool palazll s Jaxadl o ST O sume canly s Aaall Llas oS
(1984.Jobe et al.) Liclozs 9> miwl (JUll Jouw e (S9! Gounsll
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aedaid S0 93Y) (ol (aladll (1o EMG pudivdd ciwlin S0 950Y) $ouaill
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Sssaill s3I ¥ (alatll e EMG daw oo (19971.Mirka « Jis) 2led) claalydl
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SHLall lasy @b per holmy (MNF) lacdl Lasl oy «cplada
2341 basgte Laiw (2001 Finsterer (Jis) 85all ggema de Logudn Lesds
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Jdl uasld 5830 791 BKLea z3gad @ued 13] (JULl Joews (Lo (Panjabi, 1979)
dogsdd oy 1) Sl udasl Jeny ¥ z3geidl oF deixll e oz bz pleY]
Gz 5gaidl mudt e Bl day B8 st Sl pudasd] alusaly Uayl
bl qpadl Jasy cll3 e ke 6Lzl miln Layliacly Laad Lasgiat (S
ol el Jlal @ cigue dogs Wy Wbls coud 7390l cluayd ol dadll
e bl Adee Jodd Ol s AJLL bl e Bl ol @ sllas
oo eamill zigaill aliiial 13] il Jead piieader @) z3gedl cilsn
(oS gpeill e coms Latie plin oamdY sll e ¥ Loy, all s
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pamid z3gaill alagzial el e oS 13) Jiles g g lasl A gily Wiles
LY z3yetll s coms ecdsll 3 ally gl sLal hasll cdlac Jes gl
Azl 0%l dlie las 658 sumiun dsll Lo z3sad o
Jid z3gaidl pshaal S5 Sue I zlimg gzt 86lns 73908 aedd day
0¥ e Sbldl per Lladl @ i Awlio Boguay z3gedl @uds @iy of
oo LAl e 0sS of o AL Lol e oaby hlie e aall
JUL ) 3T s 1oT z sl sLas™ Jlgls aa adly doall (e dplall 23 2l
Y 1 sueall e ASlenS linedl Gl dmadl I eyl comy
Jgax)l coxy g bgall c¥gma of 85all wld A>gl cpa LIS Silpane (A,
—.l3 (Sl 13] (EMG) Jhaall 480y S dxw e
Lyad) clulall Jis oaae 0ya) Apdgeid] @llall @ wass on
slexe¥) (o Juld ae 3yl KREY G wlulall e 8sally (anthropometry)
Wilson er al, 2006; Yeadon er) oIS judy 4aludl Sluwlydl e bl Je
oo 3l (55l ¢ Lng¥) Aoyl ASilareSTl o g lall suzs @F (e .(af, 2006a
lia o8 131 38 L=l 7z 3gaid ugllall aadl Jxadl po z3geidl § Lsaly bl
I sl -bladd) domae e Goiman 3515 (kinetically) US> Egdon 7350l
LSS Legdun z3gadl o 13] c(a> (3 «(Yeadon and King, 2002) <ly=s
Hiley and Yeadon, ) (hadell a5l S Jxud 4> lia (1954w (kinematically)
Bkl I e Grall Sloys cluos e B8l Jasd o U (2003a
LeSle L adlaall e ciloyudl (84 deiay . aall ¢15¥9 3Kl o 2SI
e cdumall 2ol wlasd Jie ol patbas awe deda O o
Aryd § Slpdie Bae e @ Lgniall (0S5 (oM mlas 4559 «(5sl3lly Jasll
dadsy oo s i U Laylast oy (G @l (e) clin yoad 1z limsg Busly
Buslg 4>y 3,8 (! (Yeadon and King 2002) 5,8 (JUll Juw e .80l
st S RS Aoy § %1 B8 Golad oasll el Juaall dsly @ (1°)
s > Jie B0 Lld oSe¥ @ il of (I LG L aedll
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oo SOl Epels 131 Byall Ay e Jyasd WLl AST clill (o (A1 (LS
(King er al, 2006) 4S, =!I
Jeladll) 2lae Jundl e sstall i oof U1 z 30l ) s all Caluss (s
151 o Aplall ol 1) opumtll Adas alusiady (oY Azl 1 Ayl
137 Bl Jadd) 7z 300l aladiw! Koy laaie (9.2 JSATN) 40,8 3KLxllg
s Bolely zigadl @llae foad I Zaledl ol diss z3gedd Axl> Sl Y
Ldly iy Lo LILE %10 (oo J8T gl dewdll § B)lo &5ylall cdacl 13) 7 390l

(@) ey (b) 38l zigal puli

Yeadon and ) z3gedd adaadl sEL=ll (i Gagdmdl els¥ o wylall :2-9 JSad)

(King, 2002
Z dgaad|_Aswuad Gl o]

¥ (e pasiag )l Bl Legdun 056 O cum b z3ged esesal

Aoladl Goall wyams ga audl O 13 I Jecee e A e alYs
ASY ziserll (gSall Al @F ooy aSHl Ll QL) e J51s
SIS ool Lany Goul lal 5] ALl BSialuadl zigei (oo Zaedhe
Slewlal L8 bwddl 2350l lia o deixll (o laaic 3S,=l goid dalall
(i) Ll 3280 23005 o zialsll (e U3 po Ay ] iall 350l
e slered Aoy ua g cclaSal 38018k (§ 43U Bylas 449y (Alexander 1990
aad bl 7300l @uds Wlue oF .z 3g0ill @uddd ¢ szelll (90 2aST) slall

312 o aalyll noadjpll (plilssogull oagdill o




e ‘zgi Gudziy B Leal 389 Juluda ol Gurds o8, adgull Of ctun Aiw
oo Al ag o aall oo zigeidl L5las LT 281 (e WU (310 sy
SligSag Jaiall Aadloll Ayl Jalge el sue Judd zigaddl § Lgaall
Sprigings ) o JS (8L eges olx (puw zigeddl i Jie yuglas day Adsllall
bladl aclazaly (Ses z3gad bawal plaziw!” Uluws (and Miller, 2004
Alexander,1990, ) J& (o |2 @39 i)y sl ca el Al gl
13 N3 Jap z3geidl (055G Amys T 41 (e85 Lia 2S2L) (and Hubbard, 1993
s cmall e 30 @by e zised! Oly Jix Gaiwn zigadl oF
G Bl pany J) Al e Jds e zisadl Bl @ duwdl ol bis!
ol ) Jsosld 73l unslin

4ladl 4Sholipall IS 881l mosas (1 Aol o) zilas zlixs
Juied > 0 JeiSe o e (Hubbard and Alaways, 1987) duall zel]
b (35854 (Hubbard eral, 2001) ¢nae slzs! 3 Ayl Jaig o) e AdyLall
ol de 63Y Zilkadl e ollaeY was 3o auadly 3KLme dulant ¢ly2)
Oed 52 z3gerd Gulio cliall gl 0550 Loty olud ¥ 4S5Liw Joiid¥
Hubbard and ) Jldl Cégdl adlad Jie zigedd lus darun 05 ol Jeizdl
5,56 sllacy pugiud ciliall qudl z3503 o0 oo @]l e (Trinkle, 1985a; b
(Yeadon, 1993a) sl o)leall &S, calall (sl §

BELeL a8l93 Ldumgs AL Lglild o3l Jomad) pusitin OLs¥! pany 3

lia ol Jsall (Say «(van Gheluwe, 1981; Yeadon eral, 1990) ¢lsl § 4S,=]!
Leigant) A5 Ay 83gma 2gl3ll Aoyl OF i Lo el Jodine agludlga
Aol v ol bl 4ualy)l aldlaall Jlasl oLl 500 sl
Lagazet) Ablall sl pgse uiles (s clghas DY

-2 z 3L (Hiley and Yeadon, 2003a; b and Brewin er a/, 2000) ‘a.vxuj
JI gl @1 3Ll allsly claladl ey Jladl 5L e dxa L 381l 241931
S el Al Aoyl Auegelins I (o oM Uiy (I S po3e
Ol p3ad (ad¥l umll 05y 31 A4S 28les Livoss duadll poie alusiul
ayl Jaazll (e Ly o(Alexander, 1990) Lolll Ayl s Juadald gol ¥

313 + aalyll naddpll pbuilbeogull cugaill e




Ladly 48T 5K J) gl lda 2% (Yeadon, 2003 King and) Jasall 2sl;
deteddl puseud z3la s 1asl Ble5 -ads & z3ladl alazial ae )lae
Hatze, 1981a; Neptune ) Juaall U5 o5 cDlae degoma ol a3y cDlaall
@ Ui ylasg a8 HST Juted pdes e Alal cllias Lelg (and Hull, 1998
Brewin et 9 b :a2003 (Hiley and Yeadon) claall @Jlal deulidl @udll ayuss
Miller, i3 (0 ciguslsdl JM> (0 88L=Ll z3lad li (oye aud (2000 .al.
King, 1984; Vaughan, 1984; Yeadon, 1987; Vaughan, 1989; Hubbard, 1975;

1993; and Alexander, 2003

AugSal Ao U | ASia

zlol e Joad O comy @1 Sl s 3 LSl Sl 2
doeadl 3929 Jodd wloglal dol> clla Lylaill Lolll o Auae 4S,>
Sligases ellzas Agdeall Lo ldl o e alladl) 4S5 @lais G01 lparell gyl
4dls) Slaglas pdss cmy JLIl 808 clasl slanll Sl oo gol30) Juzadd]
e gdall auall JULl oo Jad 5y 698 dmw Jie Ol e aiSIl 3
T35l Aoy pdiiug gl sl Al (e gt 858l (ol Aol e o)
diade S G posall mpamdd (ol e Bedoll i,
RERVCPPRT e NI WY YT

(el e 858511 sguas H A B, C adis sl il Do (90 el Jiy
slas puseinl (4-9 9 3-9 IS ol dly (eldl + gl e lhdd) «ppadl
olacll Jad 3y 658 anly e3> IS0 c¥slas & wdgd (Newton-Euler)
12 n OsSa allatll lia @llas .Juolie DB agiey Llgy &M Jumad (rudl
959 adll Jumatll c¥alas 6 (o 05 allas JI conias daglasy Aslas
@l I ssindll 2dyae mewd Al Jaall 5y g9 BT NS o0 el
& cnall e CagBall Ll DNl Juasll Llgy gasll Jmad! po Ligwe ¢ 52!
diaall @il (g3l dxad) il (3 5laze]!
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a3 -9 JSal (((H) adl ) 3-9 Usadl @ Al el (oo asly IS ity

ISl 3 (0) Jalls « €329 JSall 3 (B) mally « b3-9 JSA! L(A) g1,y
5oall Alanl 5usly (usgenll 59all Alaml Busly ¥slee &b { d 3 -9

1 3-9 IS 3 LS Al 3850 oo @35l Buslgg (4,a8Y]
+:R—Ry—mpg=10
—:F—F =0

(9.1)

(9.2)
H:—T; +Rixp — xp) + Rilxy, — x1) + Flz, —2,) + Filzs —2,) =0

(9.3)

{a) Hand (H) (assumed stationary)

(b} Arm (A)

F?
W/ 2
AN

{/ma8

Ry g‘:\‘Te
_.F1

(d) Leg (C)

(c) Body (B}

Ol e Cag8all el anyl (e (05Se y> e alaia3 -9 JSA
H:..L.A._N 6;}.21‘
A: tb._U‘ H;ﬂ‘

B: (Gul 1+ gndl) sl 5 32
C d—"')—" s;—}.?..”
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Dell Jiade)3:

(i=1,3) Jasll 380 cldlasii(xd, 2)

(7=1,3) Jaall Jad 5,3 4a8%1 geall i
(1=1,3) Jumall Jad 5,0 sgenll GoallRi
Ji(i=1,3) Jsadll 3550 s> a 95201 7

Ll 35,07

e Tsganll Jaall 3, 595 A H

e 438 Jaall 5y 848 R'H

(j=h,a, borc) s 3=l &S 38,0 aldlasi (x) Zjk
(u223(0= zp 34all Joe dasi(xp, zp):
(/=h,aborceiell a8 KL a8 Jasdl Jumasdl "y

7 e 32l 4SS, gogealll Jasdl Juzasdl (j=h,a, borc)

(j=h,a borc)s ;=) AiS myy:

(/=h,aborc)s 32l A 3850 Jg> G sgundll a3e Jf
(j=h,a,borc)e 32l Lgly Jumad "@:

: 8 Aoy il ey Juzead|

b3 -9 Ul oy

T:R1-R2 - mag=ma"za(9.4)

—:F1- R =ma xa(9.5)

A-NR+ T+ Fl(za- )+ (22 - za) - R(xa— x1)
-R2(x2-xa)=h

o anbyll (n a5l builisogull cugsill e



T:R2-R3 - mbg=mb"2b (9.7

—:F2-B=mb "xb (9.8
B:2-TB3+R(D-22)+FB(B-2b)- R2(xb-x2
-3 -xb)=hb

0

B o (9.9)

:d3 -9 Ul e

)
)
)

1:R3 - mcg= mc "z (9.10)
—: F3=mc "xc(9.11)
C:7B3+R(x-23)-RBxc-x3)=k

0
C oo (9.12)
zoll (9.2) +(9.5) + (9.8) + (9.11) :gsluns JSS allasll 2,281 goall S
aolall o
R—mg=ma"za+mb "Zb + MC ZC .....ccccvvrverrrrrcccrrrrerrnns (9.13)
ig9luny JSE allaill (2,a8%) goall o c¥olall mos M5 (10
F=ma“xa+mb "xb+ mc "XC.orooreerorrcerreernnan, (9.14)

Asd o paisailIRT 5 F1 s aysll gl G (3-9) &
/1 for H and gives:
M=FA-2p)+RUp—x1)—mhg(xh=x1) cccccorrrvi. (9.15)
sl Golud G RTSFT Aasd augaiy (6-9) 5 (15-9) oo ¥alall ges
wWisAg H 12 Js>
F(22 = zp) = R(x2 — xp) + mhg (x2 — xh) + mag (x2 - xa)
=2+A

a+tma xa(z2-za)—ma " za(X2 = XQ) cocovorreerrererererr, (9.16)
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(9-9) 5 (16-9) (yo =NMslall zes A3 5 A3 Jsm agssll dsly B J2¥H, A, B
Ty passadlly

F(23 = 2p) = R(x3 = xp) + mhg(u3 — xh) + mag(x3 — xa) + mbg(x3 — xb)

=/3+A

0

a+h

0

b+ ma "xa (23 - za) + ma “xb(z3 - zb)

-ma“za(3-xa)—mb b3 = xb).oiiee (9.17

mladly S8 allasl
:@Lﬂ\j dis f:Uo_/..U P Jy f:j:;-)_n ..3..5-\3 (1 2—9)3 (1 7-9) %) oY aladl &2
-mg(x—xp)=l
0
a+h
0
b+«
0
c—ma " xa(za—zp)— mb "xb (zb - zp)
— mc “xc (zc = zp) + ma “za (xa — xp) + mb “zb (xb — xp)
F 70720 (XC = XP) o (9.18)

plazialy A8l c¥olas clu i olall @ daall a9y cdsl 15710
WS S0 Jasdl Julatll Baia Gslan Lo e Jiams 49 KAl § 392l
Oy sl Ao Blandl JUS (e ¢ 3]
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X, = X1+ ajcosgy

Za =21 +aising,

xXp = %1 +azcosgy
+ by cos ¢y,

2y = 21 + a2 sing,

o 3 am . '2.
Xa = —4aj 51n¢a¢a — dp cos ‘ﬁa@g
Y s = '2
2, = —aicosda, —aq sing,g;
X, = —azsin ¢.$, — 2y cos ¢*afi'ﬂl
L 23
— by sin ¢pdpp, — by cos Pre,

- S 3 = ; 2
%, = @2 COS By ba — 2, 5in ¢,

+ by sin gy, + by cos ¢, — by sin (ﬁabqa'%
Xc = X1 + @2 cos¢, ¥e = —a2 sin ¢acha — a2 cOs Pady
+ by cos ¢y, + ¢4 cos ¢ — by sin ¢y, — by cos :i:bqabi

e =R +§25iﬂ¢a

— ¢q sin @c‘ﬁc — €1 COs (ﬁc‘)ﬁ.;z

% = ay cos daby — Gy sin ¢, &,

+ b sin ¢y, + ¢ sin g + b3 cos ¢y, — b sin iﬁ‘bé’é

+ ¢ cos e — ¢y sin {ﬁcdlzcz

— (13-9) ozl Jumadd! lellaias (S ol s JSL Gavgad S5 (e

e oz calxlbhall Cusysg (18-9)

u.l_x.gl uL:. ‘_4,355.1.1 ;b.)i &)‘ R C')ﬁ"u :4-9 M‘
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dl cslall et 2udl asdl c¥slall (L L (71, 72, T3, @a, @b).

Pc (AaglasY]
AT+ AT + AT+ Arsda + Aysdp + Arede = By
ATy + A2 Tr + A3T3 + Azadha + Assdy, + Azede = B>
A31T1 + AT + A33Ts + Azsda + Assy, + Azede = B3
ATy + ApTsr + AgsTs + Agada + Assdy, + Asgde = By
As1Ty + AsaTs + AsaTs + Asady + Assdy, + Asgdp. = Bs
A1 Ty + AaxTo + AgsTs + Asadhs + Assdy, + Assde = B

9l sl e Llazal oKL B6dI A1) 3 blall clxlbhias pren
red o] Aozl dslall puseiad cwld] cdglly dlasd S § 89all Silile
bl gl s (S (8 Anglac¥! dud| c¥slall

:cos@a, cos@b, cos@Pc Jie c¥slall Jolas aay AT (A0l 4>l (e
(=ab, @j=90° Js> Gol3ll Jumamlly agsall Clus Ll 23358011 e Al
godll @it ploiial D5 e I Ll calas AL sda cinil o)
C@a, @b, "@c Loyl Jxadd e, e2,e3

rJW JSCadl asGy

Agah, = Aggey

Assop, = Asses

Aggt. = Agges
Aalad! Ad) a¥slall e E\EMS)_&T ‘3 “Qa, "Pb, "Pc  Jelas olks ‘.gJI

J> o Fs deglady) Ludl e oleddl c¥slall § allad) sous Ludaay lda
A Adazdl c¥alall W8Ls] oy a3yl Oady Jsl> J8Y Slan Al Aslas
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ol wsSall LSwloall Gk oo asall e Jguaxdl @2 9.5 Sl

Yeadon, MR. ) (ye 3s5le Boazmll Zawdl Aslall allasy dnudl c¥alall allas

Blavudl o ol O3lgs e Bylarudl desliul (and Trewartha, G. 2003
(Human Kinetics) ¢yo 438/4ll uay 418 o 74,8 ,=]

HLsSall 2Spalnall 3 ASAL) (oSS cpsbiatll sels Led wlSymll Juloes 3

sda Jie ‘3 AwgSall Sl T 3900 (yagd A duds JM Ligase cug
)i ELE_:)]Q J.;aﬁi f\.ﬂw RO TRt C.b}m RINES A eS|
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-4 M.‘;J‘ bL?_‘iij ZUJS.”)SJL éé}.@.ﬂ.“ﬂ.i_ﬂb ?4.1.&334 p.w.'g,” 2&5):- —JS p.w.'g,”
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AL 83l ASalills
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ilngn § SEL=ll zigas (e daliss Wil Joriw Byaall sia 3
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ol 1 S A0S0 agd

sl A8l @ 48l Sl e Jgaxll SEL=ll ziges aluasiug
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Syl dglill-a8s BKL=s z3lei (and Yeadon, 1993b; ¢, Gheluwe, 1981,
Bl Tgizg elsedl 3 olgadl el Aaliall LUl be Gudarl slyl
e Sl alasial cleaendl 35> 5 Gl skl 3 gl Jes
sskald gl -asll 73505 (Dapena, 1981) pusiwd Il of cuuld daulial
Sl Sk ol I e el 55,0 sl LISy Ul cdgll 3 el
Ol I

oo olalll sl 1@ SOL oSl e sus @@ 3EL=Ll ziles oy
Arampatz and Bruggemann., ) Jlatl ;L1 Ja> o151 (1971 Miller) aall 7
=l e Jily 1999; Arampatzis er al, 2001; Hiley and Yeadon,)2001
(Tan, 1997) JWadl cdsll 3 (wsd (Ko e &oyaall 2aS, g «(Hubbard, 1980
Jd zigedl puds mldl oo 23 as (Requejo er af, 2004) sleaztl § Lol
o Yoy emall e Jetmll ooz 3geill e 2eudSL LSS ¥ Blas cddlas
Azl ¢|5¥

aled Ludf

D e S 10 8T clealus dpud 3Ll z3la alasiud
JEaY usl e +laY o JSaY asl 5] I Al o Gy Lopsls 3K1Ls
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calayl g Ale 3 Y sl § laSall dagy o el g ol J) 28U
4913 (Yeadon, 1993d) =il (ad¥ alasinl cawn Al e Yy ¢lealll
dayball sl Jdl Llgy cowms A8l (8 gl Bl lide Liavogy Jul
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Olgll eSS g4
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Jezdl aiasg Jll 3l Sl gy el gy oSl Slealune tyuzd
padl (39 e 2.7 slades Jexdl o pads Sl i O azg orassdl e
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BIOMECHANICAL EVALUATION
OF MOVEMENT IN SPORT
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