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ABSTRACT

9T In recent years, it has been focused much attention on gait analysis. Factors such as speed, age
and gender affect gait parameters. The purpose of the present study was to compare the electromyo-
graphic activity pattern of knee two-joint muscles between younger and older subjects in different gait
speeds.

The method of current study was analytical cross-sectional method in which 15
healthy young men and 15 old men, were selected conveniently. Electromyographic activity of rectus
femoris, biceps femoris, semitendinus and gastrocenemius were recorded during walking with preferred
(100%), slow (80%) and fast (120%) speeds in a 10 meter walkway. Normalized RMSs of muscles were
compared using RM-ANOVA and Tokey’s tests by SPSS 18 software.

[T According to results, RMSs of rectus femoris in midstance (P<0.01) and gastrocenemius in loading
response (P=0.02) phases in all walking speeds were higher in older subjects than in younger ones, and it
increased with speed in both age groups (P<0.01). Biceps femoris RMS in terminal stance at 80% speed,
was lower in older subjects than in younger ones (P=0.01) and it increased with walking speed (P=0.01).
Semitendinus activity in loading and midstance phases at 120% speed was higher in older subjects than
in younger ones (P<0.01), and it increased with speed in both age groups in swing phase (P<0.05).
According to the results, older subjects have more muscle co-contraction around knee at high
speed in midstance phase than younger subjects. These age-related changes in muscle activity, leads to
increase in joint stiffness and stability during single support, and probably play a role in reducing push
off power at faster speeds.

* Corresponding Author:
Hamideh Khodaveisi, PhD

Address: Department of Physical Education & Sport Sciences, Faculty of Humanities, Islamic Azad University, Hamedan Branch, Hamedan, Iran.

Tel: +98 (918) 8156787

E-Mail: khodaveisi_h@yahoo.com

Yvf




¥F oylous . 17 0590 \WAYF (Lo

SRCAE gt 45 gkl 9 3 Ulga con 93l aadogd CMUAE (315 93 Log SN Cudlnd 6951 dunns Lo
5% o]yl
ghts mye Sl ddyee punghts odyen®

Olgleclaen olaes axly ‘sn)l...,l é‘j olKzsls “S:L....»‘ f,ls saSisls “«e3)9 ‘0519 9 oN S S 09,5 -\
U‘J‘l‘ ‘ulm ‘Lig.msj.c,g ol%sls 5@3})5 f,lc 9 (SN Sy sasasls ‘@:’5)5 &:JKA” 05;—“

.a E > COIPAR s Vel o 5
G9) (0 oz g Cyu 18 go Jooid 3| o aslis ol 58 5 118 495 0390 Yl S la Sl jo o3850y uloxs [EEES
Saiadles g ilsz w9l uatogs wDLae 8,5 gskog yiSTl Codlad (59Kl dunnslin ¢ g5y (ysl B .5l 5315 38 0l (ol Luso
o L”.Ié)o‘)gjkﬁu‘_guu)u)é
550 S gt Wl sz 50 10 5 el 350 10 shtad 4] 5 45" Cod (GMuliio o s il Bz s, IEIPEPEETY
Bilag> Ce pus b 03B y0ly um 10 «olBd 9 (559 o oy pgd ¢ iyl y LA (S STl Codled s I ol Qe 5
0 5SN Cudlad 030 )5 o 1,5 03log yiSTI fpiaamns S 3l 00laiwl by (g0 Vo yaanne S ;8 (VY 2 7) sy g (A /D) 23S (N 0 7))
a5us SPSS 158l 5 58 (S'g5 95,50 (55505l b iyl Jukows (slayge;l b (RMIS) il jgiizes puSilio iy y s jgu0dy e

AP 8130 1A s by g 6

2 (P=‘/‘Y) 099 JLEL‘ ‘\.17,4 5 51550 9 (P<'/’ V) U:.%LL.%‘ ASL:.A ‘\1’,0 B @‘)C““’) Sdlas RMS ‘Gb" é;Ua.n
RMS (P<+ /1 +) cdly (bl aias puo (2al331 b s 09,5 90 1 50 5 398 Uy 51 ;e (538 joly (slovcee oo a3 lasalles
J.;“I)sl‘u.:s)ol)c‘c)u@.gl)slbj(P='/'\)oyubly)I):J‘A'Z [T uby&l@;‘d’ﬂ)oL)‘MLn@‘)ﬁ’éM

p " s i o p Haojlys
(P< 140 2l aalydl s s 238l s S st 09,5 53 0 3 9 (P<e/+Y)
Oal3l e (3L lusgs Al o 40 (s 09,5 90 2 10 S g i
bl e alo o 5 5 Yl s 53 95 Bl 3 (62 (it SLble ttallis 58 ol s ol IPIEEE * i ol il
Vol 5 ams g Gil53 48,LcSy Culam ol uake (5l 5 (otibes o gDlie Collad 43 pus s Ay i ol il e bl
i . Oy eplarelles
Al Je53 iy S0y 0 €S9 Al e o5 RalS
pllos 5" lasallos b agzlge K00 (g9 319 (ro 30 S slone Syt dosdo

alblae @il b Sleys- sdlagy sbocules 4 Jg wiwn

Sl (gasalls sl 8 4o o] Alled g0 5y9p0 1y goz
u:..alS uLm.i‘ GM&U,T .J.a.c ° 999 &J.‘?ﬁ O alisee
Joe Plitd 28 SIgib 2ol o go sig,y ol [F] ol oo
Codlye laasy s halidl o)) Koo 4 lasedle Sy il
CudeS g 09d o0 Slay- il slasles  goladl JL2d
g Al amo o )3 sl 1) T (slaodlgils 5 el Sas;
223 0l OMSe g ol &8 4y s dals el ol iy [YC Y

Coprdg Sgude wggoly ialS cledy ool Comaz yiulil

Cnl M 4 dzg5 Oy (S5 4 al (6l g Ctlage
cind o Dlae Bg 1 [T sl g0 ST Sl st |, 523
0395 pasld 5 (5255 lptul (S (b P
ohiedlis gzl sla Suss 5 f3e Jelge il eoml S
SN s 3oy 1 [¥] ail o oy oom Juaio 0 o550,
Ol 5 gaialles g (Jluslis Gy bs o S3glgeansy]

1 hunno 6y g
sglds odue> 2SS

Ol elaed (laen axly oDl of5T o8kl ¢ Sl pole oSkl ¢ o3y pole 5 Sy a5 05,5 1 SiLAS

+AA (AVA) MVOPYAY :yals
khodaveisi_h@yahoo.com :aslL),




¥F ojlous. 17 0590 . \YWAF (yliwco

s oy daaliie 10 K0 oKty [V 8] wilosls Las s> L
GG Joles o1y (g b S gl caiadlis U5 I i 09,5
JrS 45 aud F ast g 0,5 558 Ll (Dlae eollad
O 4 Wl JolS 5oy caolls ()5 Alisgay oaliplonil 12eassy
SlarS 8 s & dasly s aSl b V8V o Lo
5023))0 QjLZ:S Lol el o0 s n sttiJ..aLM WS
&S ol o cely SIS S e 09005 (yaizads g Olalllas gl
(954 je wigd g0 Ol el olowl Eacly a5 sl Jalse
R IRV g

2 Hhae clled Ol s 0y50 j0 S Slalllas wgdled
i Gk ) Cal a8, S (el lugs Al e
CMae 8l S gleg S codlad 563 dulin 4y a5 (o )l> wad
51350 9 O"HMW ‘gs“))’“’Sé ‘(5"‘)“’.""‘"‘) Ssle 6‘&4&.«5&
J>lye qu,) b yoly JalS s > S 40 5,38 oo 5l 5l A
(A’Z) £ 5(\ ¢ ’A) ‘sil?ﬁ.tléy C,&}w P9 (ul.w}t 9 J".’.b"“'.'.‘
Oaiallis g (lle (gas 03, 95 (s Gibpely (VWe7) &y
ol

1,95k 0100 (5 Fammy ik Wl so Gy ol s
WS oald s Cepu @i lupy & (S oras
$9y Odyely Sy Sl gy Slp (gl (lpodle
Coras )0 ool 3,90 ‘525)}—‘5...4: s LSL°L5):‘§°}‘“\3‘
&y S pladl Mlae colad S5l (B 51l JS3el 5L
sras Jelge g (SeilSoga dianly Ol 310 50 50 yti (ils oS
il 13,95 1 (Slosag Caanl 3l Hlaiallis (23501, (59

a3 099
Oygody &S Cal gloonlie Clibos go 5 pol> Gagh
slagtass, 3 3l chan L5 3l ol o plov glaglinm e
sga> lojse 1o WYAY Jlu 40 a5 0yl oo Sluay 508
Axal> .A.lo)f |).>| ulm oKl J.s.slia,:u oli.’:..ilaﬂ » olo &
S5 haar e Gy g atalls (laye |y gl ol ol
ol b axalls g (g 950 4S (] Bum dnalr g ailosls
oz 050 10 g Al PO-YO aialls 050 10 ol g’y digad
oy Jaizld by & S aigal g o9 Al YooY
el b i (ogel sladiges fiiS (slp 285 &9
~(smas 9 645 Slacs Lo Blgw (s 9 0D 25 Ll s
NS5 (s NS oSy 5 CSph 4 hle oS goldl (Dlas
Oope 0y ¢ Sk Mae slacwl «Soayg)l oDe L of 3
2l sl g oglhae Ll b Iyl oS g0l 3l (ppizman 5 (7
LIS LS gy Sl aisgsd lais e slacgesl g (g ped sl
Sl B gogesl pled 5l davcygejl 1o o8 Liwe o3l 5) L3 aias
ol Gigh Al 33 GlalST aslisgls) o3 Giagh o &S,

S Las 893 5l (6 it a2 g7 g Sl

A b ely SlagSll (gpdy s 5 (S slaallsil
O T-Ve PO X SO0 W O LY JCHN B JUNARVON RN
Jed 5l allje, slacudled b asadls 8,8 )0 lagyalidl ol
b el o s Julow [AV o] ams o & o385,
&35 3 Beilogz slacs yu jo ez o8l aS” ol ool oyl
9 gl al>po Ll 50 oil5 5 oy sl ae (555
il dl> o b 50 Sy g 1o )guSI LN (59,25
IV a8 o ooliad (598 9 SIS ol (3,5 pal 3 (s

IS izl Jolhe SiiS 43 45 Yo 2 559,
s 1S sl Sl (yuo g il (528 p0l, SilSn 0 guslisd Syt
9 odfoder al>ye Jobo 10 o (slopusSIB ML Gl uals
Oy sl yguinT ls3 gl I3 5S4 0 L & il sl
25 Ol sl ygusls sudsi Ol Salidl b Grabisl byl Jobo 5
Ol il 00 0ass latalls 1o wunl ol ot b 3ol Jobo
el (s (2 (g5 0255 38 JlownS g 41 Jls (el
DY Y] ol ot snaline 35 ol

395 ailje, (Su3; slacallad laialls ol asuine 45 4zl
i3 s pll ez Sl 4y G 6l oo S 43 1,
gy n St Jlainl Sl g lisclalS ool o a8
olis ahasle 6551 Splie auie (wyp 4 &5 Slalllae
ayip b pely iz glacew jo lddle a5 wias
Consl S0 4 10515 5lgr o3l Cand 63V (Slpilie
2l 5 Slalia b o 2l b g el et Job
ayip Jle o900 SloaisS A syl gad Ll o 008 950
PRy WICIRP TIPS SN IR KRR P D CCON IR N PR ¥ 9N
e 5, glyieas ]y Comsis T Bt ¥l s Slshon o St
L6] slos ' 8 yaa 0gilly
O] Jole b gl plal cMlac colled slaciglas
9 48,5 )8 dunlie 9590 plles laialls 5 llgr e 23 56),
S p dod 1o ialiy] diles al> po 40 a5 ol 0ol )55
1055 mellinss Dae 1, (g s dled el ooy ol
OUlsr b dnaliie 10 el K3 (59 5l (o0 ool ugilams 5
(b S e g (plis ugiang SDlae o, (6 it led
i oo (LS @y (380l 33 il dilie g Syl Jol e
Joolie o ity oldlen ) S (Dlae collad o ol
obihen 55 %00 lalllas [VF] ol asedlo 1o gil; gL o
danglite )3 5380l g (polinal (b lasalles o1, (g ey (Dlae

1. Initial stance

2. Terminal stance
3. Push off

4. Paterson

Yvys




¥ oylosd . 15 0,98 IWAF (yluso

580l e S s 33 ol g 3 Ulgar (3 9315 Slaaion IS (31,5 g3Log 2SI Cullad 56! s lie

o) sse ;3 Juolo g i (BDIS9S) a2 o ey 3
b anlyg0 (il ly Jelod 9051 51 i alio gl 0,5
(558 ol e yus) ¥ x (i 09,5) ¥ O j900 ) Sa (sls oS0l
O303] 5l ailSgs (sladuslio jlaiedy 15 dalslyd 30,5 oolisu
e 3l oolail b b oo g 4y 500 45" al oolisl (S5 cmndn
CaSﬁ..\.l flgu“ P<./+0 6)‘° (o cla...:)aj SPSS )|)'§|‘s)$ A

aaily

ohiodles 9 (llszr (s (0S0lea 0l g5 @l ebal

5 Ollex 08 Sl (s PANENA 5 YOPEFY (i ja

il g o Sl \YF/ALAD ¢ VW YUVEVY (o3 ey ol

Jsoz 50 090 p,SslS Vo /VEFE 5 VEIPROIF (o5 iy Le‘.ﬂ 59

4.1.>)-o do o g &l:ﬁﬂﬂ-&‘ A.L’>)A dwo o soﬁ)ol) 8 s \ O)Lo..f.n

oliadls g Ulg (e pdjely alie lacs s jo lwgs
Sl 00 Lo

S50l b el jlg Judos g0l 51 eolisusl b Laools Juloxs
95 Om Oyl slacie s 3 sixe Solis 3923 3 (S S
cCaé)‘sn )Ué.:.d as M;ul.o.b O%‘ﬁbj){.c .(P<~/’£)) o9 (5""’ 05;
9 u:.mlf u:“?.h"“'.’.‘ 419-),4 2y scj; 90 B O Sy Uﬁ..z‘ﬁl lJ
el 5] 5 izl Gl g o
Aoy 1 (5 I cime iglis aS ol lis ) S (6,803l b il g
e ‘SLQCA.C)»: 5 ul.w}t 4.17}4 Qoyd 3 g &Ml 4.1:>JA
(P<[+0) 8,5 3925 laiallis g llsz cyas

Sly 25 ©pSo3ll b aalygs (uilyly Jelos (iga3l b
GBI Y ojlad Jyaz o gl labess <Dlac RMS (w5
alae RMS e oo ojlis Jauz ! a5 jsblon .ol o
Slid 1y gyl sme gl 0S5 b ylavedlas g oile> Sy
G sine yobds dlae oyl Collad piomen (P=+/+ FY) Coloals
Y AP=21+V) 8,5 o )3 (pmo 3l Jikens) iy yilicaons
oy sl aliae RMS s ety g s olas 1 4 el (534,
(P> [+ 0) Cusl 03925 o sxo

Ul soil; lategs <Hlac ouds oo RMS  polie
olyonrdy dpoly alisee Jolpo g biicw o el 4
Silads @908 (S5 oga3] 5 oaliinl L) gosrgs (sloduslin
0l yguas 45 43S Lo .l 00 s 5 F B ) (5l g o
o 3 el ], aliae RMS wns so ol k)
2 bl ailee al>po 3 g AT Sy bl slecdl
W.(P«P\)cmlobl,?)'l%yé)ol)g;buﬂw
alae ] RMS was oo olis =) ojled pgad a5 gbylon
S M sobdy i oly e por Gl b (oo 09,5 90 50 5
(P<ef+1) by o 2ol 1

alac RMS (lie fp cdd g0 LS ¥ Jao> a5 jebijlen

Ohen ol&ails o Jlul gla iagsy IS Jgol dieS Lo
N85 g

RMS Jlaie g Jiuwe (sl puiio olgicds (5280l S pos 3 (o
].léa')é A.LM‘, dl.b).:.aln Q‘?“‘A’ 9.1‘) ‘5144.5.496 &:J)Ld‘- °“\‘Sg5"‘~1"|°
o § C5 > Copu S gl poigyie Jl el ad)S
A ool wilas S S clled cd (gl 81,5 gleg ;2SI
9y ey 9al V + (eSiln @0 S s (9810 6l
OeSile IV F] sy yad (VYo 7) gy g (A7) 43S 1+ )
8 5l oSlee 28,5 L lacee jus 5| So po 0 alze j0 RMS
OemilgsS” Slalgiin b Gillao g iSUl oo el Cnsddy 905
Yo by ey (slnog iUl ] (2 (s ol
P iog: (g (sUog iUl 95 5145 bl J 9l yin koo
b ad S e

3,5 Jlai 53 yioigleo Vo 09280 95 (s 5 50 41 55 0 alold
Joee 333 (yeead yolareds dlads (i Sl il Lol gl 0
el 3V Sl i3 sla i canS (sl 09,550
Q30,5 ol (ings yguunlgsS 1l 0disS oSS &dlg 3 45" (6,550
8y s onl 3 QT g0 9 2ol codsyanss Jore Cuwgy IVAl
Cellad o ol JSII 5l eyegy 5 00 0 (LS| Cawgs (0 S S
9 CgRdlgon (g0 o yCaly OMas (S5 500 S
(Y7 oy g A7) QS (Vo 0 1) (Bilogs s yu 43 gl3gs
Jeed 5 g3y MES+ ++ Jow EMG alUlS' \ oS0 3f ool |
Cud 903 o Ve v e (g S diged plS,8.085 )8 o) 9590
iy S0 oy, S5 a5z Sy b EMG el JS
e 50 JUED aloyo 0 4y (280l 45 2 S e 0l 2
S 5 Mlug b A tabinl Gleaib M b
Jle il sl (VAAY) iy g 31 a5 ol K v
J>lye 045 2 S s g (28 0]) 45 )2 Sy o0 b (330
B+ oy Jt al o o sy ool ol 2 48 0 edlici ecilisieo
Sl Al o oy Yo B Ve holiany] diles al e oy Vo
o YW U Fe g slal al> po o po £0 B ¥e ol
B AY g glel Al yo 5 003 AY b VY ¢olusgi diles al 5o
LVal aims so JSias 1) o3 0l a5 S oy Vo ¢

RMS (jolaie pds g S50 (65l st cdunlin (gly Laools
alae loa RMS jlade y 8 yoly sy yo (0 alae ja codlad

5. SENIAM

6. Loading Response
7. Midstance

8. Terminal stance
9. Initial swing

10. Terminal swing
11. Perry




¥F ojlous. 17 0590 . \YWAF (yliwco

(MiSD) uLu,: 4.1?,: doyd g J’.gllm.g‘ dl>)a oy so:\.é)o‘) S s 3 J’A?

Oy dlogo 00, il Ao 5o 0050 o850l Sy
(7 81y 552 ) (7 8, 4552 51) (m/s)
Oollw Oble> Ohollw oUls> el ollss
LA yYEY FAEA PV YYE[ye VAEYAN A
PEEY PEEY ) FrEY V£ /Y VYA /N0 Vool s gus
Yoty rz-1 Fots FEEY VEVE-I\D VissE [\ ity
-v/A VYA —IPA F ol
N4 -IM <IN S sise pedaus
AADIGH

Olar (pogtaali sams alae RMS 45 a0 00 s (55 (903!
OV ooy 0 daih 5 il ailes (359 Jail 150 50
LIEY 905 P+ 1) o ftialles ] 208 (6 o sinn yoboty
alae ol RMS s g0 lis -V pgal aSSls ¢yl yogdle
osbds bl dloyo 43 2850y Cuops (2l L (Ul 5
2 53 plogi alge y3 Jg (P<A/+0) sy oo (2015 (5 o sine
(P 0) sl o el ey I3l gt 05 g0
RMS s co o)lis ¥ o)lads Jgozr 45 jablon oyl p0gdle
90,10 (gl sime gl ,KpaSy by el g (Llg slBgs alas
95 S e il ey )'J Jans j5bos oo 500 Ly
3 Jine y5bots 35 oo 35 (P=+/+ ) 3 o aliae o RMIS
RIS 3 s 5 ¢y caloles S Lal(P= o + 1) il o 2o
WY pgai a5 g8 len (P>+/+0) Caned o gine alas
da 3 1339 JlE Al o 10 o lazr olEgd alise RMS wsmns o ol

o8 3929 (5l S gl laielle g Ulex ) ymge
(P<elv 2 V) ol o sino 38 gy 5305 sl yrogdle (P=+/+F)
O ol o 510 e sl 30903 S uag RMS
o)l.o..f:)”a.a&' Qb}Uo‘;‘ (Crioed (P=+1-0) w,?,l,é g g
a> o o laiadlis ) pwge alae RMS o5 cunlayy Y
OUlsz 3l yeS (sl gine soboas ArT e pr o (g Sl
&5 amd o lis oY ojlad poal yuimed (P<e/Y))
Oal38l (6lo e yabody oyid yoly s yus 2381y aliae -l RMS

.(P<‘/‘ ‘)"\"L»!LS"

99 goww aliae RMS (Y o jlod Jgur cledbol by

P=21+Y) o)y (g5 smo gty Ky b ol g \Ulg>
(P=2l o) ol o gima ey 3l e ooty 55 ey il
SHges dhae RMS  Cepor 5 G (Slalai Sl oprizeon
L Loosls goasgs dulin (P=+/+10) cul o xe Lo oges]

o shadags clae RMS )0 sl )55 (5ol b 4ol 90 il ly Jelows glis ¥ Jgo

Jlos! jlado Fo,Lf ©ly9dom0 (ke il 4 ©ly9dom ggore 8 ghe cMas
o[o¥Y AY/AVE WYIAY ) WY/AY (st 09y
ofeey vy VVAY ¥ VEY/AP el g e,
<V VYED YO/AY v v\Iss gy
o/+¥a YUY SN ) yoY/ny s 095
ofeey ST VA+/AYD v TAVED el sy ypzd
of+0 velov RS v AR iy
AN VY/AY ORI ) SR (s 09,5
ofeny v5/o- FYSIAYD v VY50 obly sy S
AT /oY AVPAD ¥ Vaa/sY gy
o/+¥a /oY VY$/so ) VY¥/50 s 09,5
ofor YSINY W/FA v Vaays by sy slig>
AN \Val YAV/Y 0 v OVFIVY gy

SAilailg)

YYA




¥F oylous . 17 0590 \WAYF (Lo

05 01,y Cilisen GBS o y3 kel g (3 Ulg 9 uriingd SIS 31,5 52log SN Cllad 5o duylie

Cepr 45 Wl ol L3 clallas ) Sy ol ol b
LYY vy o s 51 eS b4 Jlo Vo acedlis b,
Az lasallis (280l s pus o gima Sl o0 (o Kiingly
G Slae llgz 4y Cod | Sk Dae gl
3 il 385l YL slace o Ll LYV YE] wlos s
Tob 5 (Said Cdls & (502l sty wla ) 2l tagy
4 ol @zl )0 55,508 (6,5 tmghs o Cannd Ll (VL o lad
Oise ls b (st (80l o s Jlad s lasialles
Condl e latiadlis (5380l (69U yoais 9 i3 00 LES 0302
S s b 03k Ll (g pdydllanil § 00,08 2alS aes ity

IVYT 1T 3801, j2a8

P ohielle ey codlad oS ols lis Jol> raghs gulis
i) o o 3 5 A+, iy 53 i sl aln o
Condl g ) i (6l st yobots (1330l (glacis poo a5
6)‘%5‘“ a9 (8ol S GEaliE L (w095 93y 50
el 5Ly ddo laiedles jo wilgi oo yol ol il oo il
e s &Sz wil Ul 4 Cand yu)lgz OHlae
ywe S5 5 lgi SET (gl hatallas B 09 g0 copms abog o
o ploil (6 g I ol (pa518

slyon [VEYO] o Samgsy (30 slaiily b azes ol

viY

mid terminal initial terminal

loading

response  stanc stance swing swing

= olilge O ahalle

A DIgD

Lol (P<+/+Y) casl cylssallis 3 a8 (5,l0 cine jobods lacee pus
oyleds gz Oledbol 4y dzg5 by s 5 ymatrdy (P</+Y)
sebas Gl e jus fyu dlae | RMS caS lgs oo ¥
¥ cjl.e..:s Pguas &L%- JL?- U‘l‘ L .ol Qsl.ﬁ.’l-c 6)‘0‘5..&9
39y god (yidjoly ylgs alo> po Jolds lacuglas oyl camo oo Lt
s s Sl b olis) dl> o 48 dlae (| RMS o (P>+/0)

(P</+V) ol oo ial8l (6 o sina yolody oy ol

&

AR

-

el 9 ez Colds a5 Bl ol pol> g mlbs
25 (log dlopo o3 5 halinl alo o duo)d e pos lie 4
Szl b el s I sie 653 ol ciliee (glacas oo
Sl diwes NYAF V] o) Singh S5
s cullad slocglis ol plo ol (a8lze [Y1-YY] Ko
SOl 4 (lgioe |y gy (a0 (s SlaogS o
Sglis 095" 93 (e (280l Sy |y 401 s (380l e s
O b yoly S o gime glas pas ol lid (gl se

DY ] el ] lalllas il 590 ¢ Uls> ¢ olaialls

."LH'

it

il i i

loading mid stanc terminal
FEsponse stance

terminal
awing

initial
swing

WA s DTN o DT G

0oty Jye g Gt yged 9955 ) RMIS aylin ) pagea
Olsadlo g llgz s iglas e ylasallis g Ul cym ()
Voo ghe fym Coglds ok calidea gldcs puo (s (@

Ve g Ao omr oglis (VYo g Voo ey oglis

Al 4188 (L5 8 P<efo 0 o5 lo sime prlans




¥F ojlous. 17 0590 . \YWAF (yliwco

\Al

(g3 B aub RMS
[ ]
[ |

TE SAY -

initial
swing

loading mid

terminal

response  stanc stance

B> O glalle

s 40 i byl (gl Al o 13 Ll gy ykiodlis 31 a8
dod 3 (89 sy Al o o ol gy ol 3l i AeY
lacosglis el isls Lt g b sgelive lBgs Colled lacs puo
b dlae ol & il SelSag (slo i b (ySoe
X NNl ail by WS o b omb o3y,
b alac o5 wilools ylis  SeilSagas (g3l oo 3l eolazl b
89 9 o 91395 5 o sl 4 A5 (G9tey o AlaiecSy
S oo Ll ol plsgs <8 o SET 3 1y 62y 25 Lumieg
b sl aliae g 1590 Cglicie  SuilSogus 8 Slas (pizeen [YV]
IYAL ol oas ol 5 ,%08 () Kitingiy Jasgs gl 38,0,
ol gl8gs alac oS sl ol 3l Sl Lo gl gl ool b
...\;Ssn.lé.;‘p-objj)'léi)a Iy a5
i g Cyuwr o yas Joid 51 lalge a5 ool (L clalllne
ooy bl O3l 38 ol il (gl lan (59, Al oo
e 5 S8y (logs glaces ju o (38l slaJus
Cobos ol 5 slasls slo)l sl GBLAC \"‘S‘J}élp.b 59
aseiie o ool aleals olas 1) lugs SET g (gt 0y
S 398 3 (g Sl pus y3 g ol 84S lbsgas
Sos85 9 Gl al>ye il 50 9l 9 oy jguiians] Dlae

12. Muscle Synergy

terminal
swing

vir obls> ’i;H
T .

‘s | olwlle
r

\a
y

i |IF P

loadm;, mid stanc terminal
response stance

terminal
swing

initial
swing

WA Gty D 70w a yow DTy

el Jore 53 o yged (s RMIS dusslie Y 519005
Olollus g Ulgz pay cglas . laiallus 5 Blgz e (A
Voo 5A‘ wbjw*gmmduu)ww(u

\Y'jA’ C,.,;o,LAS:* \Y’5"‘ C”.gs"_:suﬁ:l

g ailes al> o o a5 wilos )" LS | Kidghs (K08 yuizead 3l
Sl YO/ QL».JL.; Sy alae 135 e o taliun] glez]
o3l oS wilosls oyl of Kitghy wizeen [Y8] col lilg> 5
1 yguuSL5 )L‘-’Ni S @iy Jl(Blogs slace w0 (s>
PR LECN PESRNK SO B TN 0w I N O [
olis oamgss 3 oo Kitagss [V Y oY Pl aiiS o ool (g ey
50 Gl alizes o100 40 il Slycal) a5 wlosls
ol it gl lpegdle [VE] el (il 5l 5 led e puo
2 olwgi sl Al e o lasedle ) jwgs alae RMS a5
L 545 omes (ol 02 gz ) a8 (5 o stna yobods A7, ety
IvFaYol o s Jlysan L3 o) Ktmgss slaasily

$r9 pﬁ.ﬁ alac k:M“JL'S u‘uh.o.jl.w FOARYA) & o..“é)ob »
QU9 4 S halnsl Al 9 (359 JUl >l po o (6 i
sl (fon (53 o 45 Sl (l 5l ST s el asiols oyl
Oy SRRl ez 50 9 et G ppuituST o5 Gl o
890 Sz (i o V] 0l 350 S8 bl jo s aliae
10 S K prnen clad 4 wiazily o o Ktaghs o s
3t YU glace pu jo 3850l ioligl al> o b ol
IVE] o Uy

Lot s dad 5 (359 JUil Al o 4 iy 5lBg0 aliae o lad

|




¥ oylosd . 15 0,98 IWAF (yluso

58 1, cilisen GBS oo 3 fttelles g SUlgar cym 97 uadingd CMGE S 53lag SN Cllad 595 duylie

TA-

b g RMS

s

S b

ARE:

i & &

ZEANT

mid  terminal initial terminal

stanc stance swing swing

| B Ol

YT
. £

Yo Oblg= ‘e

Yial e

Y .

VF

N ijj i E i E

TIT -

tia olaells

[ 130
YiA 4
Y o
VF S
il I

loading midstanc terminal initial terminal
response stance swing swing

WA s o O 7N ee e o O e

.C’S."!)o‘) &‘)A 90 AT (coww RMS L.g‘l.a.n -‘"ﬂ’dj
Olasedles g Ulga ey coglas s . laiallus 5 Ulgz opm (I
‘\"5,\‘ w&jw*uhm‘suu)ww(&,}

AY- 5A‘ w.gs"_el.ﬂ.?:#s\"‘ 5\“ C’.‘H&suﬁz.

— Yo -
* A YIA 4 Tee olls>
N *e
V¥ 4 xge
i
T &l zEe
¥ %

g3 B b

AR

bl el

mid  terminal initial terminal
stanc stance swing swing

| B gz O olmu‘

o
EPN
VA4
VY
1 T} 1L

loading midstanc terminal initial terminal
response stance swing swing

0 j0ly oo 10 wgeeiSy iwS RMS aylin F pigad
Ohasedls g Ulgz oy coglas e laiolls g (Ulgz (ym (A
Ao g A o gl e alise glacis s s (o

AYe g Ay coglas o AV g Voo 0 gl :m




¥F ojlous. 17 0590 . \YWAF (yliwco

Ldlginbi 9 BCydgu

I N oz Sl dalllas 845 udio L] gl 0429 L
GoSoilail wogdledy ol pol> gl cdes slacysgase
(COP) b 23 55 0 st 3 3 e sl slagss
SOl ane; 3 (Gorie g (oSS lMbl Condlys oo
SRy 5o 45 w8 Al Glasall g g (280l (SeilSage
26,55 )5 aalllae s 90 pil>

ol Sy o Wl gk (nl sleail
Wl Sy o2l Gl &S (S o a5l
s Sl (sl Wlgi g0 (2l izl pegdle i pal b
S o sras cilidee Gl eSe il (59, (el cas s S
@ 957 ol bl JSuselsily ooy oolinl 99
)9 95 Sl gt slog i 5 5y g ot Juolds (oo (330
O Stgsy 4 il ()21 ol ga ) (5 it lalllas ¢33
305 o dlpiidoy aiedddle

(18 9 Sl

Wanly S oo b (hagh 2 S 5l 48,5y allia
e Cllad slaglll 6y e (59 (R0l Sty g (o 4
gy ol laen axly cadlol of T oSl jo « gl sl
o o za el (ol hien asly ool ofj olKitsls
93,5 (0 S5 «iangly (sl

&

[1] Hortobagyi T, Solnik S, Gruber A, Rider P, Steinweg K, Helseth J, et al.
Interaction between age and gait velocity in amplitude and timing of
antagonist muscle coactivation. Gait & Posture. 2009; 29(4):558-564.

[2] Pereira MP, Goncalves M. Muscular coactivation (CA) around the knee
reduces power production in elderly women. Archives of Gerontol-
ogy and Geriatrics. 2011; 52(3):317-21.

[3] Beyrami M, Alizadeh-Goradel |, Ansarhosein S, Ghahraman-Mohar-
rampour N. [Comparing sleep quality and general health among the
elderly living at home and at nursing home (Persian)]. Iranian Journal
of Ageing. 2014; 8(4):47-55.

[4] Niktabe A, Shahi-Moridi D. [Creator factors of hip fractures in hospi-
talization elderly in Kerman and Rafsanjan hospitals. (Persian)]. Journal
of Rehabilitation. 2001; 2(6-7):39-46.

[5] Paterson KI., Lythgo ND. Hill KD. Gait variability in younger and
older adult women is altered by overground walking protocol. Age
Ageing. 2010; 38(6):745-748.

[6] Faber MJ, Bosscher R], Chin APMJ, van Wieringen PC. Effects of ex-
ercise programs on falls and mobility in frail and pre-frail older adults:

Sl gl e B s (licudy g b jgusls LMy
cinds [VY] 08 o colisiud (g9 5t 9 B Colos 1y S pal 3
ol 8,90 gz 4 Conns el Slios phasl Edlae oo
S5 Say8 3l ) 0p Dlae imd Y] el o Sngsy
S o (6 S gl 139 o cpolidl el a5 lalasll abilie gl
3 Jolas o P g (55 > aiels 28l wcui ety
w2leiilon Glidl ol 105 g0 6 S slr Lo St 4y ey
byl VAl el Sdplie aze talil ilbee cdlas
QU9 5l it lacallis 53 (528 ol (Spilie iy jo S (g o0
o Vel wilos S ol 55 151 sla gy |y (Shonts pir e

LIVFevsova

Oze oLl CiS oo oy nl @l bl
s oIS psbas ol (g 5] ptn lasalls )5 oy Jaie
sy ol Hiosee 54y (S iy (l381 b c2lilon yuis
riSI3 Jobo 50 Bl (ygel ey (stelion (oSliihon Ghaiallis (Jlko
ol oy oSt Jsb o 6V 2ldlen 5 o slie
2Llon (g0 )5l 5 (380l Jo labanizr iyllsg yo wilosls
Y] el onds 358 el Sl pladl widlae s 6,5YL
o syl g Sl ladl olihes oo Kamgs [NOYY 4
03,8 gyl aly 5l 0528y oy 9 W oy g 3,81 g laselles
Shedles o oy 9 e aelpn ooliiilen oS wilosls lis o
g3 5oz o3l 5 YL VAT 9 AVT, i 54y

by Glo gl 5 2liilon G (ke alad aizran o
O ¢ smas 3 )Slas g ya8 10 alS ams oo ylid a5 s )S
el 5 gyl ol el oliiilen o alil oty el
JAS b el o [¥V] aitly (Salins (sl S Jbo 53 Jain
Ul gl lacalles a o (6 b (£ SLiled 1S yorassy
obihen (2l cnl 1Ol coul ond (355 i Jolss
JrS gl Gl slp 50978 e ol (See (Dlae
S o3 Jlor 0l b il (pms o33l ol yoy yeasgy
JrS 9y (M (poliles (it g St SNl (s (sl
el 35 9 )90 gy

S5 Aol

oS oglion blittul iz pol> gl @l 5 (S sk
ol Juada Skl )3 (b (e Loldlon sl asells
ol &S bl aid iolian] ailo al> e j3 Vb o pus
S aels GhalS' g Juabe (hw g Ml Gl o ggdge
s Gl e ol Coot] Sl 09 0 uSaie
ol b il 5 (5 o 3 slypmps SBle Colle
Oy SRl o Cul (e VL slace s o (580l 4l
I el (3850l 53 (rnbo y5los oS ) sl jguuin]
V-ATPUPIRE | 7.9 {8 o f JUW PR

Yyy




¥F oylous . 17 0590 \WAYF (Lo

[23] DeVita P, Hortobagyi T. Age causes a redistribution of joint tor-
ques and powers during gait. Journal of Applied Physiology. 2007;
88(5):1804-11.

[24] Kang H, Dingwell J. Separating the effects of age and walking speed
on gait variability. Gait & Posture. 2009; 27(4):572-7.

[25] Silder A, Heiderscheit B, Thelen DG. Active and passive contribu-
tions to joint kinetics during walking in older adults. Journal of Biome-
chanics. 2010; 41(7):1520-7.

[26] Liu MQ, Anderson FC, Schwartz MH, Delp SL. Muscle contribu-
tions to support and progression over a range of walking speeds. Jour-
nal of Biomechanics. 2008; 41(15):3243-3252

[27] Stewart C, Postans N, Schwartz MH, Rozumalski A, Roberts A. An
exploration of the function of the triceps surac duting normal gait us-
ing functional electrical stimulation. Gait & Posture. 2007; 26(4):482-8.

[28] Mian OS, Thom M, Ardigo LP, Narici MV, Minetti AE. Metabolic
cost, mechanical work, and efficiency during walking in young and
older men. Acta Physiologica (Oxf). 2006; 186(2):127-39.

[29] Hortobagyi, T, Finch A, Solnik S, Rider P, DeVita P. Association
between muscle activation and metabolic cost of walking in young
and older. Journals of Gerontology Series A: Biological Sciences and
Medical Sciences. 2011; 66(5):541-547.

[30] Larsen AH, Puggaard I, Hamalainen U, Aagaard P. Comparison of
ground reaction forces and antagonist muscle coactivation during stair
walking with ageing. Journal of Electromyography & Kinesiology.
2008; 18(4):568-80.

[31] Hortobagyi T, DeVita P. Muscle pre- and coactivity during downward
stepping are associated with leg stiffness in aging. Journal of Electro-
myography & Kinesiology. 2000; 10(2):117-26.

[32] Nagai K, Yamada M, Uemura K, Yamada Y, Ichihashi N, Tsuboyama
T. Differences in muscle coactivation during postural control between
healthy older and young adults. Archives of Gerontology Geriatrics.
2011; 53(3):338-343.

[33] McGibbon CA, Krebs DE. Disctiminating age and disability effects
in locomotion: neuromuscular adaptations in musculoskeletal pathol-
ogy. Journal of Applied Physiology. 2008; 96(1):149-60.

a multicenter randomized controlled trial. Archives of Physical Medi-
cine & Rehabilitation. 2006; 87(7):885-96.

[7] Mau-Roung I, Hei-Fen H, Yi-Wei W, Shu-Hui CH, Wolf S. Communi-
ty-Based Tai Chi and its effect on injurious falls, balance, gait and fear
of falling in older people. Physical Therapy. 2007; 85(9):1189-1201.

[8] Tinetti ME, Doucette J'T, Claus EB. The contribution of predisposing
and situational risk factors to serious fall injuries. Journal of the Ameri-
can Geriatrics Society. 2003; 43(11):1207-1213.

[9] Niino N, Tsuzuku S. Shimokata H. Frequencies and circumstances
of falls in the National Institute for Longevity Sciences, Longitudinal
Study of Aging. Journal of Epidemiology. 2000; 10(1):S90-4.

[10] Akbari-Kamrani AA, Azadi F, Salavati M, Kazemi B. [Predicting fall
risk in nursing home elderly using two functional assessment methods.
(Persian)]. Journal of Rehabilitation. 2003; 4(2):45-52.

[11] Neptune RR, Kautz SA, Zajac FE. Contributions of the individual
ankle plantar flexors to support, forward progression and swing initia-
tion during walking, Journal of Biomechanics. 2006; 34(11):1387-98.

[12] Roislien J. Skare O, Gustavsen M, Broch NL, Rennie I, Opheim A.
Simultaneous estimation of effects of gender, age and walking speed
on kinematic gait data. Gait & Posture, 2009; 30(4):441-445

[13] Hausdorff, JM, Ashkenazy Y, Peng CK, Ivanov PC, Stanley HE,
Goldberger AL. When human walking becomes random walking:
fractal analysis and modelling of gait thythm fluctuations. Physica A:
Statistical Mechanics and its Applications. 2006; 302(1-4):138-147.

[14] Schmitz A. Silder A, Heiderscheit B, Mahoney J, Thelen DG. Differ-
ences in lower-extremity muscular activation during walking between
healthy older and young adults. Journal of Electromyography & Kine-
siology. 2009; 19(6):1085-1091.

[15] Konrad P. The ABC of EMG: A Practical Introduction to Kinesio-
logical Electromyography. Scottsdale, USA: Noraxon INC; 2005, pp:
21-28.

[16] Matheus MG, Julia GR, Thamires MN, Marina P, Daniela CC. Im-
pact of Aging on Balance and Pattern of Muscle Activation in Elderly
Women from Different Age Groups. International Journal of Geron-
tology. 2013; 7(2):106-111.

[17] Bahatlouei H, Nodehi Moghadam A. [Correlation between Body
Mass Index and Postural Balance in Elderly. (Persian)]. Journal of Re-
habilitation. 2012; 12(4):54-59

[18] Perry J. Gait analysis: normal and pathological function. Thorofare,
NJ: SLACK Incorporated; 1992, pp: 224-226

[19] Arnold AS, Schwartz MH, Thelen DG, Delp SL. Contributions of
muscles to terminal-swing knee motions vary with walking speed.
Journal of Biomechanics. 2007; 40(16):3660-3671

[20] McGibbon CA. Toward a better understanding of gait changes with
age and disablement: neuromuscular adaptation. Exercise & Sport Sci-
ences Reviews. 2000; 31(2):102-8.

[21] Winter DA. The biomechanics and motor control of human gait:
normal, elderly and pathological. 2 ed. Canada: University of Water-
loo Press; 1991, pp: 94-99.

[22] McGibbon CA, Krebs DE. Effects of age and functional limitation
on leg joint power and work during stance phase of gait. Journal of
Rehabilitation Research & Development. 2002; 36(3):173-82.




