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Abstract

Performing dual task may impair balance and gait in cerebral palsy (CP). But the effect of
dual task on the electromyographic activity of CP patients has not been well studied yet.
The aim of this study was to investigate the electromyography (EMG) activity of the lower
limbs and erector spinae muscles in CP patients and healthy controls during walking with
and without a cognitive dual task. To do so, the EMG activity of biceps femoris (BF),
rectus femoris (RF) and erector spinae at L3 level (L3) muscles of 10 CP patients and 10
healthy controls were recorded using an EMG USB2+ system and bipolar electrodes
during walking with and without the cognitive task. Data were statistically analyzed using
SPSS 22 and ANOVA for repeated measures with a significance level of 0.05. Results
showed that during walking with the cognitive dual task, the EMG activity of the left L3,
BF and RF muscles and right L3 and BF muscles was significantly higher than that of the
normal subjects. The pattern of normalized EMG activity of L3, BF and RF muscles of
CP patients and healthy control subjects differed during gait with and without the
cognitive dual task, and there was a significant interaction between the group, muscle and
task factors. Based on our results, cognitive dual task increases EMG activity of CP
patients more than healthy subjects. This increase can be attributed to the effort of CP
patients to maintain posture and dynamic balance. Thus, it is recommended to pay
attention to the cognitive dual task when evaluating and designing exercise programs for
CP people with cerebral palsy.
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Extended Abstract

Objectives

Cerebral palsy (CP) is a distinct disorder of the nervous system that permanently
affects the movements and coordination of the muscles. People with spastic CP
can experience movement and balance problems, recurrent falls, and gait
disorders (4). Performing dual task can affect balance and gait in CP. However,
the effect of dual task on electromyographic (EMG) activity in CP patients has
not been well studied. The aim of this study was to investigate the EMG activity
of the lower limbs and erector spinae muscles in CP patients and healthy controls
during walking with and without a cognitive dual task.

Methods

The statistical population of this study was all women with hemiplegic CP in
Tabriz city, from which 10 people were selected. The EMG activity of biceps
femoris (BF), rectus femoris (RF) and erector spinae at L3 level (L3) muscles of
10 CP patients and 10 healthy controls were recorded using an EMG USB2+
system and bipolar electrodes during walking with and without the cognitive task.
Data were analyzed using SPSS 22 and ANOVA for repeated measures with a
significance level of 0.05.

Results

The results showed that during walking with a cognitive dual task, the EMG
activity of the left L3, BF and RF muscles and right L3 and BF muscles was
significantly higher than that of the normal subjects. The pattern of normalized
EMG activity of L3, BF and RF muscles of CP patients and healthy control
subjects differed during gait with and without cognitive dual task and there was a
significant interaction between the group, muscle and task factors.

Conclusion

Based on our results, cognitive dual task increases EMG activity of CP patients
more than healthy subjects. This increase can be attributed to the effort of CP
patients to maintain posture and dynamic balance. Thus, it is recommended to pay
attention to the cognitive dual task when evaluating and designing exercise
programs for CP people.

Keywords: Cerebral Palsy, Cognitive Dual Task, Gait, Electromyography



AR=1eF oo IFAR liano) 3 jmly TA 05lois Y 0,90 o35 ob sl

hpgy Al
S g 9 b (8 5 oy LD 4 g (Sl Pl WS (K9 ST Cudlad
Wl S191 5 (5 30 T 4 Hiao O slowt 49 (Ll L5 g0
ol 45yl ! 318 33 (3 g

(J 5o 8oy g8) 32 5 o&ils Loliwl ¢ oi5,9 SilSogus (5555 )
RS oKiils “5';5).> J)MS A....:)‘ ‘S.A:L;..i})lf Y

Voo oY /oA iy g ,b WAANY/YO Jlo,l & ,6

Cllad 2 ST g9 (] P Lol 09 o0 858 (510 el 50 SS9 SOl (ol Lucls 4ilS g0 LSS (61 52!
Cllad uryy polo dalllae 31 Bud g, ol 31 ol AxSLBL G0 geld 4 Mo o I CMlae K sl
9 &3le (38 ol ) Pl Wl 31,81 g (530 geld a4 Do oyl slows A5 g (Sl plusl WLAS (8155 o g i
EMG USB2+ 31,5 909yl 0lwd 1 00liiuwl b ygline oyl 41 .08 55U &3l g0 eSS b 33, o
Syl (ES) 6505 Glo st oygim suicS Camwly cdlas codled wuls « abifgd b gloog Sl g
O3 9 L o8 ol el (K il (39051 4 1+ 9 (g3t geld 4 Mo sl Ve (BF) (il yasg0 5 (RF)
ANOVA bl sla iy 9 SPSSYY 413810 5 b svwl cawdds rosls .o cud ibud 61590 s
Aabg b o3 ol ) P ol (LAS g bs il Jloxd gy 52m5 /40 (g 5l0ba0 el 53 (551,55 slooslo 8329
Ol Cowly Coomw BF g L3 dlac g oz coow RF § BF (L3 wMae codlad wuds cailfgs sl
S (gilwplumns (S0 SN Cllad Gud il (981 092 el 131 31 yiden (g 5l0bre ygbay (g 5ho ld
g plw 09,5 g0 yo Sl AlFgs s b (8 ofy 9 gole s oy o ;o RF g BF (L3 whlas
ool .o oasline g,lobae Plie pili 35 > dibig g aliac 09,5 Jole dw (s g S92 wolice CP
923 oo (1531 Wl 1,1 51y 1 (5 3o gl O 31 BF g L3 dlae cudlad s Lod &5 g0 dinbg g s
Iyl 0 001 Commnd Loyl 53 by JObi g (s Canmidg Laii> (g1 35 I & WilgF oo 39! cnl a8

Dgul o0 Ao gi (G ko gld 0181 839 oy o SLrdeliy (Byb g byl )d A9 AulST 4y Az

3155 909 Il dlad (33 5 ol y o S Lo Al g0 ST (g0 gl 3G W 319

1. Email: mojtabaashr@yahoo.com
2. Email: sadeghih@yahoo.com
3. Email: eshirzad@ut.ac.ir



vaq QM) 9 ).db YA B)Lo.& AY 0,90 ‘G‘:’j)B u.b Ol Y

EPRVTS

Silen 5 LS > (Kiven 5 pghie 6,80 &5 Sl pme w5k PS1 s5he gl
Cel aS (V) Cololyon (s5m0 gl b ooyoe YV woniy Wgi Veoe s 5l 0108 o ay Olac
(SewSy OS] (655 0 cmat s Gl (V) 05 o0 ool jo Coogase
ol el 892y 4 el pliwlen 5o Gl ddgl lacadlye Js 4 golje 8,90 (slacigac
e oo wilazlse ol b Sl (6530 gl a5 Miie of 81 45" SIS alaz 51 L(V) Wl co LS
5,5 o Ll (F) g )lopplE o PS5 i« gy00 slogolil ((Jols 5 o5 > OIS @
0) ol e (e orae Glag) i Ui b 330 gl pllewy (552 3 See LS
() 5,0 5 (A) SMas Sz (V) Jolw OMSUe oF) s (35 > J S ¢ SLSU ale>
75 5bion Jolae 0,5 55 ol Casgame tel 5 gl 15 S o SIS el ol
2 S g BLS) St (S0 i 0 Pl el 5 0,38 o Sl So5S ando 0 e
oaus 38 oly (Kalen g Sl ol o), O 5300 g8 lilo jo (N 0) 04d o0 08
Jolo 43,08y (5500 gl 40 Ve (53557 50 (soges ()l p5 slags lninl ;00 (V) 098 oo
SL5 5 O oy 0 s o 51 0ls5 st s €OV 615 sligy el e oIS b S i
L o 500 05 Jol cde 4y (gm0 s 4 M (5055 jo .l (VF) ilo y a8 jo oS
Oy oly plin yo o3l pl (IS jsboy g Canl olisS (gole w5l (lugs Al o Ygare oy &5
(oo ol Lo Wilgs o 095 alius pl a5 (V) WS oo agymd 1) (g pnin lhanul 8
52 ol s odle (1Y,10) a8l g5k gl 4 s o131 (ol ol G215 5 oIS Jobo il
(goeid) (sowlew] Jin (gole e Dac slo Shg a5 Conl oad cols lis (govxie Slalas
o8, oly g Jols jo OVV) edblae cudld jo 156 5 ol coldiles «(VF) Lo ,2xST,5lS wchns
Ayl cdBs gy gld 4 D ol Bl gole ,8

wlasl o el Jie 5 > 5 Sl Bl g0 @SS gl iz a5 cnl sals aseine L8 Sldllas (o
ol S (635 0l Sl b 538, ol pl5in e lacalls 5 o loes ol Ja
sl Jolse 51 o s OA-YY) i)ls LUl (5 yzmmg 505 5 Slojalad slo i ()
Sy gld o8l 50 (YY) cunl cnliicaac OIS & M ol 81 jo ol 5 Jols oML
Sl 3 ] IS 3 et (2 9] S o ol 5 5 gy 58 AT e 5
—6sl0 (60, Sles O (g 8 4 M 0,8l oy £O 5l o Al 4 4 L (YY)
S slecusgase ol e 4y SYNST (YY) W5 ls (6Tl OS] g axgi jads o olad

1. Cerebral Palsy



qy weoly P a5 g Sl pluil oMae S sl cudled : Slo g

LS 5 (5 S a5 Wgd e pladarze )0 313 cul i lallas 5 DMl el
OAT0,YF) auS oo coldy sod mlie sl aielg 90 50 1 sisd oo ol lejen jsboay
Someal gpe gld 4 M Sl 31 (58 ol g yamegy Sy 50 Alge A MBS (o p cal Rl
S33e gl Do Sl Bl (33 of) S p Al9s AlSS Sl die; o (LS Slalllas o ls (slog
Sgdisn 0,8 Gl el yo PLSl g Jolw jmals cel ailfge LSS glz! a5 wilosls las
ol gle ey Sl BlFgs CadlSS 48 wols ol 5 o Kan 5 oSle (19,70)
(V0) 090 JyuS 09,5 3l i (s5hslo (srme el 4 Mo o131 o (28, oy Sl

sl ke Laib g ous plovil (g yae geld o3l 133, o, il go anlSS 31 55, Sl (slaimgsy
2 i e @ld Olilen 5o bl L Al 4 az g b iaload gy 0 (538 o) (SslenS
NIl g 5l sleypnsls aS (S jton g Loz DMLas 5 0I5 oo S H5uSlE IDLAS o5 F
L] (555 )2 895 9 wdlae (S 2SIl b (oo 2 1o (28 ol il (ol 50 s (2585
5 GHae- as S Gl b (Dl dalllas (sl wrey) (B9, (53 ol el
1o il 5 iS5 gl olSin g 0y059) sole (slacdled (sl o Dl e DS ariis
e solom a4 Mie 33 sl canlie (203 Baby (b 5 (2551 5o Wl e 5 el 13T Gl
il 8B ) 2l g 5l Ban .l laasiie 5 o Solays (sl (ormilio sloial (53
5 e gld 4 e Ghlew &5 g (Sbod plail OMae (B S gy iUl clad y (SSLt BB o
D 58 ol sl Wl ol 3

SR93 W49)
Ol G 345 Wog say wed ik e @l M O den gy cal )bl Anelr
10N 59 e el VEVIYA £ OIVF 05l YY/FF £ YF o Sl b i Ve o3l
(275 09,5) S kel Bged Hloicds muyario p p,SokS YYAY £ ¥/FQ BMI 4 o 5oLS #Y/AQ
b oSon ol o5l i Vo 5SS 09, 0 inS E,8 aghy cnl o allbgls s,
ol VEOITY & £/F0 (Jlo Y/ £ Y105 ol o5 5 & BMI g o35 3 copm (uSko
09,5 sl Soge;] it Gl @ peie a5 ekS YYIVY £ F/5Q 5 5 SolS £1/0¢ £ VYV F
2 Sogots Sy 0gF lagoseil 5 wiade ools glrl manie Sijy Abwsar (o2
fo b plp Wl g +/A0 olei oo /00 51651l b GFpower ,l53le 5 uleol o adauls Sl o s

o9 JSJg)J e‘d.u‘ RESRW G.M)J)).QJY' asllas Q"‘ )b4509._s (551'5 05; 90 6‘)")““ VF olows

1. Haakan



vaq QM) 9 ).db YA B)Lo.& AY 0,90 ‘G‘:’j)B u.b Ol ¥

5 aldbgls o8 1 ly oS BB cols, o] 5l g o sols oy plasadlly g lo Sog03
S @l xS e e B8 el 295 la)lae al cl e Giegh
o> bl Jolas Laa> Ul Jias (38, ol QUIg5 )1 5 95 5 I sl g
Ol bl 5 gty 5l e sle)lae sg pSedar (SSLS OYNST LI g a
s PSS oy 59,55 (5 Ses Jis (53, o 5 bl Jol 5
ol 523 755 05,5 slagogasl 9559 slajlone 052 s 5 (b VS ¢ 203 (Silacie

(Sloyge g oS, cMae (S el ragh JSSapn 5 Bas b e Soges!
L] el EMG USB2+ ol&iws 3l eolaiwl b o g Cansly Cons 90 12y slo> 5 Ko e
VIV (6895801 alold L dadgo glads odaws (sloog iSTl s (5,0 Vo v o (5500 paiges (uilS)9)
b od el Mol ylictugy gean JSU g ay 51 oolitl b e g 5 0395) s 51 ool b
(5105 IS e 898 7S Cunagy b (59 IS8 3l taglie Jalge plo g 0050 (sla sl
@‘)w‘)5‘5)@5@).)‘5‘0).9(4u9~u3¢~5w|)u)&4€65)G)La.c‘_gbs)l)u_:‘)‘s.ocbkit.b.w
Pow 8yt S g 53515 5l (6 e il ds ALold )5 g 2SI Y(L3) S v ;0 slo e (et
5 (YA) SSiS b o yols |15 daws 10 T(RF) Slycanl, dlae 09 2SI ol ools 18 (YY) (5,068
) i Sz p aS c8F 18 s s Bl ;0 TBF) Jl) jwss dlac o9 2SI
g Sy Sy W39 SIS > 5l 65 s> ln e (V) WS (o0 Jaie ol ()5 oS
35 &z 39S 05l (1S slr g olml SIU wad Aty 9,8 oy 4 Wil lesliiul b g xexr
Zole, SENIAM. obg)l ezl USSg 5 Jaol pled EMG ol (gl ol cead 9,8 s o 59,

Yo ol
o sl Bl g ST L (53, ol g (sole (23, ol ) Cunsg 90 yo DMlae S Sl e Jled
a S olael ileds 4y 9,0 585 ol o U ol alulgs <53°9“°)'T el eSS gl ol
VE A Y Sie) Wl se aily iy SmoS 4 5y 5l gy Slacl (Y b Lho 5l a5 &g o

9w U}‘BJ ) ol) 2’)’;}"‘*""6‘)‘ Md.o)‘)i; Hb el o8, o|) S 2. (V0,V) (g

1. Erector Spinae
2. Rectus Femoris
3. Biceps Femoris



a6 weoly P a5 g Sl pluil oMae S sl cudled : Slo g

Sosesl (8l Ohl Slan ad gy 638 ol A3 5z 5e 50 Sdlae b Sl g 0 eolil
P9, 51 BERF L3 &lae 51 G 5o sy (S5 509 2SIl laosls (g3laJle i jglateds o023 ol
ool 4 lytenl, i MVCE fga3l (1)) 0 oalitd (MVCI) S oy ) A ellad
O 392 00l iy S35 4 ik Ble &5 b 3 g St oo S5T (59, 0,8 45 WD 2] 850
MVCI 5051 (V) &S50 1) Gl Cuoglivo 092y L cazyo e 818 Copndg ;o b 05 o0
Oily gy aniS o 310 CBY (65, 0 Sl 4 084S 0g Djge (pl 4 Gy jwgs DA
093l (FT) WS o3 1) () 0,5 (oo (orm Cangliio 929 b g 9o iy 255 0 il Aoy,
00 8,8 905l cpl 50 0 [l e g Camdg 40 i (Sl e g SaiiS Cewl ) clae MVIC
Wy 35 & Gialaly 9 (50285 o0 )18 55 5l gy S S (5 5k wdS e 50 <55 (69,
Soye Al 05 (o0 I 08 Sumdg (nl 0 85 o )3 Slo Sl 4 a5 b
b oot 8], Fomos i (gl JiSioms (YY,TF) 05 Jlacl Conglin Llin 5 1, 595 S Zogy!
S il 5,m B0 gb il s 5,m Ve YO LSl ilé LOT BioLab lj3la 5 5l solicl
50 alae ol sdelcassd JLSKew ools glu oS sl b zl5el b TRMS s 4
Qo yd yg0ds g e alae led MVCE cudled 5l sanlcassas Ji&w 4 38, o, codled
g5 5 ool b o soliiwl YY 45eus SPSS j33le 5 51 slvosls Judobigas j25 (5l .o duwlore
5 295 Om gl dwlie Glp wd o) p Bodls @i (o (b Shgmgmls
(O oo g ale (BlST £53 (29503950 Slaale 5 Si30 @ld (o295 G Jole) (29,5 0950
6 olinn pelas ot osliol (51,55 (sloools 555 ANOVA 3 ANOVA (s el (sl s, 5l 5

Al ad,S L S OS00 yge5)



IYAQ (ylino) 9 a2y YA o5loud MY 09 b y9 b olalllane a5

S5 plmil (09031 -1 U5

Lasl
4w o8I RF § BF L3 ohlac 80 g 5lu s codlad odiay b po guli ) 6 )lads Joux
@S s e plis (LS Bl g ST (e 9 b 58, o) pla 1) S 09,5 5 s
OMac g (p=+/++¥) Conly o L3 dlae b0l g5lulaen S6 Sl cdled ol wisls ylas
o‘) ﬁ&bé)&a@sL)‘)L‘M—’ (p:’/‘\ﬁ 9p=‘/‘f\ cp:’/”\ g.,\.».:).’ AJ)QCMRFBBF‘LS
3 i (Qoyo FF/AY 5 FOIAY OY/AY YA dg0 0 o i a)) (5 lolixe jabay (gole 8

IPVIPN | WYt

Shlem L3 dlae codled ol [y cnly S )0 3 S lid &lg0 da by L 28 of, s
Sgs ol o3l 51 iy Wl V/F e sga> o BF dlac o (0=+/+ V) plp VITY s> )0 (gm0 8
Olyless RF 5 BF (L3 &dlace suiglu Jlo  codlad ol o o [0 (yuizran (p=2/+ T0)
g P=lo N0 P=e/e V) 090 Wl 0,81l VIEY 9 VAV CVIVY dg0s 0 b 4 (g B
p=-/-Y*¥



ay weoly P a5 g Sl pluil oMae S sl cudled : Slo g

ofy plEan J S 09,5 5 (530 geld s Slino o3I RF 4 BF (L3 cidlis (g 3bogsbuned called oo -1 g
(VOMVIC) oi5-Uuis ST 9 9 b (58

dabg
WSl wsys P lade CP NI alac
s""s)’
¥V
TA/AQ TeeY \YYY £ \/FF L3alac
Ve IvA
Y50 NAY  FYIYY £ AL = BFalac le |
/ . x . > ale 28,0
YAIYD St
+ BIVA
FEIN SAYE YYINE £ §-9 RFalac
Yo/ -
+1/3) I
DAY flee) YYD E /Y s L3alac
L oyd, ol
+ 0/F) e
YISy LS YOO O BFalic fagL,
YANS s
+¥/.0 (=
VI - JEVF YAIVY & F/YY RF alic
YY/AD
+1/0)
OY/AY ole o) VAEe £0V/0Q L3alac
YIVE
+ /0¥
£O/0Y OEYAVY. £ VA0 ey BFalac  (oole o2, o,
+ B/VF
££/9) "9 FYNE £ 00Y RFalac
YY/YY ez sl
SYIYA ol YYNA %Y AMVEE£1A  L3alac
+ 5/59 L oyd, ol
£4/FY 0 OVYA £ Y0 BFalic PO 0
Y8y fanls,
£ ENY el
TY/AF JJeYS YARA £ ¥/F rena RFalac
R

(5 51 IS gy el e 51 58,5 555 g s e Jele ot gl o)
S Edld ggazme 435 (F=+ 110 5 P=+ V1) 3555 loline Sy S codlab sy sl
g alive (JSLD G ST L (58 o) 5 g3le (58 o) oy p3 SMLas sadgileplees

5 BF L3 odlis s s jlooglacad (S Sl ol (5 anlSS 5ol Lt qulis (primas
odlae e olaSs 65 5 3D ol iS5 g (F=V/+F o P=+/FF)cunl alie RF
oo oo lid ) s pl Y 5 Leds S Lol calisee



IYAQ ylno) 9 a2y YA o5loud MY 09 b y9 b olafllne A

5.
f [ 1
¥ I I
v

M N
.

13 BF RF

O oole o8, o, B o5ls alfgs GlSs

S Lb LlF g0 LIS g (gole (yid) of ) CdST j0 Wilae codlad Lul o5 —Y i

oSl el Sal e Nl ccanl oald asie ¥ obled S 0 a5 jsbiles
S iS50 S5 L o33, ol 5 (g0l 48, ol plKz o RF 4 BF L3 &5lae b s jloylucasd
‘_g)‘OL..:.oJJLD.».A).uL k5‘5)'> M}jwsOB;JALCMU.UBOBJ A_’jLﬂ.uOCP spJLw 05;5.))&

(F=Y/Y0 5p=-/+FV) o oanlic

L3 BF RF L3 BF RF
ol Sy b
O =@ o, —— L sl S

L oydyoly g oole o8y ofy oo 30 RF g BF (L3 whlas suiis g jlwybumed cadled ool -Y sl
Sito gl g pllw 09,5 90 50 (> 4l5g0 ST



a4 weoly P a5 g Sl pluil oMae S sl cudled : Slo g

S5 A g o
(5")“""‘“"‘)9&5") e gd ‘(.5‘°)'é{‘° 09......: SA....SW‘) SHlac u...]l.:ﬁ :\MLG.A ‘U’“&B)) u.)‘ ﬁl.?u‘ )I RV
Bl g0 @SS ol parr 4y 128 0l 5 133 ol ) ST ol > @l 1,81 g (6530 8 4y Ds ()l Jlas
OMase g 5 Cowly L3 Odlac cdlad wuls sole 38 ol s slo L gl 0gy 5Ll
bl Ll gs dalsg )0 09 ol ol 3151 iy (6 lolas jsbay CP ey > <o RF 5 BF
Slalas ;o ol dalllas gloadl b guwps aiols las wlle ol bl @ s > s RF g >
Y8 ol oads 5,155 (g 3me g8 45 Dhs ol 31 o 13, of ) s (6 i EMG codled 50 L3
B g LBl ble odas [0 (g inn (SO S el o col il cdl o sren (VY
Mo ol,8l (g9, 095 dnllas yo 5.5 (VVA) ) Ken 5 Sloj (YF) cool oals ools ylis ol 31 -yl
W3s,S o155 ol 3l el jo (oS > Al es dabsg plSin (6 yiion (81,8 gu0g iSl Cedlnd (g ae b 4
Ol oyl g 990 gl (Y1) o )ISen o) g0 )Lgo mli b pols dalllas sloasdl Lol (Y0)
by oly plla oyl wlles Cas 4y S (65 oo 3131 115 10 o 10 (5556 (SDhae clled
lac 4 lgo |y polo &dlas b oadioly dddlas guls glydraal Jdo (YF) wo,S 5158
Loyl dalllas ;0 0l s Wodls (g3luJloy (yog, 5 G codsz]Seiw] EMG jsite caalllass ) ge
S 50 S 98,0 5 il Loy (8, ol ) A > ey Ay Cond solad Bl dlae coled S8
e Oilae S Sl aldled (il58l conl (o (YY) 095 00l anlie (g530 gld o8 (Il 4
5 has s ol 6l Lmo] oby O Jdo 4 (g 8 4 D 0,8l jo (gole (33, ol
Sy gld ol lews a5 wlesls ylas lalllas (YF) ail lagyT jo Lgy g bews] Jolbss Lad> opiman
sl A W gme Dhac s ol Gl o3 Ll (1Y) Wlazlee Dlac s L
L wilgs s Sloml 3 ioldl cpl as oS Slexl)8 1) o min Dlac o)l o 0)g, slacdlad
(8 I pplE YS! L3 Slalllas o yuizmen (YO) 040 asein bayy] 10 EMG cullad iol33l
3 OV ales Colem oy 5 o5 Slgy (I8l g Oy (5,7 dsls 5 o Jobo e s a8
Slaslas = 6)|_bl4 9 ol u.,_‘!) o‘) ‘ali..m J‘)S‘ U"‘ 9 Cewl 00y ol S C.ls u‘)LM
Sl Sglaie Wl S8 L llen ol jo oS, J S Glasiliwl 5 canl ool 5158 g55e
Slanls Jil pas pulewl s (g3 78 Lo j0 00l 3,155 25 > WS 4y ax55 L (F)
O 325 NS 5,000 5 10,188 g0 5T H5aSls DLae 09,5 10 el g S9zg & (5 > 448

1. Di Nardo



IYAQ ylno) 9 a2y YA o5loud MY 09 b y9 b olafllne =

Ll g by Ll o )0 095 sommgy Lad (gl ol (nl 5 092 walgs JSie (Lo Gy & g0y
ae Sl 4 (38 ol pln el S cnlplia o171 0) wiiS (336 @l 831 51 ae ol
Mo o8l cogMleay .aisS Lads 58 oy sl 1) 095 Jolay aileny B anil ails Lo vo (g yiion
OMae codlad Al aS wles (23 oy plG () g 9l Jolie (ad B JSae a0 (5350 b &
SrSsl> g Jolie pl OB > 8 0 OMlae opl (A8 @ Gl ) Olhlew cnl 0 BF g RF
S 5o plasl yo miis sezg e (b ogdle (YA) ols s 1l 5 515 Jolae ol g VsS 3l
b S sshe @l hlen 5o a8 Gloj orizmen e Grl3Hl o] jo (Dlas i
GRS 8 g Mhpes Ao )08 5 (e I I (aiST STy b e el labae o olacl
colleb ilEl el Al e 0,53 sle 50 ,m (1) ab aalys wad Ll wrge ST
o) iz oy ol plia 3k gl o lan wileols ol Slalllas ol s epdle igd EMG
5983 58 3l con 1) Sl gt SSlenS Wlgioe oS (252 Gl l s (6 it
i oanlive anlllan ol 1o 45 398 (5 yaS (5o pgn cygim BALS el SMae Colla il el
(YA)

Fledslse plo 31885 5 53 (e (IS jobay &5 0l et ol ddlllas @l bl
b o5, ol plSin dlae oSS odlad S 5 09 oline e colled 5l S
38 ATAA) Gllen g (o)l Bl (nl b guoped 092 lion Loy (2Ll 8890 daidsg (9 4
LD pglie Lol AT 5 (IS pglae gl LSS U (e (o 2 50 093 dalllas s
S S o iS5 a8 4zl Jlo e B VA ey bgmiile e S iUl cudled 5 Jobss
Lol (T9) s oo 5l CaalSs 51 Lel e o cdliae (S S canllad 5 Jolas o (g i
5 5 oadaalllas cdlae colled Sy s lEes Ay 3l ol lis yol asllae mbs
(Ll Bl g lSS gl espre ld 4 M 0l 8l 05,5 50 5 09y isliie (g0 ld 5 plls 095
Ol wls sy gl IS 4 b Sl 31 L anglie jo 1) asdllas 0,90 alitee A e Jlad
O BaS ) dlae colld ol cel (Sl BT e @l Ghlew 0 &5 ©)90
e 30 (lo o gt 89Sl dliae capllad ials3l o RF dlie colleb zals 5 glo e
ol plSan oy oy S 5 08 g Jolas iy alae ol 28 @ Yot (500 ild
Slalllas 15 el bgypo OBlas Gnd Gl sl v @l llem GO0 & (e 9 (29
Mbos gl (s LSS gl el (el Slleg wsire gl plilen 5o wloosls las
AY,Y0)



A weoly P a5 g Sl pluil oMae S sl cudled : Slo g

28l lanlllas clplo 09800 )15 anlllae (ol 53 )b sl 6l (GBSl BlE g0 AT 12
illlae (gloazily U gured Lol o0, duglie ()] L pains ,5bay |, bl dalllas gmlis oyt 45 ot

oS eodled ol als el colis S LS jgbay a5 wisls ylid 5.5 (VYAY) S
oy e yus g sy (2B 1) el ol e Loy T 09 oo (ygmninS )b s s g oIl ylocalles cMLae
Syro gdd a4 Mo 01,81 jo a5 el oals 5155 (F+) awidls a3lis 5ol ST sl (3,
Ol ST ley 9 (V4 5 FY) (33, ol ) e s oY, YY) o8 Jobo bl &5 g0 ST plKin 50
4y (bl 9l @dSS il L. (VY) 0gd oo yiion £ Ud )L il L jmalS cpl g b oo
Ao Gl Glp dois 0 0sd oo Colae Sl ST G 4y (385 of ) g S >
e b ogd oo o0ls als Odlac cudlad ol g ey ( S ST o 4y 4l sl
2ol poel, ‘_Jol.umu_:l_»wo o8,y ol

(s Bl @SS (gl sire @ld 4 e ol Bl 0,5 50 5 09 Siglite (ihe &l g ol
ol olial ol sy ol ol 31 L Cglaie IS a4 1) sadiaslllas alizee SLae codled
Oemen 9 o Somdg J S g Jolas L (sl )T (335 @ Gl 1) oo cnl 5o odLae
Qg g0 il g0 ST by, g e Sl i b (YY) ol s Oae ans
ool yo !, A2 g i g Sl ollgd g 020,08 gime g8 )l o], (DA codled ul
29 (Sre @ld Ghlem ln ohg (s sloasly ALk 5 Skl slr rlple ds Sone
g oo Sl AilS g0 ST 4

ol oy (i ol y a5 cad (S ire b oyl IMae | S Sl e dled LS Sladllas o
u.JLy.B » 0)‘0 Q)J)L{ 0039, 6l.bu.~JL’.9J.MM.u o :y%a.n as (5,..7-1.“4.: &L?jo u..\l.i: ))‘ Lol e
bl @SS sls las @dSS ga5 cpl S gy alie cpl jo ol Jaseiel ol 31 ol dlac
Ol e o s Wl o8l L glae S a1y o181l SMae codled sire &8 ol le o
Coows S5k (o2 S0 g8 0,38 o Al g0 ST il asdlas (pl [0 .04l Gl oL Hlas 5l AT
dalllas ;o puizmad 010 uend (g3 b ol dan 4 1) ] ol )lgs o oyl o €0 oy 0 o>
Sg L)L"‘"—‘ L.Mu 69...154 ‘o\.\....:ul.?Lu‘ ‘_;yl.‘ u:.,.lS; (e °3)§ t5L°g5’°9"°)—‘ Courog Cde L ).ol.‘>
Bl g0 LSS Sl gam Sladllas 1o 048 oo Sy il NS 51 aghy sloaisl,  Wlg oo aS



1A yliune) 9 b YA ol Y 6,93 (o) y9 i lallias V¥

Sie s calitee glgil 3, of) SolanS 5 SnS wdlae clled  JSie biws (S Lis

g (g

SN0 y8 g S

plos g lidloses e cob iy Bl Swcwny oRalesl 5l Baiagsn
Ao sy Sl olos 53 Aoy 5 50 b 45 e sk gl ollews 5 SIS 5

10.

11.

&bo
Oskoui M, Coutinho F, Dykeman J, Jetté N, Pringsheim T. An update on the
prevalence of cerebral palsy: a systematic review and meta-analysis. Developmental
Medicine & Child Neurology. 2013 Jun;55(6):509-19.
Krigger WK. Cerebral palsy: An over view. American family physican journal
volume. 2006. 73. Number 1. January 1.
Hughes JE. Special Physical Education, Adapted, Corrective, Developmental 3rd ed.
1972
Dobson F, Morris ME, Baker R, Graham HK. Unilateral cerebral palsy: a population-
based study of gait and motor function. Developmental Medicine & Child Neurology.
2011 May;53(5):429-35.
Yu Y, Chen X, Cao S, Wu D, Zhang X, Chen X. Gait synergetic neuromuscular
control in children with cerebral palsy at different gross motor function classification
system levels. Journal of neurophysiology. 2019 May 1;121(5):1680-91.
Noble JJ, Gough M, Shortland AP. Selective motor control and gross motor function
in bilateral spastic cerebral palsy. Developmental Medicine & Child Neurology. 2019
Jan;61(1):57-61.
Villarrasa-Sapifia I, Estevan |, Gonzalez LM, Marco-Ahullé A, Garcia-Massé X.
Dual task cost in balance control and stability in children from 4-7 years old. Early
Child Development and Care. 2019 Mar 11. 190(16): 2533-2542
Parent A, Pouliot-Laforte A, Dal Maso F, Cherni Y, Marois P, Ballaz L. Muscle
fatigue during a short walking exercise in children with cerebral palsy who walk in a
crouch gait. Gait & posture. 2019 Jul 1; 72:22-7.
Tedroff K, Gyllensvard M, Léwing K. Prevalence, identification, and interference of
pain in young children with cerebral palsy: a population-based study. Disability and
rehabilitation. 2019 Sep 16:1-7.
Noori, J., Seif Naraghi A., and Ashayeri H. The effect of sensory integration
intervention on the fine finger skills improvement in 8 to 12 years old children with
cerebral palsy. 2019. 105. 21-31. (In Persian)
Béhm H, Doderlein L. Gait asymmetries in children with cerebral palsy: do they
deteriorate with running? Gait & posture. 2012 Feb 1;35(2):322-7.


https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://scholar.google.com/
https://scholar.google.com/

Yoy

12.

13.

14.

15.

16.

17.

18.

19.

20.

21,

22,

23.

24,

25.

weoly P a5 g Sl pluil oMae S sl cudled : Slo g

Carcreff L, Bonnefoy-Mazure A, Valenza N, Allali G, Fluss J, Armand S. Influence
of cognitive-motor interference on gait spatiotemporal parameters in children and
adolescents with cerebral palsy: A preliminary study¢ Gait & Posture. 2016,49, 17.
Riad J, Haglund-Akerlind Y, Miller F. Classification of spastic hemiplegic cerebral
palsy in children. Journal of Pediatric Orthopaedics. 2007 Oct 1;27(7):758-64.
Bruijn SM, Millard M, Van Gestel L, Meyns P, Jonkers I, Desloovere K. Gait stability
in children with Cerebral Palsy. Research in developmental disabilities. 2013 May
1;34(5):1689-99.

Haakana P, Nurminen J, Kulmala JP, Niemeld T, Marttinen Rossi E, Maenpaa H,
Piitulainen H. Effects of cognitive and motor dual-task on spatiotemporal gait
parameters in children and adolescents with Cerebral Palsy. Gait and Posture.
2020;81(Suppl 1). 130-131.

Papageorgiou E, Simon-Martinez C, Molenaers G, Ortibus E, Van Campenhout A,
Desloovere K. Are spasticity, weakness, selectivity, and passive range of motion
related to gait deviations in children with spastic cerebral palsy? A statistical
parametric mapping study. PloS one. 2019 Oct 11;14(10): e0223363.

Nashner LM, Shumway-Cook A, Marin O. Stance posture control in select groups of
children with cerebral palsy: deficits in sensory organization and muscular
coordination. Experimental brain research. 1983 Mar 1;49(3):393-4009.

Ya-Ching H. Influence of accuracy constraints on bimanual coordination and gait
performance in children with unilateral spastic cerebral palsy. Gait & posture. 2019
Feb 1; 68:106-10.

Katz-Leurer M, Rotem H, Meyer S. Effect of concurrent cognitive tasks on temporo-
spatial parameters of gait among children with cerebral palsy and typically developed
controls. Developmental neurorehabilitation. 2014 Dec 1;17(6):363-7.

Lima CR, Pavéo SL, de Campos AC, Rocha NA. Impact of dual task on postural sway
during sit-to-stand movement in children with unilateral cerebral palsy. Clinical
Biomechanics. 2020 Aug 1; 78:105072.

Kahya M, Moon S, Ranchet M, Vukas RR, Lyons KE, Pahwa R, Akinwuntan A,
Devos H. Brain activity during dual task gait and balance in aging and age-related
neurodegenerative conditions: a systematic review. Experimental gerontology. 2019
Dec 1; 128:110756.

Fino PC, Parrington L, Pitt W, Martini DN, Chesnutt JC, Chou LS, King LA.
Detecting gait abnormalities after concussion or mild traumatic brain injury: a
systematic review of single-task, dual-task, and complex gait. Gait & posture. 2018
May 1; 62:157-66.

Tomas-Carus P, Biehl-Printes C, Pereira C, Veiga G, Costa A, Collado-Mateo D.
Dual task performance and history of falls in community-dwelling older adults.
Experimental gerontology. 2019 Jun 1; 120:35-9.

Morgan PE, McGinley JL. Falls, fear of falling and falls risk in adults with cerebral
palsy: A pilot observational study. The European Journal of Physiotherapy. 2013 Jun
1;15(2):93-100.

Reilly DS, Woollacott MH, van Donkelaar P, Saavedra S. The interaction between
executive attention and postural control in dual-task conditions: children with cerebral
palsy. Archives of physical medicine and rehabilitation. 2008 May 1;89(5):834-42.


https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
//googlescholar.com/
//googlescholar.com/
//googlescholar.com/

ITAQ ylimn) 9 5y YA o5loud IY 09 b3 9 b lallne \F

26.
27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Kahneman D. Attention and effort. Englewood Cliffs, NJ: Prentice-Hall; 1973 Mar.
De Séze MP, Cazalets JR. Anatomical optimization of skin electrode placement to
record electromyographic activity of erector spinae muscles. Surgical and Radiologic
Anatomy. 2008 Mar 1;30(2):137-43.

Maffiuletti NA, Lepers R. Quadriceps femoris torque and EMG activity in seated
versus supine position. Medicine & Science in Sports & Exercise. 2003 Sep
1;35(9):1511-6.

Shayesteh M, Farahpour N, Jafarnezhadgero A. Comparisons of The Effects of Squat
and Leg Press Exercises on The EMG Activity of Quadriceps Femoris Muscles
During Step Descending Activity. Journal of Applied Exercise Physiology. 2019 Jun
22;15(29):143-54. (In Persian)

Hermens HJ, Freriks B, Disselhorst-Klug C, Rau G. Development of
recommendations for SEMG sensors and sensor placement procedures. Journal of
electromyography and Kinesiology. 2000 Oct 1;10(5):361-74.

Stackhouse SK, Binder-Macleod SA, Lee SC. Voluntary muscle activation,
contractile properties, and fatigability in children with and without cerebral palsy.
Muscle & Nerve: Official Journal of the American Association of Electrodiagnostic
Medicine. 2005 May;31(5):594-601.

Konrad P. The abc of emg. A practical introduction to Kkinesiological
electromyography. 2005 Apr;1(2005):30-5.

Schmid AB, Dyer L, Boni T, Held U, Brunner F. Paraspinal muscle activity during
symmetrical and asymmetrical weight training in idiopathic scoliosis. Journal of
Sport Rehabilitation. 2010 Aug 1;19(3):315-27.

Adjenti SK, Louw G, Jelsma J, Unger M. An electromyographic study of abdominal
muscle activity in children with spastic cerebral palsy. The South African journal of
physiotherapy. 2017;73(1): 1-7.

Yazdani sh, Elhami M. Effect of motor dual task on the electromyography of lower
limb and trunk muscles during gait in cerebral palsy and healthy subjects. Studies in
Medical Sciences. 2021 Jan 10;31(11):836-46. (In Persian)

Di Nardo F, Spinsante S, Pagliuca C, Poli A, Strazza A, Agostini V, Knaflitz M,
Fioretti S. Variability of Muscular Recruitment in Hemiplegic Walking Assessed by
EMG Analysis. Electronics. 2020 Oct;9(10):1572.

Gharib NM, Abd-El Maksoud GM, Eldin S, Elsayed B. Efficacy of concurrent
cognitive-motor training on gait in hemiparetic cerebral palsy: a randomized
controlled trial. Int J Physiother Res. 2017;5(1):1852-62. (In Persian)

Winters TF, Gage JR, Hicks R. Gait patterns in spastic hemiplegia in children and
young adults. J Bone Joint Surg Am. 1987 Mar 1;69(3):437-41.

Farsi A, Bagherzade F, Sheykh M, Tejari F. The effect of dual task on balance and
electrical activity of selected muscles of male students 18 to 30 years of University of
Tehran. Movement journal. 2010 May,12, 39; 49-64. (In persian)

Sharifmoradi K., Farahpour N. kinematic, kinetic and electromyographic analysis of
gait in Parkinson disease with emphasis on cognitive task and visual attention. 2015.
Phd thesis. (In Persian)


https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://scholar.google.com/
https://scholar.google.com/
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa
https://www.google.ru/?hl=fa

AR weoly P a5 g Sl pluil oMae S sl cudled : Slo g

41. Roostaei M, Raji P, Morone G, Razi B, Khademi-Kalantari K. The effect of dual task
conditions on gait and balance performance in children with cerebral palsy: a
systematic review and meta-analysis of observational studies. Journal of Bodywork
and Movement Therapies. 2021 April. 26: 448-462.

SHOEL

e as g Sbow plail wdlae S Sl codled oS Lo solpdl oo s Sloy
Sl g e @l Mie (hlow yo (SFLS Algs ST (e 5 b (8 ol
A=V 2 (YANY YA sy 5 5wl o850 b oldlas ol

10.22089/smj.2021.10262.1476 : Jloows dwlils

Yazdani Sh, Elhami M.. EMG Activity of Lower Limb and
Erector Spinae Muscles During Walking With and Without Cognitive
Dual Task in Patients with Cerebral Palsy and Healthy Controls. Sport
Medicine Studies. Fall & Winter 2020; 12 (28): 89-106. (Persian).
Doi: 10.22089/smj.2021.10262.1476



https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/
https://scholar.google.com/

