[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/0he-02044 ]

gy dlio

(S14 393 ki (S g1 ST (5315 oLl Sy il

AP ROOPC T JU-) I A SUPOT-P IR WL T SR VEE TR VE S PRVIPE RY:
% padle (5 > iy

3 Sty pole sl agis 05,5 bl oSl pagis | A il 5
o=l il (laan by Oloas

Slods 5 Sy pgde o8 zils o egisS )l 09,5 cilags 0aSiils (glad > Cilogy oliwl
Olrl il (laen  Sleyo

5 S5y pole oS tils w(siadseannyl 5 jlol 09,5 otligy astils sy Lol il T
Ol plamed (laen Sl yo wleas

3l eloyd Slaas 5 (Sip pode oK zils ol g 58 0aS il o ol T b Ll T
o=l ol

5 S pode oS il ((egisS )l 095 i tlag 0oy (355 59 m e Slsbil ©
o=l gl (laen Sleyo Sloos

il 0aS_iils (gla 8 > e ilags sl wl ool o aiine e 1) gt Ot g5 3K

motamedzade@yahoo.com

Glad o cblogy (cwdspo alxo
¥ ULMM) g O)Lm:: Y 0,90

DOI: 10.21859/johe-02044

PRV

e ISl W3 5 ST olaygSh oy mage l Ald 4ol S s Ao
el Lk JB o o g el (SBg plal o (Musculoskeletal Disorders: MSDs)
oSl 5o (3L JB 5T ol asdllas ool 5l Bas saSen e 9By 4 4l ol 0 LaMSD
a5 > S b (Upper Trapezius: UTr) g glaiijgd alac Siws o solpiin o 5
Sy ol B aids Ae bl o8 Lin s, ¥ 5 ) & onbaie adlline oyl o 5l Lba)
5 <, UTr aLac (Electromyography: EMG) 1,5 s:leg xSl glysl o 3L JB Gaslbsg 5 as >
sbeyuall Glsie s MPF g RMS (sla el b elosl (351 0 5l oy 0ol o atisgy j5 b any o
ooy sl Jae g, 3l g ylel T gl 050088 s glo—ol ilS ;3 ol g aals
D88 L 3Ll s slaganaiws jo mls 5 eslan il

aJgs aoliel( Mae Kiis 4 S ol 8l ool UTr o Luls og, (bl o :(lavasdly
GialS g, o plil e dlas S s s oo UTE s o Lib JE 918 5 %A 9670 960+
Doy 00, S an a1y (kg 9 adss

G5 oSl o 8L I i ol L allae oyl slmasily aods 5 b ay 16 S AR
=k 0zl Gl 60,08 el s ,S a2 UTr alac o, dlae Sus (ol
WS S el 58 —iley lwel jo g M

WWAF/AUYY o <db 4o G b
VRO« callie by g,

tgoals (5lg
Shas S
5P )

s 5 sles 21

Sy pole oSl (gl 3 gi solad
o | ‘b}“’“ O‘m

Aodio

hac— Sl SIS A jo s Sl g ol
ool as o7 el ol asss DN oS 8 e )8
WYY sgo> YA Jlow ;o 5 Lol ool ol liE
sols LS5 MSDs |, Lo & slace—wl 5 &Y 3
By am alda_>b 0%V ol ol 5l g 0oy

DI e g

Yoo s o Kol I8 Ll olol Gy a5 polasl 5y
Musculoskeletal Disorders) Mac— SISl &Y
Lo ygail cwodlae o sui slsul W3 4y MSDs
Go—= 9 oloasl sl sl (J—olie

Lo g om ¥ Ojgo d dS 09 b 0 aiS o
)_igod))l—g&d—f.[\]os_&u_go@laj_é)oduj R


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/0he-02044 ]

AF liweo F olouds ¥ 0590 c(glad yo Colblogy owiigeo adxo

g sy Qe S Sl ead S Ll b sood aS
)l ainy SLsLail I g,y ol o ey ojl g
Sle—e 4 (Maximum Voluntary Contraction: MVC)
L 55 ol el 5 ous sl —ilej] ola oL
38,8 oo dslie [, 0Ss L wlslal sl e JB 0 EMG
JrS a8 el ol (ool BB (g sla S 5|
Sl sl (559,28 Sl G5y =l 50 2 G50
B e gy ol IS Sl b 553,00 2y
JUPPIETIVRP FSVIRRCH I N ECEESTERI A} § PSS CeY
b (8lg sl )lid 00t uSaie a il oo by, (]
Dol scsb s,s 1 5

=y slocdld 0 EMG Lo sl awlis (o
o=l 0 .s)l8 sy sloul o> (reference activities)
Oae (Silleg sla)l o5 o J2ls slonl (yga o)
dlie )50 06 )5 03 (e a2 e sladld o o
i 12 VO -

(Joint EMG aals g chslo o e Jlon 5 4o (2
Analysis of EMG Spectrum and Amplitude: JASA)
5550 osim EMG sls el (s g5 02! 5o
5 aold st sl sl gy Ly o lad (28,5
Syg— 5 plaml e Olsje o b4 |y S 3 b
Shsy sl ostere L 1P 0] wmoe ), B a2y
sloml (g e )8 (ol Ll o oDz ) JASA
il Gy gl g, s aady Ly 5l

o8 b o pals g EMG a_ls jo il o,
ad8,5 ), 8 eolaiwl 550 Olalllas 5l 5o ;o EMG
Jedl oS lsdllas o) g o Lol dY V] el
g e Bt o S Ll s e
has (K g 9, a3 )| oo aTlodg:
=85 5 (dynamic) Lugy & 50 ay g anllss plonl (>
c—s3ly 615 Lamme S jo LYY VA LB il s ieaddle
by o (Sl 4 0l 0 EMG o S5y s
O=lple o9t jomie 9, S Ly (e (Ss
EMG sl by - (o5 J-8 il o Jass Lol
Lyl 55 52 EMG glgal aciols iylidl JLite elps il
S5 Sy Giml¥ Ll S 0 o g (DA (S
Oboyed oy L JASA (5, 095 se oanline (o Dlae
3 ot sLn S35 (s« oS i iy i
DS e ol bl alie o Sis Uy gy Ol s
98 S Sl ol (g (L JB sl
by Sl slesls aSnl sgarg L aiis S SISy

5 b s A4S el o i (SL JB cnis
O g0l 61@] yo=iS iz olaxdl o conl S5
Al 0 peasay La MSD go i Sl oLSL JB
H‘y ).sl_....a O PO A_A_‘>l4 u_>‘ 9 099 Yl_: )LA—A.AH sl
Sl ools plaislog s an |y gods ooy o YL oo
13 g0 SragisS ) sla 5518 Sy oy 5l LY Y]
by comlinl slo gy 4 Glos o0 ( LB St
Cel ] «Dae SYeb (5,15 slaosl eSS - (6, S
Siedggeaun] dalyi [¥] ses o sl Sius 5 8L

Gind )5 sy ot 8yl ine dll) il o0l L
a0yl 0g2g L3L JB s o als 4ol WIS
Ot 3 s At g (09,5 )0 (oS vy oo LS
s als Lo MSD (S 5 oloml jo Lo jiSls S
iR RV TE

«(physical ergonomics) Sle—w> —ogis5,l oo
B Ladasail palf e 3k oy oan Ss
S5 sloyge Lol 5l s (63,1 a5 MLae
o alosls ylzs Slalllas 3 (6 b LO] 9 oo Cay a5
s plosl sLa MSD 5 I8 5| b dlas Koo
Sy wg 45 oK [A-F] 5 )ls 09> (s lolins Ly,
Sg—is Bolas aw SYsb IS L (static posture) L.
LI s o (Ko (3 LIS il sl
S Olyie a plySiee ) (e (Ko 09 ol
oS dg>lae sy sl (biomarker) o Silis
[aAl e85 i s o)) S5 b5 > L o]

(S oy 2 Sl (HilSe LIl g Lo 059!
L s iSO ] oy e 58,5 S e
e 3l as S ol S S gyl (s 5
6B L odlae agzlye (b)) e e )1
sla el b D] el Glises o )5 slalasws jo So5
oSl e el EMG Gl s 50 0,5 5
;S e Jls L, (Root Mean Square: RMS) 4z,
sl il )b ol e 4y oH_ac (Electrical activity: EA)
(Median Frequency: MF) asleo (oilS )8 l,l g azials
(Mean Power Frequency: MPF) -, Sl . l5,8 L
=il asg, DIY] el usils 3 Gl sl )l e 4y
iz ol laailis 5l uils 3 el ialS g aals
3 3L galag sl lalllas VY] i), Lais g0 aliae jo
ploml alizes (g, dw o (Dlae (S () 4is)
o] we—s o

(test contraction) sl sla oLl 5l eslaxwl b (il

\id


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ 1'?: 10.21859/johe-02044 ] [ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

RUL VPR RV

—db oloy Tl Bl 5 ANV YAENNEY o)l L ylasen
IRCT2012062510111N1 o, 4 ARCT) ),
Sldleo g blwgay oSS, b o wda >0 o
ol s ol Ll Es 5 Loy yyolie o
Ivy] os 8 eola ol Suurkiila and Higg olslg iy
L od aawles Bases o 5l adgl slaan],d 5l o
LB gy by iz )50 ()5 oKl (55, 1
Slaadg as > S5 > EMG laosls aules jLel |,
Go Sl ;534 oY 00 5 (6 )glae slamBs A-
5 =L JB Jas jo glaaiyed oMae o oad o)lg Ly
s 08 s (g sl ai iy Sl %) - sgu s

S B g g b iy

(8§ ploul dallas 0l jo A_T‘SLL‘AJ_JL!] ool o
Nea o S b oo lyaaby ol )l ccie oy
el o0l LSS 0 e A aaby o5 Lex
=IABS 5 (o) D9 ¢ 30,5 w YL sl aels iils
b Db L g 68 e il a5 () jpad)
oy plid a s > SO Job jo Jas )_,JL,T =l ais
Sles A=AB% 4SS0 )5 g aels idls p ainlog 15 90
g hydaaiia g Lol plasl Lanlas I8
Gy i d, S Gl oSS 5l sy ol edaials
5480 adelg o5 Cle 50 9 () 9 ainby 5
99 (&b (S LSe g el 1 (539531 (1) 9y o0
S ol 1RV dgaz 0 5 9 g syads Al
D oo plaslog > a sl 8L JB oy a s >

A0S e 0)ly (HBgd plail dlae- ISl sl o
4 wiwe Lo MSD Lo, S, 5l g0 2 a S
B LF’M k;._w? g L‘57da_w EMG )l oolaz_ul l_s as
Sy 50 ) $538 G 5 )10 35 o3 QLG JB (e
Gl 30 0S o Jol> La MSD o 50 sln, g5
sty 8 JB Jis 4 S a s sl
= Sllas \)9_~o.5 9099 4_>9; Sy9—0 ‘f&é 6@&5)
Ol 09 g0 lnsl om0 a e s Ly (mba s,
9 it S50 sl (e g Aty (69,5, 3l aslllan
Sl 00,5 oolaiul (LG JB v slodis 15 s
olpiig )5 ool 5l o b L cmul o o g
Upper) lBgs (slaiijed alae Siws o [¥] 8L B

S 8wy 0,60 EMG L | (Trapezius: UTr

ST Y

olacses b

S Vg Jelod Bl JBNVY (shade aalas ool o
oSty (agisS | oS tlog] o aalllas oyl ails S e
et il A Jlw ole et 50 Glaen (S pale
oals Hlozi ) Jgaz o adlas o) o oS es b S
als amb j0 0,0 L MSD aglw a5’ S JB .ol ouis
o anlllae (glaas] B s ls aSsg Cwd-Canl ) Kod g ail
93310 adlllas 4 0955 Slo 2Pt () 2 5l ey
3 05— slo 28T g aalllas IS 5gp Loyl Gl
ab il Ul g g i e seie S JB Y (ol
aslllas o oS, 8 (S Cnls) py8 o dlge g0 )
=y Sladhie cie g ddlas ol oS Laal |
Cigles 16/D/P/35/9/1028 o,leis L ¢ sl slalllas

OIYY (\/-Y)
Q)

(n=14) yb; m=Y) oy Lyt
YAEY (OIY) YV (0/6F) (JWo) o
V& [2Y (BIVD) \VYEI78 (AIY) (0 B5w) a3
OAINY (AIFF) ASIFY (+/YY) (p,59LS) 339

Y¥I77 (+10Y)
VPIYY (V-10Y)

SBLIE Slasie Glae Bl (oSils ) Jguo

(o 5luw) a3l £ s |
(W) 6,5 aisle

Yv


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/johe-02044 ]

o.\_").)yl.g Mac g;la.nl)_,..; O 5o ...\_S)b Ll Sr7—w3 9
=S¥ Jgazr 50 (LB o oLl (g 2 sy Ly

G P

oS by nj Jle 50 SLJE g yzmas sbls; Y Jgae
©) agl3 Srwg Gl i
YANF a5 gal 4 gy o
AD-Y - - &)1 Gies
£O-0- Wl iwes
<=0 Al ol Hg0
v T o>

EMG glgol e
ol 5 1,8 glasls o 68 >l j0 (gousie SDLAe
8,8 1,8y 000 UTr alac aslllae 0l o Ll

S B o ally 5 pgad

Ot Voo B s o e g sz aslllas Wbl
Sl ) T AV mga) (LB Sl )5 o]

dvy vl
am i JoB I e L (g05—as o Sl eola il -
8 iyl el 5l 5Vl e il Yo cdl mhas 45 550

8,5

L)) g gl anazyoN s o b (Hao SO jleslaiul -
i oo L 4S5 590 s el ol ol

il Sy el sl YL e sl VO olSe i

b Rl (gl I 5000 S glas 8 s L s -

Lagly sl s

bl 5 ald (yo—sy 5o )5 050 plod yo LI3LJB
A 0,5 0dd p gl d oS A wls B (static)
UMl g 0a > 5l 4y 5 ol 5 cal ylaio 5 L
Forward Head Posture with Rounded) FHPRS ,>=_..q
slanb; cdlé o el sas 3Lssl 5,5 ;o (Shoulders
9§ oo 9o 5 adls Hl Sa s o Ses5 )0 Lagil (8L JB
S99 o=l Lo 09— o0 oaalto (8 Lagih (st S0
035 S ;i g ol (B JB (L) 5l resg 00902

YA


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

I: 10.21859/johe-02044 |

RUL VPR RV

o g 0dds el EMG zlgol RMS a il 51—
RMS 5o o285 ), 8 55,0 ¥ )3 Somly 8
standard) o ,lasbwl oLal Heajl jo coal Cws 4
Jey Glm a2 0 oli—s olo—ie 4 (test contraction
o a8 5 S 4 wasl s 4 L RMS (0,5
agei Ve i Ly by slmo, iy ,o MPF .[vY]
ookl Ly Hlgie slmo oty (0 aigei B0 Slligean g
slochs, ol 5l as FFT) an )68 g Jmos
D00 )5 aule G EMG zlgl uolS )8 oo s

bl Juond g4 525

RMS s MPF &, i 505 ) oy domolns sl
Jodl glaido A glaibyasim S Job o
by s Jlsnzs ) 5l 3L JB
g 4320 5l ool s dy ;olde o o ool
ol 2 4y MPF s RMS (ol (Sloj slogs s Sl
Lol logai ;o Laali Jona (el (sl Ll ooidle
i 45 loged 5l (omy i85 155 eolit il 050
alac LB crog Gloe an e o |y Laakads slass
A oo ozl ez g ol , UTr

Lol (g, 3 oolasul b ki g joni

ol olal o RMS s MPF @l oss lwl> g, )0
Ol dm bl 99 Gl Joli g 0l el a5 090
S ez 5l S 9y 2 (028 2 1) Akl SO
N5 0] oS pasie Luls oy

oS 5 b i alS Uy lagan aiiels Giyl3l & ys o o -
L3S 8 (Mae (Kid g 50 St 99 kel
abali (el 8 b g als losen ol O yeo yo -
L8)S 8 (s (g9, oy il am 5o Eemm 05
(8,8 s molBl L Glejen als ialS &heo o -
b 8 s 5l (bl o desm 050 ahais
ahads 5,8 Gl g aals (lojen ialS &jso 0 -
B )5 B eal 0 g (g9 Bl g 5o e 9590
Ol Shled 5 A Y 5 X j52me Ll Jlog o3 5o
1945 5 biles aiias EMG uSlS 5 G 5 aiels b
So o sloml ade logai (il 50wt o )bl ol 4 73 YL
9 Sds Gl (K)o 5 5 (Dhae slacdl |
elwlids LB abass SO L L sd (5,0 a g pals 5 bk
30 Sl sy ol Ll o Sl b cale ol
ottt ol oS- S o it Slalllae ;0 EMG sla il

[1|@

plasl y3e a8 cowl Al 00 YL Oae o oge 3 UTr -
Gy g milin Copdge o |y Lagl g 00,8 Joazi 1) (Slgh
IYF] oS o o i ous

o0, 4l odlae o e I UTE ( SolSagn b 51—
5 aibls oS cans o alac ool Vol el als 4
Ive] seis o o)y o = 6 )bms s FHPRS ¢ adgn 4o
S mh v A sleslsas o s e UTr alac -
Ivy Y] cul olas Gy Sauomy 5 Jicd 5Ls 0,90
ol e vl (LB ol Cas Ly 05, >
B aad bl iy o (S ghw 5 wies
ol gl o (55, B UTY (lply ol e
Syle BLJB by ms g

oo UTr aliae 0I5, > 5 oz wgy o500, 50 -
lapsilo gl 5 mrietes 3l s Sl il slaosly
YA el ol was b Jelae yo asls oS ie g o
Ir-

59 ¢y 3,50 4>l Syl (30,5 oolal Sl
S$X230 model, contact diameter:) oo g, =SJ!
a_y el (10mm, inter electrode distances: 2 cm
Joadlygiws olsl o UTr (SBgé SLI ljles ey
a0 09, =Sl men ] wo—s —a Cram
Coll ez 7 ASgbliwl 0uly (59, ,— (R200 model)
Biometrics data log ol s 4y e slasg 2SI
sy w511, EMG S5 U Zly ol 5 o0ty o
o o oud el glgmal 0,5 g0 S oK 4y
Lavools 5 Jiie dibl, ds oy an aLibls 5l oalizul L
DATALOG ,l5-81p 5 5l eolawl Ly oy sd8T & yg 0 as
8,5 8 A Jgl e o g bjls 0,50 sOftware

EMG ools o3l

4_x:l3)._a )| oolai La C‘H‘ « ~ P 4_,)_7_, 3 U’“’)“))—’
(Mathworks,) e e 4ol Lo oo ;5 o0 ai s

ceov zlysl .o Lol Version 7.8.0.347 (R2009a)
450-10 csu 5 00 (5ylo pdiges i, Ve e ulS 3
—Lé Hz band-pass, zero lag Butterworth, 6thorder
e glamal 5l 3,2 B0 5l 1 eS Zlael Bds (gl asal
Normalized-RMS .o oslax_wl notch filter ;i o
ol ,8 g aaly o al)l le e ay 554 MPF
alol> RMS g MPF o285 |, 8 | a0 0,6

A A le 4 i 8o ) a0 gla b Ve slaol gl


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/0he-02044 ]

AF liweo F olouds ¥ 0590 c(glad yo Colblogy owiigeo adxo

Sletd o L g 55 e p2 OIS 18 (s 2 3550
Y Jgoz 50 S JBVY ol ole; o5l ;0 RMS g MPF

] 00 A
L ol , 8 slasy saums i ol xmy yo 10 Loaalads slass
e Lly by, 51 ool U il e e o rnidg
30 A D ek e g 3b gomaiws RMS g MPF &l s
Slasy g 00,5 any i |, Mas S &Y o], UTr
ieplS gy o e aolilog S cwl, UTr jo a S sol, 3
T L mlr ey an wsog s, S an i) (Sbik g g 0y
0SS 1 Sy gl Lslr ahali (ioren 09 585 5))

oS 5 aeld Sl ol oS Sl L aS S 5
Gl S glasantis L g ar b o], 3l S5S5 o
2 00,5 g0 Gt Lslr sl 5l (S5 50 Sl
59— EMG glosl a5 8, 2V 6l el
S L LagT il g oz UTr alie commbgo 5 b5 5
D3 st Lals Jfogod o abais

basl

BT Gl |y oz g el UTr alie coanoy Luls oy,
Sl g 6,8 Cmple Ly (il glaiabg a s S o
Ol e 5 aingz (oleiiny ol ;o (L JB) b

SLJENY (gl MPF s RMS wlyois (90 )5 i pe ¥ Joo2
wa UTr sl UTr
e S s EMG byl s o2 o b EMG byl )y onioses pis oS
9 Sdgi ol 38l ofeeY MPF 50 adgs Ll —oflo oS} MPF \
< [OAF N-RMS _JYAY N-RMS
bt ofe e MPF Slae  Ss —offo ol MPF v
— VY N-RMS o5 N-RMS
9505 355 el Jo Y MPE 9505 355 el JooY MPE Y
<[+ N-RMS N N-RMS
Hlas Sos e MPEF Plae S AR MPF -
SIYY N-RMS R N-RMS
Hlas Siws —oflc o MPF Plae St R MPF A
DARYN N-RMS JYes N-RMS
Shae  Ss —offo o) MPEF Plae s AR MPF 5
vy N-RMS e N-RMS
@)Lb.c s o fesY MPEFE LS’M o ey MPF y
<Y N-RMS N N-RMS
SHhas (S —of++¥ MPF Slae  Sws —offo ofF MPFE A
+/- ¥4 N-RMS SYYY N-RMS
sk [+-¥ MPE L [+ oY MPF X
RS N-RMS e N-RMS
95 g5 rals A MPF Shae St VRN MPF %
—+/+aF N-RMS NN N-RMS
@)Lé.c ;S/'.' =~ —efe e MPE 5)_‘_' ..LJj.\ u““‘JSl o o MPE 1
ARV N-RMS Jevs N-RMS
5 s el ofee) MPF X 3 s, e MPF .
<0 N-RMS R N-RMS
v.


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ 1|@: 10.21859/johe-02044 ] [ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

RUL VPR RV

-

5 gz ool (3L JB ol Sl A Jlas
i Sy b UTr alas o Svs a5
= =kl Ghey SIS SIS ) 2 090 SlaiBs A slaiily
0 EMG glysl ilS 3 b g aials plsjon (o)
(i SKiis iz g cwl, UTr alac 90 o0 0 504
e g g (=09, Olaie dm Ll by Sl eadllae (0l o
oolilwl (6,5 slplasms )3 (o Die (Sins (o) p Sl
oS5 6,5 iyl ol s ks g, 5l ool sl s
sloul an poie )8 en g angz golpiing (5,15 K] jo
%0+) oz g (31,31 %OA) el , UTr jo Dlae S
ols ylas o, en o Luttmann aslae zols g o (o] 3
adg jaals 0g 5 UTr alac o g bl sl (LS5 51 %Y -
WA+ s 5,50 aslllas o [¥Y] sogs 08,5 4y 1, 9,
) hae (Sons 355 adijed alae 10 Somjely)l (Lol
DF] g 00,5 as 20

sl rolplasl s Luls jlosad dlac Siwd 2, o
omb sl s ay 5,8 a8 L Gloen
ke St aalh (ol (o Sl 5d Ao it
recruitment of) _Mae sla b plasewl (Gl 14 wivn
o33l —ac (firing rate) S &, L, (muscle fiber
propagation of action) e Jowiliy 25l (o g ol
Gl s o [VF] sl ioals alac Jgb o (potential
motor) =5 > slaaxly s o )ee el 59,0 La> gl o
oLy L5 5 g e JLsd al 6,5 5 (units
2ol Sl bl 8 ol o a ol Sl ol e
i 5 oy 4y Ve Jolw Slnle (g S8 5
e oo ol ol A4S 30 S oo £9 S 4 el @
ool o ¥l 00,8 o Jae Juil ey jLasl icals
($3limiay )5 ol o (LB amI AL Sl ey mol
e oz 5 Sl UTr o e cndy (Dae (S
i G (598 b | asols Lis o], es ¢ Luttmann
el o Lol oolplo LYY o ls sgmg 0,0 5 (dlac
S L ogd aizlo  golpaing (6,15 o] 0oy 4
5,0 e (S 5V egisS )| s L (sbrolis]
SIS NENIF N ERE PPN

G sloalass jo l) O ac (o wgioS )l Glalas oy
O )3 oo )8 (bl e gy Ll g ek
sbagaiels g Dbl 5l odlae )0 9,5 ady al 2
5 e Sl (- Sas EMG atals &l s g ol 5lie i

)

(e—dhas Siws a S SBL JB sl (5 5 en 4y
UTr o1, (=lib 5 90— adss a9, oy Giml38l
Yo ) XL ol cdyan aiogoed, S du o 095
Sl L lejen uilS 3 e b ials ol 8l i oo
S ay o Lo TUTr alae cle cmsg gols 7, aals
%0+ ez UTr 5 5 01,81 %0A ol UTr po dlwl> cas\les
ansz (golpiing oyl o BL JB as B A sl sy o3

As,S A | Dlae  Siws K

JASA Plot.Right UTr
recovery=1 force increase=2
*e o
RMS.chl - *
0.5 * * * 0.5
0’ *
*
force decrease= 1 0.02 - fatigue=7
MPF.chl

b JBaiso A borul, UTr gl Lols logai:¥ ym guai
PRVELICA U b RN NPV ISP PRSP LY L]

JASA Plot.ch2

force increased= 3

recovery= 2
*
+
RMS.ch2 * }
0.7
* .0
. *
*

force fatigue=6
decrease=1

MPE.ch2

b JBasio A b UTr 1o Lol> Jlogoi:V y guad
cA...aSVS)_..: \Y 5 ‘c‘)u 9 dng> 6‘)L€"—"‘“‘" LS)lS cli’l_....;'l 59


http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/johe-02044 ]

AF liweo F olouds ¥ 0590 c(glad yo Colblogy owiigeo adxo

o] 53 (I iyl 3l a2 S b aalllas o o
Sy9—e UTr alae (Sis (55, LlS—en 5 aingzr (ooliin
dod (o) ybaie a 05D e Slpiday b ool 8 L)
50 4 o] alallas 3L JB 5,15 sbolKil 4l
slooil b g Slow plosl g as (oS >lg o OMlac
b B ogisT (Lol il sl s 5 Ysb sl
e ISl YL foals sl s 6, slaoly]
S o i slalasme,s anb jebaie ool an [Fe] el
S e Cos 0l La MSD L (g loline alaly 457 Dlac
adlllae ool 5l ol ol ooyl sl o s 0,5 I, 8
ol 3 1) 8l JB 6,5 slaoli ] Sorulis >l oSl

.0)91

S 5 Ao
8 b LB JB i o iS s S0 oM 5 boay
ez 5 sl UTE o conlpiing ot JB oSyl o o0ssS
Sy oo S Ay aSog 00, S a2 |y (Nas (Sus op >
3 Dt egolpimiiy oSl Gl jo ol 8l A 0o)ly (6,157 5L
P (K a9 039 GLL B Gl 3L
9y = dmboanl Olallas 05, F o glaabga s > S
253 S 3 (K e o i sla Sy 3
Gl o clmojl ,o oHde L g 8L JB Gayllsy

s plox

S o
3bom) w | (slid 5 4l by 5l B 43 gy o
Cgles (Ao Gloiziy Ly (V- FIFNISYAN ATITEYA cs
a8l plosl laen S_by pode oS iils (5,9lu8 g Sl

28w slai
ey atlia sl B0 (gl edlis oS aeKonn

Sjlas

REFERENCES

1. Bureau of Labor Statistics. Nonfatal occupational injuries and illnesses
requiring days away from work 2004 [updated 2016; cited 2012]. Avail-
able from: www.bls.gov/iif/oshcdnew.htm.

2. Choobineh A, Hosseini M, Lahmi M, Khani Jazani R, Shahnavaz H.
Musculoskeletal problems in Iranian hand-woven carpet industry:
guidelines for workstation design. Appl Ergon. 2007;38(5):617-24.
DOI: 10.1016/j.apergo.2006.06.00S PMID: 16999930

3. Motamedzade M, Moghimbeigi A. Musculoskeletal disorders among
female carpet weavers in Iran. Ergonomics. 2012;55(2):229-36. DOL:
10.1080/00140139.2011.582539 PMID: 21846289

Dl min ;8 55 0 dss e 5l oo 5 (e (S
cle S5 Sl EMG b5l S oS sla g, yo
ol glemin ladusgame g il 0y g a el Ol s
Zlo—sl as cul ol Lacusgaome ol alax 510,00 ol oo
6LQJ.‘>|JJ 9 [ S} )15 er‘ﬁ u|)_uo OA_ULQJ 0 g.»_u
b s [Ye] oS e slsul Blbg gl oy, 4o sola;
A ey Lol S e ol )8 RUET JER JPE R T
ddaz 510yl ol e ay Slog—all slauogase Cwl 53

oMae | —bogs a3l S Luls jloges 51 Jmol> moli -
a0 8 EMG aldllas uys 5l 5580 glo )
"\_“)AS"J

o=l o= LY 9 X jeome 69y 2 Lol Jlogod bLE (o5 -
Lo bl cmlge S0 g i |yl i 0ol 2
] Ol

AS_».Ay;)‘ Sl Jlas ) Ls_.:ﬁ‘s ‘_g)ls g.a._1Uo5 )y
mbudgase 5l oyl Jlds a1y g0l slacasgase
0 OBauS S b gl g 9,9, o L adlllae ol S
5l s e 515 By 3525 L o & go s
il ol JmiS e B Al ol g ails Sglaie
)_,...\4.: )‘ J_,ol> ulf..\ufus)_w b_..:bo ‘-}u).a_».\‘ u_:|)_> aj)l_c
S 5 sas e slmosls 1 aiilys o 5 (6,15 L
Gl 55 a S pl 0 ogdle alosls i Gl allas .ol
Wiias Mae i Gl 6, NS 5 4y ol S5
c—clexb Sly, sloygiss [Y-] o)ls 05 > lBgs plal
ng_aL‘aj ‘nl_'>u‘ Be )Lu S y9—0 G-R) G!a_w O 9= st)b_a
Gl2,55b s 4>y sloajls waslby Saors 5 ce
3 ooliwl 8y B o [¥AXV] 5,5 o o o ) eleis]
o=l ple ol pls olal b (sogae B lo caslllas o
ovgtwd |y ddlllas gl coul (S o Sladin o s

4. Ferguson SA, Allread WG, Le P, Rose ], Marras WS. Shoulder muscle
fatigue during repetitive tasks as measured by electromyography and
near-infrared spectroscopy. Hum Factors. 2013;55(6):1077-87. PMID:
24745200

S. Luttmann A, Jager M, Laurig W. Electromyographical indication
of muscular fatigue in occupational field studies. Int J Indust Ergo.
2000;25(6):645-60. DOIL:__ 10.1016/50169-8141(99)00053-0

6. DingJ, Wexler AS, Binder-Macleod SA. A predictive model of fatigue in
human skeletal muscles. ] Appl Physiol (1985). 2000;89(4):1322-32.
PMID: 11007565

Yy


http://www.bls.gov/iif/oshcdnew.htm
http://dx.doi.org/10.1016/j.apergo.2006.06.005
http://www.ncbi.nlm.nih.gov/pubmed/16999930
http://dx.doi.org/10.1080/00140139.2011.582539
http://dx.doi.org/10.1080/00140139.2011.582539
http://www.ncbi.nlm.nih.gov/pubmed/21846289
http://www.ncbi.nlm.nih.gov/pubmed/24745200
http://www.ncbi.nlm.nih.gov/pubmed/24745200
http://dx.doi.org/10.1016/s0169-8141\(99\)00053-0
http://www.ncbi.nlm.nih.gov/pubmed/11007565
http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ 1|@I: 10.21859/johe-02044 ] [ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

RUL VPR RV

10.

11.

12.

13.

14.

1s.

16.

17.

18.

19.

20.

21.

22.

23.

AR}

Lomond KV, Cote JN. Shoulder functional assessments in persons with
chronic neck/shoulder pain and healthy subjects: Reliability and effects
of movement repetition. Work. 2011;38(2):169-80. DOI: 10.3233/
WOR-2011-1119 PMID: 21297287

Nussbaum MA, Clark LL, Lanza MA, Rice KM. Fatigue and endurance
limits during intermittent overhead work. AIHAJ. 2001;62(4):446-56.
PMID: 11549138

Dennerlein JT, Ciriello VM, Kerin KJ, Johnson PW. Fatigue in the fore-
arm resulting from low-level repetitive ulnar deviation. ATHA J (Fairfax,
Va). 2003;64(6):799-805. DOI: 10.1202/515.1 PMID: 14674796
Motamedzade M, Afshari D, Soltanian A. The Impact of Ergonomical-
ly Designed Workstations on Shoulder EMG Activity during Carpet
Weaving. Health Promot Perspect. 2014;4(2):144-50. DOI: 10.5681/
hpp.2014.019 PMID: 25650180

Kumar S, Mital A. Electromyography In Ergonomics: Taylor & Francis;
1996.

Stulen FB, DeLuca CJ. Frequency parameters of the myoelectric sig-
nal as a measure of muscle conduction velocity. IEEE Trans Biomed
Eng. 1981;28(7):515-23. DOL: 10.1109/TBME.1981.324738 PMID:
7275132

Basmajian JV. Muscles Alive. Their Functions Revealed by Electromy-
ography. Acad Med. 1962;37(8):802.

Kwatny E, Thomas DH, Kwatny HG. An application of signal process-
ing techniques to the study of myoelectric signals. IEEE Trans Biomed
Eng. 1970;17(4):303-13. PMID: 5518826

Hagg GM, Suurkula J, Liew M. A worksite method for shoulder
muscle fatigue measurements using EMG, test contractions and
zero crossing technique. Ergonomics. 1987;30(11):1541-51. DOIL:
10.1080/00140138708966046 PMID: 3443083

Luttmann A, Jager M, Sokeland J, Laurig W. Electromyographical study
on surgeons in urology. II. Determination of muscular fatigue. Ergo-
nomics. 1996;39(2):298-313. DOI: 10.1080/00140139608964460
PMID: 8851534

Blangsted AK, Sjogaard G, Madeleine P, Olsen HB, Sogaard K. Vol-
untary low-force contraction elicits prolonged low-frequency fatigue
and changes in surface electromyography and mechanomyography.
J Electromyogr Kinesiol. 2005;15(2):138-48. DOI: 10.1016/jjele-
kin.2004.10.004 PMID: 15664144

Bosch T, de Looze MP, van Dieen JH. Development of fatigue and dis-
comfort in the upper trapezius muscle during light manual work. Er-
gonomics. 2007;50(2):161-77. DOL: 10.1080/00140130600900282
PMID: 17419152

Hostens I, Ramon H. Assessment of muscle fatigue in low level mo-
notonous task performance during car driving. J Electromyogr Kine-
siol. 2005;15(3):266-74. DOIL: 10.1016/jjelekin.2004.08.002 PMID:
15763673

Larsson SE, Larsson R, Zhang Q, Cai H, Oberg PA. Effects of psy-
chophysiological stress on trapezius muscles blood flow and elec-
tromyography during static load. Eur J Appl Physiol Occup Physiol.
1995;71(6):493-8. PMID: 8983915

Hagg GM, Luttmann A, Jager M. Methodologies for evaluating elec-
tromyographic field data in ergonomics. J Electromyogr Kinesiol.
2000;10(5):301-12. PMID: 11018440

Suurkula J, Hagg GM. Relations between shoulder/neck disorders
and EMG zero crossing shifts in female assembly workers using the
test contraction method. Ergonomics. 1987;30(11):1553-64. DOIL:
10.1080/00140138708966047 PMID: 3443084

Choobineh A, Lahmi M, Hosseini M, Shahnavaz H, Jazani RK. Worksta-
tion design in carpet hand-weaving operation: guidelines for prevention

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3S.

36.

37.

38.

39.

40.

of musculoskeletal disorders. Int ] Occup Saf Ergon. 2004;10(4):411-
24.DOI: 10.1080/10803548.2004.11076625 PMID: 15598364
Milerad E, Ericson MO. Effects of precision and force demands,
grip diameter, and arm support during manual work: an elec-
tromyographic  study. Ergonomics. 1994;37(2):255-64. DOIL:
10.1080/00140139408963643 PMID: 8119259

Laursen B, Sogaard K, Sjogaard G. Biomechanical model predicting
electromyographic activity in three shoulder muscles from 3D kine-
matics and external forces during cleaning work. Clin Biomech (Bristol,
Avon). 2003;18(4):287-95. PMID: 12689778

Caneiro JP, O’Sullivan P, Burnett A, Barach A, O’Neil D, Tveit O, et
al. The influence of different sitting postures on head/neck posture
and muscle activity. Man Ther. 2010;15(1):54-60. DOI: 10.1016/i.
math.2009.06.002 PMID: 19643658

Roman-Liu D, Tokarski T, Kaminska J. Assessment of the mus-
culoskeletal load of the trapezius and deltoid muscles during
hand activity. Int J Occup Saf Ergon. 2001;7(2):179-93. DOIL:
10.1080/10803548.2001.11076485 PMID: 11373186
Madeleine P. On functional motor adaptations: from the quantification
of motor strategies to the prevention of musculoskeletal disorders in the
neck-shoulder region. Acta Physiol (Oxf). 2010;199 Suppl 679:1-46.
DOI: 10.1111/§.1748-1716.2010.02145.x PMID: 20579000

Sogaard K, Blangsted AK, Jorgensen LV, Madeleine P, Sjogaard G. Ev-
idence of long term muscle fatigue following prolonged intermittent
contractions based on mechano- and electromyograms. J Electromyogr
Kinesiol. 2003;13(5):441-50. PMID: 12932418

Veiersted KB, Westgaard RH. Development of trapezius myalgia among
female workers performing light manual work. Scand ] Work Environ
Health. 1993;19(4):277-83. PMID: 8235517

Criswell E. Cram’s introduction to surface electromyography.: Jones &
Bartlett Learning; 2010.

Mathiassen SE, Winkel J, Hagg GM. Normalization of surface EMG
amplitude from the upper trapezius muscle in ergonomic studies - A
review. ] Electromyogr Kinesiol. 1995;5(4):197-226. PMID: 20719652
Luttmann A, Schmidt K-H, Jiger M. Working conditions, mus-
cular activity and complaints of office workers. Int J Indust Ergo.
2010;40(5):549-59.  DOI: _ 10.1016/j.ergon.2010.04.006
Luttmann A. Physiological basis and concepts of electromyography.
Electromyograph Ergo. 1996;39(3):51-95.

Sobhe K. [A research in international market of Iranian carpet and its ex-
port development]. Iran Hand Woven Carpet Mag. 1997;10(2):31-46.
Sjogaard G, Lundberg U, Kadefors R. The role of muscle activity and
mental load in the development of pain and degenerative process-
es at the muscle cell level during computer work. Eur J Appl Physi-
ol. 2000;83(2-3):99-105. DOI: 10.1007/s004210000285 PMID:
11104050

Arndt R. Work pace, stress, and cumulative trauma disorders. ] Hand
Surg Am. 1987;12(5 Pt 2):866-9. PMID: 3655263

Nimbarte AD, Al Hassan MJ, Guffey SE, Myers WR. Influence of psy-
chosocial stress and personality type on the biomechanical loading of
neck and shoulder muscles. Int J Indust Ergo. 2012;42(5):397-405.
DOI: 10.1016/j.ergon.2012.05.001

Waersted M, Westgaard RH. Attention-related muscle activity in differ-
ent body regions during VDU work with minimal physical activity. Er-
gonomics. 1996;39(4):661-76. DOL: 10.1080/00140139608964488
PMID: 8854985

Wells R, Mathiassen SE, Medbo L, Winkel J. Time--a key issue for mus-
culoskeletal health and manufacturing. Appl Ergon. 2007;38(6):733-
44. DOI: 10.1016/j.apergo.2006.12.003 PMID: 17379179



http://dx.doi.org/10.3233/WOR-2011-1119
http://dx.doi.org/10.3233/WOR-2011-1119
http://www.ncbi.nlm.nih.gov/pubmed/21297287
http://www.ncbi.nlm.nih.gov/pubmed/11549138
http://dx.doi.org/10.1202/515.1
http://www.ncbi.nlm.nih.gov/pubmed/14674796
http://dx.doi.org/10.5681/hpp.2014.019
http://dx.doi.org/10.5681/hpp.2014.019
http://www.ncbi.nlm.nih.gov/pubmed/25650180
http://dx.doi.org/10.1109/TBME.1981.324738
http://www.ncbi.nlm.nih.gov/pubmed/7275132
http://www.ncbi.nlm.nih.gov/pubmed/7275132
http://www.ncbi.nlm.nih.gov/pubmed/5518826
http://dx.doi.org/10.1080/00140138708966046
http://dx.doi.org/10.1080/00140138708966046
http://www.ncbi.nlm.nih.gov/pubmed/3443083
http://dx.doi.org/10.1080/00140139608964460
http://www.ncbi.nlm.nih.gov/pubmed/8851534
http://dx.doi.org/10.1016/j.jelekin.2004.10.004
http://dx.doi.org/10.1016/j.jelekin.2004.10.004
http://www.ncbi.nlm.nih.gov/pubmed/15664144
http://dx.doi.org/10.1080/00140130600900282
http://www.ncbi.nlm.nih.gov/pubmed/17419152
http://dx.doi.org/10.1016/j.jelekin.2004.08.002
http://www.ncbi.nlm.nih.gov/pubmed/15763673
http://www.ncbi.nlm.nih.gov/pubmed/15763673
http://www.ncbi.nlm.nih.gov/pubmed/8983915
http://www.ncbi.nlm.nih.gov/pubmed/11018440
http://dx.doi.org/10.1080/00140138708966047
http://dx.doi.org/10.1080/00140138708966047
http://www.ncbi.nlm.nih.gov/pubmed/3443084
http://dx.doi.org/10.1080/10803548.2004.11076625
http://www.ncbi.nlm.nih.gov/pubmed/15598364
http://dx.doi.org/10.1080/00140139408963643
http://dx.doi.org/10.1080/00140139408963643
http://www.ncbi.nlm.nih.gov/pubmed/8119259
http://www.ncbi.nlm.nih.gov/pubmed/12689778
http://dx.doi.org/10.1016/j.math.2009.06.002
http://dx.doi.org/10.1016/j.math.2009.06.002
http://www.ncbi.nlm.nih.gov/pubmed/19643658
http://dx.doi.org/10.1080/10803548.2001.11076485
http://dx.doi.org/10.1080/10803548.2001.11076485
http://www.ncbi.nlm.nih.gov/pubmed/11373186
http://dx.doi.org/10.1111/j.1748-1716.2010.02145.x
http://www.ncbi.nlm.nih.gov/pubmed/20579000
http://www.ncbi.nlm.nih.gov/pubmed/12932418
http://www.ncbi.nlm.nih.gov/pubmed/8235517
http://www.ncbi.nlm.nih.gov/pubmed/20719652
http://dx.doi.org/10.1016/j.ergon.2010.04.006
http://dx.doi.org/10.1007/s004210000285
http://www.ncbi.nlm.nih.gov/pubmed/11104050
http://www.ncbi.nlm.nih.gov/pubmed/11104050
http://www.ncbi.nlm.nih.gov/pubmed/3655263
http://dx.doi.org/10.1016/j.ergon.2012.05.001
http://dx.doi.org/10.1080/00140139608964488
http://www.ncbi.nlm.nih.gov/pubmed/8854985
http://dx.doi.org/10.1016/j.apergo.2006.12.003
http://www.ncbi.nlm.nih.gov/pubmed/17379179
http://dx.doi.org/10.21859/johe-02044
http://johe.umsha.ac.ir/article-1-140-en.html

[ Downloaded from johe.umsha.ac.ir on 2026-02-14 ]

[ DOI: 10.21859/0he-02044 ]

Journal of Occupational Hygiene Engineering Original Article

No 8, Volume 2, Issue 4

DOI: 10.21859/johe-02044

Effect of One Carpet Weaving Workstation on
Upper Trapezius Fatigue

Neda Mahdavi !, Majid Motamedzade ', Abbas Moghim Beigi 3,
Ali Ashraf Jamshidi ¥, Rashid Heydari Moghaddam $

! MSc Student, Department or Ergonomics, Hamadan University of Medical Scienc-
es, Hamadan, Iran

? Professor, Department or Ergonomics, Hamadan University of Medical Sciences,
Hamadan, Iran

3 Associate Professor, Department of Biostatistics and Epidemiology, School of
Health, Hamadan University of Medical Sciences, Hamadan, Iran

* Associate Professor, Department of Ergonomics, Hamadan University of Medical
Sciences, Hamadan, Iran

3 Associate Professor, Department of Ergonomics, Iran University of Medical Scienc-
es, Tehran, Iran

¢ Assistance Professor, Department or Ergonomics, Hamadan University of Medical
Sciences, Hamadan, Iran

* Corresponding author: Majid Motamedzade, Professor, Department or Ergonom-
ics, Hamadan University of Medical Sciences, Hamadan, Iran. E-mail: motamedza-

de@yahoo.com

Received: 07.14.2015
Accepted: 04.30.2016

Keywords:

Muscle Fatigue
Ergonomics

Surface Electromyography

How to Cite this Article:
Mahdavi N, Motamedzade M,
Moghim Beigi A, Ashraf Jamshidi
A, Heydari Moghaddam R. Effect
of One Carpet Weaving Worksta-
tion on Upper Trapezius Fatigue.
J Occup Hyg. 2016;2(4):25-34.
DOI: 10.21859/johe-02044

© 2016 Hamedan University of
Medical Sciences.

Abstract

Introduction: This study aimed to investigate the effect of carpet weaving at a proposed
workstation on Upper Trapezius (UTr) fatigue during a task cycle. Fatigue in the shoulder
is one of the most important precursors for upper limb musculoskeletal disorders. One of
the most prevalent musculoskeletal disorders between carpet weavers is disorder of the
shoulder region.

Methods: This cross-sectional study, included eight females and three males. During an
80-minute cycle of carpet weaving, Electromyography (EMG) signals of right and left
UTr were recorded by the surface EMG, continuously. After raw signals were processed,
MPF and RMS were considered as EMG amplitude and frequency parameters. Time series
model and JASA methods were used to assess and classify the EMG parameter changes
during the working time.

Results: According to the JASA method, 58%, 16%, 8% and 8% of the participants
experienced fatigue, force increase, force decrease and recovery, respectively in the right
UTr. Also, 50%, 25%, 8% and 16% of the participants experienced fatigue, force increase,
force decrease and recovery, respectively in the left UTr.

Conclusions: For the major portion of the weavers, dominant status in Left and right UTr
was fatigue, at the proposed workstation during a carpet weaving task cycle. The results of
the study provide detailed information for optimal design of workstations. Further studies
should focus on fatigue in various muscles and time periods for designing an appropriate
and ergonomics carpet weaving workstation.
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