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TS Dynamic stability in shoulder is an important element in life and any disorder in muscular
function which helps maintain this stability leads to shoulder pathology. One of these disturbing factors
is fatigue. According to the research team information until now there has not been a study investigated
systematically the effect of fatigue on shoulder girdle biomechanics. So the purpose of this systematic
review is to determine the effect of muscle fatigue on normal shoulder girdle biomechanics.

This study.is a systematic review based on search in PubMed, Scopus, Elsevier, Ovid,
CINAHL, Science Direct, ProQuest, Thompson, EMBASE and Medline databases for the period of 1995-
2012. The keywords used were Shoulder, Muscle Fatigue, Proprioception and Kinematics. Two levels of
reevaluation were used on 350 citations.

[EE The search strategy resulted in 350 results out of which 22 papers met the criteria for this study.
Variation among studies in terms of sample size, fatigue protocol and method of measurement were

investigated.
¢ [&TLERY Evidences demonstrated muscle fatigue leads to change in activation pattern of muscles
Keywords: shoulder girdle and consequently kinematics as well as reduction in proprioception during different po-
Shoulder, Muscle sitions and movements in both scapulothoracic and glenohumeral joints. Generally the results indicated
fatigue, Propriocep- that there are sufficient evidences based on the effect of fatigue on the muscular fatigue has disturbance
tion, Biomechanics i effects on shoulder girdle kinematics and could alter the normal biomechanics.
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1. Median power frequency
2. Borg scale

3. Rating Perceived Exertion
4. Modified Borg Scale

YEF



www.sid.ir

Y oo lols . V7 0590 YAF ;ULL

A3 Halllao 3 dioplS 89 907 51T s yoS sass SuilSaga 9 Mias (S 3l5

‘sm)).gé.gda.ma.a \e. ‘),S&.c 3&5‘5.»))4 QL:JUa.o)é ﬂo
Gils aiypeS Jolin giee o p Dae (Siws b
dalllas 98 jo jordy Olalllae () olod jo cldls plazs
o> wdlizee glacodled g oS > &5|° 58 S JLisay
OHSen 5 Cugy dalllae o (Jle joboay 03,5 i es
(Y’ "\) C)‘)&o& 9 O.u)g.Lo 9 (Y‘ ’\“) C)bls.o& 9 (5' s(\Q‘\?)
Wld dasls >zl 5 Job 4 e s ooy
ae Ss o 0 (Jy wsed oy JialS bee >
stos > (VoY) S g o5 aild susils > b 4
il So g 3yl e wizmons [V Y VAL YR VO] bl (6 s
Qld buasils > )5 4 lae  Siws wals las (Y49A)
S5 (e 8 (2 257 a8 S ey gl b
I ] s s s b 25,

L awslis 10 (V299) o )Ken 5 cpaydy dalllae yo a5
e U0y 418 0l i iy 5 S Sl 03
b stoliee (5 S ez Lol IVY] wigits ool (ausess 5 >
O L LS9 5 ailiy) lacdlad 5l L6 Sas
St JSSgy el 5 ans 4S5 abds calagagas il IS
IS5 <82 L Y] o (Vb ()85 G5 (slacly JSaay
ohels <S> alenil bly; o ehughs (e ez ¢ ST, 50
Ivv] s

ol a1y sl (Yo V1) &3gS g (6 pol dsdllan yo (Al &35S
&S > 850255 IS (i) Jate S, aid dalllas (glay0g,S
SS9 Jlssay az 5145 wiols (Lai 9 933lsyl)3 (o) 2 9590
St b Caledyd (Jg il oo 25 hos o> (Shns
Sl - s g0 092 g2 il Jolin €5 > (50 0 45
mizmad IYF] ailago (Bl 5o ooy (SBg5 phail <5 >
il glabaly (5> <85 (3395 9 S Rgw
JS slils algyeS edlas rsge Siws o VY] s
Dyl sl s 1) YeSulog o8

JLos & SlensS Shass (g9, 2 0D () Slalllas
W8S 3 oy 0yee aslllas VY sy ) g0 i Kius
4 S Jel g lawg Slallhae ol 1 glaes
56“3&]@&0}4&5‘0;{6‘44&@,«5&5‘“3@‘5»)}
OLSKen 5 gz 5 (Yoo F) o) )1Kam g LI (T2 ¥) ]S
poasls >zl 4 Olae s 80 cwypa (Vo))
Jloody Slalllae ol )0 ailazsls s gl ay o8 Soles,S
Ay poS  SeilosnS” (603 1o il yoss K0 Eod ol (Kis
(Yoot) Ko g sls 5 (Vo +9) o) Sen 4 U oslaslis
gl (@il Ao o (b 13 45 Wisged onalive S fiie joboay
OLlSKen 5 (gl a2 3ol o alS Sl el lyee
Jlssay &5z, g Vb 4y i > a5 widged SS (V4 +Y)
P9z 9 (Ve +F) ol)lSes 5 GUI (Jg oo (2057 (S

SpeS OMae p laculld nl ) G e &5 gl S
Sgy o 48§ Lo o dily yuiie lgiedy (uBlAS o (slails
o rwdyd JolS (e Djgody Slalllas 3l golass (aizen
Yo 4N s (5 )90 Slalllan & jg0dy (63laa5 3 g K09

Aoy o dil,f Loy il 44257 o 45" Widg

S OYEs g o ol ¥ 8 Lol Jouz jo aS b len
JLoa &5 (padld 13 9 (S JSTgy dadiged slass s
50 gl ;K00S0 b 00505 g0 )8 gy 2 0590 (S
350 )8 olass (lalllae olad jo dadigel £oi g olaxs
Oy Oy8 lass oS dalllas Vo jods 399 25 Yo B F (o gy 0
35 L5 o [V Y VA YOV YA ¥R Y] 59y s YO L Y-
8590 83l anllae VY 0 [V¥] 09y Ja5 Ae olass ol anlllae S5
U e anlllae ¥y g oo o Labdalllan N+ 6050 9 () ()2
330 b O3l ;o5 de Slalllas  colod )0 .aingy oaud bl
Sty ol daalllas ¥ 33 oo cnlpo Lol i3 S)13 o
LYY Y] woss gy oo 5 andllas ¥ 50 5 [YFo ¥ o¥1]

P Sy Sllllae iy o Sws [SSg,
as addllas ¥ )0 jody g aid)S ploul aBiglejl byl
3955 axslon 515 85059 slacadlad plonil (Ko JS59
5 Ls &ilg, e el ¥ AYV] K 5phis 0 )8
LYY] 81 i 15 J8 cols el ¥ o [YF] (gl > ) St
Jobs a4 dlae S Jols K ISSgy asdllas A o
ARRPRRARTVR AVR 78 S8 LV /Y [PF R XCE ESUpr FaN
SeuS 5 adlllas £ 40 L+ VAl paugll o5 > aslllas ¥
YACYEYE] IS 10 05059, slocallsd gilusl 6l 5,
Condy o 40 6 keSS aslllae V 8 dYY] 35,0 L LYY YO
[re gtV ] 350 0 ols (SSs anlllas ¥ 0 4 [¥Y] s
Nidgy o azd ) las o Ss ISTg laicay

soe oyt 3590 SlBLASLE 1 gy 3590 SlaaSLS
spbateds o Coul 5 5 5 8005 asetio dalllas yrans (oS
alllas Vo 8.0,8 a3 oolitl 8 y90 (Kind 3G )y
FEX XN XO X e G 0 i (St JLisay
P i owyp 4 aalllas Ve 0 LAY QY Y v
XY XF V] o528 5 Saol 5900 Sl Juolite SslorsS
S gsleg piSUl cdlad anlllao ¥y g [V - VALY YFLYY-YQ
IV Y gr¥] g a8 8 15 anlllas 5 )50 cidliae
oy

.

ae (Kaus 8l o)) 800 Alie YY aslllae ol 5o
4 a8 wd)S 8 dalllas 5 (g 090 SLS anypeS
g g0 2oy il 4 a2y Jrualis

Loty has e SlydS (59, 2 o Slalllas



www.sid.ir

"”..'9.-.’ ¥ ooyl . 17 0590 . 1YAF 5ol
SILE 0ty o8 SilSogas e (Siws 5l oy b i o Slalllas Y Jgo
.. T &9y XY
S5 anis S50 gy Sl sgbie g > s Anfllao Bun 3,90 31,31 P14 I W XVWEPY
axllize
cdl pals R T T P 4 o .
J:M ;‘:‘,sy saly b 95T (il "’u?"b i{o o b lf o 2 S 58 (g satute s oKen o Voight
P “““’50“«“;3 O T P P ):fl» )b ab| J‘ ,JS S
stnlie ol My OTFICIERT a5 e SO sy (W) (138)
o e s als AlS dloe (po b (65 g »”
b es > sy
sl cws o g sl as ass
Sous it ios > il 3 5 gl gl 5 b ot 2 Sl el st e b (Pgmpasie J)San o Sterner
il e . s DT plitS Su oS Glej e (b gl Sl dee pllespele
Bl (gt ,:.u:l; ufpua‘.'zu‘u A
¢ A als L3 38 (") (W)
& 5S o3l ol bawwgs N
uslsbL;aeﬂ‘)b 9‘:“ o o !
g ST g jbosl cigeil 99
cély Shals  Sius e . S0 o g s 4 is s
- FagiigS 9yl bawgs 4ysl; g '. . e 45\ ) Kan g M
hugi Gy Jog Tt ey SoleEA Sl R s (S0t By I ‘ LR
S 5 lire o8 Force plate Lugs Oe7 2 2 ygtusS oy Se L3 )Y gSuslag g8 J S ol 35015 (V) (14%9)
o & . 9 -
g 4l Y gSalaggi e A hals
3553 (e b e
cdls o (S il o Sl dp3 Voo b+ jleS
orgegp e colyial -SSPl o oy o g o/ /an  Chen
P ombaslS s S il ettt gllys LSS HLY 3 258 a5 e B gy T )Jj sa gl * il 350 0Y
PV Slel (b 3 X 1y Cand > ¥D 3] sty il ” () (0%%9)
bl )8 ok YU
- B . EMG
D (S e TEED :
bag s yodead (ndajoy il (il b (il s b ymStie OfSen g Kleine
i el g ung 28 TSRS el Vo aeiedi T s e POt
PG s oyt IR
e LS
cswcti SOV
el gocgs P EEMOSE gy el iy S o qah dliSssPedersen
o3l aleT (%S e 4 g, JW598 5 2SI S 50,00 o= oL Lo 300 A YY) (1334
. i ol Luwgs . a Culy aild cMae il 350 (%) (02%9)
Sgdn . Ao dullio S0y L (paST
935 (g (SHas e
IS (5518 Camidg
S (S S el _
wdly CandygpSofl  Jcud Sl bbicele s aad gl pyet by SEas.t ST LI
U8 ey it S0 b S (55515 wllsle S0 S oy p &S TS SAp (YF) (¥+++)
Jang s Sus ) <SSPy
by S 4 (Sous
N I R PO
; . ! D Sigbilady gt S . . 5 25 Y ))& 9 Bjorklund
Poel e Saud G gasde U s S xumafuﬁw‘*fd;ehuwm I Oben 9 HjOTIIUN
Spdie s o g Sl Jﬁ@ﬁ VoS gl glej e g s M Al ee 0 ol 350 IF (Y8) (¥+++)
A8 2T
s 292V 4y RPE yiuny by >
L ¢ S Jlio & :f” :i}l’;‘f’h:’; OS2 g 5 b S
q lwib ol N ol ¥ D27 Ioleo , toglde b 3L
sl T g, Vet i S b e oHSan 5 Maan lee
S o Bin R N el g ol 350 1) ) (79
S o gy DEIERMEIR s gy DS dekAe e
A3 sl o= o M Gk ) A gals

Y¥5



www.sid.ir

Y oo lols . V7 0590 YAF ;ULL

A3 Halllao 3 dioplS 89 907 51T s yoS sass SuilSaga 9 Mias (S 3l5

e T e
S T aollin s Sy sl il Jluasts
asllbo
OB 4 oMas  Sus
45 a3l o5 © s s s ;
u:);::bd.aui} Job » SlosS uppr bawgi (25 282 S 2 S 13 (903 pascte 905\ o)San o Tsai
1 oVl & 85 bug pdSwl eSS S G b slly s eSp b s Soleis
PIUNCTEY St a7 e b wll 3521 (V) (¥--)
Oz g ]
a5 alaml 8 3 o)
¥ > 4 oMas plos S1.5 ofjuo puory
WS S b Jedlie S RIS Sl S . .
B s Yh & s> e J o5 S Cond g - ‘,]I\“b 9 Ohﬁwﬁkuaww YA OI)L{“Q,,Ebaugh
SSalS ity giss P apg UGS TEIORTIR s s SaflaS 4l
O Gk hildsingeS Ve LMVICL iaglin il PR
gl il WA PRES JyesnsilS o S 3 plls 350 1+ (YA) (¥++%)
O waie DY 555
DEROTR s eS s b
bl als E >
Db 4 (Ss e Sas ud
Ol rayesd G EMG b eMds  wls i g gl 4 S
o el s o - " s S el e Ee ol
g bl 60l S iy ke il Yer MVIC L o o 4 oMae Saus Sbgan e i\ 4 Ebaugh
Pyl S L dasas S @)ﬁ‘”‘.‘“ (634 4o SlozS il ol
o1 & : il 4y 6 s> ; ! . .-
Vo i o b g Lo pr w‘}’u:; 22 JlyegngilS 5 Suusl gl lls 3521 (1) (v--7)
S5 5 5, 95 aiale
el il yySasl €8y Jgbo >
Llg; 9551 53kl 159 45 g5 o SVb By .
2llgj 9551 (s5lwjb ) 0& Sos b s s . .
tf)l“‘)lJ )°“°>u|)=" » @@99 F‘Js‘ » L)’B U"ln)l: 9 f)f’l"s Al P d & Ll):’ U"“Lﬂb 1S53 3y u‘)&eﬁ’T”pp
Sil il e | 5 o ¥ . L 3 ol obloj 05T (oilujl > )IKB5)9 3,8
bl Gl eS8 0uiST w00 Swy $YLL YO 4 PRE &5 S.3559 3l > s (¥+) (¥++V)
43,8 Cdly o ol Collad s 5 A5 3l 2 Joade
Tlafli%w;x o Sy plocl o3 4 Eokie Sl o6 gt
L P oo Olagll €8 > plogl yed Cl> R 5
e sl Mibpe S50 2SI S T 0 s 4 ol b P e g lredy 2 5 15, en 5 Teyhen
‘ ey o Qg O Sl e i b3 g plal Syl gl b Ly
P9t e YL gy g Sl ) ot MVIC tals 5 oyt (WO b - o
il talidl el (o s sgSass gl S e ot . (YA) (v++A)
| dny i i
DG Gl L 5 957 g3l i
q . - ol 9 9501 (SHlwjl o Al A y 2 Herrington
oo sl 2 St C—‘i}iim ‘)L;)ngj STy IS5 Al S o oo 2SS An S il gy pSfbyy  cbSensHerringt
Sblos > Jg 3,8 s DY i : S Sl o LS Gas S slad > (1Y) (¥++A)
e yuis s IS5 ]
bals & oxie liyyed . 103 &l )3 o e g3 plodil . Lo .
it ,:"“ 13;;‘” S doxius 3 (gl ’:wb;:s‘ﬁjéf» 35S Sy 05 oS (6l OlSen 5 Cote
FOI IS My Sy ] COT Al Sad ol sy
2 8l SolassS pus C i b cuod (0¥l g )5 i3 N (*Y) (¥++9)
b 3,8, AT £ySshS VD 3915 (gl e
alae dw ya 3 (Siud P
. Cud g oot €8 A o ol dlas (Sus b )y 45 V8 o )Sen 5 SzUCS
culled el S Push up ussjes (5,104 ” S - L)) OB 9
o“’ 9 Cl];;,l. alae “""9’“"5&‘”“‘3}“5 Plus 9‘-’M‘4‘L5)‘L"Jl“5f5]°"‘ﬁtfl‘”
i EMG : IS (glogysi o Called s s 330 1Y (1) (v++9)

Al )38l s



www.sid.ir

¥ ooyl . 17 0590 . 1YAF 5ol

., » . 8933 HKeY)
S5 S50 by, Szl ol < 4 Sl adlllas Bun 90 3,8 Ll Jl/oiungd
aslllxe
P90y (g
e 9 Cuwd 43gl5 556 4195 9 EMG g opiSL Jolis 8 > 555 . . UL Chopp
gt (Sau oul 5 sl v b oSl g s 4y i8> eagh pu r gy 3 S (g 2
PN A% MVIC Ao o g 290 oS50 Bl dgglf 4 s lls 50 ¥ (7F) (v+1+)
RV &llg; 3,5, B0 MVIC 4500 43 (61 559 s
Al yogilizeull i) odagll jl padute sy Ve & RPE o ol
0[.:.3 ‘) ¢ S.-..o“ 3 u.v.‘a§
KN
4 SHae o Saws
als a..\ﬁl&ﬁ @l&
calld alf ype POV SN A S nal gl 4 i ) e 4 Joshi
sl alas kb nsPNF MVICTYD Job gl iy b a s oS b sy 5ol ©
dlze el ol KolarS 5 M o lejli ol il 31 JlyasnsilS Lo akisls > o5 (M) (Y+)))
ool o EMG lug b i cSp MVIC sl sipes eMliae iluJls oy 0
S el 38l S Jabos A LtnlS 70 3 b
s (Vo i
435
Sos sbeos 4 Condy (s3lojly ) ISan 5 Guo
Wy &"i’b e ol Sl s bbb BbacSe b oMas (Sud b om0
0. (=)
T S el MVIC S s BMVICAT  (ptajpey e e i oasls (ra) (¥+1)
S hos o> Al LT . . . il pllosye Ve
eils Sk il ol on il o S0l D 5 4y Jyespils g S 581 =
" S oS s
‘ I. - . . .L:‘ | ‘.
Mgl Cumdy 4>)5‘ Foslbalsh e e s, o 2 S5 Sl b gy Cote 5 Emery
¥ S o il plil S o bl e A g oL
= o I ls 55 A VL4 RPE &S gloy 2 ses e A g A3 e .
dlﬂ“"lu“’(}T’; “‘Q?)‘X“"“’yu"bﬁ RASTRE ) » l"\”‘*{u‘s Lo, %51 0] (‘u;)(" “)
st Sl A e s SlarS (g Sejlu S5 . P> EBEPA et
e s v 2k 58
el o )
< )8 59y el oKen ¢ Ettinger
DU P S g SSleisS guyp g S c

Syl
Wl dloggl 5 9 Yl 4y

OSBRM  5 ) 595 S

ey (oo 5 Condg 4y Bias agedh el 13 iog: a3l g
S S Jlisds dngilS 858> 4 Sl (g 090 s
Dguso 4 gl

(1299) ) 5en g o Jawgs 45 ol lalllae )] &gl
2 ab osalie g <5, ploml (Vo10) ofKed 5 S s
ohgh (Shas (Sud Jlisay Sl IS8 4 S50,
S glS A S g 098 pos el Sl 0 B g3l
sl o [V gPFL 0,8 oo )l8 3L crasTad o 5 5 el
(195w )9lB920 9 Lanwgs (2 gl S 1o 5l Salias 610 p pges
DYA] aelcansay sglioe (5 8 4o 655 Sl

Sl 6|‘5m)).3 B «wladllas )’| A 0.3“ 4?53‘ J.:Lg FHY

Maximum Voluntary Isometric Contraction (MVIC)*
Sway velocity**
Motion Analyzer System***

4 Wdges odwlive |y gaoge pl IS (Vo1)) ) Se 4
eSSy 3 S Wl oo laaidly SIS 43gS el S 0
Sy s gl 5 S ol Gl welie
omizmad [V YY Y] wsl edlae cullsd el jolasea
@ aild jeuell chlac g oaiils > 7)1 4 Odlae  Sus
LY AGY AL sia 4l SColoiST 50 s 4y oo ailin LSS

Feocghen Vo 1A L5 Jloag STolus (sliad elisf a5 loxsT

ool gly oo Glgieds wilgico (6ymedS 4isT 50 e
3o axslis Sl 8 oo slowl 5 Jloeg STl (gliss
Gl Slalllae pgd diws 8 (5S4 ol dalds [¥AST4]
Ald Jaie SloieS (o & (S50, plondl 3ol 5l a5

YFA



www.sid.ir

Y oo lols . V7 0590 YAF ;ULL

A3 Halllao 3 dioplS 89 907 51T s yoS sass SuilSaga 9 Mias (S 3l5

Sy dl ol g il s52 039 el 45T SYsbs Cisedy s
‘sty.\ac le.bwi Sxiuo |) b‘)él u.ﬁ‘o..\f.{: 6)15 LS‘LQC,%JL:JZ 9

Oeed g S e GMILE 08 Bl )5 efugd (IS
Cae Cy gl jalaiody oy (gloaeliy ¢y g iyl o ¢ ol
sl & 425 52 g (S wig) 155 bay 5 dbgs e
D9 Slad (b 0 4z g IS (e 0z - (S

s y 5 K34 (65 7% 5 5]

&l
[1] Ludewig PM, Reynolds JF. The association of scapular kinematics

and glenohumeral joint pathologies. The Journal of Orthopaedic
and Sports Physical Therapy. 2009; 39(2):90-104.

[2] Michener LA, McClure PW, Karduna AR. Anatomical and bio-
mechanical mechanisms of subacromial impingement syndrome.
Clinical Biomechanics (Bristol, Avon). 2003; 18(5):369-79.

[3] de Morais Faria CD, Teixeira-Salmela LF, de Paula Goulart FR, de
Souza Moraes GF. Scapular muscular activity with shoulder im-
pingement syndrome during lowering of the arms. Clinical Jour-
nal of Sport Medicine: Official Journal of the Canadian Academy
of Sport Medicine. 2008; 18(2):130-6.

[4] Jonsson B. Measurement and evaluation of local muscular strain
in the shoulder during constrained work. Journal of Human Er-
gology. 1982; 11(1):73-88.

[5] Bjelle A. Epidemiology of shoulder.problems. Bailliere's Clinical
Rheumatology. 1989; 3(3):437-51.

[6] Leclerc A, Chastang JF, Niedhammer |, Landre MF, Roquelaure
Y. Incidence of shoulder pain in repetitive work. Occupational
and Environmental Medicine. 2004; 61(1):39-44.

[7] Hagberg M, Wegman DH. Prevalence rates and odds ratios of
shoulder-neck diseases in-different occupational groups. British
Journal of Industrial Medicine. 1987; 44(9):602-10.

[8] Lo YP, Hsu YC, Chan KM. Epidemiology of shoulder impinge-
ment in upper arm sports events. British Journal of Sports Medi-
cine. 1990; 24(3):173-7.

[9] de Looze M, Bosch T, van Dieen J. Manifestations of shoulder
fatigue in prolonged activities involving low-force contractions.
Ergonomics. 2009; 52(4):428-37.

[10] Chen SK, Simonian PT, Wickiewicz TL, Otis JC, Warren RF.
Radiographic evaluation of glenohumeral kinematics: a muscle
fatigue model. Journal of shoulder and elbow surgery/American
Shoulder and Elbow Surgeons. 1999; 8(1):49-52.

[11] Joshi M, Thigpen CA, Bunn K, Karas SG, Padua DA. Shoulder
external rotation fatigue and scapular muscle activation and kin-
ematics in overhead athletes. Journal of Athletic Training. 2011;
46(4):349-57.

[12] Voight ML, Hardin JA, Blackburn TA, Tippett S, Canner GC.
The effects of muscle fatigue on and the relationship of arm

l.b&:a.uu.:il; L Qials fL?L;‘ (Y++9) &.;‘)Kn.b ) 4355 as
SLad falS gios Sl (rpon 45 053,57 03395 |, £9dge (il
slateds &5 Sl yes 5l 3 (S J o ¢ Jleg STl
30,5 oo dloml «uattd g0 ol 8l 4y xS SLS Clae Coeis

Irv]

& G ol gl Slalllas oyl (oled 4 dzg
2 658y e s Jle jebay wpeiy) slacallad o
5220 9 el 5 (552 (695Ul 5 i i Sy i
QS Tay (6 Fodued Camdg ol bl olaie IS o culi celn ¥
Pl (Y + ) Cava 5 31,5 4" lalllan cylos ool yo [¥V]
by W5 (625 )8 Camdy 50 1) (6mds Candlyi sl
ol o 3ol .asS oanlite gs0 o oS (5 a8l slasce
7 Olyass olsglis (SGhas 39y ool 5l eolaul el
AR 7 NORI NI ST PO e JEAERY

Jlsas (Dlas Collad Dl i 59 2 ool gy Slalllae
FY ¥Y] 8,05 o gl anllae du @iws ol 40 3 S
Jlisay cdlae culled s ol 4w o 4o a5 [V
(V4N JilSon 5 (b9 4S5 b (08l ot (S
b oasils o g5 4 OBl S 5l oy
saalie g axzsls, Mils iy yeS cdlae 3T gsleg 2SI
Sudlad (Jg 2l (als Sl 5 dlas collad 4 woges
B Lt s (sl 3,8 Wy tal8l ywgilivndl iy dliae
Cosl Sl Folae Sl 9 Jlrogagls whlas S0 bl
(S 5l (S Gjpe 0 o5 Sl Cdlae ol Sl g
INT 0,8 a3 sl 520 0 ogiligusl iy

lae (Vor) JullSen 9 (1S3 dalllas )3 cizeen
Push up Plus coasg oyilodaXs 5 ko 5l 1, calsd ugilpun
Codlad (2ol58 iy i (sl gl 4y g w55 S A
S (Byra 3 EDae Cullad e gl SBgh 3yl 5 dlae
(e )15 30 alh el aw (6,15 0 4039, (slaclad o [1Y]
)Ked g oulS a5 LT3l odleds delunsdy dxs (peon
705 8ol SiladS Candg (il aiy oS pogdle (V439)
S |y SBgd l 5 Alae cllad il wivges <ol 1S,
IYV] 018 8 Lo o 01 31 oased Camig Judods Sl
S5 42

e Siws a5 ol lias aidS Slalllae aepllas 4440
(ae (BSaleg xS colld s 5l ghild anjeS
3 3 (o o 55 5 SIS igyoF (SeilornS (555
Soundy (5,145 9 )5 lacdlad (ol iy sl 035

6. Kibler
7. DiVeta



www.sid.ir

¥ ooyl . 17 0590 . 1YAF 5ol

[27] Tsai NT, McClure PW, Karduna AR. Effects of muscle fatigue
on 3-dimensional scapular kinematics. Archives of Physical Medi-
cine and Rehabilitation. 2003; 84(7):1000-5.

[28] Ebaugh DD, McClure PW, Karduna AR. Effects of shoulder
muscle fatigue caused by repetitive overhead activities on scapu-
lothoracic and glenohumeral kinematics. Journal of Electromy-
ography and Kinesiology: Official Journal of the International
Society of Electrophysiological Kinesiology. 2006; 16(3):224-35.

[29] Ebaugh DD, McClure PW, Karduna AR. Scapulothoracic and
glenohumeral kinematics following an external rotation fatigue
protocol. The Journal of Orthopaedic and Sports Physical Ther-
apy. 2006; 36(8):557-71.

[30] Tripp BL, Yochem EM, Uhl TL. Functional fatigue and upper
extremity sensorimotor system acuity in baseball athletes. Journal
of Athletic Training. 2007; 42(1):90-8.

[31] Herrington L, Horsley 1, Whitaker L, Rolf C. Does a tackling
task effect shoulder joint position sense in rugby players? Physical
Therapy in Sport: Official Journal of the Association of Char-
tered Physiotherapists in Sports Medicine. 2008; 9(2):67-71.

[32] Cote MP, Gomlinski G, Tracy J, Mazzocca AD. Radiographic
analysis of commonly prescribed scapular exercises. Journal of
shoulder and elbow Surgery/American Shoulder and Elbow Sur-
geons. 2009; 18(2):311-6.

[33] Szucs K, Navalgund A, Borstad JD. Scapular muscle activation
and co-activation following a fatigue task. Medical & biological
Engineering & Computing. 2009; 47(5):487-95.

[34] Chopp JN, O'Neill JM, Hurley K, Dickerson CR. Superior hu-
meral head migration occurs after a protocol designed to fatigue
the rotator cuff: a radiographic analysis. Journal of shoulder-and
elbow surgery/American Shoulder and Elbow Surgeons. 2010;
19(8):1137-44.

[35] Guo L, Lin C, Yang C, Hou Y, Chen S, Wu w. Evaluation of
internal rotator muscle fatigue on shoulder and scapular proprio-
ception. Journal of Mechanics in Medicine and Biology. 2011;
11(3):663-74.

[36] Emery K, Cote JN: Repetitive arm motion-induced fatigue af-
fects shoulder but not endpoint position sense. Experimental
Brain Research. 2012; 216(4):553-64.

[37] Ettinger L, McClure P, Kincl L, Karduna A. Exposure to a
workday environment results in an increase in anterior tilting of
the scapula in dental hygienists with greater employment experi-
ence. Clinical Biomechanics (Bristol, Avon). 2012; 27(4):341-5.

[38] Poppen NK, Walker PS. Normal and abnormal motion of the
shoulder. The Journal of Bone and Joint Surgery American vol-
ume. 1976; 58(2):195-201.

[39] Deutsch A, Altchek DW, Schwartz E, Otis JC, Warren RF. Ra-
diologic measurement of superior displacement of the humeral
head in the impingement syndrome. Journal of Shoulder and
Elbow Surgery/American Shoulder and Elbow Surgeons. 1996;
5(3):186-93.

dominance to shoulder proprioception. The Journal of Ortho-
paedic and Sports Physical Therapy. 1996; 23(6):348-52.

[13] Lindstrom L, Kadefors R, Petersen I. An electromyographic
index for localized muscle fatigue. Journal of Applied Physiol-
ogy: Respiratory, Environmental and Exercise Physiology. 1977;
43(4):750-4.

[14] Merletti R, Knaflitz M, De Luca CJ. Myoelectric manifestations
of fatigue in voluntary and electrically elicited contractions. Jour-
nal of Applied Physiology. 1990; 69(5):1810-20.

[15] Borg G. Psychophysical scaling with applications in physical
work and the perception of exertion. Scandinavian Journal of
Work, Environment & Health. 1990; 16(Suppl 1):55-8.

[16] Karduna AR, McClure PW, Michener LA, Sennett B. Dynam-
ic measurements of three-dimensional scapular kinematics: a
validation study. Journal of Biomechanical Engineering. 2001;
123(2):184-90.

[17] Ludewig PM, Cook TM, Nawoczenski DA. Three-dimensional
scapular orientation and-muscle activity at selected positions of
humeral elevation. The Journal of Orthopaedic and Sports Physi-
cal Therapy. 1996; 24(2):57-65.

[18] Teyhen DS, Miller M, Middag TR, Kane EJ. Rotator cuff fa-
tigue and glenohumeral kinematics in participants without shoul-
der dysfunction. Journal of Athletic Training. 2008; 43(4):352-8.

[19] Myers JB, Guskiewicz KM, Schneider RA, Prentice WE. Propri-
oception and neuromuscular control of the shoulder after muscle
fatigue. Journal of Athletic Training. 1999; 34(4):362-7.

[20] Walsh LD, Allen TJ, Gandevia SC, Proske U. Effect of eccen-
tric exercise on position sense at the human forearm in different
postures. Journal of Applied Physiology. 2006; 100(4):1109-16.

[21] Sterner RL, Pincivero DM, Lephart SM. The effects of muscu-
lar fatigue on shoulder proprioception. Clinical Journal of Sport
Medicine: Official Journal of the Canadian Academy of Sport
Medicine. 1998; 8(2):96-101.

[22] Kleine BU, Schumann NP, Bradl I, Grieshaber R, Scholle HC.
Surface EMG of shoulder and back muscles and posture analysis
in secretaries typing at visual display units. International Archives
of Occupational and Environmental Health. 1999; 72(6):387-94.

[23] Pedersen J, Lonn J, Hellstrom F, Djupsjobacka M, Johansson H.
Localized muscle fatigue decreases the acuity of the movement
sense in the human shoulder. Medicine and Science in Sports and
Exercise. 1999; 31(7):1047-52.

[24] Crotty NM, Smith J. Alterations in scapular position with fatigue:
a study in swimmers. Clinical Journal of Sport Medicine: Offi-
cial Journal of the Canadian Academy of Sport Medicine. 2000,
10(4):251-8.

[25] Bjorklund M, Crenshaw AG, Djupsjobacka M, Johansson H.
Position sense acuity is diminished following repetitive low-inten-
sity work to fatigue in a simulated occupational setting. European
Journal of Applied Physiology. 2000; 81(5):361-7.

[26] Lee HM, Liau JJ, Cheng CK, Tan CM, Shih JT. Evaluation of
shoulder proprioception following muscle fatigue. Clinical Bio-
mechanics (Bristol, Avon). 2003; 18(9):843-7.



www.sid.ir

