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Abstract

The aim of this study was to compare the electromyographic (EMG) activity levels of the scapular
upward rotators [upper trapezius (UT), lower trapezius (LT), and serratus anterior (SA)] and other
scapular muscles [posterior deltoid (PD), levator scapulae (LS), and infraspinatus (IS)] during isometric
lower trapezius exercises. Twenty males with no medical history of shoulder pain or upper extremity
disorders were recruited for this study. EMG activity was recorded from the UT, LT, SA, PD, LS, and
IS while subjects performed three different exercises: Prone arm lift (PAL), Backward rocking diagonal
arm lift (BRDAL), Modified Prone Cobra (MPC). One-way analysis of variance (ANOVA) was used to
determine any significant differences among the three exercises. A lower relative activation of UT, LT,
and SA was seen with the MPC than with the other exercises (p<.05). The relatively lower activation of
the UT identified, the MPC exercise as the preferred choice for preferential strengthening the LT (p<.05).
However, a higher activation in the PD, LS, and IS occurred with the MPC than with the other exercises
(p>.05). The recruitment pattern of synergist varied depending on the exercise posture. These findings
suggest that exercise posture is an important factor in the selection of strengthening exercise for weak
muscle.

Key Words: Electromyography; Lower trapezius; Scapular upward rotators; Strengthening exercise.

http://dx.doi.org/10.12674/ptk.2013.20.3.027

1. A& syndrome) o]t o7& Z(rotator cuff)e] £43F 2
Hx o] At 4 thiLudewig¥ Braman,

ANTAS 7lsH oz I ALEE7] Qe o 2011).
weol HE Aol F2US A AEHR FAsE o7 o] $E&EHo Fag IS Fh= J%EE
Zo] =238}tk Choi 5, 2012; Wilke} Arrigo, 1993). & = S M EE(upper trapezius; UT)T ofefS5A &

S0 &8E e oABE I Aol 2:19] 1] (lower trapezius, LT), ¢ (serratus anterior; SA)
2 22 QJo] AIs, ojzfi o] fEEHo] H=3) S 5 F Ak A7 7]l (scapular dysfunc-
o7 #FAM= FEFF(shoulder impingement tion)ol] tE e AoA] I 2101 oM BR=

Corresponding author: Jong—hyuck Weon jhweon@joongbu.ac.kr



A AT 22 2834 20139 207 35 27-35
Phys Ther Kor 2013;20(3):27-35

ULE 7k Erdor Busta UrHCools 5,
2007a; Huang %, 2013; Ludewig 5, 2004; Tucker &,
2010). o] ATEL o7 YFEHTE FTolA AdF
Y23t O}W%H]EELQ L8 E Asht ofstE 2l
o7 o] §1FEHo| A Hal, o|Zlg B
A3l Sl MEZe] REsHA AEsAY FEFTFI0)
dbAsHA @Aokar sk tHCools %5, 2007b; Huang 5,
2013; Ludewig® Braman, 2011; Ludewig® Cook,
2000). ©o]# 3t o2 B2 AFolA ozl FHE
HEES AsiA717] gk ofe] 7] i Ee] AAH
A Cools &, 2004; Cools &, 2005, Lehman <5,
2006; MacDonell?} Keir, 2005). Z3F Decker 5-(1999)
2 o7 YEFEHULES gy or FHAF7] H5
A SEUSH oA 2EHEE S
Aoder YFAETY] FEHEE HE T A9
gty B3k

oM AFEYUTE TolA ofAlELE

8= EeF omME Wi(depression),
(adduction), % 71-&A(posterior tilt) Al71= 7]
31, 7H5S H(extension) Al 713l AHA AE AEHIS
A= F83% 93-S grkKendall 5, 2005). 5%
ol TAI R oFsh= o7 ] TIsgel], ol Zju o
ool Trdo]l glo] @We AFelA] ofEiEA
&etele WHE

mhﬂ
[oZ

of

oh‘ Hoag

i 40 do do b

SRR

AT tH Arlotta 5, 2011; De Mey
5, 2013; Ekstrom &, 2003; Ha &, 2012; Hardwick
5, 2006, Kibler®} McMullen, 2003; Lin &, 2006;
Ludewig®} Cook, 2000; Moseley %, 1992; Smith %,
2006, Witt &, 2011).

Ekstrom (2003)2 A=d ApAl A &8 145°
#HAA £35S w(prone arm lift; PAL), o}el% ]
LT HAdE A3t fvkal 849laL, Ha —5(2012)
9] Ao+ Backward rocking diagonal arm lift
(BRDAL) #&°] PAL %ol H|3| O]'WE/‘%]U:LQ -
IHEE O ol 7= Zioi UEbsi g
Arlotta 5(2011)-2 Z¢] ¥y ZA%=E 27 st ‘v’]'o‘*'"
R SEAAEE A A Oﬂ*ﬂ Z& Ev
Modified Prone Cobra (MPC) £%©] o}5A 2
Aelx ekE flaA Fohal FEekadh

ofstel <55 AsHA7I7] SsiAeE A
Fo8tH, R A e JEIES
S3tEs o 4 QlviSahrmann, 2002).
I zpAe] upEld HErSo I T

Lol & mlm

[¢]

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

Ll Zﬂolq(Choung %, 2013). Ekstrom 5(2003)¢] <
d= AAdA ZE 92 SElE PAL
< o} %‘ﬂEE“’ SEHEE HUE F3AE
oA R Yl S AR S8 A A F
X712 AR FEHd sk hyper activation)
3l
A

#okd ge oAk =

ance)—‘" /‘@WO] Gojz|= deolr}. weba] ojd
o] olTAREIS My or s

tol 7] flaiA= OPEH':

‘43 H|(ratio) =

Sl =

ZAbel =, el wet

E
o]
2 99 e o) PSEE AFS W
=
[e)
&

g
L
FU
g
)

W)
HS m
Tt

L

3}
22 os SmEy

o
, 2
r_.,

1o

rl

i

o ;

o2
=
il m{o re

=
o
Bt
it o,
o
rd

9,

2, AEAART, FpAjolel
N gdolit ofims] A ge] e

SEo|thEscamilla &, 2009). OVHH
ofejEEYT 29 FEIQ opeyde] B

A cAM AREUS PG FETITS

iy
2
S
o
o

Mo M
Ho
rlo
2
N

=y
ar
ry

o_>L_EE
Lok Lo

= ge =8 §A 2AeHE Ao] B
23 goltk, Wy i Aol oldsARS 7

I R

1. 7942}

2 el giaabs yohstael et F A4 4
QA 098 g StkTable 1. e o4
A5 ATe) BA7) el o) FEP 4Ee £
olgsh F A7 Fold Folsldon, of R e A

A 22247 A7 QoM AT Aol 4T F

73 |
T S WA AolA Al A AT



st 22 A 5538 %] 20139 20d 3% 27-35
Phys Ther Kor 2013;20(3):27-35

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

Table 1. General characteristics of subjects (N=20)
Mean+SD Range
Age (yr) 22.7£1.7 20~25
Height (cm) 176.3£3.7 172~181
Body weight (kg) 69.1+7.1 61 ~85
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Figure 1. Prone arm lift exercise. Figure 2. Backward rocking agonal Figure 3. Modified Prone Cobra

arm lift exercise. exercise.
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Table 2. EMG activation expressed as a percentage of maximal volutary isometric contraction for each ex-

ercise
Muscle Exercise type
PAL* BRDAL" MPC* ) P
uT? 55.15+24.89° 52.11+£24.26 12.19+6.66 21.526 <.001"
LT 73.63+17.74 72.48+16.55 45.13+25.76 12.472 <.001"
SA® 52.86+20.71 51.51+22.37 17.23+10.89 23.351 002"
PD" 44.95+20.77 45.60+21.92 58.19+19.19 2.609 082
LS' 30.66+20.95 27.31£15.82 40.58+21.58 2.475 .093
Is’ 32.11+13.11 36.20+13.33 40.64+21.56 1.297 281
Ratio of UT/LT 80+4 774 34+.3 9.437 <.001"
Ratio of UT/SA 1.19+.64 1.20+.71 .99+.83 520 598

“prone arm lift, "hackward rocking diagonal arm lift, “modified prone cobra, “upper trapezius, ‘mean+standard
deviation, fower trapezius, ®serratus anterior, hposten'or deltoid, levator scapulae, ‘infraspinatus, “statistically
signficant at the level of p<.05.
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Figure 4. Comparison of the scapular muscle activity among three different isometric
exercise (PAL: prone arm lift, BRDAL: backward rocking diagonal arm lift, MPC:

modified prone cobra) ("p<.05).
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prone arm lift, BRDAL: backward rocking
diagonal arm lift, MPC: modified prone cobra)
("'p<.05).

%3 Table 29} Figure 40 AAIFA L, 9 5AHEZ/of
SAETY AR/ SE YT l% Table 29

e 95 AR,

tof FASART, AF
G0 AREE R Aol

BYHp<05). 281}

HEANA R, AMEHE, 7ol S EE
el wel ol Aol gllvHp>.05). MPC
&EF Ao SISARTIE ol Aﬂf’l sheysrel &
4% BRDAL +53 PAL %o vl #2lsi
Al vEbsth =g el w}E} AR/

STAIES H= fF9%k Zolrt Ao M (p<.05)(Figure
5), MR/ EFHZe] Hl= ok Aozt glddth
(Table 2). $15AHE/ o TR v9t 5=
/EYTe] HE= MPC £5°] BRDAL #%°]1 PAL
>0l vlEiA frelshA sekt

=

B oATE oldEMRES FA1Y] e Ags
e % 4 (BRDAL, PAL, MPC)o] o}7m
ABEYLEY TBYEG hE o) ZRECISY
o, HEel AL, o A T
GG Sohrs] S5kl A 4 082 oz 5
B, AT A ohAF AL HAEALL, HE



st 22 A 5538 %] 20139 20d 3% 27-35
Phys Ther Kor 2013;20(3):27-35

Yo SEYEE £ te fol3 Holg
ek, ol S AR AFARY, FFUT FRYE
 WE MPC £%4¢ 2457 BRDAL %3

SEA) s Felsl sl ek e
2T, @R, Aolee] BEyRs
SEPH mek oI Aol7t fleh w of
AT AUH 255 A5 9 ABAR
+&A17F BRDAL
PAL £ FrelakA A veksth
MPC $%¢] BRDAL %3 PAL $-%ol 13

off X,

(U e

o
S
&
ojf
[

Mo rl ¢
lo
=
2
<
iy

W, ol

Mo

9

) =AY A, TS vYR 180° Y=
ot E HJolA o7 el oF 60° 1% E-HI UlF,
aga HEF: - 7]Edel A
(Neumann, 2002; Sahrmann, 2002). o7l &
X el FAQl, 1 FolAE ozfme] FHE 7]E9
TS HIE SYv T84S AT o= AlElA T
A 7 ol H8AEAR opm o] FAQlolu FEs
WA s=Ael Qlol w9 Fa3ltHSolem-Bertoft 5,
1993). & WLlddA ] A o] FFH3HA =™, &5

oL o
f O

o

o] E-otA(glenohumeral instability)o] @A 4 9tk
(Ludewig &, 1996; McQuade &, 1998, Wamer G,
1992). olefgt o7 o] & Hejorle] A<l o}
SHETo] Fa% 98-S th(Kendall, 5 2005). 1
A o] AFENA ol eAETe FH% s WS
ZAVertH Arlotta, 5, 2011; Ekstrom, 5, 2003; Ha
5, 2012, Hardwick, ‘&, 2006; Pontillo -5, 2007).
Arlotta 5(2011) o8 74 L5HHEE
MPC &5o°] offsAEte] Mes 573}
71 aapHelivtal =g E ATl E MPC &
o] BRDAL &°|tt PAL 5 HlsiA AR
/ot T MRS HIZF folekAl wokth 1ey o
TARTY] FEAYERRS Hlugs wol= MPC &%
o] BRDAL &%o|L} PAL %ol nla} FolatA A
velth o]#d A= MPC 250] ol s A e

ol A

9]

Ly

)

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

gl mls oAl WAl uEbsith ol At
Uehd o2 WA &5 Al oMo fAE &
Atk BRDAL &&3 PAL &2 o7zt 71 &
WA f1E5Ed Hol Sl ARAelA AAE T o]
A= AR ShEU o] HU= golxl Aol
71 wiEell e S AT = vEE Aol
. 22 MPC 52 o7 o] 15aEd glo] ofzt
of Wgd} o] wAsE 2R, AL S
U2 Aol AAlell A Al Ho] Sdd=rt o
2 7 e el vlsl folsiAl s vekstar, ol
SARTS Fokxl WelelA FEEl7] wiel tE
=

SEuT H ¥ 2RYES BYS Aotk
E TR ol Al 7 259 AAelA 28

% Wbyt Zo] 5 wWeke] o= 2%k Y &
t}. BRDAL $%3 PAL 5% BF o7)E 145°

A AAe A e ERE Sl &5olth o] A% of
5

o)

=g

=

= 3

AEZL o7|BHe o7 3lo] uhze mulE
22 Al AEtER L

o] o X% Aotk Kendall 5(2006)% ol
Amte] 8 H7LE o] &AAoA HA|Stelok dttial
Zo] A= 2890 43 W

T

T%o (S I S [<] —o
o EHE qlo] wSdh W] lejA 5ol 5l
U el v gasisle Aotk o] gt o
a2 UM MPC #5°] BRDAL &&°|- PAL &
ol Hlal o SARETS duH o Fead 5
= Wl sHARE frefebA W T2 RS Bile
< 778 5 At
B Ao s obl Sl AL s
7 e ES Addste] 24 2EilE Abeld
DA e] Apoloh e AR gyl tigk of

A

e MEZe] & (hyperacitivity)
3AE 83 BAES dsy] Y 1w
o

tlo

it
0 X 32 o ot ¥o 1&% ol g off o U X

SHEL 2} ol S AR o] HElH 45 AlAska
O AFAA dEUZe) 2L AR A &
PREE gol ATHAA olehpAmae] 2w
deHoz aAl7] 98 LEREEe BA o
o 2 B QTeldE oS AR FRn
ZAA9)7) A% AFE FoIA A% 2oHE A T

eg AdYste] 1 2dE Blasirh B3 2 A



st 22 A 5538 %] 20139 20d 3% 27-35
Phys Ther Kor 2013;20(3):27-35

olE Al 7HA & WHHAA BT Y3t
kg)°l -rﬂla Fog A el ZAze] &5 AHAlE
Hsl=E stk o =
Y 0}74] st7] f1§tol At

oANHEe A
(synergist) E©

U_’
IS
T
o

Sl FE

(substitution)S 3l ¥ tHKendall 5, 2005). S=3F

T AAl mEkd FYEE 550 UE Aolnz

o FYIE 2L E A A AshAl7] Azt
el

S 5o AElA o]

L
otk el 3 AL oj7mel fEEgns 9
o oAl eY I HBA AR, FAlclele] ZBA
= @ zAddn. AT A% A A 8%
LB oA, Aokdel e
S fel9 Aot Btk el MPC £5 A9 2
JE7F BRDAL %ot PAL &% A9 &4 %9
) Al 25wl 7 %A UERth H1E MPC
S50 o7l ABEYDE FolN AT 2
HEE Z7M7IA 23 ol EARES AEgo 2

sty 3k o2 FHIA o7

HAy HE
ANMA B, 7HAlolelte] S8 EE 238 TUHHE
Ae & F AT A7ESETL o] ol &=
Z(downward rotator) 0.2 o] &o] T&As)E ALt

U FolAW 98]y ofme] &=E7s Walste]
AsMEZe] H&gdste] el 2 & YrthWeon &,
2010). w3k FZAMA R TEAobE o] TEolut
Hegst= o] A el U (horizontal
adduction)©]t} ¢+ (intemal rotation) S A|$Hsl=
Aoz #ga 4= riSahrmann, 2002). ©]9} 2
ANZHE FEHEY Aol e wet T

Ui of
ol

ol

2

f

Lo
rld
JE

ol
rl
Ho
il
1o
i
iie]
ox
k1
=2
=
o
of
o
=2
=
&
re o
-
o

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

W 8| =(overhead) F2to] we Atto|} o)==
Sl el [P Rl b A P
7} Q3 Aot}

V. 2E&

2 ATE ol AELS ST Ag Al 71
ol o FERIES] SRS} tE o
N ZHECIAEED, FAZAAARE, Mol
AT WX JgFS Dol sk 1 Az
TR ol AE, dEUe] SRR
BRDAL &%5°]4 PAL &%5°] MPC &%l #la] <
SHAl Al JERSE A, 1Al E/otel T Al o] HE
MPC °£Aloﬂ BRDAL %3} PAL &5l Hl8]
ofstAl =A uEpdTh oleg A= MPC 50l
BRDAL &% %%oﬂ Hl&) ol sAEIS o
Aejdoz Zsiad = e WA uk ol SAR
o] S ERRS WS "o MPC FHT}
BRDAL £%5% PAL £%°] 87 alo] o axx<l
WS om gt
PR ol T AR S 71
s S A9E des tE ojAm 9%
<8-S Hriste], ol e RIS MEHos
A AQNA] o™, & o YEEHIER §
4 A= E_E% stofo & Zlojt}, o} F Al
o] ez AstE feix= MPC 52, 18|l
o7 EEYLEE A 73718 BRDAL
ot PAL +5S A7) Zo] a3¥d Zolth

N
o
ot

fi
)
o rld

-
Mo 2 o > 1o Ho

References

Arlotta M, LoVasco G, McLean L. Selective recruit—
ment of the lower fibers of the trapezius
muscle. ] Electromyogr Kinesiol. 2011;21(3):403
-410.

Choi JY, Jang JH, Oh ]S. Effects of passive sapular
alignment on electromyographic activity of tra—
pezius in people with shortness of pectoralis mi—
nor muscle. Phys Ther Kor. 2012;19(2):12-19.

Choung SD, Weon JH, Jung DY. Effect of movement



st 22 A 5538 %] 20139 20d 3% 27-35
Phys Ther Kor 2013;20(3):27-35

plane and shoulder flexion angle on scapular
during scapular protraction
Korean Soc  Phys Med.

upward  rotator

exercise. J
2013;8(1):41-48.

Cools AM, Witvrouw EE, Declercq GA, et al
Evaluation of isokinetic force production and as-—
sociated muscle activity in the scapular rotators
during a protraction-retraction movement in
overhead athletes with impingement symptoms.
Br J Sports Med. 2004;38(1):64-68.

Cools AM, Witvrouw EE, Mahieu NN, et al
Isokinetic scapular muscle performance in over—
head athletes with and without impingement
symptoms. ] Athl Train. 2005;40(2):104-110.

Cools AM, Declercq GA, Cambier DC, et al
Trapezius activity and intramuscular balance
during isokinetic exercise in overhead athletes
with impingement symptoms. Scand ] Med Sci
Sports. 2007a;17(1):25-33.

Cools AM, Dewitte V, Lanszweert F, et al
Rehabilitation of scapular muscle balance: Which
exercises to prescribe? Am J Sports Med.
20075;35(10):1744-1751.

Criswell E. Surface
Electromyography. 2nd ed. Sudbury, MA, Jones
and Bartlett, 2011:289-306.

De Mey K, Danneels LA, Cagnie B, et al. Conscious
correction of scapular orientation in overhead

Cram’'s Introduction to

athletes performing selected shoulder re-
hahbilitation exercises: The effect on trapezius
muscle  activation measured by  surface

electromyography. J Orthop Sports Phys Ther.
2013;43(1):3-10.

Decker M]J, Hintermeister RA, Faber K], et al
Serratus anterior muscle activity during selected
rehabilitation exercises. Am ] Sports Med.
1999;27(6):784-791.

Ekstrom RA, Donatelli RA, Soderberg GL. Surface
electromyographic analysis of exercises for the
trapezius and serratus anterior muscles. J
Orthop Sports Phys Ther. 2003;33(5):247-258.

Eliot DJ. Electromyography of levator scapulac: New

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

findings allow tests of a head stabilization
model. J Manipulative Physiol Ther.
1996;19(1):19-25.

Escamilla RF, Yamashiro K, Paulos L, et al
Shoulder muscle activity and function in com-—
mon shoulder rehabilitation exercises. Sports
Med. 2009;39(8):663-685.

Ha SM, Kwon QY, Cynn HS, et al. Comparison of
electromyographic activity of the lower trapezius

different
arm-lifting scapular posterior tilt exercises. Phys
Ther Sport. 2012;13(4):227-232.

Hardwick DH, Beebe JA, McDonnell MK, et al. A
comparison of serratus anterior muscle activa-

and serratus anterior muscle in

tion during a wall slide exercise and other tra—
ditional exercises. ] Orthop Sports Phys Ther.
2006;36(12):903-910.

Huang HY, Lin JJ, Guo YL, et al. EMG biofeedback
effectiveness to alter muscle activity pattern and
scapular Kinematics in subjects with and with—
out shoulder impingement.
Kinesiol. 2013;23(1):267-274.

Kendall FP, McCreary EK, Provance PG, et al
Muscles: Testing and function, with posture and
pain. bth ed. Baltimore, MD, Lippincott Williams
and Wilkins, 2005:17-330.

Kibler WB, McMullen ]. Scapular dyskinesis and its
relation to shoulder pain. J] Am Acad Orthop
Surg. 2003;11(2):142-151.

Lehman GJ, MacMillan B, Maclntyre I, et al
Shoulder muscle EMG activity during push up
variations on and off a swiss ball. Dyn Med.
2006;57.

Lin H, Chie W, Lien H. Epidemiological analysis of
factors influencing an episode of exertional
rhabdomyolysis in high school students. Am ]
Sports Med. 2006;34(3):481-486.

Ludewig PM, Braman JP. Shoulder impingement:

J  Electromyogr

Biomechanical considerations in rehabilitation.
Man Ther. 2011; 16(1):33-39.

Ludewig PM, Cook TM. Alterations in shoulder kin-
ematics and associated muscle activity in people



st 22 A 5538 %] 20139 20d 3% 27-35
Phys Ther Kor 2013;20(3):27-35

with symptoms of shoulder impingement. Phys
Ther. 2000;80(3):276-291.

Ludewig PM, Cook TM, Nawoczenski DA. Three-di—
mensional scapular orientation and muscle activ—-
ity at selected positions of humeral elevation. ]
Orthop Sports Phys Ther. 1996;24(2):57-65.

Ludewig PM, Hoff MS, Osowski EE, et al. Relative
balance of serratus anterior and upper trapezius
muscle activity during push-up exercises. Am ]
Sports Med. 2004,32(2):484-493.

MacDonell CW, Keir PJ. Interfering effects of the
task demands of grip force and mental process—
ing on isometric shoulder strength and muscle
activity. Ergonomics. 2005;48(15):1749-1769.

McQuade KJ, Dawson J, Smidt GL. Scapulothoracic
muscle fatigue associated with alterations in
scapulohumeral rhythm kinematics during max-—
imum resistive shoulder elevation. ] Orthop
Sports Phys Ther. 1998;28(2):74-80.

Moseley JB Jr, Jobe FW, Pink M, et al. Emg analy—
sis of the scapular muscles during a shoulder
rehabilitation program. Am J Sports Med.
1992;20(2):128-134.

Neumann DA. Kinesiology of the Musculoskeletal
System. 1st ed. St Louis, MO, Mosby,
2002:118-132.

Pontillo M, Orishimo KF, Kremenic IJ, et al
Shoulder musculature activity and stabilization
during upper extremity weight-bearing activities.
N Am J Sports Phys Ther. 2007;2(2):90-96.

Queisser F, Blithner R, Brauer D, et al. The rela—
tionship between the electromyogram-amplitude
and isometric extension torques of neck muscles
at different positions of the cervical spine. Eur J
Appl Physiol Occup Physiol. 1994;68(1):92-101.

Sahrmann SA. Diagnosis and Treatment of
Movement Impairment Syndrome. St Louis, MO,
Mosby, 2002:206-212.

ISSN (Print) 1225-8962, ISSN (Online) 2287-982X
http://dx.doi.org/10.12674/ptk.2013.20.3.027

Smith J, Dahm DL, Kaufman KR, et al
Electromyographic activity in the immobilized
shoulder girdle musculature during scap—
ulothoracic exercises. Arch Phys Med Rehabil.
2006;87(7):923-927.

Solem-Bertoft E, Thuomas KA, Westerberg CE. The
influence of scapular retraction and protraction
on the width of the subacromial space: An MRI
study. Clin Orthop Relat Res. 1993;(296):99-103.

Tucker WS, Armstrong CW, Gribble PA, et al
Scapular muscle activity in overhead athletes
with symptoms of secondary shoulder impinge-—
ment during closed chain exercises. Arch Phys
Med Rehabil. 2010;91(4):550-556.

Warner JJ, Micheli L], Arslanian LE, et al
Scapulothoracic motion in normal shoulders and
shoulders with glenohumeral instability and im-—
pingement syndrome. A study using Moiré
topographic analysis. Clin Orthop Relat Res.
1992;(285):191-199.

Weon JH, Oh JS, Cynn HS, et al. Influence of for—
ward head posture on scapular upward rotators
during isometric shoulder flexion. ] Bodyw Mov
Ther. 2010;(14):367-374.

Wilk KE, Arrigo C. Current concepts in the re-
habilitation of the athletic shoulder. J Orthop
Sports Phys Ther. 1993;18(1):365-378.

Witt D, Talbott N, Kotowski S. Electromyographic
activity of scapular muscles during diagonal

elastic resistance and free

Sports Phys Ther.

patterns  using
weights. Int J
2011;6(4):322-332.

This article was received July 26, 2013, was re-
viewed July 26, 2013, and was accepted September
3, 2013.



