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| Abstract |

Purpose: To investigate the effects of electromyography (EMG) biofeedback on the muscle activity of the trapezius, shoulder
pain, function, and range of motion (ROM) in patients with subacromial impingement syndrome (SAIS).

Methods: Sixteen patients (9 males and 7 females) with SAIS participated voluntarily. The main outcome measures were muscle
activity of the trapezius, shoulder pain (VAS), ROM, and the shoulder pain and disability index (SPADI). Exercises with EMG
biofeedback consisted of shoulder flexion in a standing position, shoulder external rotation in a side-lying position, and shoulder
horizontal abduction in a prone position. Post measurements were taken immediately after EMG biofeedback training.
Results: Middle and lower trapezius activity, as well as ROM, was significantly increased by exercise with EMG biofeedback
(p<0.05). In addition, VAS and SPADI scores significantly decreased post-EMG biofeedback training (p<0.05).
Conclusion: EMG biofeedback intervention is an effective exercise for SAIS patients to restore activity of the middle

and lower trapezius and to improve pain, shoulder function, and ROM.
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Fig. 1. Scapula exercises with electromyographic biofeedback. A: forward flexion, B: sidelying external rotation, prone

horizontal abduction with external rotation).
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Fig. 2. Real time activity of upper trapezius during 3
scapula exercises.
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Table 1. The difference of the outcome variables between pre-intervention and post-intervention

Pre-intervention Post-intervention P

Muscle activity of trapezius (%RVIC)

Upper trapezius 25.67+14.06 21.39+17.91 0.11

Middle trapezius 28.66+13.64 32.37+14.30 0.02°

Lower trapezius 37.24+13.58 40.61£13.72 0.03"
Pain (cm) 4.28+2.01 2.71£2.09 <0.01"
Range of motion (degrees)

Flexion 137.64+13.49 151.21+£12.49 <0.01°

Abduction 139.92+20.20 151.71+16.54 <0.01"

Internal rotation 56.00+16.12 69.50+11.83 <0.01"

External rotation 40.64+8.74 53.92+6.89 <0.01"
SPADI (points) 29.50+18.25 19.64+16.5 <0.01"
* P < 0.05

SPADI: shoulder pain and disability index



FEZPT ANQ SHZZ LY DXl 2 ik | 113

&2 A7e 2AE AAEHY G ol &% SHRS
+50] F92Y SEST S SARS 284
=, PSS, ol 7Is ® wE7FsH el viAl=
Fbof| sl Lottt & A 23E T3 <A
T AAEYY 2Eol o
<ot SSAEZY 2
5 oVl 71 R BATFSHE AT A

g
X

il "
juis)

—),‘

)

&

ol

=

H

AR 2= @0l YER T (Borstad &
Ludewig, 2005), 37}4] SAEZ €52 3F= 594 9
SAEZY TEAHES XD 4= gtk SHARE AA)
o HUEE T8 ool 28 =E 2
oA 2o AAIRIG oAl At 22
5 Aol 7hssitt HlE, &5 & ofeleAl Lt
TUHSAELY ZEHEE ST 5 AT,
T 5 ATAEDY 2B AAaEATE
TS A oFSH R S-S AI T2 2
o] S7HE & 7= A4E, o= sf of7jud
= Al oAl S AL 2t 5
71 942 72t Ak T Huang 5(2013) 2 592

&5 ARSI SAE AAE YA ol
e A8 5 feAlEd/EUS B AeAlR
/oS AIR T BlEo] frofshAl ZHAast AT

Il
staon, g dtollie A= A EHHY
1

N
o ol Mo

¢}

\i

A%
g3 250] of7fu 9] 287re] AEHQ 23
E5 2702 4 9 88 ol A8 5
9 ch(Holtermann et al., 2009, 2010). o}7] 7}1&&
A U Slol i mae) BARLE-S 451 9]
off A= A E e A8t A HoA e
SRR 2ot Aol R FREE 9
SHA S7FsFkal 16k ItH(Lim et al., 2014). o]
Q17 ABEe B ATe] A3kE A} v,

-

it

ol
2

Amsre] AeiAel 5% $744717] 918 o7
% Bob THUE WA o83 AL 24
Bk,

2% A3 TN, £F T o1 55 Bl

3 oz o7l e
Sl 7 e ol S Al
e B9 TS FMIE oW s
S7129e WAL 4+ dE g 2 9dY B
(movement arm)2 7}A| 31 ) 0w (Ludewig & Cook,
2000), SHSAI RS o7 22U 271 o7
A| 3-8} 31 (Wickham et al., 2010), o7}
=tk 2 dAtollA A= A
ofATE w3l Al ofef Sl 2t
O] ZLEA =T S7HE ST 1A o7
oj7im Hg/d S7He S| ol 7w

o
Zgjo] Z7151%S A

1o
-0,
ox
oX,
[o o

4
X,
4

o o
oo
< g
oy, ™
o

-

do i ofN mo n =
qén
Ha
ri

A B e
o
juis)
P
N
°c 2

fui1
4
r‘l’ N
[}
1
m{g
a
il
oS
o
Sy
— s
o

©

EN
B
B EC
M2
)
=
.
)
(g
u

o
il
olN
.
=N
r i
By
lo
i
oy
B
i
1
=
fo
J::l

X

i

92

N2
=)

jaky
I o
b

=2 o)
N
g o ofr T
5 G oo oT
(98]
X
E\l
b
ok
¥R

o)
AT
oX
__>H_J,

i
=)
oS

Mo
O
>
>
I

of
N
ol

=

2

=)

N O

or w
=
fru
-
o
il
2 -
o)
N
2
dg o
=

Hody o
s
N
=2

2
9\_:‘
fllo
2
N
m
=

Q. mob

Kl

;0
i
=)
N
[o2e]
=

[11]1 oot o
z
rlo
o B
N,
sl
2
)
&
oft,
~
U patk
+
oL

o

s
4z

o|N
oy
B
)
=)
el
N
N
M
NE % E
oy = w4
NN g
o ofr U?";‘{
Zoa R
A
oy e
) B =
X2
o

_,d
2
=
£
2
oX
o,
i
("]
1B
ikt
o
40 rl
N
FU{O oX,

2} Kim 520152 247] &
$Eol A 4552t 78)(Neurac) 7

Ee AR & o) 55 o

fi

it o
o o

o md 2

TO ,_>|:
i E
s

E o oo H

el

N
ol
o3l

O
= 0
g

2~
A%

N
2

N

N
b
i
2

iu)

K

T

5
8
e
i

fu

ru

re,

g
aff

o]

N
In
N
ol
2l
N
'
)
o

[
=g
k3
o
N
o o

RLE

2
)
)
I

(]
2
ik
Fot
re
filo
>,
Ozoi:,"
o F
i)
X
2
SN
N
olr



114 | PNF and Movement Vol. 18, No. 1

>~

o o o

7h61% 2| lrhe As 2lstgl: Al
o & Aurt ol 55 B 75l A=
= o7 5= A7
w2l A Aok 2w AR S o83k of 7w
A oR B9 FETT 2 o)
71 ol Akl ZlE SRR, 71T A
8ol e o7l 71 ol tiet 2% A7 Fas
ot Ay
A BA LS 018 & HE T o
79N 842%-32.67%% 7L Slch wA7}
FH= 5 %%4_01 °‘°U4(Ludemg & Cook,

il

q_

Ees

N7

>

i
F

Zo| o 2 ol

N
N

d

=N
J— @, oo 4> re

-5

-

oz N

L
)
iy

o] FA¢Jo] FHtEofo F?ED} 0177114” =AY e
o= Y1E=d, =9 H FH7I=dol EAHoF st
™ (Lawrence et al., 2014; McClure et al., 2001), o]}
2-gste 250] oAl RE Y S Al Tl th
(Ludewig & Cook, 2000). -8 = A =H AL 0|83t
o752 AAISH A} ol SAH L SHEAl
mo) 2eEt 2718 AL Selshglen), oA
o] o7lEHE FHEHS] F7boll e vlR Ao A}
a2Hh

920 $E5HT PRSI BAmATS] 2
Sy S AR AL Fasic e o
L ol SA 2 A Lo AEA ] £
WSOl W 4 9l 25 o] Wasich 2 Al
A PHE AAENAE o481 £5E 35
SHE BB AT 23} oY B B
ot FAl T E FEAET T =T Fo5HA

Srlelgon, 55, ol 7l W BAAEHL B
I o2 FEsl 2 U, $eeY 2EETE
SIS0l A of 7252 A-8A1 A **ﬂE 7&—4
Y= W9 5% A 5, s 1Bl

HAE S7HA7171 fl8f 24 %4%1]5]”—10:1—
tg—l?jolal—_ﬂ [l /\ O]E]_
2 Aole " 7HA Aol vk A WA, 3
717} Atk 2 At 1619 e FEST

flo
JM

S oft

u

ul
SN

7t Folshlk WA, 2 7
Hel 5ol et 55, o) 715, @
FARTELS 2] e S0l gt 24}
shick. 35 AFNAE 2AE A
@ 3712 el thgk At BRste AuA,
# Aol daite] ik vpato R Al Tejn
Wt of9] s2elo] thay] wige] 50 g A%
T o) 22 Tefsiop shv] £ AFAE W
Hwg B uek 4gstee TenE S
FEL olelg ARES Bekstel (440 o
Aok g Aoltt.

g%

2 re

ol %7kt
A L3}t ZA= Bo
Amazk 2 3
23 of7) B3, o7} 7 5-< SN A
e AR SOl T 4 Slck

50
me
N
il
olN
-lq'
p
r i
N
i
é
o{rl

ool

References

BasmajianJV. Biofeedback in rehablitation : A review of
principles and practiced. Archives of Physical
Medicine and Rehabilitation. 1981;62(10):469-475.

Beaton D, Richards RR. Assessing the reliability and
responsiveness of 5 shoulder questionnaires. Journal
of Shoulder Elbow Surgery. 1998;7:565-572.

Borstad JD, Ludewig PM. The effect of long versus short
pectoralis minor resting length on scapular kinematics



Z2HE SHEHY

1ol SMZZ 2SR 0Xls 52Xl Qi | 115

in healthy individuals. Journal of Orthopaedic and
Sports Physical Therapy. 2005;35(4):227-238.

Cools AM, Dewitte V, Lanszweert F, et al. Rehabilitation
of scapular muscle balance: which exercises to
prescribe?. The American Journal of Sports Medicine.
2007;35(10):1744-1751.

Cram JR. Introduction to surface electromyography.
Gaithersburg. Aspen Publishers. 1998.

Endo K, Ikata T, Katoh S, et al. Radiographic assessment
of scapular rotational tilt in chronic shoulder
impingement syndrome. Journal of Orthopaedic
Science. 2001;6(1):3-10.

Getahun TY, MacDermid JC, Patterson SD. Concurrent validity
of patient rating scales in assessment of outcome
after rotator cuff repair. J Musculoskeletal Research.
2000;4:119-127.

Holtermann A, Mork PJ, Andersen LL, et al. The use of EMG
biofeedback for learning of selective activation of
intra-muscular parts within the serratus anterior
muscle: a novel approach for rehabilitation of scapular
muscle imbalance. Journal of Electromyography and
Kinesiology. 2010;20(2):359-365.

Holtermann A, Roeleveld K, Mork PJ, et al. Selective activation
of neuromuscular compartments within the human
trapezius muscle. Journal of electromyography and
kinesiology. 2009;19(5):896-902.

Huang HY, Lin JJ, Guo YL, et al. EMG biofeedback
effectiveness to alter muscle activity pattern and
scapular kinematics in subjects with and without
shoulder impingement. Journal of Electromyography
and Kinesiology. 2013;23(1):267-274.

Kim SY, Kang MH, Lee DK, et al. Effects of the Neurac
technique in patients with acute-phase subacromial
impingement syndrome. Journal of Physical Therapy
Science.2015;27:1407-1409.

Kobler MJ, Hanney WI. The reliability and concurrent validity

of shoulder mobility measurements using a digital

inclinometer and goniometer: a technical report.
International Journal of Sports Physical Therapy.
2012;7(3):306-313.

Lawrence RL, Braman JP, Staker JL, et al. Comparison of
3-dimensional shoulder complex kinematics in
individals with and without shoulder pain, part 2:
glenohumeral joint. The Journal of Orthopaedic and
Sports Physical Therapy. 2014;44(9):646-655.

Leweis JS, Valentine RE. Intraobserver reliability of angular
and linear measurement of scapula position in subjects
with and without symptoms. Archives of Physical
Medicine and Rehabilitation. 2008;89(9):1795-1802.

Lewis JS, Wright C, Green A. Subacromial impingement
syndrome: the effect of changing posture on shoulder
range of movement. Journal of Orthopaedic Sports
Physical Therapy. 2005;36(2): 72-87.

Lim OB, Kim JA, Song SJ, et al. Effect of selective muscle
training using visual EMG biofeedback on
infraspinatus and posterior deltoid. Jowrnal of Human
Kinetics. 2014;44:83-90.

Lopes AD, Timmons MK, Grover M, et al. Visual scapular
dyskinesis: kinematics and muscle activity alterations
in patients with subacromial impingement syndrome.
Archives of Physical Medicine and Rehabilitation.
2015;96(2):298-306.

Ludewig PM, Cook TM. Alterations in shoulder kinematics
and associated muscle activity in people with
symptoms of shoulder impingement. Physical
Therapy. 2000;80(3):276-291.

Lukasiewicz PM, Cook TM, Michener L, et al. Comparison
of three-dimensional scapula position and orientation
between subjects with and without shoulder
impingement. The Journal of Orthopaedic and Sports
Physical Therapy. 1999;29(10):574-583.

McClure PW, Michener LA, Semnett B, et al. Direct
3-dimensional measurement of scapular kinematics

during dynamic movement in vivo. Journal of



116 | PNF and Movement Vol. 18, No. 1

Shoulder and Elbow Surgery. 2001;10(3):269-277.

Michener LA, McClure PW, Karduna AR. Anatomical and
biomechanical ~mechanisms of  subacromial
impingement syndrome. Clinical Biomechanics.
2003;18(5):369-379.

Phan NQ, Blome C, Fritz F, et al. Assessment of pruritus
intensity: prospective study on validity and reliability
of the visual analogue scale, numerical rating scale
and verbal rating scale in 471 patients with chronic
pruritus. Acta Dermato-Venereologica. 2012;92:
502-507.

Roach KE, Budiman-Mak E, Songsiridej N, et al. Development
of a shoulder pain and disability index. Arthritis Care
and Research. 1991;4(4):143-149.

Senbursa G, Baltaci G, Btay A. Comparison of conservative
treatment with and without manual therapy physical
therapy for patients with shoulder impingement
syndrome: a prospective, randomized clinical trial.
Knee Surgery Sports Traumatology Arthroscopy.

2007;15(7):915-921.

Smith M, Sparkes V, Busse M, et al. Upper and lower trapezius
muscle activity in subjects with subacromial
impingement symptoms: is there imbalance and can
taping change it?. Physical Therapy in Sport.
2009;10(2):45-50.

van der Windt DA, Koes BW, Bocke AJ, et al. Shoulder
disorders in general practice: prognostic indicators
of outcome. British Journal of General Practice.
1996;46(410):519-523.

van der Windt DA, Koes BW, de Jong BA, et al. Shoulder
disorders in general practice: incidence, patient
characteristics, and management. Annals of the
Rheumatic Diseases. 1995;54(12):959-964.

Vecchio P, Kavanagh R, Hazleman BL, et al. Shoulder pain
in a community-based rheumatology clinic. British
Journal of Rheumatology. 1995;34(5):440-442.

Wickham J, Pizzari T, Stansfeld K, et al. Quantifying normal
shoulder muscle activity during abduction. Journal
of Electromyography and Kinesiology. 2010;20(2):
212-222.





