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Abstract : The purpose of this study is to provide the basic data for the shoulder strengthening
exercise by analyzing the% MVIC of the muscle activity in the shoulder rotator cuff by the difference
of the stance posture and the anatomical plane. 8male subjects were randomly assigned to perform the
shoulder rotation exercise 10 times on the frontal plane, the horizontal plane, the sagittal plane and
the two legs stance posture, the one leg stance posture, the lunge posture. Measured muscle activity of
supraspinatus, infraspinatus, teres minor, anterior deltoid, rectus abdominis, erector supinea, pectoralis
major, lattisimus dorsi during exercise. A repetitive one—way ANOVA was performed using the SPSS
22.0 statistical program. First, during the external rotation on the frontal plane, the erector spinea was
higher in the lunge posture than in the two legs stance posture and the one leg stance posture, And
during the internal rotation on the frontal plane, the muscle activity of suprapinatus was higher in one
leg stance posture than in the two legs stance posture and more so in the lunge posture. Second,
during the external rotation on the horizontal plane, the muscle activity of deltoid anterior was higher
in the one legs stance posture and in the lunge posture than in the two legs stance posture, and during
the internal rotation on the horizontal plane, the muscle activity of infraspinatus was higher in the
lunge posture than in the two legs stance posture and one leg posture, and the muscle activity of
pectoralis major was higher in two leg stance posture than in the one legs stance posture and more
so in the lunge posture. Third, during the external rotation on the sagittal plane, muscle activity of
rectus abdominis was higher one leg stance posture in the lunge posture than in two leg stance
posture. During the internal rotation on the sagittal plane, muscle activity of supraspinatus was higher
one leg stance posture in the lunge posture than in two leg stance posture. And muscle activity of
infraspinatus was higher in the lunge posture than in two leg stance posture, one leg stance. And
muscle activity of Rectus abdominis was higher in the lunge posture and one leg stance posture than
in the two legs stance posture. And muscle activity of Erector spinea was higher in the two legs
stance postur and lunge posture than in the one leg stance posture. In conclusion, the differences in
stance and shoulder anatomy have different effects on the muscle activity of the shoulder rotator
exercises, and this is expected to be a more positive exercise program when applied to the shoulder
strengthening exercise program.

Keywords  Rotator Cuft, Stance, Proprioception, EMG, Plane of motion.
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Table 1. Characters of subjects
(M=+SD)

Age Height(cm) Weight(kg)

N=8 26.75+1.83 175.78+3.09 81.5+10.99
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Table 2. Shoulder External Rotation to Frontal Plane by Stance

Muscle @ Staning @ One Leg Staning ® Lunge F Contrast
Supraspinatus 15.42+11.34 17.57+10.89 17.76 £15.64 .834
Infraspinatus 41.6+19.52 39.39+18.65 36.99+23.67 1.450
Teres minor 77.4+26.1 91.51+43.31 71.55%+36.70 1.844
Deltoid Anterior 13.01+£4.24 13.43+3.07 11.53+7.08 1.050
Pectoralis Major 4.99+3.64 6.66+5.21 5.11+3.8 2.874
Latissimus! dorsi 12.56+7.17 12.24+8.11 12.29+6.29 0.058
Rectus Abdominis 4.34£2.94 5.71+£3.31 446+2.14 1.069
Erector Spinae 6.88+2.8 9.89+5.78 12.13£4.53  4.030* ©=01
M=SD *p<.05, **p<.01,***p<.001
Table 3. Shoulder Internal Rotation to Frontal Plane by Stance
Muscle ® Two Legs Stance @ One Leg Stance ~ @ Lunge F Contrast
Supraspinatus 9.17+7.98 12.65+8.97 16.18+12.47 8.163** DL@<B®
Infraspinatus 21.77+£11.9 23.77+£12.40 24.772+£13.28 1.532
Teres minor 43.05+27.45 45.41+£25.19 41.24+10.91 1.532
Deltoid Anterior 14.93+6.6 16.94+4.41 19.44+6.36 2.641
Pectoralis Major 7.69+5.73 11.22+6.54 8.8+5.48 2.278
Latissimusl dorsi 11.38+6.43 10.41£6.30 12.72+7.46 2.053
Rectus Abdominis 5.66+2.4 5.63+3.21 3.90+1.91 2.507
Erector Spinae 7.39+3.28 8.50+3.51 11.82+5.23 2.216
M+SD *p<.05, **pl.01,***p<.001
Table 4. Shoulder External Rotation to Horizontal plane by stance
Muscle ® Two Legs Stance @ One Leg Stance 3 Lunge F Contrast
Supraspinatus 11.73+£8.00 14.24+9.50 17.45+13.71 2.178
Infraspinatus 37.40+18.53 35.36+17.06 40.60+21.41 2.401
Teres minor 39.69+17.56 40.21£23.02 44.82+21.15 471
Deltoid Anterior 2.90+1.41 3.75%2 3.58+1.89 4850* (©L{@=0
Pectoralis Major 7.77+4.39 8.27+4.90 7.93+4.47 124
Latissimusl dorsi 23.01+£19.55 23.72+£17.92 26.92+22.39 .869
Rectus Abdominis 4.36+2.31 4.60+2.10 3.97+2.07 741
Erector Spinae 6.48+2.41 9.86+5.94 9.87+3.95 1.892

M=£SD *p<.05, **p<.01,***p<.001
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Table 5. Shoulder Internal Rotation to Horizontal plane by stance
Muscle ® Two Legs Stance @ One Leg Stance ~ @ Lunge F Contrast
Supraspinatus 5.77+4.61 8.52+8.06 11.75£10.05  2.727
Infraspinatus 13.21£6.93 12.08+6 16.68+9.08  4.187* ©O=@<LB
Teres minor 46.04+34.57 40.17+26.03 43,76 +24.67 157
Deltoid Anterior 3.90+2.02 451+2.19 5.94+3.08 2.072
Pectoralis Major 16.59+6.18 8.27+4.90 19.13+9.22 39.011*** @<DL®
Latissimus! dorsi 20.16+13.31 15.41+13.24 20.63+6.29 1.312
Rectus Abdominis 5.05£3.20 4944292 5.64+5.07 175
Erector Spinae 5.60+1.45 9.294+9.83 11.14+6.19 2.348
M=SD *p<.05, **p<.01,***p<.001
Table 6. Shoulder External Rotation to Sagittal Plane by Stance
Muscle ® Two Legs Stance @ One Leg Stance @ Lunge F Contrast
Supraspinatus 33.41+18.27 41.74£22.22  42770£21.51  .850
Infraspinatus 33.41+£18.27 32.78+17.86  33.10£19.46  .048
Teres minor 54.50+19.88 53.03£19.32  55.34£26.45  .084
Deltoid Anterior 15.93+12.60 13.23+8.97 9.73£5.91 2.540
Pectoralis Major 4.39+2.76 3.83+2.14 3.61+£2.32 1.249
Latissimus! dorsi 12.17+5.74 12.09+7.39 11.76 £7.57 151
Rectus Abdominis 3.73£1.80 5.06£3.13 4.05+199 3.889* (O<@=0
Erector Spinae 5.79+3.10 9.15+8.34 10.86+4.69 1.786
M=SD *p<.05, **p<.01,***p<.001
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Table 7. Shoulder Internal Rotation to Sagittal Plane by Stance

Muscle ® Two Legs Stance @ One Leg Stance @ Lunge F Contrast
Supraspinatus 24.85+13.74 31.61+18.11 31.22+19.01 3.850* (K@=
Infraspinatus 12.18+6.68 12.42+6.04 15.07£8.76  5.678*  ©O=@<B
Teres minor 16.66+6.07 20.51£8.51 28.25+27.54  1.532

Deltoid Anterior 15.324+9.16 16.40+8.32 14.70+8.54 1.525

Pectoralis Major 3.56+2.34 3.91£2.70 4.18+2.45 1.904

Latissimus! dorsi 7.30+2.77 8.38+4.36 8.50+4.18 2.581

Rectus Abdominis 4.41+3.86 6.06+4.10 391+1.75 4626 (©O=0<@

Erector Spinae 4.14%1.31 6.32+2.89 7.1842.85 5210 ©L@=0
M=£SD *p<.05, **pl.01,***p<.001

oifERES THEEY Al 4 HAHSE TEEe AR AL ARRA L 22 =
HYohs 252 7Mookt A2ddel 7t gt AolA AAS] FaAGoer of7fjTd
A9lEE BEA gEE st "oH28]. olF¥k = SPSAPlE ARe8719 Ager Al =
ofiEdZus oiEEN W= SAUE obRE Aolat AztETH43, 44]. Xt ZpAJofef
= Z4sH, -H”}“‘ﬂ melo] paemos oy oo 2EAEEE FEHA TEAE o Y
ofZiigErd ol ¢ - HEE SHF, of7jTEy o7A Mde st ) viZEY 50
THE 2 2559 2F A oieEe kst Heol wobals Aolet gzl
s 7 7%l tisto] A= AR H{29] el 284 39, oETEY

A2 AAlE viEA A F P 29 =Y FE, HFARACNA TSI eH, HiE

O Sl:

gt ZpAo]H[30], Bfolvt s} 22 &5
of A theFsiAl AISICH31]. Eorst FHlo] &
T X}*ﬂﬁ} Y 489S SAAIH, dHH &
Hoxe] 2FET AtfEoz ZAAA Hst
= 0%4[32 33]. Bebgst 2ol Aol A
BT T2 Hol2 HAsteEie g H FHgofA
EE} okt 8T 7E 4 Slo] B2 2
2ol FEETH343536]. I FEHAA|
ZHA|9] EERot EA|A] A9 52 +34
Tt $%i’é% Z&sto| mItAolgt B
ZtH37,38].

2 AFolA TSRS 28T E FEAA
AN B} SR 2] AL AZ AN A A Y
Elgron, ZixjotefEe] TEAEE £HHS A
945} o2 EHAE o7 fgTEe vgE
d 52 270 fEwmaE HEeE WIFo
2 UZAA o] AET|EE Pgst AIFITH39,
40).

o7 A L] 0%, 45%, 90k " oA 7}
Alotge]l AEE Afol7b GiA|TE ZRAJotlE
o] ugHE &2 feiAE 0= E™ $xUt
71 g8 olet sF¢TH25,41,42].

o7 Aol <tHst ATS Sh= TSI

>0 AFEAE

o7} vrehl edorAlgt

=
H oo
Hol A%

ZH=g oz o]t

E=2 10—

DAE FAHORE ROl #
Z715h= AL Bt

Az ghe]E ooz Wy 9EX e T
we gehel AN

1l

£ QEEYS S el 98 2a

ol wjzee

g 574 A

2 ZpAIoh AA A EH

G
2003). E3t APATLNAE
o] T2 24 *F Bt 434 I 25xd

APFTOA ol
FIAA AA} R
Lo IggLE BY

T L= q—
o7l THo dF=EH T A e &=
T AHMEIE B JHPA |AE <
Aolgtal  AZFEch(Franklin et al.,
AR 2] A 2

ml
.‘

AR

s1al

X, offl

FE7ste] mapAoletal stof 2 ALe] Autet
S A2 HolFTH37,38).

921 -

A A=

o] A=
AAA AN = A HERigler,
AN VY B AT
252 AHs),

A 2| 2A] EE}

~— T2

ﬁ ot

e, A

stz A 2ol A 879t st



Vol. 35, No. 3 (2018) ARA AAS 25

s g6l =gt M 252
AR FI AA 2Ee FEAKTA45]. FEA
2 ALt ARAAE SR B 25
o7 meel &%9 FaIdE A2 °olE
RO R P S 1‘%2 A8 A
5]11[43,44) ZAEA L] Fsp7t STHEC] AHFA

=oe 2% ARle Aoz AZEH(33].

4. &

rhu

2 AFE o I - MR EERE Al A
o o7fle] FHE Aol7t FRAIRIE, ZHAotef
=, 229, %‘S%—%, oM B, HlE-2,
013]*1]% o] ZEAES] PR GRS PotH
LR ) ol 37}11 ARHARH (2] 2] 2pA,
HAR)2] A, "—AXZAA oS 374 *F
w(elube, SHe, Ague] ot olelE
9] otZ . A=Y 52 neA EH Wie a2 1
S8 ANSHET, BEae TRYES S
o AR A0S BAst] thed 2o ARS
2sieh

A7 0] 2dizet oo £5HO| o]
7 ﬂvﬂﬂww Ues A B5o5 28

=2 o

Aeo] ulAL G FAA AL DA
oMo BEDE TRAEA FAAA AA]
Aol 2= Bt B dehit, 22Hoz
2oPgeh AR ARelMY ofgiEpac) =
Pese BElel YRS woixol, AL B
AR 5 OeR ol et SEREIRS %
Aol glof 249 @47t @ Aok

References

1. J. M. Chun, B. H. Han, S. M. Kim, K. Y.
Kim, “Clinical Value of Supraspinatus
Outlet View and Thirty—Degree Caudal
Tilt View in Rotator Cuff Disease”, /. of
korean  Orthop. Assoc. Vol.31, No.2,
pp.277-283, (1996).

2. S. M. Howell, & Kraft, T. A. “The role

of the supraspinatus and infraspinatus
muscles in glenohumeral kinematics of
anterior  shoulder instability”,  Clinical

HY Folo] T ATofREY EdeFol olEHTES FEEwd Ak W WA

10.

11.

12.

- 922 -

o
o2k
O

Orthopaedics  and  Related  Research®,
Vol.263, pp.128—134, (1991).

. J. E. Bateman, the shoulder and neck. WB

Saunders, (1971).

. W. E. Prentice, Rehabilitation techniques in

sports medicine. WCB/McGraw—Hil, (1991).

D. C. Jung, “Preventive
preventing injuries”, Health &
Sports  Medicine ; Official Journal of
KACEP, Vol.8, No.22, pp.103-112, (2006).
D. A. Neumann, Kinesiology of the
musculoskeletal system—e—book: foundations
for rehabilitation. Elsevier Health Sciences,
(2013).

exercise for
shoulder

. T. D. Cahalan, M. E. Johnson, & E. Y.

Chao,
Cybex 1I isokinetic dynamometer”, Clinical
orthopaedics and related research, Vol.271,
pp.249-257, (1991).

O. Alizadehkhaiyat, D. H. Hawkes, G. ].
Kemp, & S. P. Frostick, “Electromyographic
Analysis of the Shoulder Girdle Musculature
During  External Rotation  Exercises”,
Orthop ] Sports Med, Vol.3, No.11, (2015).
G. J. Tortora, & B. H. Derrickson,
Principles  of anatomy and physiology.
John Wiley &, (2008)
R. Romo, L. Lemus,
“Sense,

“Shoulder strength analysis using the

& V. de Lafuente,
memory, and decision—making in
the  somatosensory  cortical — network”,
Current opinion in neurobiology, Vol.22,
No.6, pp.914-919, (2012).

D. Behm, & J. C. Colado, “The

effectiveness of resistance training using

unstable  surfaces and  devices  for
rehabilitation”,  /International journal of
sports  physical  therapy, Vol.7, No.2,

pp.226, (2012).

H. B. Menz, M. E. Morris, & S. R. Lord,
“Foot and ankle characteristics associated
with and functional
ability in older people”, The Journals of
Gerontology Series A. Biological Sciences
and Medical Sciences, Vol.6, No.12,
pp.1546-1552, (2005).

impaired  balance



10

13.

14.

15.

16.

17.

18.

19.

20.

21

ol
of.
zﬂ
ok

riok

K. Berg, S. Wood-Dauphinee, J. L
Williams, & D. Gayton, “Measuring balance
in the elderly: preliminary development of
an instrument”, Physiotherapy —Canada,
Vol.41, pp.304-311, (1989).

R. W. Bohannon, & K. M. Leary,
“Standing balance and function over the
Archives of

Pp.994-996,

course of acute rehabilitation”
Physical Medicine, Vol.76,
(1995)

D. Frzovic, M. E. Morris, & L. Vowels,
“Clinical standing
performance of persons with multiple
Archives of Physical Medicine
Vol81, pp.215-221,

>

tests  of balance:
sclerosis”,
and Rehabilitation,
(2000)

E. Jonsson, A. Seiger, & H. Hirschfeld,
“One-leg stance in healthy young and
elderly adults: a measure of postural
steadiness?”, Clinical Biomechanics, Vol.19,
No.7, pp.688-694, (2004).

A. K. Adlerton, U. Moritz, & R. Moe-
Nilssen, “Forceplate and accelerometer
measures for evaluating the effect of

muscle fatigue on postural control during
onelegged stance”, Physiotherapy Research
International, Vol.8, No.4, pp.187-199,
(2003).

R. A. Fkstrom, R. A. Donatelli, & K. C.
Carp, “Electromyographic analysis of core
trunk, hip, and thigh muscles during 9
journal — of
orthopaedic & sports physical therapy,
Vol.37, No.12, pp.754-762, (2007).

R. F. Escamilla, G. S. Fleisig, N. Zheng,
S. W. Barrentine, K. E. Wilk, & J. R.
the
chain and open
Medicine  and
Vol.30,

rehabilitation  exercises”,

Andrews, “Biomechanics of knee
during closed kinetic
kinetic chain exercises”,
sclence in sports and exercise,
No.4, pp.556-569, (1998).

J. P. Fulkerson, “Diagnosis and treatment
of patients with patellofemoral pain”, 7he
American  journal of sports medicine,

Vol.30, No.3, pp.447-456, (2002)
. S. J. Yeo, S. D. Yoon, & G. D. Park, “A

22.

23.

24.

25.

26.

217.

28.

29.

- 923 -

Journal of Oil & Applied Science

Comparison Muscle Activity of Lower
Limb Muscle for Men in Their 20s during
Lunge Motion and Kettlebell Swing”,
Korean Journal of Sports Science, Vol.25,
No.5, pp.1219-1226, (2016).

Y. S. Jeong, “Effects of self stretching
exercise and movement with mobilization
in lunge position on the muscle activity
and balance in chronic stroke patients”,
Journal of Digital Convergence, Vol.11,
No.10, pp.549-556, (2013)

T. W. Kim, S. J. Gong, S. G. Gil, J. C.
Park, H. J. Jeon, ]J. H. Song, & W. S.
Chae, Electromyographic analysis: Theory
and application. Hanmi Med, pp.43,
(2013).

K. E. Wilk, K. Meister, & J. R. Andrews,
“Current concepts in the rehabilitation of
the throwing athlete”,  7he
American  journal of sports medicine,
Vol.30, No.1, pp.136-151, (2002).

M. Kronberg, G. N. Emeth, & L. A.
“Muscle activity and
coordination in the normal shoulder. An
electromyographic study”, Clinical
orthopaedics and related research, Vol.257,
pp.76-85, (1990).

J. A. Abboud, & L. ].

overhead

Brostrom,

Soslowsky,

“Interplay of the static and dynamic
restraints  in  glenohumeral instability”,
Clinical ~ Orthopaedics ~ and  Related

Research®, Vol.400, pp.48-57, (2002).

P. M. Ludewig, & J. F. Reynolds, “The
scapular kinematics and
glenohumeral joint pathologies”, journal of
orthopaedic & sports physical therapy,
Vol.39, No.2, pp.90-104, (2009).

J. E. Langenderfer, C. Patthanacharoenphon,
J. E. Carpenter, & R. E. Hughes,

“Variability in isometric force and moment

association of

generating  capacity  of  glenohumeral
external  rotator  muscles”, Clinical
biomechanics, Vol.21, No.7, pp.701-709,
(2006).

N. A. Sharkey, & R. A. Marder, “The
rotator cuff opposes superior translation of



Vol. 35, No. 3 (2018)

30.

31

32.

33.

34,

35.

36.

37.

the humeral head”, The American journal

of sports medicine, Vol23, No.3,
pp.270-275, (1995).
D. H. Lee, & H. L. Ro, “The Effects of

Increase in Balance Ability to One Leg
Support Exercises for Adults Using Empty
bottle”, Korean Journal of Neurotherapy,
Vol.17, No.1, pp.1-5, (2013).

E. Jonsson, A. Seiger, & H. Hirschfeld,
“One-leg stance in healthy young and
elderly adults: a measure of postural
steadiness?”, Clinical biomechanics, Vol.19,
No.7, pp.688-694, (2004).

E. Burdet, R. Osu, D. W. Franklin, T. E.
Milner, & M. Kawato, “The central
nervous system stabilizes unstable dynamics
by learning optimal impedance”, Nature,
Vol.414, No.6862, pp.446, (2001)

D. G. Behm, A. M. Leonard, W. B.
Young, W. A. C. Bonsey, & S. N.
MacKinnon, “Trunk muscle
electromyographic  activity with unstable
and unilateral exercises”, / Strength Cond
Res, Vol.19, No.1, pp.193-201, (2005).

K. Anderson, & D. G. Behm, “Trunk
muscle activity increases with unstable
Canadian journal of
Vol.30, No.1,

squat movements”,
applied  physiology,
pp.33-45, (2005).

D. G. Behm, K. Anderson,
“Muscle force and
under stable and unstable conditions”,

& R. S.
activation

The

Curnew,

Journal  of Strength &  Conditioning
Research, Vol.16., No.3, pp.416-422,
(2002).

H. M. McBride, M. Neuspiel, & S.

Wasiak, Mitochondria: more than just a
powerhouse.  “Current  biology”, Vol.16,
No.14, pp.551-560, (2006).

D. A. Krause, R. S. Jacobs, K. E. Pilger,
B. R. Sather, S. P. Sibunka, & J. H.
Hollman “Electromyographic analysis of
the gluteus medius in five weight—bearing
exercises”, The Journal of Strength &
Conditioning Research, 23, No.9,
pp.2689-2694, (2000).

292 AAG 25HY Fold] B ALoiRdy &

38

39.

40.

41.

42.

43.

44,

45.

- 924 -

g5 oz F57d 24k W 0A: 11

of
o2k

.P. H. 1. L. I. P. Hardcastle, & S. Y. D.
N. E. Y. Nade, “The significance of the
Trendelenburg test”, The Journal of bone
and joint surgery. British volume, Vol.67,
No.5, pp.741-746, (1985).

R. E. Hughes, “Force analysis of rotator
cuff muscles”, Clinical Orthopaedics and
Related Research®, Vol.3, No.30,
pp.75-83, (1996).

W. S. Burke, C. T. Vangsness, & C. M.
Powers, “Strengthening the supraspinatus:
a clinical and biomechanical review”,
Clinical ~ Orthopaedics ~ and  Related
Research®, Vol.402, pp.292-298, (2002).
T. W. Myers, Anatomy Trains E—Book:
Mpyofascial Meridians for Manual and
Movement — Therapists.  Elsevier — Health
Sciences, (2013).

M. M. Reinold, K. E. Wilk, G. S. Fleisig,
N. Zheng, S. W. Barrentine, T.
Chmielewski, & . R. Andrews,
“Electromyographic analysis of the rotator
cuff during
common

and deltoid musculature
shoulder  external  rotation
Journal of orthopaedic &
Vol.34, No.7,

exercises”,
sports  physical therapy,
pp.385-394, (2004).

F. B. Horak, & L. M. ashner, “Central
programming of postural movements:
adaptation to altered support—surface

configurations”, Journal of neurophysiology,
Vol.55, No.6, pp.1369-1381, (1986).

R. C. Fitzpatrick, J. L. Taylor, & D. L
McCloskey, “Ankle stiffness of standing
humans in response to
reflex and

imperceptible
task-dependent
components”, The Journal of physiology,
Vol.454, No.1, pp.533-547, (1992).

D. W. Franklin, R. Osu, E. Burdet, M.
Kawato, & T. E. Milner, “Adaptation to
stable and unstable dynamics achieved by
combined impedance control and inverse
dynamics model”, Journal of
neurophysiology, Vol.90, No.5,. 3270-3282,
(2003).

perturbation:



