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Abstract.	 [Purpose] The aim of the present study was to identify the effects of an unstable support surface (USS) 
on the activities of trunk and lower extremity muscles during pulley-based shoulder exercise (PBSE). [Subjects] 
Twenty healthy college students were included in this study. [Methods] Surface EMG was carried out in twenty 
healthy adult men. The activities of trunk and lower extremity muscles performed during PBSE using a resistance 
of 14 kg on a stable or unstable support surface were compared. The PBSE included shoulder abduction, adduction, 
flexion, extension, internal rotation, and external rotation. [Results] On the unstable surface, the rectus abdominis 
and erector spinae showed significantly less activation during shoulder external rotation, but the extent of activation 
was not significantly different during other shoulder exercises. The external oblique and rectus femoris showed no 
significant difference during any shoulder exercises. The tibialis anterior showed significantly greater activation 
during all shoulder exercises, except flexion and extension. The gastrocnemius showed significantly greater activa-
tion during shoulder abduction, extension, and internal rotation. However, during shoulder adduction, flexion, and 
external rotation, the gastrocnemius showed no significant difference. [Conclusion] The use of USS to increase core 
stability during PBSE is probably not effective owing to compensatory strategies of the ankle.
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INTRODUCTION

In recent years, there have been many studies on core 
stability1). Core stabilization exercises may prevent or im-
prove symptoms of low back pain because it provides the 
basis for force production by the limbs2). Broad benefits of 
core stabilization have been reported, including improve-
ment of athletic performance and prevention of injuries3).

The core muscles include the abdominal muscles in 
the front, paraspinal and gluteal muscles in the back, the 
diaphragm as the roof, and the pelvic floor and hip girdle 
musculature at the bottom. This core is composed of 29 
muscle pairs that help to stabilize the spine, pelvis, and 
kinetic chain during functional movements. Without these 
muscles, the spine would become mechanically unstable3).

Many recommendations have been made for core stabil-
ity training. Traditional core exercises, core stability exer-
cises, ball and device exercises, free-weight exercises, and 
noncore free-weight training have been studied as methods 

for core stability1). Methods of increasing core stability also 
involve the use of an unstable support surface (USS), such 
as a ball or balance platform4, 5). The use of USS that in-
creases trunk muscle activity may also be effective during 
core stability training6–9). In addition, movements of the 
limbs and body weight during core stabilization exercises 
can be used to provide resistance to trunk muscles10, 11). 
Moreover, shoulder resistance exercises increase the endur-
ance and strength of core stability muscles12).

Several studies have been performed using USS during 
core stability training13–16), but no study has addressed the 
effects of a USS on core muscle activities during a shoul-
der exercise. Therefore, the purpose of this study was to 
determine the effects of USS on trunk and lower extremity 
muscle activities during pulley-based shoulder exercises.

SUBJECTS AND METHODS

Healthy adult male subjects participated in this study. 
Subjects were volunteers recruited from a university in 
Seoul and were accepted for this study if they were in good 
health, had no current musculoskeletal, neuromuscular, or 
cardiovascular problems, and had a normal range of shoul-
der joint motion. Subjects were excluded if they had trauma 
or pain in the trunk or a shoulder joint or a history of sur-
gery. In addition, those who had experienced core stabi-
lization training or therapy within the last 3 months were 
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excluded. Subjects signed an informed consent form prior 
to participation, and the study protocol was approved by the 
Institutional Review Board of the University of Sahmyook.

Forty-eight hours before starting the study, all sub-
jects abstained from excessive exercise. A 5-min warm-up 
stretching exercise was conducted prior to the performing 
of the exercises. Prior to electrode placement, sites were 
prepared by abrading the skin with fine sandpaper and 
cleaning it with 70% isopropyl alcohol. Hair was shaved if 
necessary. Muscle activations of the trunk were measured 
during pulley-based shoulder exercise (PBSE) using 14-kg 
resistance on the USS. PBSE comprised shoulder abduc-
tion, adduction, flexion, extension, internal rotation, and 
external rotation. The orders of the six PBSE exercises were 
randomized, and each exercise was repeated five times. A 
metronome, set at 80 counts per minute, was used during 
the exercises to control speed. Subjects were given a 1-min 
rest between each exercise to minimize muscle fatigue17). 
All exercises were conducted with the feet apart (within 
shoulder width) and parallel to the shoulders. Abduction 
and flexion exercises were conducted from 0° to 90° of 
the shoulder range of motion with the elbow joint in exten-
sion. Adduction exercise involved 90° to 0° of the shoulder 
range of motion with the elbow joint in extension. Exten-
sion exercise involved 180° to 90° of the shoulder range of 
motion with the elbow joint in extension. External rotation 
exercise involved internal rotation 45° to external rotation 
45° with the elbow joint in 90° of flexion. Internal rotation 
exercise was conducted from external rotation 45° to inter-
nal rotation 45° with the elbow joint in 90° of flexion17). A 
pulley machine (Pulley EX, SANIMED, Ibbenbüren, Ger-
many) was used for all shoulder exercises. The flat floor of 
the laboratory was used as the stable support surface, and 
a Pedalo®-Vestimed® #50 (diameter 50 cm, height 19 cm) 
was used for the USS during shoulder exercises. The top 
and bottom of the Pedalo device were connected by four 
fixed springs, and the top of the Pedalo device was able to 
move up and down in all directions.

To measure trunk muscle activities, EMG data were col-
lected from the rectus abdominis (RA), external oblique 
(EO), and erector spinae (ES); to measure lower extremity 
muscle activities, EMG data were collected from the rec-
tus femoris (RF), tibialis anterior (TA), and gastrocnemius 
(Ga). For the RA, electrodes were placed 2 cm lateral, 1 cm 
superior, and 1 cm inferior to the umbilicus. For the EO, the 
electrode was placed midway between the anterior superior 
iliac spine and the most inferior aspect of the rib cage. For 
the ES, the electrodes were placed 2 cm lateral to the 3rd 
lumbar vertebra and parallel to the lateral-most high iliac 
crest. For the RF, the electrode was placed midway between 
the knee and iliac crest on the front of the thigh. For the 
TA, the electrode was placed on the lateral side of the tibia 
three-fourths of the distance from the knee to the ankle. 
For the Ga, the electrode was placed medially midway to 
the posterior side of knee. The locations of all electrodes 
were determined using the method described by Cram and 
Kasman18), and all electrodes were placed on the dominant 
sides. A DataLOG P3X8 data acquisition unit (Biometrics 
Ltd, Gwent, UK) was used to measure muscle activity. Sur-

face EMG signals were extracted with the Biometrics Anal-
ysis Software (v7.50) in ASCII and were processed using 
a root mean square (RMS) algorithm in MyoResearch XP 
Master Edition 1.06 (Noraxon U.S.A. Inc., Scottsdale, AZ, 
USA). The sampling rate was set at 1,000 Hz per channel, 
EMG signals were band-pass filtered from 20 to 450 Hz, 
and a 60-Hz notch filter was used to reduce noise.

SPSS ver. 19.0 was used for data analysis. All subjects 
had a normal distribution. Descriptive statistics were used 
to analyze general subject characteristics, and a one-way 
repeated-measures analysis of variance was used for each 
muscle. Statistical significance was accepted for p values 
< 0.05.

RESULTS

Twenty healthy adult male subjects (height, 176 ± 5 cm; 
weight, 70 ± 9 kg; age, 22 ± 3 years; values are presented as 
means ± SD) participated in this study (Table 1).

The RA and ES showed significantly less activation on 
the USS (p < 0.05) during shoulder external rotation, but 
they showed no significant difference on the USS during 
shoulder abduction, adduction, extension, flexion, and in-
ternal rotation. The EO and RF showed no significant dif-
ference on the USS during any shoulder exercises (Table 2). 
However, the TA showed significantly greater activation (p 
< 0.05) on the USS during shoulder abduction, adduction, 
external rotation, and internal rotation. On the other hand, 
the TA showed no significant difference during shoulder 
extension and flexion on the USS, whereas the Ga showed 
significantly greater activation (p < 0.05) on the USS dur-
ing shoulder abduction, extension, and internal rotation. 
However, during shoulder adduction, flexion, and external 
rotation, the Ga showed no significant difference on either a 
stable surface or the USS (Table 3).

DISCUSSION

This study indicates that the use of USS during PBSE 
did not increase trunk muscle activity. On the contrary, the 
TA and Ga activities increased during some of the shoul-
der exercises. This is probably because of the compensation 
strategy of the ankle rather than because of that the trunk 
muscles. This ankle compensation is a postural control 
strategy that first appears when there is a slight instability 
in the support surface. Balance in the upright posture can 
be restored through muscle contraction near the ankle joint, 
and a close relationship exists between this ankle strategy 
and the activities of the TA and Ga. In the case of postural 

Table 1.	Subject characteristics

Characteristics
Age (years) 22.4 ± 2.7
Height (cm) 176.4 ± 5.1
Weight (kg) 69.8 ± 8.6
Dominant site Right

Values are expressed as mean ± SD
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sway under unstable conditions, balance is recovered by an 
ankle strategy, a hip strategy, or both simultaneously19). In 
the case of rapid shaking of the support surface, balance 
recovery is achieved via an integrated ankle/hip joint strat-
egy, and in the case of swaying of the support surface in an 
upright posture, balance can be maintained by ankle move-
ment without hip joint extension20). In addition, to maintain 
postural control, normal adults mainly use an ankle strat-
egy, whereas elderly individuals and children mainly use a 
hip strategy21). In this study, we compared muscle activities 
in young male subjects on stable and unstable support sur-
faces. Based on the results, it would appear that compensa-
tion for the USS involved an ankle strategy rather than trunk 
muscle activity. Shoulder abduction and adduction exercis-
es involve movements in the frontal plane17), and postural 
sway from the USS occurs in the medial/lateral direction. 
The results showed significantly increased TA and Ga ac-
tivities (p < 0.05) during shoulder abduction when USS was 
used but only showed significantly increased TA activity 
during shoulder adduction. Although Ga activity did not 
significantly increase during shoulder adduction, muscle 
activity increased slightly. In this study, the use of USS 
significantly increased Ga muscle activity during shoulder 
extension (p < 0.05). The extension and flexion exercises 
involve movements in the sagittal plane19); thus, postural 
sway occurs as the center of gravity moves forward and 
backward on the support base. The maintenance of balance 
against such forward/backward sway is dependent on the 
alternating activities of the TA and Ga. Ga activity begins 

before the body collapses in the forward direction, whereas 
TA activity appears before collapse in the backward direc-
tion23). In the present study, shoulder flexion resulted in no 
significant differences in lower extremity or trunk muscle 
activity on the unstable surface. However, the most activity 
was seen in the TA compared with the other muscles. In the 
normal upright posture, the center of gravity is on the front 
side22), and ankle dorsiflexor activity is low; on the other 
hand, ankle plantar flexor activity is high21, 23, 24). The ankle 
plantar flexor plays an important role in torque adjustment 
at the ankle joint and in the maintenance of upright pos-
ture25). Therefore, back sway occurs during shoulder flex-
ion due to use of USS, but because of the influence of the 
center of gravity at the ankle joint, it appears to have no sig-
nificant impact on TA activity due to the ankle dorsiflexors. 
Shoulder external and internal rotation exercises change the 
center of gravity with a complex form in the forward/back-
ward direction as well as in the medial/lateral direction. 
During shoulder external rotation on USS, the body sways 
in the lateral backward direction, and an ankle strategy can 
be used to maintain balance. In this study, the TA activity 
increased significantly on the USS (p < 0.05), showing that 
the TA compensated for lateral backward sway via eccen-
tric contraction. Shoulder internal rotation causes the body 
to sway in a forward medial direction, and the ankle strat-
egy is used to maintain balance in a manner similar to that 
during shoulder external rotation (p < 0.05).

In this study, PBSE may have been able to increase core 

Table 2.	Mean (SD) of the EMG activity of trunk muscles on USS

Shoulder exercise Stable support 
surface

Unstable support 
surface

Rectus Abdominis
1. Abduction 48.4 ± 8.6 45.9 ± 9.8
2. Adduction 41.4 ± 9.9 43.7 ± 7.9
3. Extension 28.3 ± 6.5 27.0 ± 5.6
4. Flexion 50.1 ± 4.9 50.3 ± 8.0
5. External rotation 53.7 ± 5.2 47.9 ± 7.6*
6. Internal rotation 47.6 ± 10.4 47.1 ± 9.0

External Oblique
1. Abduction 44.7 ± 7.9 43.2 ± 24.1
2. Adduction 36.4 ± 7.0 35.3 ± 20.3
3. Extension 35.1 ± 7.0 34.7 ± 19.5
4. Flexion 43.8 ± 7.5 46.1 ± 23.6
5. External rotation 43.8 ± 7.5 46.1 ± 23.6
6. Internal rotation 48.2 ± 5.9 45.4 ± 25.1

Erector Spinae
1. Abduction 49.8 ± 7.4 45.1 ± 9.3
2. Adduction 44.4 ± 7.4 42.8 ± 10.4
3. Extension 31.2 ± 5.2 33.4 ± 8.1
4. Flexion 50.8 ± 8.1 51.1 ± 8.3
5. External rotation 57.5 ± 9.2 49.2 ± 10.6*
6. Internal rotation 47.8 ± 7.4 45.8 ± 8.8

*Statistical significance (p < 0.05)

Table 3.	Mean (SD) of the EMG activity of lower extremity 
muscles on USS

Shoulder exercise Stable support 
surface

Unstable support 
surface

Rectus Femoris
1. Abduction 47.0 ± 15.4 45.8 ± 13.0
2. Adduction 48.8 ± 16.4 45.4 ± 15.0
3. Extension 43.4 ± 10.0 41.7 ± 12.2
4. Flexion 49.73 ± 9.89 49.5 ± 11.8
5. External rotation 47.9 ± 12.6 40.9 ± 14.8
6. Internal rotation 49.9 ± 17.4 47.3 ± 12.3

Tibialis Anterior
1. Abduction 15.9 ± 3.9 22.6 ± 7.9*
2. Adduction 14.6 ± 4.3 18.9 ± 5.2*
3. Extension 23.4 ± 10.9 24.3 ± 12.1
4. Flexion 18.6 ± 5.5 21.7 ± 7.9
5. External rotation 15.5 ± 5.7 21.5 ± 11.6*
6. Internal rotation 15.7 ± 8.2 20.3 ± 4.8*

Gastrocnemius
1. Abduction 20.4 ± 10.0 27.2 ± 9.2*
2. Adduction 23.7 ± 10.4 27.4 ± 8.8
3. Extension 16.8 ± 6.0 23.4 ± 7.6*
4. Flexion 27.1 ± 9.4 28.9 ± 9.8
5. External rotation 17.9 ± 9.4 19.8 ± 8.9
6. Internal rotation 23.4 ± 10.9 30.5 ± 8.2*

*Statistical significance (p > 0.05)
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stability, but using a USS to enhance core stability may not 
be effective.

Further confirmation of these results is necessary in larg-
er, more diverse populations, including females and older 
individuals, and there is a need to measure the deep muscles 
such as the transverse abdominis and internal oblique.

REFERENCES

1)	 Martuscello JM, Nuzzo JL, Ashley CD, et al.: Systematic review of core 
muscle activity during physical fitness exercises. Journal of Strength and 
Conditioning Research / National Strength & Conditioning Association, 
2013, 27: 1684–1698.

2)	 McCurdy KW, Langford GA, Doscher MW, et al.: The effects of short-
term unilateral and bilateral lower-body resistance training on measures 
of strength and power. Journal of Strength and Conditioning Research / 
National Strength & Conditioning Association, 2005, 19: 9–15.

3)	 Akuthota V, Ferreiro A, Moore T, et al.: Core stability exercise principles. 
Curr Sports Med Rep, 2008, 7: 39–44. [Medline]  [CrossRef]

4)	 Bae SH, Lee HG, Kim YE, et al.: Effects of trunk stabilization exercises on 
different support surfaces on the cross-sectional area of the trunk muscles 
and balance ability. J Phys Ther Sci, 2013, 25: 741–745. [Medline]  [Cross-
Ref]

5)	 Hall CM: Therapeutic exercise: moving toward function, 2nd ed. Philadel-
phia: Lippincott Williams & Wilkins, 2005.

6)	 Kim JH, Kim Y, Chung Y: The influence of an unstable surface on trunk 
and lower extremity muscle activities during variable bridging exercises. J 
Phys Ther Sci, 2014, 26: 521–523. [Medline]  [CrossRef]

7)	 Anderson K, Behm DG: The impact of instability resistance training on 
balance and stability. Sports Med, 2005, 35: 43–53. [Medline]  [CrossRef]

8)	 Anderson K, Behm DG: Trunk muscle activity increases with unstable 
squat movements. Canadian Journal of Applied Physiology 2005, 30: 33–
45.

9)	 Marshall PW, Murphy BA: Core stability exercises on and off a Swiss ball. 
Arch Phys Med Rehabil, 2005, 86: 242–249. [Medline]  [CrossRef]

10)	 Arokoski JP, Valta T, Airaksinen O, et al.: Back and abdominal muscle 
function during stabilization exercises. Arch Phys Med Rehabil, 2001, 82: 
1089–1098. [Medline]  [CrossRef]

11)	 Souza GM, Baker LL, Powers CM: Electromyographic activity of selected 
trunk muscles during dynamic spine stabilization exercises. Arch Phys 

Med Rehabil, 2001, 82: 1551–1557. [Medline]  [CrossRef]
12)	 Tarnanen SP, Ylinen JJ, Siekkinen KM, et al.: Effect of isometric upper-

extremity exercises on the activation of core stabilizing muscles. Arch 
Phys Med Rehabil, 2008, 89: 513–521. [Medline]  [CrossRef]

13)	 Colado JC, Pablos C, Chulvi-Medrano I, et al.: The progression of paraspi-
nal muscle recruitment intensity in localized and global strength training 
exercises is not based on instability alone. Arch Phys Med Rehabil, 2011, 
92: 1875–1883. [Medline]  [CrossRef]

14)	 Desai I, Marshall PW: Acute effect of labile surfaces during core stability 
exercises in people with and without low back pain. Journal of Electromy-
ography and Kinesiology, 2010, 20: 1155–1162.

15)	 Keogh JW, Aickin SE, Oldham AR: Can common measures of core stabil-
ity distinguish performance in a shoulder pressing task under stable and 
unstable conditions? Journal of Strength and Conditioning Research, 2010, 
24: 422–429.

16)	 Kohler JM, Flanagan SP, Whiting WC: Muscle activation patterns while 
lifting stable and unstable loads on stable and unstable surfaces. Journal of 
Strength and Conditioning Research, 2010, 24: 313–321.

17)	 Smith LK, Lehmkuhl LD: Brunstrom`s clinical kinesiology, 5th ed. Phila-
delphia: F.A. Davis, 1996.

18)	 Rempel D: Special editor introduction. Surface electromyography. Journal 
of Electromyography and Kinesiology, 2000: 375.

19)	 Horak FB, Nashner LM: Central programming of postural movements: ad-
aptation to altered support-surface configurations. J Neurophysiol, 1986, 
55: 1369–1381. [Medline]

20)	 McCollum G, Shupert CL, Nashner LM: Organizing sensory information 
for postural control in altered sensory environments. J Theor Biol, 1996, 
180: 257–270. [Medline]  [CrossRef]

21)	 Gatev P, Thomas S, Kepple T, et al.: Feedforward ankle strategy of bal-
ance during quiet stance in adults. J Physiol, 1999, 514: 915–928. [Medline]  
[CrossRef]

22)	 Smith JW: The forces operating at the human ankle joint during standing. 
J Anat, 1957, 91: 545–564. [Medline]

23)	 Loram ID, Lakie M: Human balancing of an inverted pendulum: position 
control by small, ballistic-like, throw and catch movements. J Physiol, 
2002, 540: 1111–1124. [Medline]  [CrossRef]

24)	 Panzer VP, Bandinelli S, Hallett M: Biomechanical assessment of quiet 
standing and changes associated with aging. Arch Phys Med Rehabil, 
1995, 76: 151–157. [Medline]  [CrossRef]

25)	 Masani K, Popovic MR, Nakazawa K, et al.: Importance of body sway 
velocity information in controlling ankle extensor activities during quiet 
stance. J Neurophysiol, 2003, 90: 3774–3782. [Medline]  [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/18296944?dopt=Abstract
http://dx.doi.org/10.1097/01.CSMR.0000308663.13278.69
http://www.ncbi.nlm.nih.gov/pubmed/24259843?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.741
http://dx.doi.org/10.1589/jpts.25.741
http://www.ncbi.nlm.nih.gov/pubmed/24764625?dopt=Abstract
http://dx.doi.org/10.1589/jpts.26.521
http://www.ncbi.nlm.nih.gov/pubmed/15651912?dopt=Abstract
http://dx.doi.org/10.2165/00007256-200535010-00004
http://www.ncbi.nlm.nih.gov/pubmed/15706550?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2004.05.004
http://www.ncbi.nlm.nih.gov/pubmed/11494189?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.23819
http://www.ncbi.nlm.nih.gov/pubmed/11689975?dopt=Abstract
http://dx.doi.org/10.1053/apmr.2001.26082
http://www.ncbi.nlm.nih.gov/pubmed/18295631?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2007.08.160
http://www.ncbi.nlm.nih.gov/pubmed/22032222?dopt=Abstract
http://dx.doi.org/10.1016/j.apmr.2011.05.015
http://www.ncbi.nlm.nih.gov/pubmed/3734861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/8759531?dopt=Abstract
http://dx.doi.org/10.1006/jtbi.1996.0101
http://www.ncbi.nlm.nih.gov/pubmed/9882761?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-7793.1999.915ad.x
http://www.ncbi.nlm.nih.gov/pubmed/13475152?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/11986396?dopt=Abstract
http://dx.doi.org/10.1113/jphysiol.2001.013077
http://www.ncbi.nlm.nih.gov/pubmed/7848073?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(95)80024-7
http://www.ncbi.nlm.nih.gov/pubmed/12944529?dopt=Abstract
http://dx.doi.org/10.1152/jn.00730.2002

