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The role of shoulder muscles is task specific
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bstract

The aim of this study was to compare activity in shoulder muscles during unsupported internal and external rotation to examine their
unctional roles, and determine whether they retain their ‘stabiliser’ or ‘mover’ role regardless of the shoulder task. Electromyographic
ecordings in the dominant shoulder of 15 normal subjects were taken from 13 shoulder muscle sites using a combination of surface and
ntramuscular electrodes during isometric shoulder internal and external rotation in an unsupported abducted position under conditions of
ncreasing load. During internal rotation significantly higher activity levels were found in subscapularis (p < 0.001). During external rotation
ignificantly higher activity levels were demonstrated in supraspinatus, infraspinatus, trapezius and serratus anterior (p < 0.05). There were
o significant differences in activity levels in deltoid, pectoralis major and latissimus dorsi during internal and external rotation. As rotational
orces increased there was a significant increase in activity in all muscle sites activated above low levels (r2 = 0.93 ± 0.07; mean ± s.d.).
his study has shown that shoulder muscle function is task specific and that shoulder muscle motor strategy for a particular task does not
hange with increasing torque. As the only shoulder rotators that demonstrated direction specificity the rotator cuff muscles are likely to be

unctioning to provide rotation torque while the deltoid is likely to be providing dynamic shoulder stability during the task examined. Higher
capulothoracic muscle activity during external rotation indicated the need for greater dynamic scapular stability as a result of higher rotator
uff activity during external than internal rotation.

2010 Sports Medicine Australia. Published by Elsevier Ltd. All rights reserved.
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. Introduction

The shoulder is the most mobile joint in the body and relies
eavily on its muscles for normal function.1 It is generally
ccepted that during shoulder movement some muscles will
ct as ‘stabilisers’ and others as torque producers or ‘movers’
f the joint.2,3 What is not clear from previous research,
owever, is whether muscles retain the same functional role
egardless of the task the shoulder is performing.

Electromyography (EMG) can be used to determine how
uch and when a shoulder muscle is contracting but the func-

ional role a muscle is performing during various activities

an be less clear. As a result there have been differing conclu-
ions as to the functional roles muscles are performing during
houlder activities. Whilst it is accepted that the role of the
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otator cuff is to provide “dynamic glenohumeral stability
y centring the humeral head within the glenoid fossa during
ll upper extremity functional movements”,4 past researchers
xamining shoulder EMG during rotational movements have
ome to varied conclusions. In a comprehensive shoulder
MG study Kronberg et al.5 examined several movements

ncluding internal and external rotation at various degrees of
nsupported abduction and concluded that the supraspina-
us and infraspinatus were the ‘movers’ for external rotation,
nd the subscapularis was the ‘mover’ for internal rotation.
n a later study David et al.6 examined isokinetic internal and
xternal rotation in supported abduction and concluded that
he rotator cuff retained its stabilising role. Furthermore, other
houlder EMG studies examining rotational tasks have based

heir research on the premise that the rotator cuff continues
o act as a stabiliser during rotational movements.7,8 Conse-
uently, the role of the rotator cuff, and therefore the role of
ther muscles, during rotational movements remain unclear.
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The primary aim of this study therefore, was to com-
rehensively examine normal shoulder muscle recruitment
atterns during isometric shoulder rotation performed at
0◦ unsupported abduction, in an attempt to determine
he specific functional role/s played by the axiohumeral,
xioscapular and scapulohumeral muscles during this task.
y examining muscles from all the major muscle groups of

he shoulder the potential role of the various shoulder mus-
les will be more easily determined. A secondary aim of this
aper was to compare shoulder muscle recruitment patterns
uring conditions of increasing load.

. Methods

The dominant shoulder of 15 subjects (mean age 28.4
ears, range 19–47 years; mean height 172.7 cm, range
59–188 cm; mean weight 71.9 kg, range 50–106 kg) were
xamined in this study. All subjects had normal shoulder
unction defined as: no shoulder symptoms for at least 2
ears; never had treatment for shoulder pain; and no pain
uring rotation strength testing. Since asymptomatic rotator
uff tears increase with age,9 no subjects over the age of
0 were tested. The University of Sydney Human Research
thics Committee approved the study and all subjects gave

nformed written consent prior to participation.
EMG data were collected simultaneously from 13 shoul-

er muscle sites using a combination of intramuscular
ne-wire (supraspinatus, infraspinatus, upper and lower sub-
capularis, middle and lower trapezius, latissimus dorsi,
erratus anterior) and surface electrodes (upper trapezius,
nterior deltoid, middle deltoid, posterior deltoid, pectoralis
ajor).
Intramuscular electrodes were manufactured in the labo-

atory based on the technique described by Basmajian and
e Luca.10 The needles were inserted using standard aseptic

echniques. Locations of intramuscular electrode insertions
ere determined according to Kadaba et al.11 for upper and

ower subscapularis, and Geiringer12 for all others. All sur-
ace electrodes (Red Dot, 2258, 3M, Sydney, Australia) were
pplied over the muscle bellies and along an axis parallel to
he muscle fibres with an inter-electrode distance of 20 mm.
nter-electrode resistances were checked to ensure that they
ere below 6 k�, and a large ground electrode (Universal
lectrosurgical Pad:Split, 9160F, 3M, Sydney, Australia) was
laced on the non-dominant shoulder extending along the
cromion and scapular spine.

Surface and intramuscular electrodes were connected to
mplifiers (Iso-DAM 8 amplifiers, World Precision Instru-
ents, Sarasota, FL) via leads that were taped to the

kin. EMG signals were amplified (gain = 100) and filtered
HP = 10 Hz, LP = 1 kHz). Data was acquired on a personal

omputer with a 16 bit analog to digital converter (1401,
ambridge Electronics Design, Cambridge, UK) at a sam-
ling rate of 3571 Hz using Spike2 software (version 4.00,
ambridge Electronics Design, Cambridge, UK) and stored

t
s

B

Fig. 1. Illustration of positioning for external rotation testing.

or later off-line analysis (Matlab version 7, The MathWorks,
atick, MA).
Subjects initially performed the four isometric Shoulder

ormalisation Tests13 in random order. Testing of isomet-
ic internal and external rotation was then undertaken with
he subjects seated and the arm unsupported. The shoul-
er was actively abducted 90◦ in the scapular plane in a
id rotation position with the elbow flexed 90◦ (Fig. 1).
orces were applied to a handle and cord attached to a force

ransducer (Universal Tension Compression S type load cell,
estech, Cheltenham, VIC). The height of the force trans-
ucer was adjusted for each subject so that the direction of
orce remained level with the hand position (Fig. 1). Sub-
ects performed two three-second maximal contractions into
nternal and external rotation from which the subsequent
ubmaximal force levels were calculated. Two three-second
ontractions were then performed at 20%, 30%, 40%, 50%
nd 60% of maximum for both internal and external rota-
ion, by subjects matching their force to targets given on an
scilloscope. Subsequent analysis showed that subjects were
ble to accurately match their target forces with r2 values of
.99 ± 0.006 (mean ± s.d.). A rest interval of 20 s was pro-
ided between each repetition at the same force, and at least
ne minute rest period between each force level. There was
lso a rest period of at least 3 min when changing the direction
f rotation. The order of submaximal contraction intensities
nd the direction of rotation were randomised within and
cross subjects. Care was taken to ensure that the contrac-
ion was limited to shoulder rotation with no compensatory

ovements of the humerus, scapula or trunk.
All raw EMG data was visually inspected and a confirma-

ory power spectral analysis performed when there was doubt
egarding the validity of the signal from a channel. Due to
echnical issues 1.5% of EMG data could not be analysed,
hat is three data sets from a total 195 data sets collected (15

ubjects × 13 muscle sites).

All EMG signals were high pass filtered (20 Hz, 8th order
utterworth), rectified and then low pass filtered (3 Hz, 8th
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ig. 2. Graphs represent the level of activation (% MVC and standard dev
quares) and external rotation (closed circles) in an unsupported abducted p

rder Butterworth). The activity in each muscle for each sub-
ect was normalised using the Shoulder Normalisation Tests13

n which the maximum voluntary contraction (MVC) values
ere taken to be the maximum of the EMG envelopes. The
ean value of the EMG envelope during the rotation contrac-

ion over a one second window where the force was stable
as averaged across the two trials for each test.
A three-way repeated measures ANOVA (with mus-

le, rotation direction and force as factors) was performed
Statistica version 7.1, StatSoft Inc, Tulsa, OK). This was
ollowed by Bonferroni post hoc tests. Statistical significance
as accepted at p < 0.05. Coefficients of determination (r2)
etween the EMG and exerted force for muscle sites where
ctivity was above low levels (i.e. >20% MVC at maxi-
um torque) were also calculated (Matlab version 7, The
athWorks, Natick, MA) and these were averaged across

ubjects.

. Results

The average maximum torque produced by subjects in this
tudy was 95 ± 29 N during internal rotation, and 76 ± 24 N
uring external rotation. The ratio of internal to external
otation strength was therefore 1.25, a result consistent with
revious studies.14

The mean activation level of all muscles examined at
ll forces during internal and external rotation is shown in
ig. 2. The three-way repeated measures ANOVA showed an

ffect for force (F = 128.4; df = 5,70; p < 0.001). These results
ndicate that as rotational force increases there is a system-
tic increase in activity in all muscle sites that are activated
bove low levels, i.e. >20% MVC at maximum torque for

d
u
s

for the 13 muscle sites examined during isometric internal rotation (open
during 20%, 30%, 40%, 50%, 60% and 100% maximal torque production.

oth internal and external rotation tasks (r2 = 0.93 ± 0.07;
ean ± s.d.).
Fig. 3 illustrates the difference in muscle activation dur-

ng internal and external rotation. Activation levels for each
uscle site for this comparison were determined by averag-

ng the activation levels achieved at all force levels measured.
he three-way repeated measures ANOVA indicated a strong
ffect for rotation direction (F = 109.6; df = 1,14; p < 0.001)
nd that the effect of rotation direction was different across
uscles (F = 47.4; df = 12,168; p < 0.001).
Bonferroni post hoc analyses revealed that:

during internal rotation:
• upper and lower subscapularis activity was significantly

higher than during external rotation (p < 0.001),
• lower subscapularis activity was significantly higher

than supraspinatus and infraspinatus activity (p < 0.02
and p < 0.001),

• upper subscapularis was significantly higher than
infraspinatus activity (p < 0.001),

during external rotation:
• supraspinatus, infraspinatus, upper, middle and lower

trapezius and serratus anterior activity was significantly
higher than during internal rotation (p < 0.05),

• supraspinatus and infraspinatus activity was signifi-
cantly higher than subscapularis activity (p < 0.001).

. Discussion
The muscles of the rotator cuff demonstrated very strong
irection-specific activity during isometric rotation in the
nsupported mid-range abduction position examined in this
tudy. During internal rotation upper and lower subscapu-
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Fig. 3. The bar graph illustrates the comparison in average level of activation (% MVC and 95% confidence limit) for all torque levels for the 13 muscle
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ites examined during isometric internal rotation (white bar) and external r
ignificant difference (p < 0.05) in the average level of activation between in

aris activity was significantly higher than during external
otation, and significantly higher than supraspinatus and
nfraspinatus activity. During external rotation supraspinatus
nd infraspinatus activity was significantly higher than during
nternal rotation, and significantly higher than subscapularis
ctivity. No other potential shoulder rotation torque produc-
ng muscles examined demonstrated significant differences in
ctivity levels between internal and external rotation tasks.
hese results suggest that the rotator cuff muscles are act-

ng as the major shoulder rotation torque producers during
sometric contractions when the arm is unsupported at 90◦
bduction.

This motor strategy to recruit the rotator cuff muscles as
he major rotation torque producers with the arm held in a

id abduction position is a logical one. The limb was unsup-
orted in this study, and therefore, all other potential rotation
orque producers examined would also have produced torque
n directions detrimental to the isolated rotation task required:
ectoralis major and latissimus dorsi producing unwanted
dduction torque; and posterior deltoid producing unwanted
bduction and/or extension torque. The finding that there was
o significant difference in activity levels in these muscles
etween shoulder internal and external rotation is in contrast
o studies investigating shoulder rotator muscle activity with
he arm by the side and supported in abduction.8,15 These
tudies report markedly higher activity in pectoralis major
nd latissimus dorsi during internal rotation compared with
xternal rotation, and markedly higher activity in posterior

eltoid during external rotation compared with internal rota-
ion. As the arm is already adducted with the arm by the side,
nd unwanted movements would be resisted by the appara-
us with the arm supported in abduction, recruitment of these

d
b
t
a

(black bar) in an unsupported abducted position. * indicates a statistically
nd external rotation for each muscle.

uscles will not detract from the specificity of the rotation
ask required. In the unsupported abducted position examined
n the current study the only shoulder rotators activated signif-
cantly differently during internal and external rotation were
otator cuff muscles indicating that only these muscles can
fficiently generate isolated rotation torque in this position.

The rotator cuff muscles are believed to co-contract as
unit providing global compression at the shoulder joint

n order to perform their stabiliser role.1,4 The significant
ifferences in the activity levels between the anterior and pos-
erior rotator cuff muscles demonstrated in this study indicate
hat they are not functioning as stabilisers during rotation in
he abducted position. The infraspinatus and supraspinatus
emained almost silent during internal rotation (<3% MVC
nd <10% MVC respectively at maximal force), as was sub-
capularis during external rotation (<4% MVC at maximal
orce), indicating that they were acting as prime movers for
otation and not co-contracting. That is, the infraspinatus and
ubscapularis are not acting as a “transverse force couple”,
o provide dynamic stability to the shoulder joint as has been
hown during shoulder abduction.16 These results support the
ndings of Kronberg et al.5 and other EMG research indi-
ating that supraspinatus is a strong external rotator of the
houlder joint.15,17

In this study the three parts of deltoid were recruited at
evels ranging from 19% to 48% MVC during maximal rota-
ion torque with no significant difference in activation levels
etween internal and external rotation (anterior and middle

eltoid p = 1.00; posterior deltoid p = 0.30). It has previously
een suggested that, with the shoulder in 90◦ abduction,
he alignment of the deltoid fibres can function to provide
transarticular compressive force and thus act as a stabiliser
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f the shoulder joint.18 With strong evidence to suggest that
he rotator cuff muscles are not providing dynamic support to
he shoulder during rotation in 90◦ abduction, the moderate
eltoid activity demonstrated during both internal and exter-
al rotation in this study would suggest that the deltoid is
unctioning to stabilise the shoulder joint whilst maintaining
houlder abduction during these rotation tasks.

Activity levels of the axioscapular muscles in this study
ere significantly higher during external rotation than dur-

ng internal rotation (p < 0.05). This finding is consistent with
hat of previous research examining trapezius during sup-
orted isokinetic shoulder rotation19 and supports a previous
tudy which has demonstrated moderate to high levels of
ctivity in middle and lower trapezius and serratus anterior
uring the prone external rotation at 90◦ abduction exercise.20

he axioscapular muscles are active in both internal and
xternal rotation in order to upwardly rotate, posteriorly tilt
nd externally rotate the scapula21 to achieve and main-
ain the 90◦ shoulder abduction position examined in this
tudy. Additionally, the axioscapular muscles are required
o prevent the muscles that originate from the scapula (rota-
or cuff and deltoid) from destabilising the scapula. That is,
rom moving the scapula instead of, or as well as, moving
r stabilising the humerus. Significantly greater activity lev-
ls in trapezius and serratus anterior during external rotation
ay be due to the need to counteract the higher destabilis-

ng force created by the posterior cuff which was activated
t significantly higher levels during external rotation than the
nterior cuff was activated during internal rotation. In addi-
ion, the significantly higher levels of activity in middle and
ower trapezius muscles during external rotation compared
o internal rotation may indicate that some scapula retraction
orce was used by subjects to assist in generating the external
otation force.

The results of the current study indicate that increasing
nternal and external isometric rotation loads from 20% to
00% maximal torque, with the shoulder in an unsupported
id-range abducted position, leads to a systematic increase in

ctivity in muscles which are activated above low levels, i.e.
20% MVC at maximal torque. This indicates that in normal
ubjects the same motor strategy is employed during low,
edium and high shoulder rotation loads with the shoulder

t 90◦ abduction and is consistent with previous research
nvestigating shoulder rotation with increasing load with the
rm by the side.15

During the internal rotation tasks performed in this study
nly moderate levels of activity were recorded for all muscles
uring the maximal contraction from which subsequent sub-
aximal force levels were calculated. Subscapularis activity,

or example, was recorded at 47% MVC during this task.
his finding is consistent with results from previous research
xamining shoulder rotation in a 90◦ abducted position5 and

ay be explained by the fact that all shoulder internal rotator
uscles that could have been contributing to the genera-

ion of maximal force, for example teres major, were not
xamined.
Medicine in Sport 13 (2010) 651–656 655

ractical implications

Rehabilitation programs should be designed with consider-
ation given to the changing role of shoulder muscles during
varied tasks and the functional relationship between the
scapular and humeral muscles.
Scapular muscles can be recruited at moderate to high lev-
els, and in a functionally specific manner, during rotation
tasks.
Low load unsupported shoulder rotation tasks can be used
to train the complex normal scapulohumeral motor pat-
terns.
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