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A principal cause of subacromial impingement (SAl) is
failure of the rotator cuff to center the humeral head in the
glenoid during shoulder motion, counteracting the effect
of the deltoid. As rehabilitation of the rotator cuff
endeavors fo restore balance between these muscle
groups, the purpose of this companion study was to
evaluate, in the symptomatic shoulders of patients with
SAl, (1) the conditions of resisted isometric external
rotation (ER) that optimized the contribution of the
infraspinatus and (2) the load of ER at which adduction
was most effective at reducing the deltoid contribution
and then to compare this with the relative contribution of
the infraspinatus and the posterior and middle deltoid in
asymptomatic shoulders. In 14 subjects (18 shoulders)
with SA, surface electromyographic activity of the
infraspinatus and the posterior and middle deltoid and
pectoralis major was recorded at low, medium, and high
loads of resisted isometric ER, with and without
adduction. These data were normalized to find each
muscle’s relative contribution to the task and were
compared with normalized data from subjects with
healthy shoulders. In subjects with SAl, low loads of
isometric ER (10%-40% maximum voluntary isometric
contraction) optimized the relative contribution of the
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infraspinatus. Adduction with isometric ER at 10%
maximum voluntary isometric contraction reduced the
middle deltoid involvement. Higher loads preferentially
activated the middle deltoid over the infraspinatus and
may have effected unwanted humeral head superior
translation, counteracting the presumed benefits of rotator
cuff ER exercises. An individualized loading regimen and
the use of surface electromyography may have significant
implications during rotator cuff rehabilitation. () Shoulder
Elbow Surg 2008;17:875-92S.)

Subacromial implngement (SAI) is a common cause
of shoulder ain. ical clinical findings |nc|Ude
weokness decrease Ap range of movement,® and
crepitus'> of the affected shoulder. Optimal rotator
CUFF function requires strong, healthy muscles, ten-
dons, and bony attachments, normal capsular |oxity,
an even curve of the coracoacromial arch, a thin syno-
vial bursa, and coordinated co- controchon of the cuff
muscles acting in force couples.” 21 Disruption of
this complex mechanism predlsposes the shoulder to
a cycle of movement impairment and tissue pathology,
leading to anterosuperior migration of the humeral
head and subsequent impingement of the subacromial
structures under the coracoacromial arch,'®1¢:18.20

A targeted exercise program, supervised by a phys-
iotherapist, is generally considerecrcs a firstline treat-
ment for patients with SAl. The goal of rotator cuff
rehabilitation is fo redress the imbalance between the
deltoid, which elevates the humerus, and the rotator
cuff, which stablllzes and centers the humeral head in
the glen0|d 17 Commonly, part of a conservative
rotator cuff rehqbllltqhon program includes sets of
shoulder external rotation (ER) exercises, performed
while maintaining adduction, to improve the strength
and stabilization effect of the infraspinatus.® 1917 The
addition of adduction to the ER exercises is thought to
minimize the tendency to recruit the deltoid and abduct
the shoulder, thus limiting unwanted superior migration
of the humeral head, and is intended to isolate the
infraspinatus from the deltoid, although the validity of
this hypothesis has been queshoned recently.'”
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The purpose of this study was to determine the con-
ditions of resisted isometric ER that optimize the contri-
bution of the infraspinatus and the load of ER at which
the adduction strategy is most effective at reducing the
posterior and middle deltoid contributions in subjects
with SAI. The third aim was fo determine whether tLere
were any differences in relative muscle activation of
the infraspinatus and the posterior deltoid and middle
deltoid wEen compared with asymptomatic shoulders.
The relative contributions of these muscles were inves-
tigated under low, medium, and high loads of resisted
isometric ER, with and without the addition of adduc-
tion, in subjects with SAl and were compared with
healthy shoulders in a group of asymptomatic sub-
jects, assessed with the same experimental protocol.

MATERIALS AND METHODS

Fiffeen subjects with a clinical diagnosis of SAI were
invited to participate in the study. Inclusion criteria were as
follows: aged 18 years or over, pain over the anterior and
lateral aspects of the affected shoulder, pain with active
shoulder elevation, pain on resisted elevation of the affected
arm at 90° in the plone of the scapula, and a positive Haw-
kins test. 4 Exclusion criteria were as follows: previous shoul-
der surgery on the affected side, osteoarthrosis (OA) of the
glenohumeral joint or acromioclavicular joint, a suspected
or confirmed full-thickness rotator cuff tear, os acromiale,
adhesive capsulitis, a history of shoulder dislocation (either
anterior or posterior), a suspected superior labrum anterior-
posterior lesion, cervical spine problems, neurologic loss in
the upper limbs, or any systemic inflammatory condition.
Plain radiographs of the shoulder (true anteroposterior
view, anteroposterior view in ER, and axial and outlet views)
were taken to exclude glenohumeral joint OA and acromio-
clavicular OA and to assess the shape of the acromion. Sub-
jects gave written consent to participate in the study, and
ethical approval was obtained from the University o South
Australia’s Human Research Ethics Committee (Adelaide,
Awustralia).

Demographic data (age, height, weight, and handed-
ness) were collected. Surface electromyographic (sSEMG) ac-
hw(?/from the infraspinatus, posterior deltoid, middle deltoid,

pectoralis major was recorded from the offected shoul-
der by use of the protocol described by Bitter et al.? All sub-
jects participated in a single testing session. The electrodes
were placed as shown in Figure 1,% and the study protocol
assessed muscle contribution during ER at 10%, 40%, and
70% of the subject’s ER maximum voluntary isometric con-
traction (MVIC), with and without shoulder adduction.

The average rootmean-square (RMS) over the middle 5
seconds for each muscle at the different contraction levels
was used as the reference value fo normalize the data. Nor-
malization of SEMG data expressed each muscle’s activity
during each contraction as a percentage, relative to the av-
erage of all muscles” mean RMS, essentially indicating each
muscle’s relative contribution to the task. For each test con-
traction, each muscle’s relative contribution was found by ex-
pressing its mean RMS as a fraction of the reference value,
which was the average of all 4 muscles’ mean RMS during
that contraction.
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Figure 1 Surface electrode setup during experiment: anterior (top)
and posterior (botfom).

The normalized sEMG data from the SAl shoulders were
compared with the normalized data from the asymptomatic
right shoulders collected concurrently and analyzedin a seps
arate study applying an |denhco| experimental protocol,?
using @ mlxecfmodel analysis,®?2 by use of SPSS software
(version 13; SPSS, Chicago, IL). Type |l tests of fixed effects
were conducted on each muscle fo investigate whether dif-
ferences existed between groups, loads, and tasks. Signifi-
cant differences were further investigated via post hoc
pairwise comparisons (P <.05).

RESULTS

Fiffeen subjects were recruited, but there was an er-
ror in data recording from one, who was subsequently
excluded. Of the remaining 14 subjects, 4 had
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External Rotation in SAl Subjects
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Figure 2 Relative contributions of muscles during experimental
tasks (mean + SEM): ER in SAl subjects.

bilateral SAI, and thus data from 18 SAIl shoulders
were analyzed and compared with data taken concur-
rently and analyzed separately from 18 asymptomatic
right shoulders.? Right shoulders were chosen to en-
sure even numbered groups, and the right shoulder
was affected in most of the subjects in the SAI group.

The SAI group consisted of 5 men and 9 women,
and all were righthanded but one. The mean (= SD)
demographic gato were as follows: age, 51.07 =
11.06 years; height, 168.32 = 10.78 cm; and
weight, 78.64 = 24.19 kg. Comparison with the
asymptomatic group (18 healthy right shoulders)
showed a similar gender ratio and similar height,
but the SAI patients were slightly older (mean age in
asymptomatic group, 42.17 = 7.64 years) and
weighed more (mean weight in asymptomatic group,
69.89 + 7.64 kg).?

The relative contributions of the muscles during the
test conditions in the SAI group and comparison with
the asymptomatic group” are shown in Figures 2

and 3.

Infraspinatus contribution during resisted isometric
ER in SAl group

During ER alone and ER with adduction, the contri-
bution o?the infraspinatus was significantly greater at
40% MVIC than at either 10% or 70% MVIC (P <
.001). The addition of adduction did not significantly
change the contribution of the infraspinatus at any
load.

Effect of adduction on posterior and middle deltoid
ER contributions in SAl group

The addition of adduction did not significantly
change the contribution of the posterior deltoid at
any load. At 10% MVIC, the use of the adduction strat-
egy significantly reduced the contribution of the mid-

dle deltoid (P =.002).
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Figure 3 Relative contributions of muscles during experimental
tasks (mean + SEM): Between-group individual muscle comparisons.

Comparison of relative muscle activation between
SAl group and asymptomatic group

Overall, the patterns of activation in the SAl sample
were similar to those found in the asymptomatic shoul-
ders, and there were no differences in the relative con-
tributions of the infraspinatus and the posterior deltoid
between the 2 groups. The only apparent difference
between the 2 groups was that tEe contribution of
the middle deltoid was significantly greater at 70%
MVIC during ER alone and ER with adduction in the
asymptomatic group compared with the SAI group
(P=.042).

During ER alone and ER with adduction, compari-
son between the 2 groups showed that the contribu-
tion from the infraspinatus was significantly greater
at 40% MVIC than at either 10% or 70% MVIC
(P <.001). The addition of adduction did not signifi-
cantly change the contribution of the infraspinatus in
either group at any load. In both groups, the contribu-
tion of the posterior deltoid was significantly higher at
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Figure 4 Comparison of ER MVIC between groups.

40% MVIC (P=.001) and 70% MVIC (P <.001) than
at 10% MVIC during ER alone and ER with adduction.

The addition of adduction did not significantly change
the contribution of the posterior deltoid in either group
atany load. However, in both groups, the contribution
of the middle deltoid was significantly higher at 70%
MVIC than either 10% or 40% MVIC (P < .001) for
ER alone and ER with adduction. At 10% MVIC, the
use of the adduction strategy significantly reduced
the contribution of the middle deltoid in asymptomatic
shoulders (P < .001) and in shoulders with SAI (P =
.002).
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Strength of ER for SAl and healthy subjects
Subjects’” ER MVIC findings (in kilograms) are

shown in Figure 4. In the asymptomatic group, the
MVIC ranged from 5.3 to 17 kg. In the SAI group,
the MVIC ranged from 2.3 to 16.5 kg. As a whole,
the SAl subjects (mean, 8.239 kg; SD, 4.50 kg)
were weaker in ER than the asymptomatic group
(mean, 9.856 kg; SD, 3.621 kg), but the notable fea-
ture was the greater spreod of strengths within the SAI
group. Despite the range of measured strengths, the
pattern of rotator cuff activation was consistent for all
patients in both groups, regardless of their maximum
strength.

DISCUSSION

Rotator cuff pathology, and subsequently SAI, is

a common cause of shoulder disability and pain in

aging populations.®'® It has been advocated that
individuals with  SAl undertake a conservative
rehabilitation program.®19'” Conservative phy5|o-
therapy programs often use shoulder ER exercises to
activate the infraspinatus maximaill ? but some pro-
tocols may also result in high |eve{s of deltoid activ-
ity.!” Thus, some shoulder ER exercise programs
may be preferenhqlly activating the deltoid over the in-
fraspinatus and may lead to superior humeral head mi-
gration, potentially perpetuating the consequent
impingement. The load at which the shoulder ER exer-
cises are set appears fo be a critical factor to maximize
rehabilitative efforts. If the load is too great, then the
deltoid, especially the middle deltoig, may be re-
cruited, resulting in unwanted shoulder elevation
and abduction. The ideal conservative rehabilitation

rogram would relatively isolate the infraspinatus
Eom the deltoid, especially in the early stages of reha-
bilitation.

As with the results in Bitter et al,? when interpreting
the findings of this study, attention to the method
of normalization is necessary. The more common
method of normollzcmon to MVIC has problems with
reliability and validity* and cannot be used in sub-
jects with pain. The method of normalization chosen
Lor this study reveals each muscle’s relative contribu-
tion to the task. It may appear that a muscle is more
active at a lower load, but this is not the case, as
the method of normalization indicates both the mag-
nitude of activation of the muscle and its contribution
to the task relative to other muscles, not the absolute
value.

The findings of this study suggest that, in patients
with SAI, per?orming isometric shoulder ER exercises
at 40% MVIC optimizes the contribution of the infra-
spinatus (P < .001) whereas low to medium loads
(10%-40% MVIC) of shoulder isometric ER minimize

the deltoid contribution. The infraspinatus is an
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external rotator of the glenohumeral joint'? and is also
an important stabilizing muscle.” The physiologic and
mechanical properties of the posterior deltoid and
middle deltoid support their having a more torque-pro-
ducing role, as compared with the infraspinatus.'' As
the load of isometric ER increases, the contribution
from the deltoid surpasses that of the infraspinatus.
This is in keeping with the torque-producing role of
the deltoid, the relative contribution of which increases
athigher loads as it becomes harder for the infraspina-
tus to attain the requisite load. The middle deltoid be-
comes significantly more active at 70% MVIC than
at 10% or 40% MVIC (P <.001), reflecting a greater
abduction moment.

The results also indicate that there was no signifi-
cant difference between the contribution of the infra-
spinatus and the posterior deltoid at any load of ER,
with or without adduction. This means that the infraspi-
natus cannot be isolated and rehabilitated separately
from the posterior deltoid via isometric shoulder ER ex-
ercises. However, the findings do suggest that the in-
fraspinatus can be relatively isolated from the middle
deltoid, by use of isometric shoulder ER exercises at
low to medium loads with the addition of adduction.
The addition of adduction to shoulder ER rehabilitation
is thought to reduce activation of the deltoid and rela-
tively isolate the infraspinatus. Whereas Reinold et
al'?'did not support the addition of adduction to shoul-
der ER exercises, analysis of data from both asymp-
tomatic shoulders® and symptomatic SAl shou?;iers
demonstrated that the addition of adduction effec-
tively reduced the contribution of the middle deltoid
at 10% MVIC. Differences in study design (performing
isotonic ER with hand weights) and metiocﬁﬂogy (nor-
mc:lilzotion to MVIC) may account for the contradictory
result.

Interestingly, this study on SAl patients showed very
similar patterns of muscle activation with increasing
loads ofisometric shoulder ER with and without adduc-
tion compared with subjects with asymptomatic shoul-
ders. The only difference between the 2 groups was
that the middle deltoid was shown to be signiﬁcontly
more active at 70% MVIC during ER alone and ER
with adduction in the asymptomatic group than in
the SAl group (P=.042). TKis is a somewhat surprising
result, but a possible explanation could be that the SAI
group may Ec:ve had more discomfort (not assessed)
or fear of discomfort (also not assessed) at the high
|oo|o|||and thus failed to activate the middle deltoid max-
imally.

Po{ients in the SAl group were weaker and had
a greater spread of strengths of ER MVIC. It follows
that the load for 10%, 40%, and 70% ER MVIC also
varied considerably in both groups (Figure 3). How-
ever, regardless of the load of resisted isometric ER
that the subject was required to attain, the relative con-
tributions of the muscles stayed the same. Thus, the
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load that corresponded to 40% MVIC was unique in
every subject, and at this load, the contribution of
the infraspinatus was optimized. The clinical implica-
tion is that regardless of how weak the shoulder is,
picking the load of ER that corresponds to 40%
MVIC should target the infraspinatus. On the basis
of this finding, it can be anticipated that, as the shoul-
der recovers to normal and the strength of the muscles
improves, the relative contributions will stay the same.
Reference, therefore, to a standard load is likely to be
inappropriate fo optimize the rehabilitative efforts.
The use of a simple SEMG monitor can demonstrate
when the middle deltoid is activated above the infra-
spinatus and could, therefore, indicate the appropri-
ate initial training level.

sEMG is an objective and noninvasive method of
recording the electrical activity of muscle contrac-
tions and has been used extensively in research.*
The main concerns regarding sEMG include reli-
ability, validity, and methods of normalization.
sSEMG has been shown fo be reliable'* but shows
poor validity in comparing raw data between mus-
cles, subjects, and days.” Normalization reduces
the voriaLility in raw data, quantifies the electro-
myographic signal as a relative percentage, and al-
lows comparison between subjects, muscles, sides,
and days.* In this study, a metLod of normalization
was chosen that allowed for comparison of an
asymptomatic population with a group having
pain.” However, subjects were required to produce
a maximal isometric effort, which may still be a lim-
iting factor, as those with pain may not have fully
activated their external rotators. sEMG is also af-
fected by crosstalk, in which the electrodes pick
up signals from surrounding muscles. In this study,
every effort was made to minimize these concerns
by use of small, fixed interelectrode distances
and the recommended placement of electrodes.*”~?
To improve consistency, the same investigator posi-
tioned the electrodes each time, electrodes were
not moved between the test movements, and each
subject was tested fully in a single testing session.

It was expected that a difference would be seen be-
tween the groups, but this was not the case. The small
sample size is likely to have lowered the power for
comparison between the 2 groups. Although efforts
were made to have demographically homogenous
groups with stringent inclusion and exclusion criteria,
the SAI group was older and weighed more than
the asymptomatic group. These differences may also
account for the unexpected similar muscle activation
patterns between the 2 groups.

In conclusion, the findings of this study suggest that
the most effective early-stage rotator cuff rehabilitation
program, in patients with SAl, may be one that uses
shoulder ER exercises at low loads with the addition
of adduction (<40% ER MVIC) and this should be
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tailored to each individual shoulder, based on mea-
surement of either MVIC or sEMG recording.
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