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Abstract

Objective: To evaluate the effects of pulsed electromagnetic field (PEMF) and exercises in reducing pain and improving function and muscle

strength in patients with shoulder impingement syndrome (SIS).

Design: Double-blind, randomized controlled trial with a 3-month posttreatment follow-up.

Setting: Outpatient rehabilitation of a public hospital.

Participants: Patients (NZ56) between 40 and 60 years of age, with a diagnosis of SIS, were randomly assigned to receive active PEMF (nZ26;

mean age, 50.1y) or placebo PEMF (nZ30; mean age, 50.8y).

Interventions: After 3 weeks of active or placebo PEMF, both groups performed the same program of exercises that focused on shoulder

strengthening.

Main Outcome Measures: A visual analog scale, the University of California/Los Angeles shoulder rating scale, the Constant-Murley shoulder

score, and handheld dynamometry for muscle strength were used as outcome measures at baseline (pretreatment), at 3 weeks (after active or

placebo PEMF), at 9 weeks (postexercise), and at 3 months posttreatment.

Results: Patients in the active PEMF group had a higher level of function and less pain at all follow-up time frames compared with baseline (P<.05).

However, the placebo PEMF group had increased function and reduced pain only at the 9-week and 3-month follow-ups (P<.05)dthat is, after

performing the associated exercises. For the shoulder dynamometry, the active PEMF group had increased strength for lateral rotation at 9 weeks

(P<.05), and increased strength for medial rotation at 9 weeks and 3 months (both P<.05) when compared with baseline. There was no significant

difference for shoulder strength in the placebo PEMF group (P>.05), as well as no significant differences (P>.05) for all outcome measures.

Conclusions: The combination of PEMF and shoulder exercises is effective in improving function and muscle strength and decreasing pain in

patients with SIS. However, these results should be carefully interpreted because of the lack of differences between groups.
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Shoulder impingement syndrome (SIS) is considered one of the
main causes of pain in the upper extremity and can lead to a
decrease in the function of this joint and a reduction in quality of
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life. It affects about 20% of the population, and its prevalence in-
creases over the course of aging.1-4 Since the main complaints of
patients with SIS are joint pain, stiffness, and functional deficit,
nonsurgical treatments have focused on symptom relief and
improved function.5 The first-line management of SIS is represented
by conservative treatment, based on medication, therapeutic exer-
cises, and the application of physical agents.6-8 The use of physical
agents with analgesic and anti-inflammatory outcomes is very
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common in physical therapy practice because they may provide
benefits similar to medications but without the same adverse effects.

Among these physical agents, the pulsed electromagnetic field
(PEMF), also commonly referred to as “magnet therapy,” is based
on the principle of the interaction between nonionizing electro-
magnetic fields and biological systemsdthat is, “bio-
electromagnetics.”9,10 In the extremely low frequency spectrum of
electromagnetic fields (below 300Hz), experimental studies have
suggested therapeutic effects in various pathologic conditions, such
as pseudoarthrosis,11 osteoarthritis,12 and acute and chronic pain
from different musculoskeletal conditions,13 as well as in acceler-
ating the healing of tendon injuries.14,15 Additionally, other authors
hypothesize that PEMF treatment effects may be related to
increased local cellular activity, orientation of collagen fibers,
increased oxygen content to tissue, and vasodilation of blood ves-
sels, without increasing local temperature.10,13,16,17

However, the effectiveness of PEMF to treat shoulder problems
still remains controversial. Some clinical trials8,16,17 have shown
positive results, while other clinical trials18,19 did not show the
same effects. Therefore, the purpose of this study was to evaluate
the effectiveness of PEMF and exercises in reducing pain,
improving functionality, and enhancing muscle strength in pa-
tients with SIS. We hypothesized that the patients who received
active PEMF and exercises would demonstrate significantly better
results when compared with those who received placebo PEMF
and exercises.
Methods

Participants

Fifty-six patients aged 40 to 60 years (NZ56; mean age � SD,
50.5�8.9y), with a diagnosis of SIS, were randomly assigned to
receive active PEMF (nZ26; mean age � SD, 50.1�8.2y) or
placebo PEMF (nZ30; mean age � SD, 50.8�9.6y). After 3
weeks of active or placebo PEMF, both groups performed the
same program of exercises focusing on shoulder strengthening.
Four patients who were in the active PEMF group and 6 patients
who were in the placebo PEMF group did not complete the study.
All study procedures were explained to the volunteers, and they
signed informed consent forms in accordance with the National
Health Council Resolution No. 196/96. The study was approved
by the Research Ethics Committee of Irmandade da Santa Casa de
Misericórdia de São Paulo, Brazil.

Calculations for estimating sample size were based on
detecting a 30% improvement in pain scores (visual analog scale
[VAS]), which was based on a previously conducted study by
Bang and Deyle,20 assuming an alpha level of .05, and 80% power.
A sample size of 24 subjects per group was determined. With
allowance for dropouts, 56 subjects were recruited for this study.

The study sample included both men and women, with an SIS
medical diagnosis of grade I or II based on a history of shoulder
List of abbreviations:

ICC intraclass correlation coefficient

MCID minimal clinically important difference

PEMF pulsed electromagnetic field

SIS shoulder impingement syndrome

VAS visual analog scale

UCLA University of California/Los Angeles
pain for at least 3 months. Furthermore, these patients had pre-
viously received a clinical examination and ultrasonography or
magnetic resonance imaging, according to Neer’s criteria.21 The
patients should be able to actively elevate their shoulders in
overhead activities. This active overhead elevation of the arm was
a concern since older patients with SIS and possible moderate
rotator cuff degeneration were being evaluated; therefore, we
attempted to ensure that these patients still had adequate function
of this musculature. The participants were recruited from the
Rehabilitation Service - 254/09 by a single physical therapist
(T.Y.F.) with more than 10 years of clinical experience in shoulder
rehabilitation. Participants were excluded if they met 1 of the
following criteria: (1) had a neurologic disorder; (2) had an injury
to the cervical region, elbow, or hand; (3) had rheumatoid arthritis;
(4) had a heart condition; (5) had previous surgery involving the
upper extremities; (6) were pregnant; (7) had received intra-
articular anti-inflammatory infiltrations in the past 60 days; or
(8) had other pathologic disorders of the shoulder such as hooked
acromion, osteoarthritis, adhesive capsulitis, or traumatic labrum
tears. During the screening, all subjects who used anti-inflam-
matory medications were asked to interrupt their medication
before starting the treatment. However, only 5 patients (2 in the
active PEMF group, 3 in the placebo PEMF) reported using oral
anti-inflammatory medications before the study. All of these pa-
tients stopped using these medications 15 days before the begin-
ning of the study and were randomly assigned to 1 of the 2 groups.

The assignment of subjects to the 2 groups was performed
randomly using opaque, sealed envelopes, each containing the
name of 1 of the groups (active PEMF or placebo PEMF). The
envelopes were selected by an individual not involved in the study.
Group assignment was performed after the initial evaluation but
before the initial treatment session. A single therapist (T.Y.F.) was
responsible for setting up the equipment (active or placebo) before
treatment in order to maintain the randomized, double-blind design.
This therapist did not remain beside the patient during the session to
avoid influencing the results. Two therapists (F.B.M., S.G.R.) were
trained in delivering the exercise protocols used for the study and
provided all treatment. These 2 therapists and all patients were
blinded in relation to active PEMF or placebo PEMF treatment.
Finally, the examiner (D.G.F.) was blind to the group assignment of
the patients and did not participate in the interventions.
Interventions

The active PEMF and placebo PEMF groups completed 9 sessions
that were provided 3 times per week for 3 weeks. The duration of
each application was 30 minutes, and the electrodes were posi-
tioned on the anterior and posterior part of the shoulder joint with
the subject positioned in lateral decubitus (fig 1).

The equipment used was a previously calibrated Magnetherp
330,a pulsed with a frequency of 50Hz and an intensity of 20mT or
200G. Since the optimal dosimetry for therapy with electromag-
netic fields has not yet been established,16 these parameters were
predetermined according to the manufacturer. For the placebo
application, the subjects remained in the same position as the active
group; the device was turned on but kept in standby mode during 30
minutes without any electromagnetic field being applied.

After 3 weeks of active or placebo PEMF, all subjects initiated
a therapeutic exercise program. The exercise protocol duration
was 6 weeks and was provided twice a week. All subjects were
asked to perform the same protocol 2 more times at home during
www.archives-pmr.org
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Fig 1 Electrodes positioned and PEMF equipment used in the study.
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the week. At the end of treatment, they were instructed to continue
the exercises at home. This protocol contained simple exercises
for improving shoulder mobility and for increasing shoulder girdle
muscle strength (appendix 1).22

Evaluation

A VAS, where 0 corresponded to no pain and 10 to the worst
imaginable pain, was used to measure pain during the last week.
The VAS has been shown to be reliable and valid for shoulder
injuries, with a minimal clinically important difference (MCID) of
1.4 points.23

The Constant-Murley24 and University of California/Los
Angeles (UCLA)25 scales have been used to measure function in
clinical outcome studies and are recommended for use in in-
dividuals with shoulder disorders. The Constant-Murley scale is a
100-point functional shoulder-assessment tool in which higher
scores reflect increased function.24 The UCLA scale is a 3-item
assessment tool with items differentially weighted for a
maximum score of 30, with higher scores also indicating better
function.26 The MCID of the Constant-Murley and UCLA scales
has not yet been well defined; however, other upper extremity
scales have shown changes between 6% and 13%.27

Handheld dynamometryb was used for measuring the strength
of the rotator cuff muscles (medial and lateral rotation) and arm
elevation. To measure the strength of the medial and lateral ro-
tators, the subject was positioned in supine with the shoulder
abducted at 45� and flexed at 30� (scapular plane), and the elbow
flexed at 90�, with the dynamometer placed on the wrist.28-30 To
assess the shoulder elevation strength, the subject remained
seated, with the shoulder abducted at 45� and flexed at 30�, in
neutral rotation, and the elbow fully extended. The dynamometer
was placed on the dorsal aspect of the wrist.30 During strength
testing, we used 2 submaximum trials to familiarize the subjects
www.archives-pmr.org
with each test position. This was followed by 3 trials with
maximum isometric effort for each muscle group. For data anal-
ysis, the average values of the 3 trials with maximum effort were
used. When the examiner observed any trunk compensation during
a test, values were disregarded and the test was repeated after 20
seconds of rest. Strength values were measured in kilograms and
were normalized by body mass (kg) using the following formula:
(Strength/Body mass) � 100. Results of a pilot study indicated
excellent reliability for the lateral rotators (intraclass correlation
coefficient [ICC]Z.93), high reliability for shoulder elevation
(ICCZ.88), and satisfactory reliability for medial rotation
(ICCZ.50). All outcome measures were administered before
treatment (baseline), at 3 and 9 weeks of treatment, and 3 months
posttreatment (fig 2).

Data analysis

Data were analyzed using SPSS, version 13.0.c The Kolmogorov-
Smirnov test (with Lilliefors correction factor) was used to test the
normality of the data. Descriptive statistics for demographic data
and all outcome measures were expressed as averages and SDs
with a normal curve. The homogeneity within-group for sex at
baseline was confirmed by the chi-square test. Comparison be-
tween the groups was performed using independent t tests for age,
body mass, height, pain score, and functional scales to determine
homogeneity of the groups at baseline (pretreatment). The data for
the 2 functional scales (Constant-Murley and UCLA), muscle
strength, and the VAS were analyzed using separate 2-by-4
(group-by-time) mixed-model analysis of variance. The factor of
group had 2 levels (active PEMF and placebo PEMF), and the
repeated factor of time had 4 levels (pretreatment, 3 and 9wk of
treatment, and 3mo posttreatment). If significant main effects or
interactions were detected, then a simple main effects analysis
continued using Bonferroni adjustments. Statistical significance

http://www.archives-pmr.org


Fig 2 CONSORT flow chart, including ITT analysis. Abbreviation:

ITT, intention-to-treat.

Table 1 Demographic data of active PEMF and placebo PEMF

groups

Characteristics

Active

(nZ26)

Placebo

(nZ30) P

Age (y) 50.1�8.2 50.8�9.6 >.05

Body mass (kg) 76.3�13.7 70.2�12.6 >.05

Height (m) 1.7�10.1 1.6�8.4 >.05

Body mass index (kg/m2) 26.7�3.9 27.4�4.4 >.05

Duration of symptoms (mo) 22.0�17.7 21.2�19.0 >.05

Sex

Men 10 10 >.05*

Women 16 20

NOTE. Values are mean � SD, n, or as otherwise indicated. There were

no differences between groups (P>.05).

* Chi-square test.
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was defined as P<.05. After the per-protocol data analysis, an
intention-to-treat analysis was performed using the mean value
obtained from the remaining subjects of each group.

Results

At 3 months, 4 subjects in the active PEMF group and 6 subjects
in the placebo PEMF group were lost during follow-up. Therefore,
all per-protocol data analyses were performed with 22 subjects in
the active PEMF group and 24 subjects in the placebo
PEMF group.

Baseline and demographic data

There was no statistically significant difference (P>.05) for de-
mographics between the participants in the active and placebo
PEMF groups (table 1). There was also no statistically significant
difference (P>.05) between groups for any of the outcome vari-
ables at baseline (pretreatment) (table 2).

Pain, function, and muscle strength

There was a statistically significant group-by-time interaction for
the 2-by-4 mixed-model analysis of variance for pain, muscle
strength, and all functional assessment measures (P<.05, FZ14).
Planned pairwise comparisons for the Constant-Murley and UCLA
scales and the VAS indicated that the patients in the active PEMF
group had better function and decreased pain at the 3- and 9-week
assessments and at 3 months posttreatment compared with baseline
(Constant-Murley: range, P<.05 to P<.001; UCLA: range, P<.01
to P<.001; VAS: range, P<.01 to P<.001). The same analysis
indicated that the only significant differences for function and pain
in the placebo PEMF group were found at the 9-week assessment
and 3 months posttreatment (Constant-Murley: P<.01 and P<.001,
respectively; UCLA: both P<.01; VAS: P<.01 and P<.001,
respectively). For muscle strength, the active PEMF group had
increased strength for lateral rotation at 9 weeks (PZ.02), and for
medial rotation at the 9-week and the 3-month assessment post-
treatment (both PZ.03) when compared with baseline. There was
no difference for muscle strength in the placebo PEMF group
(P>.05) during the course of the treatment and follow-up when
compared with baseline. However, the between-group analysis at
the 3- and 9-week assessments as well as at 3 months posttreatment
indicated no significant difference for all pain scores, functional
scales, and muscle strength (all P>.05) (see table 2). The results of
the intention-to-treat analysis were consistent with the per-protocol
analysis, providing evidence that the missing data had no sub-
stantial influence on the overall results. Of note, patients reported
performing the exercises at home during the course of treatment.

MCID analysis

Based on the MCID for the VAS (1.4 points), the proportion of
patients who met or exceeded the MCID in the 3-week evaluation
(ie, after active or placebo PEMF) compared with baseline was
61% in the active group and 43% in the placebo group. Unfor-
tunately, we did not find an MCID standard value for the Constant-
Murley and UCLA scales, but there is speculation that improve-
ment can be significant in general shoulder scales when the pro-
portion of patients who meet or exceed the MCID is above 13%.27

Thus, when we examined the 3-week evaluation, the proportion of
patients who met or exceeded 13% of improvement was 65% in
the active group and 24% in the placebo group for the Constant-
Murley scale, and 91% in the active group and 54% in the pla-
cebo group for the UCLA scale.

In the 9-week and 3-month evaluation, the proportion
exceeding MCID for VAS in the active group was 82% and 77%,
www.archives-pmr.org
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Table 2 Outcome measures pretreatment (baseline) and 3 weeks (after active or placebo PEMF), 9 weeks (postexercise), and 3 months

posttreatment for subjects in active PEMF (nZ22) and placebo PEMF (nZ24) groups who completed the study

Analysis/Measures Pretreatment

Posttreatment

3wk 9wk 3mo

Outcomes

Constant-Murley (0e100)*

Active PEMF 31.3�10.6 40.7�12.6y 50.8�11.8y 52.7�11.7y

Placebo PEMF 35.8�11.7 35.6�11.7 48.0�11.0y 50.4�12.0y

UCLA (0e30)*

Active PEMF 14.7�5.7 22.0�5.7y 26.2�5.5y 27.4�7.2y

Placebo PEMF 15.0�4.8 16.7�7.0 23.5�7.5y 24.3�7.8y

VAS (0e10cm)z

Active PEMF 6.8�2.0 4.8�2.4y 2.9�2.7y 2.7�3.0y

Placebo PEMF 7.7�1.9 6.0�2.1 4.4�2.8y 3.4�3.1y

Shoulder lateral rotation (normalized to body weight)

Active PEMF 22.9�8.5 26.8�12.9 32.2�14.1y 32.7�14.5

Placebo PEMF 19.5�7.0 21.6�10.3 24.8�10.6 24.9�10.2

Shoulder medial rotation (normalized to body weight)

Active PEMF 32.6�15.8 38.1�17.0 42.0�17.1y 43.8�4.0y

Placebo PEMF 30.7�11.1 33.7�12.0 36.0�12.0 36.6�13.2

Shoulder elevation (normalized to body weight)

Active PEMF 23.8�10.8 24.0�9.6 27.2�10.4 28.5�11.4

Placebo PEMF 18.9�7.3 19.7�7.9 21.8�8.8 22.2�8.8

Within-group change score from baselinex

Constant-Murley (0e100)*

Active PEMF 9.4 (2.5 to 16.3) 19.5 (12.8 to 26.2) 21.4 (14.8 to 28.0)

Placebo PEMF �0.2 (�7.2 to 6.8) 12.2 (5.4 to 20.0) 14.6 (7.6 to 21.6)

UCLA (0e30)*

Active PEMF 7.3 (3.9 to 10.7) 11.5 (8.2 to 14.8) 12.7 (8.9 to 16.5)

Placebo PEMF 1.7 (�1.8 to 5.2) 8.5 (4.8 to 12.2) 9.3 (5.5 to 13.1)

VAS (0e10cm)z

Active PEMF �2.0 (�3.3 to �0.7) �3.9 (�5.3 to �2.5) �4.1 (�5.6 to �2.6)

Placebo PEMF �1.7 (�2.9 to �0.5) �3.3 (�4.7 to �1.9) �4.3 (�5.8 to �2.8)

Shoulder lateral rotation (normalized to body weight)

Active PEMF 3.9 (�2.5 to 10.3) 9.3 (2.5 to 16.1) 9.8 (2.8 to 16.8)

Placebo PEMF 2.1 (�3.1 to 7.3) 5.3 (0.0 to 10.6) 5.4 (0.2 to 10.6)

Shoulder medial rotation (normalized to body weight)

Active PEMF 5.5 (�4.2 to 15.2) 9.4 (�0.4 to 19.2) 11.2 (4.2 to 18.2)

Placebo PEMF 3.0 (�3.9 to 9.9) 5.3 (�1.6 to 12.2) 5.9 (�1.3 to 13.1)

Shoulder elevation (normalized to body weight)

Active PEMF 0.2 (�5.9 to 6.3) 3.4 (�2.9 to 9.7) 4.7 (�1.9 to 11.3)

Placebo PEMF 0.8 (�3.7 to 5.3) 2.9 (�1.9 to 7.7) 3.3 (�1.5 to 8.1)

NOTE. Values are mean � SD or mean (95% confidence interval).

* Higher scores on the Constant-Murley and UCLA scales represent better function.
y Significant difference when compared with pretreatment.
z Scored from 0 to 10, where 0 is no pain and 10 is the worst imaginable pain.
x Compared with pretreatment.
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respectively, and the proportion exceeding MCID for VAS in the
placebo group was 71% and 67%, respectively. The proportion
of patients who surpassed the MCID for the Constant-Murley
scale in the active group was 91% and 86%, respectively, and the
proportion of patients who surpassed the MCID for the
Constant-Murley scale in the placebo group was 67% and 58%,
respectively. Finally, the proportion of patients exceeding MCID
for the UCLA scale in the active group was 82% and 86%,
respectively, and the proportion of patients exceeding MCID for
the UCLA scale in the placebo group was 63% for both
evaluations.
www.archives-pmr.org
Discussion

The results of this randomized controlled trial demonstrated that a
3-week intervention with PEMF is effective for improving function
and reducing pain in patients with SIS. A combination of shoulder
exercises is essential for increasing muscle strength and increasing
the overall effectiveness of these improvements. Both active and
placebo PEMF groups showed improvements for all functional and
pain outcome measures when combined with shoulder exercises.
The group that received active PEMF and performed exercises

http://www.archives-pmr.org
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showed improvements for medial and lateral rotators muscle
strength, in contrast to the group that received placebo PEMF and
exercises, which showed no changes in muscle strength.

Previous clinical studies have shown that electromagnetic
therapy can be a useful tool when used to facilitate the healing of
skin ulcers,31 manage diabetic neuropathic pain,30 and facilitate
functional improvement in patients with fibromyalgia15,32 or knee
osteoarthritis.12,33,34 However, the effects of PEMF in patients
with shoulder pain are still controversial.18,35,36 In the present
study, we used a full treatment program based on analyzing the
isolated effects of PEMF and when combined with exercises. Our
protocol contained exercises for range of motion and muscle
relaxation such as pendulum exercises and stretching, as well as
exercises to strengthen the rotator cuff muscles and scapular sta-
bilizers. Our assessments, which are based on previously validated
assessment scales in the literature, were applied immediately after
PEMF application, after exercises, and after 3 months.

Some divergent aspects became very clear when we analyzed the
literature regarding patients who received electromagnetic therapy.
Aktas et al18 showed no convincing evidence that electromagnetic
therapy is of additional benefit in the acute phase of SIS rehabili-
tation. The authors applied PEMF during 25 minutes per session, 5
days per week for 3 weeks with an equipment frequency of 50Hz
and a field intensity of 30G. In the present study, we demonstrated
improved function and muscle strength, as well as pain relief, with
an equipment frequency of 50Hz and an intensity of 20mTor 200G.
This electromagnetic treatment lasted 30 minutes per session, 3 days
per week, for a total of 9 sessions. However, we assessed patients
with chronic pain and also added strengthening exercises. Corrob-
orating these data, Sutbeyaz et al32 concluded that low-frequency
PEMF might improve function, pain, fatigue, and global status in
patients with fibromyalgia using 30-minute sessions, twice a day for
3 weeks. Of note, PEMF was administered to the whole body using
a magnetic mat, which produced a mean intensity of 40mT and a
frequency ranging from 0.1 to 64Hz.32 Despite using a transcranial-
type application, Shupak et al17 also provided some initial support
for the use of PEMF in reducing pain in chronic pain populations
with fibromyalgia and rheumatoid arthritis.

In relation to shoulder strengthening programs, some authors
have demonstrated that exercise has clinically significant effects
on pain reduction and improving function, but not strength
improvement.7,22 We partially agree with this information because
the exercise protocol used in our study led to pain relief and
functional improvement, as well as increased muscle strength.
Study strengths and limitations

The present study has several strengths, including the randomized,
double-blind, placebo-controlled design, effect-size calculation,
intention-to-treat analysis, and confirmation of diagnosis by expe-
rienced radiologists who performed the ultrasonography or mag-
netic resonance imaging. Additional strengths are the treatments
provided by experienced personnel, and the multidimensional
evaluation of patients’ function, symptoms, and muscle strength.
On the other hand, a limitation of the study may have been the
inclusion and assessment of older patients with SIS, who had
moderate rotator cuff degeneration. Nevertheless, we believe this
bias was minimized because we selected patients who had an active
overhead elevation of the arm. This tendon degeneration may have
been the reason for the lack of improvement in arm elevation in
both groups. Of note, this population is the most frequent age group
found in our shoulder policlinics hospital. Another limitation is the
high dropout rate in both groups (approximately 15% each). We did
not control whether the patients performed their rehabilitation ex-
ercises during the 3-month follow-up. However, immediately after
treatment, all patients were instructed to maintain their normal ac-
tivities in the same manner that they were performed during treat-
ment. Another limitation of the study was the absence of a group
performing PEMF and exercises at the same time. However, we
intended to observe the isolated effect of PEMF on pain and func-
tion, and subsequently the effect of the association with exercises.

We showed an alternative PEMF combined with shoulder ex-
ercises for treating patients with musculoskeletal injuries, specif-
ically the SIS, aimed at pain relief and functional improvement.
However, this potential analgesic and functional effect of the iso-
lated PEMF application does not seem to be as significant as if
associated with exercises, especially taking into account the
improvement in muscle strength. Future studies should include a
longer follow-up and a group that receives PEMF and exercises
simultaneously from the very beginning, as well as other groups
with different PEMF parameters, such as intensity, frequency, or
application time. Furthermore, we did not evaluate the likely
biomechanical changes after the exercises were completed.
Conclusions

Our findings suggest that the combination of PEMF and shoulder
exercises is effective in improving function and muscle strength
and decreasing pain in patients with SIS. However, these results
should be carefully interpreted because of the lack of between-
group differences.
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Appendix 1 Shoulder Exercise Protocol Performed
by the Active PEMF and Placebo PEMF Groups

Range of motion

� Pendular exercise: Bend forward 90� at waist using table for
support. Body in a circular pattern to move arm clockwise and
counterclockwise. 3 sets of 1 minute
www.archives-pmr.org
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� Doorway pectoral stretch: Bring arm out to the side with elbow
bent, forearm contacting wall. Turn your body away from the
wall until you feel a stretch. 3 sets of 30 seconds

� Cross-body posterior shoulder stretching: Bring arm across
your body and use other hand to apply overpressure, pulling the
elbow. 3 sets of 30 seconds

� Shoulder external rotation cane stretch: Grasp cane with
affected elbow bent. Use unaffected arm to push hand back
toward plinth. 3 sets of 10 repetitions
Strengthening exercises

� Resisted shoulder medial rotation (neutral): Begin with forearm
out to the side and elbow against body. Pull toward your
abdomen, then slowly release. Can use towel in armpit if more
comfortable. 10 sets of 10 seconds

� Resisted shoulder lateral rotation: Begin with hand in front of
the stomach. Pull away from abdomen, then slowly release. Can
use towel in armpit if more comfortable. 10 sets of 10 seconds

� Resisted scapular protraction: Grasp tube while lying on your
back with arm flexed to 90�. Punch arm up toward the ceiling
while keeping arm straight. Your shoulder blade should lift off
table. 3 sets of 10 repetitions

� Sidelying lateral rotation: Lie on uninvolved side, with
involved arm at side of body and elbow bent to 90�. Keeping the
elbow of involved arm fixed to side, raise arm. 3 sets of 10
repetitions

� Push Up: Push-up plusddo a push-up (on either your hands or
forearms) and then really push to bring your spine to the ceiling.
3 sets of 10 repetitions
References

1. Cools AM, Cambier D, Witvrouw EE. Screening the athlete’s shoulder

for impingement symptoms: a clinical reasoning algorithm for early

detection of shoulder pathology. Br J Sports Med 2008;42:628-35.

2. Fodor D, Poanta L, Felea I, Rednic S, Bolosiu H. Shoulder

impingement syndrome: correlations between clinical tests and ultra-

sonographic findings. Ortop Traumatol Rehabil 2009;11:120-6.

3. Graichen H, Bonel H, Stammberger T, Englmeier KH, Reiser M,

Eckstein F. Subacromial space width changes during abduction and

rotation: a 3-D MR imaging study. Surg Radiol Anat 1999;21:59-64.

4. Neer CS. Anterior acromioplasty for the chronic impingement syn-

drome in the shoulder: a preliminary report. J Bone Joint Surg Am

1972;54:41-50.

5. Roy JS, Moffet H, McFadyen BJ. Upper limb motor strategies in

persons with and without shoulder impingement syndrome across

different speeds of movement. Clin Biomech (Bristol, Avon) 2008;23:

1227-36.

6. Haahr JP, Ostergaard S, Dalsgaard J, et al. Exercises versus arthro-

scopic decompression in patients with subacromial impingement: a

randomised, controlled study in 90 cases with a one year follow up.

Ann Rheum Dis 2005;64:760-4.

7. Lombardi I Jr, Magri AG, Fleury AM, Da Silva AC, Natour J. Pro-

gressive resistance training in patients with shoulder impingement syn-

drome: a randomized controlled trial. Arthritis Rheum 2008;59:615-22.

8. Rabini A, Piazzini DB, Bertolini C, et al. Effects of local microwave

diathermy on shoulder pain and function in patients with rotator cuff

tendinopathy in comparison to subacromial corticosteroid injections:

a single-blind randomized trial. J Orthop Sports Phys Ther 2012;42:

363-70.

9. McCarthy CJ, Callaghan MJ, Oldham JA. Pulsed electromagnetic

energy treatment offers no clinical benefit in reducing the pain of knee
www.archives-pmr.org
osteoarthritis: a systematic review. BMC Musculoskelet Disord 2006;

7:51.

10. Shupak NM. Therapeutic uses of pulsed magnetic-field exposure: a

review. Radio Sci Bull 2003;307:9-32.

11. Guerkov HH, Lohmann CH, Liu Y, et al. Pulsed electromagnetic fields

increase growth factor release by nonunion cells. Clin Orthop Relat

Res 2001;384:265-79.

12. Nikolakis P, Kollmitzer J, Crevenna R, Bittner C, Erdogmus CB,

Nicolakis J. Pulsed magnetic field therapy for osteoarthritis of the

knee: a double-blind sham-controlled trial. Wien Klin Wochenschr

2002;114:678-84.

13. Prato FS, Thomas AW, Cook CM. Extremely low frequency magnetic

fields (ELFMF) and pain therapy. In: Lin JC, editor. Advances in

electromagnetic fields in living systems. Vol 4. New York: Springer;

2005. p 155-87.

14. Lee EW, Maffulli N, Li CK, Chan KM. Pulsed magnetic and elec-

tromagnetic fields in experimental Achilles tendonitis in the rat: a

prospective randomized study. Arch Phys Med Rehabil 1997;78:

399-404.

15. Strauch B, Patel MK, Rosen DJ, Mahadevia S, Brindzei N, Pilla AA.

Pulsed magnetic field therapy increases tensile strength in a rat

Achilles’ tendon repair model. J Hand Surg [Am] 2006;31:1131-5.

16. Quittan M, Schuhfried O, Wiesinger GF, Fialka-Moser V. Clinical

effectiveness of magnetic field therapy: a review of the literature. Acta

Med Austriaca 2000;27:61-8.

17. Shupak NM, McKay JC, Nielson WR, Rollman GB, Prato FS,

Thomas AW. Exposure to a specific pulsed low-frequency magnetic

field: a double-blind placebo-controlled study of effects on pain rat-

ings in rheumatoid arthritis and fibromyalgia patients. Pain Res Manag

2006;11:85-90.

18. Aktas I, Akgun K, Cakmak B. Therapeutic effect of pulsed electro-

magnetic field in conservative treatment of subacromial impingement

syndrome. Clin Rheumatol 2007;26:1234-9.

19. Green S, Buchbinder R, Glazier R, Forbes A. Systematic review of

randomized controlled trials of interventions for painful shoulder:

selection criteria, outcome assessment, and efficacy. BMJ 1998;316:

354-60.

20. Bang MD, Deyle GD. Comparison of supervised exercise with and

without manual physical therapy for patients with shoulder impinge-

ment syndrome. J Orthop Sports Phys Ther 2000;30:126-37.

21. Neer CS. Impingement lesions. Clin Orthop Relat Res 1983;173:70-7.

22. Kuhn JE. Exercise in the treatment of rotator cuff impingement: a

systematic review and a synthesized evidence-based rehabilitation

protocol. J Shoulder Elbow Surg 2009;18:138-60.

23. Tashjian RZ, Deloach J, Porucznik CA, Powell AP. Minimal clini-

cally important differences (MCID) and patient acceptable symp-

tomatic state (PASS) for visual analog scales (VAS) measuring pain

in patients treated for rotator cuff disease. J Shoulder Elbow Surg

2009;18:927-32.

24. Constant CR, Murley AH. A clinical method of functional assessment

of the shoulder. Clin Orthop Relat Res 1987;214:160-4.

25. Ellman H, Hanker G, Bayer M. Repair of the rotator cuff. End-result

study of factors influencing reconstruction. J Bone Joint Surg Am

1986;68:1136-44.

26. Oku EC, Andrade AP, Stadiniky SP, Carrera EF, Tellini GG. Tradução

e adaptação cultural do Modified-University of California at Los

Angeles shoulder rating scale para a lingual portuguesa. Rev Bras

Reumatol 2006;46:246-52.

27. Schmitt JS, Fabio RPD. Reliable change and minimum important

difference (MID) proportions facilitated group responsiveness com-

parisons using individual threshold criteria. J Clin Epidemiol 2004;57:

1008-18.

28. Kuhlman JR, Iannotti JP, Kelly MJ, Riegler FX, Gevaert ML,

Ergin TM. Isokinetic and isometric measurement of strength of

external rotation and abduction of the shoulder. J Bone Joint Surg Am

1992;74:1320-33.

29. MacDermid JC, Ramos J, Drosdowech D, Faber K, Patterson S.

The impact of rotator cuff pathology on isometric and isokinetic

http://refhub.elsevier.com/S0003-9993(13)01016-2/sref1
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref1
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref1
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref2
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref2
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref2
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref3
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref3
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref3
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref4
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref4
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref4
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref5
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref5
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref5
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref5
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref6
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref6
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref6
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref6
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref7
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref7
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref7
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref8
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref8
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref8
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref8
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref8
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref9
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref9
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref9
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref9
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref10
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref10
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref11
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref11
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref11
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref12
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref12
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref12
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref12
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref13
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref13
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref13
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref13
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref14
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref14
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref14
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref14
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref15
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref15
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref15
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref16
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref16
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref16
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref17
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref17
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref17
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref17
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref17
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref18
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref18
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref18
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref19
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref19
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref19
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref19
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref20
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref20
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref20
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref21
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref22
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref22
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref22
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref23
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref23
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref23
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref23
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref23
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref24
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref24
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref25
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref25
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref25
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref26
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref26
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref26
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref26
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref27
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref27
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref27
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref27
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref28
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref28
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref28
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref28
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref29
http://refhub.elsevier.com/S0003-9993(13)01016-2/sref29
http://www.archives-pmr.org


352 D. Galace de Freitas et al
strength, function, and quality of life. J Shoulder Elbow Surg 2004;

13:593-8.

30. Marcondes FB, Rosa SG, Vasconcelos RA, Basta A, Freitas DG,

Fukuda TY. Força do manguito rotador em indivı́duos com sı́ndrome

do impacto comparado ao lado assintomático. Acta Ortop Bras 2011;
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