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Abstract The subacromial syndrome is the most common
source of shoulder pain. The mainstays of conservative
treatment are non-steroidal anti-inflammatory drugs and
exercise therapy. Recently, low-level laser therapy (LLLT) has
been popularized in the treatment of various musculoskeletal
disorders. The aim of this study is to evaluate the additive
effects of LLLT with exercise in comparison with exercise
therapy alone in treatment of the subacromial syndrome. We
conducted a randomised clinical study of 80 patients who
presented to clinic with subacromial syndrome (rotator cuff
and biceps tendinitis). Patients were randomly allocated into
two groups. In group I (n=40), patients were given laser
treatment (pulsed infrared laser) and exercise therapy for ten
sessions during a period of 2 weeks. In group II (n=40),
placebo laser and the same exercise therapy were given for the
same period. Patients were evaluated for the pain with visual

analogue scale (VAS) and shoulder range of motion (ROM) in
an active and passive movement of flexion, abduction and
external rotation before and after treatment. In both groups,
significant post-treatment improvements were achieved in all
parameters (P=0.00). In comparison between the two groups,
a significant improvement was noted in all movements in
group I (P=0.00). Also, there was a substantial difference
between the groups in VAS scores (P=0.00) which showed
significant pain reduction in group I. This study indicates that
LLLT combined exercise is more effective than exercise
therapy alone in relieving pain and in improving the shoulder
ROM in patients with subacromial syndrome.
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Introduction

Shoulder disorders are a common cause of persistent
musculoskeletal morbidity, especially increasing in the middle
to older age groups [1, 2]. The prevalence of shoulder
disorders has been reported between 7% and 25% of the
general population and 5% percent of general practice
consultations related to shoulder complaints [3, 4]. Pain is
the primary symptom in most patients with shoulder
disorders affecting the soft tissue. In many patients, painful
restriction of the shoulder range of motion (ROM) limits the
ability to perform daily activities [5, 6]. In addition, shoulder
pain is often associated with impaired ability to sleep, so
affecting mood and concentration. People with shoulder pain
have been shown to score substantially less than normal
values on the SF-36 (a standardized measure of general
health) for physical function, social function, physical role
function, emotional role function and pain [7, 8].
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A painful shoulder may be caused by various diseases and
conditions, including neurological or vascular disorders, neo-
plasms, referred pain from internal organs, and disorders of the
cervical spine (extrinsic causes), but the most causes are
articular or periarticular diseases like subacromial syndrome
that includes rotator cuff and biceps tendinitis, calcifying
tendinitis, subacromial bursitis and rotator cuff rupture that
are manifested by pain, limited movement and strength and the
loss of shoulder function, which becomes more common with
increasing of age and practice of certain occupations and
sporting [9, 10]. There are many accepted standard forms of
conservative treatment for subacromial syndrome, including
non-steroidal anti-inflammatory drugs, corticosteroid injec-
tions and physiotherapy interventions, yet little conclusive
evidence supports or refutes their efficacy. Physiotherapy
encompasses a broad range of interventions. These interven-
tions are often the first line of management for shoulder
disorders [11]. Physiotherapy interventions include mobiliza-
tion, manipulation, acupuncture, exercise and electrotherapy.
Electrotherapeutic modalities include ultrasound, bipolar
interferential current, transcutaneous electrical nerve stimula-
tion and pulsed electromagnetic field therapy [12–15]. One of
the most fascinating developments within the field of
electrotherapy in recent years has been the introduction of
low-level lasers that were used by some physiotherapists as a
therapeutic intervention for musculoskeletal disorders such as
back pain, neck pain and shoulder pain [16, 17]. When low-
level laser radiation acts as therapeutic doses can produce
change in physiochemical, biophysical, biochemical and
physiological processes, which naturally occur in cells [18].
Low-level laser therapy (LLLT) accelerates connective tissue
repair with effects on fibroblast function, improve local
microcirculation and oxygen supply to hypoxic cells and
removes the collected waste products [19, 20]; LLLT also has
anti-inflammatory effects with reduction in prostaglandin
synthesis [21].

There were different results in the efficacy of LLLT in
shoulder disorders. In a study by Bingöl et al., LLLT had no
significant improvement in pain, active shoulder ROM
compared to exercise therapy in patients with shoulder pain
[22]. The same results have been seen in patients with
subacromial impingement syndrome, in comparison be-
tween the effects of LLLT plus exercise and exercise alone
[23]. But there have been a few studies which suggest
LLLT alone improves pain and increases recovery rates in
comparison with placebo laser in patients with rotator cuff
tendinitis [24, 25]. So, there are controversial studies about
the efficacy of LLLT alone and its adjutant effects on
shoulder disorders. In this regard, the aim of our study is to
evaluate the additive effects of LLLT with exercise in
treatment of the shoulder pain in patients with subacromial
syndrome (rotator cuff and biceps tendinitis).

Materials and methods

Study participants

A total of 80 patients with diagnosis of subacromial syndrome
presented to Shahid Sadoughi clinic (Yazd, Iran) with a
priori inclusion/exclusion criteria that were defined based on
methodological criteria and a current understanding of the
principles of application of LLLT.

Patients with subacromial syndrome (rotator cuff and
biceps tendinitis) who were 18 years old and above were
eligible. The diagnosis of subacromial syndrome was based
on clinical presentation and physical examination. The
clinical tests for rotator cuff tendinitis were Impingement
test (Neer sign), Hawkins–Kennedy test and Supraspinatus
(Jobe) muscle test. For biceps tendinitis, we used Speed
test [26].

Participants who had a history of significant trauma or
systemic inflammatory conditions such as rheumatoid
arthritis or polymyalgia rheumatica, neurological or struc-
tural abnormality affecting the shoulder, post-operative and
peri-operative shoulder pain, pregnancy or breastfeeding,
anticoagulation therapy, diabetes mellitus, cardiac-type
chest pain, cigarette smoking, shoulder infection, shoulder
trauma and participants with laser therapy contraindication
were excluded.

Study design

This study is a randomised, double blind, controlled trial that
was reviewed and approved by the research ethics committees
in Shahid Sadoughi University of Medical Sciences. All
subjects gave written informed consent to participate in the
study. After measurement of pain severity and shoulder ROM,
patients were randomised in two groups by using sealed
envelopes method. In group I (n=40), patients received LLLT
and exercise therapy for ten sessions during a period of
2 weeks and in group II (n=40), placebo laser and the same
exercise therapy were given for the same period. One
physiotherapist administered treatment for all patients
(Fig. 1).

Interventions

All participants were managed and treated by exercise
therapy programs. Shoulder exercise programs included
strengthening, stretching and mobilization exercises in
clinic and at home. These exercises in clinic were pulley
and shoulder wheel exercises in all the sessions; thereafter,
the exercises continued at home by teaching the partic-
ipants. Home exercises were pendular shoulder exercise for
two first sessions. From the third session, isometric
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shoulder exercises and active assisted exercise were done
for shoulder muscles improvement (deltoid, biceps, triceps
and scapula fixator muscles).

In each treatment session, after the exercise therapy
programs, patients in group I received infrared laser radiation
(wavelength, 890 nm in pulsed mode). In each treatment
session, three points on the shoulder, including anterior
(coracoid), posterior (glenohumeral joint) and lateral (rotator
cuff tendon) were irradiated for 2 min (a total of 6 min) by
using a laser device (Mustang-024, Russia). Also, the biceps
tendon was irradiated for patients with biceps tendinitis. The
energy density was 2–4 J/cm2 in each three points.

Patients in the second group were treated with placebo
laser therapy. The same device which seemed to be working
was used but no laser beams were transferred to the treated
area. During the study period, the patients were not allowed
to take analgesic and/or NSAID medication.

Outcome measures

Outcomes were pain and shoulder ROM. Pain functional
assessments were based on 10-cm visual analogue scale
(VAS). The visual analogue scale has been shown to be a
reliable and valid measure of pain and consists of a standard
10-cm line with verbal anchors indicating “no pain” at 0 cm
and “severe pain” at 10 cm [27]. Participants were asked to
estimate their pain severity by placing a mark on the line.

Shoulder ROM was measured by a blinded physician
unaware of the treatment. The maximum active and passive
flexion, abduction and external rotation were measured with a

goniometer. Goniometry is a reliable method for shoulder
range of motion measurement [28]. The goniometer fulcrum
was placed on the greater tuberosity for flexion movement,
while for abduction and external rotation movements, it was
placed over the anterior aspect of the acromion process and
on the tip of the elbow, respectively. After motions, the
formed angle was measured. All motions were measured in a
supine position.

Statistical analysis

All statistical analysis was conducted on intention to treat
basis by using the SPSS 15.0 software. The chosen type I
error was set at α=0.05 and the type II error at β=0.20. All
data were in normal distribution by using Shapiro–Wilk test
and results were expressed as mean±SD. Student’s t tests
were considered for the comparison of the result within and
between the groups.

Result

Among the 103 patients who were admitted with shoulder
pain, 23 patients were excluded and 80 patients with
subacromial syndrome (50 women, 30 men) remained.
The mean age of study population was 51.7 years. All of
the 80 participants completed the treatment. There was no
statistically significant difference between the two groups in
demographic data such as age, gender, occupational activity
and educational level (Table 1).

Fig. 1 Study design
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After treatment, there were statistically significant
improvements in pain severity and shoulder ROM in both
groups (P=0.00) (Table 2). In comparison between the two
groups, there was a notable difference between groups in
VAS scores (P=0.00) which showed significant pain
reduction in group I. Also, there was a significant post-
treatment improvement for all active and passive movements
in group I (P=0.00) (Table 3). None of the participants
reported any adverse reaction or side effects.

Discussion

Infrared laser radiation was established to be absorbed by
oxygen, water, enzyme and biological structures—mainly
by cell membranes. When absorbed, infrared radiation is
converted into heat, which increases the vibrational energy
of biomolecules, and that this phenomenon is the main
effect of infrared low-level laser radiation. Laser radiation
at the wavelengths of 630 to 1,300 nm has the most efficacy
on biological tissues. The laser radiation of this spectral
range improves microcirculation, stimulates metabolism,
facilitates cell recovery and activates the immune system.
Moreover, laser radiation increases the pain threshold of
nerve endings that results in pain reduction [18]. Other
effects include analgesia, myorelaxation, tissue healing,

ligament repair, fibroblast proliferation and anti-inflammatory
effects [19–21, 29–31].

This study showed that LLLT plus exercise therapy was
more effective than exercise therapy alone in the improvement
of pain and active and passive ROM in patients with
subacromial syndrome. Few studies have been yet conducted
to compare the effectiveness of LLLT in combination with
exercise in subacromial syndrome. The results of this trial
indicated that pain severity reduced significantly in patients
that were treated with LLLT and exercise therapy in

Table 2 Mean±SD in pre-treatment and post-treatment of each group
for pain severity and shoulder ROM

Outcome Group I Group II
LLLT + Exa Pl + LLLT + Exb

(n=40) (n=40)

Pain severity

VAS (cm)

Pre-treatment 6.6±1.1 5.9±1.2

Post-treatment 2.1±0.5 3.0±1.0

P value 0.000 0.000

Shoulder ROM

Active flexion, mean (°)

Pre-treatment 59.5±5.7 62.7±5.8

Post-treatment 102.6±6.6 88.0±6.0

P value 0.000 0.000

Passive flexion, mean (°)

Pre-treatment 86.8±8.5 90.8±5.7

Post-treatment 137.0±7.7 120.0±6.2

P value 0.000 0.000

Active abduction, mean (°)

Pre-treatment 59.5±7.3 62.7±5.5

Post-treatment 102.6±6.8 87.9±7.9

P value 0.000 0.000

Passive abduction, mean (°)

Pre-treatment 108.1±7.2 112.6±6.3

Post-treatment 151.3±7.6 141.7±7.2

P value 0.000 0.000

Active external rotation, mean (°)

Pre-treatment 32.7±4.1 34.5±3.8

Post-treatment 51.3±5.0 49.4±4.8

P value 0.000 0.000

Passive external rotation, mean (°)

Pre-treatment 41.1±5.5 41.2±4.6

Post-treatment 63.6±5.5 56.5±5.0

P value 0.000 0.000

LLLT low-level laser therapy, Ex exercise therapy, Pl placebo low-
level laser therapy
a Low-level laser therapy plus exercise therapy
b Placebo low-level laser therapy plus exercise therapy

Table 1 Patients baseline demographic characteristics

Characteristic Group I Group II
LLLT + Exa Pl + LLLT + Exb

(n=40) (n=40)

Age(year), mean±SD 52.2±5.7 51.2±6.7

Gender, n (%)

Woman 24 (60) 26 (65)

Man 16 (40) 14 (35)

Occupational activity, n (%)

Housekeeper 20 (50) 22 (55)

Retired 5 (12.5) 3 (7.5)

Student 2 (5) 2 (5)

Predominantly desk 5 (12.5) 6 (15)

Physical labor 8 (20) 7 (17.5)

Educational level, n (%)

None 6 (15) 7 (17.5)

Elementary school 7 (17.5) 9 (22.5)

High school 18 (45) 14 (35)

University 9 (22.5) 10 (25)

LLLT low-level laser therapy, Ex exercise therapy, Pl placebo low-
level laser therapy
a Low-level laser therapy plus exercise therapy
b Placebo low-level laser therapy plus exercise therapy
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comparison to exercise alone, according to VAS score. Also,
there was a significant improvement in active and passive
shoulder movements in flexion, abduction and external
rotation in LLLT and exercise treatment.

In comparison with other studies, Green et al. (Cochrane
review study) in a review of varying physiotherapy
interventions for shoulder disorders indicated that exercise
therapy was effective in recovery of rotator cuff disease, but
noted that laser therapy is not effective for rotator cuff
tendinitis [32]. Vecchio et al. in a randomised clinical trial
of patients with rotator cuff tendinitis found no significant
difference between continuous irradiation laser (Ga As Al
diode laser, 830 nm wavelength, 5,000 Hz frequency) and
sham laser for pain reduction and shoulder ROM improve-
ment, twice weekly for 8 weeks [33]; but, England et al.
demonstrated the effectiveness of active infrared laser
therapy (Ga As diode laser, 904 nm wavelength, 4,000 Hz
frequency, three times weekly for 2 weeks) in tendonitis of
the shoulder (supraspinatus or bicipital tendonitis) in active
extension, flexion and abduction of the shoulder, pain
stiffness movement and shoulder function [13]. Moreover,
Saunders showed that LLLT (Ga As diode laser, 820 nm
wavelength, 5,000 Hz frequency, three times weekly for
3 weeks) is a useful treatment for tendinitis (supraspinatus
tendinitis) in reducing pain, secondary weakness and
tenderness [24]. In fact, they showed that LLLT is a good
therapeutic method for shoulder tendonitis. In another
study, Stergioulas indicated that LLLT (Ga-Al-As laser,
810 nm wavelength, 50 Hz, 12 sessions in 8 weeks) was
effective in reduction of pain and shoulder disability in
patients with frozen shoulder [34]. In rehabilitation of
subacromial impingement syndrome, Yeldan et al. indicated
that there is no noticeable difference between LLLT and
placebo LLLT in combination to superficial cold and
progressive exercise in pain severity, muscle strength and
shoulder function. They used Ga As diode laser with
904 nm wavelength and 2,000 Hz frequency at each session
for 15 days in 3 weeks [35]. The same results have been

seen in study of Bal et al. in comparison of LLLT plus
home exercise therapy and home exercise therapy alone
[23]. Also, Michener et al. in a systematic review study for
rehabilitation of subacromial impingement syndrome pointed
out that laser therapy only was effective when used in
isolation, not in combination with therapeutic exercise [36].
In the mentioned studies, there are different results about
alone or adjutant effects of LLLT in shoulder pain. In our
study, the number of patients was more than all studies and
we applied defined exercise programs with infrared laser
therapy at 890 nm wavelengths but in variable pulse
repetition rate from 80 Hz (suitable for chronic inflamatory
degenerative dystrophic processes) to 1,500 Hz (suitable for
acute inflamatory processes and pronouncd pain syndrome)
during the ten sessions in a period of 2 weeks [18]. Our
findings are controversial with the studies above about
combination effects of LLLT with exercise therapy which
the possible explanation for it may be different laser setting
and therapeutic protocol. Overall, it must be noted that
various factors play important roles on the effectiveness of
laser therapy, such as laser wavelength, dosage, intensity,
energy density and frequency, also different lasers may have
different effectiveness in different shoulder disorders.

This clinical trial has some limitations. First, the outcome
measures were limited to VAS and measurement of ROM and
we did not evaluate other outcome measures such as shoulder
disability or quality of life in patients. So, more studies should
be conducted to assess these outcome measures by Shoulder
Disability Questionnaire or Disabilities of the Arm, Shoulder
andHandQuestionnaire. The other limitation of our study was
that we had no long-term follow-up after treatment.

Conclusion

Our study indicates that LLLT combined with exercise
therapy is more effective than exercise therapy alone in
relieving pain and in improving the shoulder joint ROM in

Outcome Group I Group II Difference
between groups

P value
LLLT + Exa Pl + LLLT + Exb

(n=40) (n=40)

Pain severity

VAS (cm) 4.4±1.2 2.9±1.1 1.5 0.000

Shoulder ROM

Active flexion, mean (°) 43.1±2.5 25.3±2.4 17.8 0.000

Passive flexion, mean (°) 50.2±3.0 29.1±3.0 21.1 0.000

Active abduction, mean (°) 43.1±2.2 25.2±5.7 17.9 0.000

Passive abduction, mean (°) 43.2±2.5 29.1±3.1 14.1 0.000

Active external rotation, mean (°) 18.6±1.9 14.9±1.6 3.7 0.000

Passive external rotation, mean (°) 22.5±2.1 15.3±1.8 7.2 0.000

Table 3 Mean difference ± SD
within groups in pre-treatment
and post-treatment and mean
difference between groups for
pain and shoulder ROM

LLLT low-level laser therapy, Ex
exercise therapy, Pl placebo
low-level laser therapy, ROM
range of motion, VAS visual
analogue scale
a Low-level laser therapy plus
exercise therapy
b Placebo low-level laser therapy
plus exercise therapy
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patients with subacromial syndrome (rotator cuff and biceps
tendinitis), but further studies with larger samples, longer
term findings and possible comparisons with other conservative
interventions are needed to establish the effectiveness of this
protocol.
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