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Abstract: The purpose of this study was to compare the short-term outcomes of the Multiwave
Locked System (MLS) laser therapy versus the combined Transcutaneous nerve stimulation (TENS)
and ultrasound therapy in the treatment of the subacromial pain syndrome (SAPS). Forty-seven
patients with SAPS were included in the study. Two different rehabilitation protocols were tested:
Group 1 (n = 22)–MLS laser therapy and physical exercises and Group 2 (n = 25)–TENS, ultrasound
and physical exercises. The analyzed outcomes were levels of pain, functionality and disability,
assessed with visual analog scale (VAS), Constant Shoulder Score (CSS) and the Shoulder Pain and
Disability Index (SPADI). The post-treatment evaluations showed significantly better scores in Group
1 patients for VAS score (p = 0.03) and SPADI (p = 0.04). Significant improvement was seen in both
groups for all scores. Both treatment regimens showed to be efficient in the treatment of SAPS,
improving functionality and reducing pain and disability in the short term. Multiwave Locked
System laser therapy in conjunction with physical exercise therapy exercises may have advantages
over TENS, ultrasound and physical exercise therapy in the treatment of subacromial pain syndrome.
Future studies assessing both short- and long-term outcomes in patients with SAPS treated with
different electrotherapy procedures added to the physical therapy are needed.

Keywords: subacromial pain syndrome; multiwave locked system; laser therapy

1. Introduction

Subacromial pain syndrome (SAPS), also known as subacromial impingement syn-
drome, is the most common cause of shoulder pain, with a prevalence of 44–65% among
all shoulder pains [1,2]. SAPS refers to the structural changes suffered by the rotator cuff,
as a result of its permanent conflict with the anterior edge and inferior surface of the
anterior third of the acromion, coracohumeral ligament and, occasionally, with the acromio-
clavicular joint, when anterior abduction and/or extension movements of the shoulder
are performed. The above-mentioned impingement may be produced by compression
of the subacromial structures against the coracoacromial arch. The anterior type of the
acromion, the coracoacromial ligament and the coracoid process are also implicated in
this “impingement”. Pain and functional limitation of the shoulder are the consequence
of compression or altered dynamics, finally leading to the damage of the periarticular
structures [3].

The factors favoring this syndrome may be intrinsic (tendinosis, repetitive micro-
trauma, shoulder overload, hypotonia of the rotator cuff muscles) or extrinsic (shape,
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thickness and angulation variations of the acromion, coracohumeral distance, acromioclav-
icular arthrosis, hyperostosis at the greater tuberosity, vascular factors) [3]. Actually, SAPS
refers to a wide range of pathologies which include rotator cuff tears, calcific tendinitis,
biceps tendinopathy, rotator cuff tendinosis and subacromial bursitis [4]. The incidence of
shoulder impingement rises with age, with a peak incidence occurring in the sixth decade
of life [5]. It is also common in repetitive overhead sports or in several jobs that require a
prolonged overhead position of the arm [3].

From the clinical point of view, it is characterized by chronic pain in the shoulder,
with episodes of exacerbation, due to the compression of the structures located in the bony
passageway created between the humeral head and acromion, and the ligament connecting
it to the coracoid process and coracoid muscles (coracoacromial arch).

In fact, the clinical picture varies from a simple supraspinatus tendonitis, in which
patients complain of pain when performing an active abduction movement of the shoulder,
without limitation of its mobility, to a calcific tendonitis with pain and functional impair-
ment of the upper limb, active movement being impossible. In the frozen shoulder stage,
pain disappears completely, but the mobility of the scapulohumeral joint is completely or
almost completely abolished (blocked shoulder).

The main goals of treatment in SAPS are to reduce pain, improve shoulder motion,
shoulder function and quality of life. Thus, the treatment strategy may vary according
to the disease stage, the characteristics of the patient and the clinical experience of the
therapists. The conservative methods include exercise programs, medication, manual
therapy techniques and a variety of electrotherapy procedures [6].

Previous studies have reported the effectiveness of various electrotherapy procedures
including pulsed electromagnetic field therapy [7,8], transcutaneous nerve stimulation
(TENS) [6,9], ultrasound (US) [10], low-level laser therapy (LLLT) [11] and extracorporeal
shockwave therapy [12].

Laser is a pain-free and non-invasive treatment modality. It is used in many acute and
chronic painful conditions. Multiwave Locked System laser therapy utilizes the synchro-
nized emission of an 808 nm continuous laser and a 905 nm pulsed laser. It is postulated
that Multiwave Locked System (MLS) enables greater penetration and therapeutic benefit
than single-wavelength low-level laser therapy (LLLT) [13].

There are many studies in the literature on the use of various electrotherapy methods
compared to each other or to a placebo for the conservative treatment of SAPS. To our
knowledge, there are no studies comparing the impact of MLS laser therapy versus com-
bination of transcutaneous nerve stimulation and ultrasound treatment in patients with
SAPS. Therefore, the purpose of this study was to compare the short-term outcomes of the
Multiwave Locked System laser therapy to the combined TENS and ultrasound therapy in
the treatment of the subacromial pain syndrome. There are other possible therapies for the
treatment of SAPS such as low-level laser therapy or electromagnetic field therapy [7,8,11]
and, in future studies, we will look into the relative merits of MLS laser therapy versus
these alternatives.

2. Materials and Methods

Patients with long-lasting shoulder pain (at least 3 months), already diagnosed by a
rheumatologist with SAPS, treated with physical therapy in an outpatient rehabilitation
clinic and who were followed-up 15 days after the completion of physical therapy program
were included in this study.

We excluded patients with systemic inflammatory rheumatic diseases, decompensated
heart failure, neurologic deficits, spinal disorders, history of shoulder or neck surgery,
referred pain. Patients who received analgesics or steroid injections for their shoulder pain
were also excluded.

Written informed consent was obtained from all participants that accomplished in-
clusion criteria and agreed to participate in the study [14]. This study was conducted in
accordance with the Declaration of Helsinki and was approved by the Ethics Committee of
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the University (approval number 32035/0-1/22.07.2020). The study was registered as a
non-randomized trial, with no IRCT20200422047172N1.

Data were collected from the patients’ records, including socio-demographic data
(age, gender, height, weight and occupation), the affected shoulder (left or right), diagnosis,
rehabilitation treatment and outcome assessments.

Based on the type of the electrotherapy procedure prescribed in addition to the
rehabilitation exercises, the patients included in the study were divided into two groups.
The patients in Group 1 (n = 22) had a total of 10 sessions of MLS laser therapy associated
with physical therapy exercises. The duration of laser treatment was five minutes for each
session. The MLS laser therapy was applied using a Mphi system (ASA Srl, Arcugnano,
Italy) on the anterior and posterior part of the shoulder (Figure 1), with a laser pulse
repetition frequency of 700 Hz, a dose of 2.8 Joule/cm2, an intensity of 50%, per 5 min. The
second group (n = 25) received ten US therapy sessions for the affected shoulder, as well
as TENS (20 min) (Figure 2), and physical therapy exercises. Continuous ultrasound was
applied using circular movements at an intensity of 1 W/cm2, and 1MHz, for 3 min. In
addition, TENS was applied using a frequency of 90Hz, symmetric biphasic, for 20 min.
All classical electrotherapy applications were performed using the Chattanooga Intelect
Neo combined device.
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Figure 1. Multiwave Locked System (MLS) application. Figure 1. Multiwave Locked System (MLS) application.

Initially, all patients performed Codman exercises, passive range of motion exercises,
glide mobilization techniques and stretching exercises. Further, as the pain decreased and
the mobility of the affected shoulder increased, active range of motion exercises, isometric
and resistive exercises were added to the therapeutic program. The above-mentioned
exercises have been performed once a day with 10 repetitions and applied five times a
week, for three weeks.

The patients were evaluated before treatment and 15 days after the end of treatment.
Pain was evaluated using a VAS (visual analog scale), functional activity was evaluated us-
ing the Constant Shoulder Score (CSS) and the Shoulder Pain and Disability Index (SPADI).

In VAS assessment, the degree of pain at rest and during activity was evaluated on
10-cm scale, with 0 indicated “no pain” and 10 indicated “worst pain”.

SPADI is a self-administered questionnaire with two subscales-pain and disability.
Each question quantifies the pain felt and the degree of disability perceived at a certain
movement/in carrying out a certain activity, through a numerical representation between 0
and 10, similar to completing the VAS scale. The final score is calculated, being subsequently
divided by the number of questions and the final percentage result (%) represents the
existing level of pain and functional disability. The higher the score, the greater the pain
and functional impairment [15,16]. Recently, several studies reported that the reliability
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coefficients of SPADI is good with an intraclass correlation coefficient of ≥0.89. The
SPADI demonstrated a good validity and a significant correlation with other shoulder
questionnaires [17,18].
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Figure 2. Ultrasound and Transcutaneous nerve stimulation (TENS) application.

Constant–Murley Shoulder Score (CSS) includes four subscales: pain (15 points),
activities of daily living (20 points), strength (25 points) and range of motion (40 points). The
total possible score was 100 points: 90–100 points were classed as excellent, 80–89 points
as good, 70–79 points as moderate and <70 points as poor. It has been reported that the
intraclass correlation coefficient of CSS was 0.80–0.96 and the reliability could be improved
by a better standardization of the assessment procedure [19,20]. Moreover, a sensitivity of
91% and a specificity of 79% was reported for the CMS score [21].

Statistical Analysis

Statistical analysis was performed with GraphPad Prism 9 software version 9.0.0
(GraphPad Software, San Diego, CA, USA). Data were tested for normality with Shapiro–
Wilk test. Between-group comparisons were analyzed with unpaired t-tests for normal
distributed data and with Mann–Whitney for non-normal distributed data. The treatment
effectiveness was analyzed with paired t-tests and Wilcoxon rank sum tests, respectively.
Chi-square tests were performed to compare categorical data. Statistical significance was
set at p < 0.05.
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3. Results

Forty-seven patients (58.60 ± 10.18 years; 46.81% males) with SAPS were included in
the study.

In Group 1, there were 22 patients (mean age–58.73 ± 9.47 years; 40.91% males; 36.36%
retired) and in Group 2, 25 patients (mean age–58.48 ± 10.96 years; 52% males; 48% retired).
No age, sex or symptom duration differences were observed between groups (p > 0.05).
Patients’ characteristics are presented in Table 1.

Table 1. Patients’ characteristics.

Group 1 (n = 22) Group 2 (n = 25) p

Age, years (mean ± SD) 58.73 ± 9.47 58.48 ± 10.96 0.93
Sex

0.57Female, n(%) 13 (59.09) 12 (48)
Male, n(%) 9 (40.91) 13 (52)
Occupation

0.55Active, n(%) 14 (63.64) 13 (52)
Retired, n(%) 8 (36.36) 12 (48)

Affected shoulder
0.38Right, n(%) 11 (50) 16 (64)

Left, n(%) 11 (50) 9 (36)
Pathology

0.99Calcified tendinitis, n(%) 15 (68.18) 18 (72)
Adhesive capsulitis, n(%) 7 (31.82) 7 (28)

Symptom duration, days (mean ± SD) 137.7 ± 23.37 134.2 ± 20.17 0.59

There were no differences at the initial evaluation between groups on all assessments.
The post treatment evaluations showed significantly better scores in Group 1 patients for
VAS score (p = 0.03) and SPADI (p = 0.04). Significant improvement was seen in both
groups for all scores (Table 2). The improvement seen in all patients’ for VAS score (post-
vs. pre-treatment) was greater than the minimally clinically important difference (MCID)
reported for VAS pain score in patients with rotator cuff disease (greater than 1.4 [22]). All
patients had an improvement greater than the reported MCID for SPADI (MCID between 8
and 13 [18]). A change greater than the reported MCID for the CSS score (MCID of 19 in
patients with intact rotator cuff [21]) was reported in 90.9% of patients in Group 1 and only
in 84% patients in Group 2.

Table 2. Patients’ assessments before and after treatments.

Group 1 (n = 22) Group 2 (n = 25) p ** 95% CI

VAS (median [IQR]) p * p *
Baseline 8 [7–8.25]

<0.0001
8 [8–9]

<0.0001
0.16 0–1

Follow-up 3 [2–4] 4 [3–6] 0.03 0–2
Change 5 [3–6] 4 [3–7] 0.11 0–2

CSS (mean ± SD)
Baseline 26.27 ± 11.7

<0.0001
22.56 ± 9.86

<0.0001
0.24 −2.62–10.05

Follow-up 63.09 ± 18.14 54.04 ± 17.64 0.09 −1.47–19.58
Change 36.82 ± 16.58 31.08 ± 11.4 0.16 −2.53–14.02

SPADI (mean ± SD)
Baseline 67.86 ± 14.04

<0.0001
66.89 ± 12.5

<0.0001
0.8 −8.76–6.82

Follow-up 22.9 ± 16.76 33.34 ± 17.08 0.04 0.47–20.42
Change 44.96 ± 16.5 33.54 ± 9.42 0.004 3.64–19.2

* p related to before-after treatment comparison; ** p related to group 1 vs. Group 2 comparison; VAS—visual
analog scale for pain; CSS—Constant–Murley shoulder score; IQR—interquartile range; 95%CI—95% confi-
dence interval.

The changes in SPADI scores between follow-up and initial assessments were signifi-
cantly greater in Group 1 compared to Group 2 (p = 0.004).
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4. Discussion

The present study compared the short-term outcomes of two rehabilitation treatment
regimens (the Multiwave Locked System laser therapy versus the combined TENS and
ultrasound therapy) in the treatment of the subacromial pain syndrome. Both treatment reg-
imens showed an improvement in analyzed outcomes (pain, functionality and disability).
In addition, MLS therapy with physical therapy exercises may have clinical advantages
over the combination of TENS, US and exercises in the treatment of SAPS, with a significant
improvement in pain and functional disability.

SAPS is a common cause of shoulder pain and disability. Management of SAPS
includes several non-surgical and surgical treatment procedures. The conservative pro-
cedures’ objectives are to reduce pain, inflammation, to improve range of motion and to
stimulate the tendon’s healing [7]. Studies have investigated different treatment strategies,
with exercises being the most important component [23,24].

To our knowledge, there are no studies investigating the effects of MLS in the treatment
of SAPS. Vignali et al. [25] reported an improvement of pain and function in patients with
different tendinopathies treated with MLS. Their patients with shoulder tendinopathies
had positive, but statistically non-significant results, due to the small sample size. Our
results showed a significant decrease in pain as assessed by VAS and also a significant
improvement in functionality, as assessed by SPADI. The improvement in SPADI scores
was significantly greater in patients treated with MLS laser therapy. In our study, the
improvements seen in pain, functionality and disability after both treatment regimens have
been proved to be not only statistically significant, but also clinically relevant, the changes
in scores being greater than the reported MCIDs. Since the 95% confidence interval for the
differences at follow-up and for the changes overlaps the MCID for VAS and SPADI, the
observed differences could be possibly clinically significant, but no conclusion could be
drawn until more data are obtained [26–28].

The effects of high-intensity laser therapy in subacromial impingement syndrome
have been studied by Karaca et al. [29]. The author reported the short-term effectiveness
of high-intensity laser therapy, decreasing pain and improving disability. The change
seen in SPADI score in the above-mentioned study is in accordance with our results, with
a decrease in pain and disability. Santamato et al. compared the short-term effects of
high-intensity laser therapy versus ultrasound in subacromial impingement syndrome
patients and found a greater reduction in pain and improvement in articular movement
functionality in the affected shoulder in patients treated with high-intensity laser [30].

The analgesic and anti-inflammatory effectiveness of MLS therapy has been observed
in different pathologies like chronic neck pain, knee osteoarthritis, Raynaud phenomenon,
bursitis, carpal tunnel syndrome, and myofascial pain [13,31–36]. In their study, Iacopetti
et al. [37] observed an anti-inflammatory effect and also an improved collagen fiber or-
ganization in an experimentally induced tendinopathy in sheep after the use of MLS in
doses of 2.5 J/cm2. Moreover, a study conducted in Poland on 30 patients with rheumatoid
arthritis showed the effectiveness of MLS laser therapy in reduction of pain and swelling
of joints but also an improvement of hand function and quality of life [38]. The analgesic
and anti-inflammatory effects of MLS could be explained by the photothermal and pho-
tochemical effects induced in the deep tissues, increasing the collagen production and
improving blood flow, cell metabolism and vascular permeability [39]. The therapeutic
effects of US are mainly due to its thermal properties, improving circulation and elasticity
of collagenous tissues, decreasing muscle spasms and destroying scar tissue [40].

Our study has some limitations, and the relatively small number of patients in both
groups is one of these limitations. We did not include in the analysis a control group of
patients with SAPS treated only with physical exercises. The reason was that the patients
addressed to the rehabilitation had significant long-lasting pain, and exercise alone was
considered insufficient to ameliorate pain. The study included only one follow-up, not
providing information about long-term function. Future studies assessing both short- and
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long-term outcomes in patients with SAPS treated with different electrotherapy procedures
added to the physical therapy are needed.

5. Conclusions

Both treatment regimens showed to be efficient in the treatment of SAPS, improving
pain, functionality and reducing disability on short-term. Multiwave Locked System laser
therapy in conjunction with physical exercise therapy exercises may have advantages
over TENS, ultrasound and physical exercise therapy in the treatment of subacromial
pain syndrome.
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