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Abstract

The effect of high-power laser on shoulder mobility in subacromial impingement syndrome had been not investigated yet. Objective of
study was to investigate the effect of high-power laser therapy on shoulder mobility in subacromial impingement syndrome. A Prospective,
Randomized, pre - post- Test, controlled trial was conducted. Setting: Outpatient clinic of Cleopatra Hospital — Egypt. The Study was conducted
between June 2017 and Feb 2018. Participants: Forty Patients who were diagnosed with 1 - 2 stage impingement syndrome pain was randomly
divided into two equal groups. Interventions. Group (A) received a program of Neodymium- yttrium aluminum Garnet Laser 1064 nm wave
Length Hiro 3 high intensity pulsed Laser was used in the study, Power of 8 W, dose of 12 J/cm2 and Total maximum energy of 10000 J were
Applied for 15 min and duration for single impulse 150 "us, fluency 760 mj, two sessions per week over six weeks' period in addition to
exercise Group (B) Received Exercise in the form of Pendulum Ex. For 5 minutes, strengthen Ex for Anterior fiber of deltoid, stretching ex
for sub scapularis muscle and anterior and posterior capsule. Main outcome measure: Visual Analogue Scale (VAS), active shoulder flexion
and abduction, Ultrasonography of supraspinatus tendon thickness. Comparing both groups post-program revealed a statistically significant
reduction in Ultrasonography Dimension of supraspinatus and VVAS and significant increase in ROM of shoulder flexion and abduction in favor
to group A in compared to group B (p > 0.05). It’s concluded that high level laser Therapy was yielding more improvement for shoulder

mobility in impingement syndrome.
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1 Introduction

subacromial impingement syndrome is characterized as an
asymptomatic irritation of the rotator cuff and the subacromial
bursa in the subacromial space [1] the term encompasses a wide
range of disorders, causing an alteration in the relationship
between the [inflammation] soft tissue and the [stiffness] structure,
which is especially critical when the arm is removed in an arc
between 60 degrees and 120 degrees [2]. Sub-acromial
impingement syndrome (SIS) is characterized by extreme pain
spreading across biceps and deltoid from the shoulder, pain rises
at night, and with abduction and interned rotation [3]. Sub-
acromial impingement syndrome is one of the most common
causes of shoulder pain and occurs when the rotator cuff muscles
are squeezed in the sub-acromial space and the acromial arch of
curacao [4]. Numerous predisposing factors play a role in the
development of SIS, with the most prominent risk factors being
poor rotator cuff muscles, irregular scapular muscle function,
articular capsule defects and long-term overhead arm movement,
the muscle imbalances between upper and lower trapezius muscle
activity are related to abnormal scapular motion in patients with
shoulder pain [5].

SAIS induces edema, swelling, and can become chronic if
appropriate treatment is not implemented, conservative and
surgical treatment methods can be used to minimize discomfort,
increase joint mobility, enhance muscle strength and quality of life
in SAIS. Conservative treatment strategies include analgesic and
non-steroidal anti-inflammatory or corticosteroid medications,
resting, adjustment of routine triggers, approaches to physical
activity, range of movement and strengthening exercises, local
anesthetic subacromial injections [6]. Laser therapy is based on the
belief that laser radiation and possible monochromatic light in
general are capable of changing the function of the cell and tissue
in a way that depends on the characteristics of the light itself, e.g.,
wavelength, coherence [7]. High-intensive laser therapy (HILT)
involving high-intensity laser radiation causing minor and slow
light absorption by chromium spheres, this absorption is not
obtained with concentrated, light by diffuse light in all directions
'scattering phenomena, increasing mitochondrial oxidative
reaction and adenosine triphosphate, RNA or DNA photochemical
[8]. This study reported that high power laser improves shoulder
mobility in subacromial impingement syndrome. Up to our
knowledge there is no one use ultrasonography as objective
method to assess this improvement and also use different type of
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exercises. There is limited research studying the effect of high-
power laser therapy on shoulder mobility in subacromial
impingement syndrome. Did high power laser improve shoulder
mobility in subacromial impingement syndrome?

2 Materials and methods
2.1 Study design

Study design the study was designed as a prospective,
randomized - pre — post — test-controlled trial. The study was con
ducted between June 2017 and February 2018.

2.2 Participants

40 patients (20 males - 20 females), with SAIS was selected
from outpatient's physical therapy department of Cleopatra
hospital. The patients confirmed their agreement to participate in
the study by signing an informed consent form. The inclusion
criteria of this study included patients clinically and radiologically
diagnosed as subacromial impingement syndrome with their ages
ranged from 28 — 45 years old and complained from unilateral
stage 1 - 2 subacromial impingement syndrome from one month
or longer and had finding compatible with nerve compression on

physic examination [9]. Patients with a restricted passive range of
motion in the shoulder, severe cervical spondylosis, radicular arm
pain, inflammatory rheumatoid disorders, acromioclavicular or
glenohumeral osteoarthritis, calcium deposition, diabetes mellitus,
thyroid disease, ischemic heart disease, or a cardiac pacemaker,
and those with previous history of neurological disorders were
excluded. Patients who had received physical therapy and
rehabilitation, who had been injected steroids within 6 months
preceding the study, and those who underwent shoulder surgery,
were also excluded. All patients were screened, and No one were
excluded.

2.3 Randomization

Informed consent was obtained from each participant after
explaining the nature purpose and benefits of the study, informing
them of their right to refuse or withdraw at any time, and about the
confidentiality of any obtained information, the patients were
randomly assigned into Two groups " study group and control
group " by a blinded and an independent research assistant who
opened sealed envelopes that contained a computer generated
randomization card.

Assessed for eligibility (n= 48)

Excluded (n=8)
’ + Mot meeting inclusion criteria (n=1)
Enrollment + Dedlined to participate (n=5)
» Other reasons (n= 0)

[ Allocation

Allocated to infervention (m=20})
— Ihd not recerve allocated mbtervention (o=

Allpcated to intervention (n=20)
— Becerved allocated mtervention (o=2{)
IDnd not recerve allocated intervention (n=0)

l [ Follow-TUp ] l
Lost fo follow-up (n={) Lost to follow-up (grve reasons) (o=0])
Dhscontimued mbervention (o= IDhscontinned mbtervention (give reasons) (m=0}
] == |

Analysed (a=20)
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Fig 1: Flow chart of the participants.
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2.3 Interventions

The patients were randomly divided into two groups. Group
(A): Composed of 20 patients. Who received 12 consecutive
session of HILT Twice a weekly over 6 weeks in addition to
therapeutic exercises. Group (B): composed of 20 patients who
received therapeutic exercises alone. High intensity laser therapy
treatment was done using (HIRO3.0 Nd: YAG pulsed laser)
(Arcugnano, Via Volta, 9 Vicenza, Italy) peak power 3kW
intensity 15000W/cm energy per pulse 350 mj.the treatment
consisted of 3 phases in each session. the initial phase involved
rapid manual scanning (100 cm?/30s) of the anterior joint line of
the shoulder with one shot of 850 mj at frequency of 30 Hz. the
scanning was performed parallel to the joint line, with the patient
arm internally rotated on the posterior scan and externally rotated
on the anterior scan the total energy dose administered during this
phase was 4000J. the intermediate phase was a fixed scan phase ,
with one -shot emission of 350mj at a frequency of 20-25Hz.0.the
total delivered energy was 4000J in this phase, the hand piece was
applied vertically perpendicular to the shoulder joint for 5 sec.in
each scan, the scanning included both the anterior and posterior
joint line of the shoulder. The final phase involved rapid manual
scanning of the same areas treated in the initial phase and the
deltoid area until a total energy dose of 2000J.Application of all 3
stages of HILS took approximately 15 min. A stander hand piece
equipped with affixed spacer was used to ensure the same distance
to the skin. Both the subject and the operator wore protective
goggles throughout the procedure to shield their eyes from laser.
The patients were encouraged to exercise between sessions [10].

Each exercise session began with warm-up aerobic activities
lasting for 10 to 15 minutes and ended with ice packs being applied
on the affected areas for 5 minutes to relieve pain. The exercises
were performed in 4 phases. Each patient, depending on his or her
condition, started with phase 1 and progressed to phase 4. Phase 1
was aimed at achieving passive range of motion (ROM) without
pain. For this purpose, the isometric shoulder exercise and the
passive ROM exercise were performed in all directions 8 to 10
times per day. Postural exercises (eg, chin tuck and scapular
retraction) and glenohumeral ROM exercises were also performed
15 to 20 times per day. In the event of a 50% increase in the ROM,
the active-assistive ROM exercise was performed in all directions
with the help of a strap. Also, in this phase cross-body and neck
stretches were performed 4 times a day, each for a length of 10
seconds. Mobilization exercises were performed once per week.
When a patient was able to perform the passive and active-
assistive ROM exercises fully and painlessly, phase 2 (active
ROM exercises) began. Shoulder abduction or scaption (scapular
plane elevation) was performed by elevating the arm in the
scapular plane to an angle of less than 60. Strength training was
performed on the external and internal rotator cuff muscles while
the arms were placed at the sides of the body. This exercise was in
the form of 3 sets per day, each with 10 repetitions. The stretching
exercises performed in phase 1 were also performed in phase 2,
but their duration was increased to 15 to 20 seconds. The aim of
phase 3 was to strengthen the muscles of the rotator cuff and
scapula. Scaption was performed at an angle greater than 60. The
exercises intended to strengthen the rotator cuff muscles
responsible for external and internal rotation of the humerus were
performed at a 90 angle to shoulder abduction. The reverse-fly,
shoulder extension, and bent-over row exercises were performed
using an elastic band or a 1- to 1.5-kg weight in 3 sets of 10
repetitions each. In phase 4, the exercises intended to train the
scapular muscles were performed using a medicine ball. The
exercises for strengthening the muscles of the rotator cuff and
biceps were performed in 3 sets of 15 repetitions with a gradual
increase of 25% to 50% in external resistance. Exercises were done

1159

by 4 physical therapists from outpatient clinic of Cleopatra
hospital for both groups [11].

2.4 Outcome Measures
All the assessment procedures were done before treatment and
after finishing the treatment plan.

2.4.1Visual Analogue scale (VAS)
Pain is assessed by using VAS which is a 10 cm calibrated line
with zero representing no pain and 10 representing worst pain [12].

2.4.2 Active shoulder flexion and abduction

Electro goniometer was used to evaluate the mechanical
condition of the joint by electronic components and is used today
in research centers compared to radiography, the assessment of the
Angle with the electrogoniometer shown high level of accuracy
[13]. Active shoulder flexion and abduction were measured by the
electrogoniometer device through a stander measuring procedure
[14, 15].

2.5 Ultrasonography of supraspinatus tendon thickness

Ultrasonography was used as noninvasive examination with
practically no side effects, it is beneficial in dynamic examination
of the tendons during movement of the shoulder and assess the
integrity of the rotator cuff tendons. If ultrasound is to reliably
diagnose impingement, a dynamic assessment of shoulder
abduction is required. The ultrasound test of impingement is
performed with the arm abducted in or slightly forward of the
scapular plane, as this facilitates simultaneous visualization of the
relevant anatomical landmarks throughout the arc of elevation.
The ultrasound literature reports an additional four dynamic signs
of subacromial impingement: (a) “bunching” or fluid distension of
the SA-SD bursa lateral to the impingement point at curacao-
acromial arch [16] (b) “bunching” of the supraspinatus tendon
lateral to the impingement point at curacao-acromial arch 5, 6 ;
(c) bulge of the curacao-acromial ligament 7 ; and (d) less
commonly, complete “blocking” of supraspinatus tendon motion
due to “migration of the humeral head upward to prevent its
passage beneath the acromion.

Ultrasound examination was performed by a single radiologist
with experience in musculoskeletal ultrasound scanning for more
than 10 years. Both shoulders were evaluated in everyone. Acuson
Sequoia 512 (Siemens, Germany) ultrasound scanner with an 8-15
MHz linear array probe was used. The axial spatial resolution for
this probe was 0.280 mm. Ultrasonographic scanning was
performed according to the protocol recommended by the
European Society of Musculoskeletal Radiology, measurements of
the thickness of supraspinatus tendon. The thickness of
supraspinatus tendon was measured on the coronal view at the
sulcus located between greater tuberosity and articular cartilage
with the Modified Crass position. The Modified Crass position
means placing the subjects’ arm posteriorly and the palmar side of
the hand on the superior aspect of the iliac wing with the elbow
flexed, directed posteriorly. With this position, the probe was
positioned more parallel to the supraspinatus tendon at the
insertion site. The reason why we chose the Modified Crass
position over the Crass position is that most patients with rotator
cuff pathology experience less pain and are able to position closer
to the instruction in the former than the latter. The probe was
moved anteriorly and posteriorly to precisely observe the insertion
of supraspinatus tendon located anteriorly to the running of the
biceps tendon [17].

2.6 Statistical analysis
Results were expressed as mean + standard deviation (SD). A
two-way mixed design MANOVA was run with two independent
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variables — intervention and measuring periods— and four
dependent variables (Ultrasonography of supraspinatus tendon
thickness, VAS, ROM of shoulder flexion and abduction). There
was a linear relationship between the dependent variables, as
assessed by scatterplot, and no evidence of multicollinearity, as
assessed by Pearson correlation (Jr] < 0.9). There were no
univariate outliers in the data, as assessed by inspection of a
boxplot, and no multivariate outliers in the data, as assessed by
Mahalanobis distance (p > .001). Ultrasonography Dimension of
supraspinatus, VAS, ROM of shoulder flexion and abduction were
normally distributed, as assessed by Shapiro-Wilk's test (p > .05).
There was homogeneity of covariance matrices, as assessed by
Box's M test (p =.009), and homogeneity of variances, as assessed
by Levene's Test of Homogeneity of Variance (p > .05). Statistical
Package for Social Sciences (SPSS) computer program (version
23 windows) was used for data analysis. P value < 0.05 was
considered significant and < 0.01 was considered highly
significant.

3 Results

A total of 40 participants were eligible for inclusion, and were
randomized for study intervention. Group A consisted of 20
participants who received 12 consecutive session of HILT twice a
weekly over 6 weeks in addition to therapeutic exercises. Group B
consisted of 20 participants who received therapeutic exercises
alone three sessions per week for 6 weeks. All randomized
participants completed the trial. The groups were similar at
baseline (p > 0.05) with regard to age, height, weight and BMI
(table 1). The interaction effect between type of intervention and
measuring period on the combined dependent variables was
statistically significant, F= 452.606, p = 0.001, Wilks' A = 0.04,
partial n2 = 0.96. There was statistically significant effect of
intervention on the combined dependent variables, F= 279.93, p =
0. 001, Wilks' A = .063, partial n2 = 0.937. While, there was a
statistically significant main effect of measuring periods on the
combined dependent variables, F= 1575.497, p = 0.001, Wilks' A
= 0.012, partial n2 = 0.988. Multiple pairwise comparison tests
(Post hoc tests) showed that the Ultrasonography of supraspinatus
tendon thickness and VAS showed a significant reduction (p <
0.05) within both groups, while the ROM of shoulder flexion and
abduction showed a significant increase (p < 0.05) within both
groups. Comparing both groups post-program revealed a
statistically significant reduction in Ultrasonography of
supraspinatus tendon thickness and VAS and significant increase
in ROM of shoulder flexion and abduction in favor to group A in
compared to group B (p > 0.05) (Table 2).

4 Discussion

The current research was conducted to investigate the impact
of high-level laser therapy in subacromial impingement syndrome
on shoulder mobility. The mean value of VAS, electro goniometer,
and Ultrasonography between groups prior to and after treatment
was significantly different. The high intensity pulsed laser used in

this study can therefore suffice to decrease subacromial and sub
deltoid bursitis This is the first study on the use of high intensity
laser therapy in subacromial impingement syndrome and the use
of ultrasonography as an objective method for assessment of
subacromial and sub deltoid bursitis. A variety of causes, such as
poor posture, weakness and deterioration of the rotator cuff and
scapular muscles, decrease of ROM in the shoulder complex,
degeneration and inflammation of tendons and bursa, acromial
dysmorphology, capsular tightness and gleno-humeral instability
are generally thought to lead rotator cuff disease [18]. The protocol
used by karaka [19] and pekyvas [20] stipulated nine sessions on
alternating days, three weeks, and Santa Mato et al. used 10
sessions " five sessions/week for two weeks'," while our
intervention protocol called for 12 laser sessions " two
sessions/weeks for 6 weeks so our results come in agreement with
Santa Mato et al who reported that high-intensity laser community
had stronger improvements than ultrasonic [21].

Pakhavajs and Baltaci applied a placebo-free design and
analyzed only the post-treatment outcomes, which showed that
high-intensity laser therapy combined with other techniques of
physiotherapy contributes to better results. This study is in line
with other study published in 2015 by Sae Hoon et al. [10] who
examined HILT's therapeutic effectiveness in patients with frozen
shoulder [10]. 66 patients were divided randomly into two groups:
HILT (n=33) and placebo laser (n=33). The HILT protocol
required a therapeutic dose of 4000J for 15 minutes. Three weeks
of treatment were given three times a week. VAS for pain, VAS
for satisfaction and passive ROM were measured at baseline, after
3, 8 and 12 weeks of therapy. At baseline. Overall, the HILT group
had three and eight weeks of clinically lower pain VAS ratings.
Within 12 weeks, there was no significant difference in pain.
Together, the HILT group had VAS scores of 3 and 8 weeks of
clinically lower pain. There was no significant difference in pain
within 12 weeks of this. No relevant effect or detectable harm was
associated with the addition of high-intensity laser therapy to
standard exercise therapy [10]. These findings are not in line with
the findings of recent research work done by Javier et al [22] who
stated that an intervention lasted for three weeks and comprised a
total of 15 sessions (five sessions/week). During each session,
participants received high-intensity laser therapy (experimental
group) or sham-laser intervention (sham-controlled group);
thereafter, all subjects received the same purpose-designed
exercise therapy protocol for subacromial syndrome, consisting of
stretching and strengthening exercises. They concluded that effect
of high-intensity laser therapy plus exercise is not higher than
exercise alone to reduce pain and improve functionality in patients
with subacromial syndrome. [22]. The long-term effect of pulsed
HILT in the treatment of post mastectomy pain syndrome was
evaluated by Ebid and El-sodany [23] who reported that after 12
weeks of follow-up, HILT is an effective physical therapy
modality for patients with PMPS. In fact, the HILT program is
superior and has a more prolonged effect than a sham laser in pain
reduction, increasing shoulder ROM, and improving and quality
of life [23].

Table 1: General characteristics of subjects

S(t]ugy2 g)roup(A) g}ogtzrg)l group(B) P value
Age (yrs.) 37.35+11.22 36.85 +11.33 0.79NS
Gender Male/ female 10/10 10/10 1.00Ns
Weight (Kg) 59.73 £9.46 63.20 £10.36 0.347Ns
Height (Cm) 157.80 £10.80 165.80 £11.70 0.415NS
BMI (Kg/m?) 19.48 +4.41 20.54 +2.72 0.532Ns

NS P > 0,05 = non-significant, P = Probability. BMI: body mass index.
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Table 2: Descriptive statistics and 2x2 mixed design Multivariate Analysis of VVariance (MANOVA) for all dependent variables at different
measuring periods at both groups

Group A (n =40) Group B (n =40) P value*

Ultrasonography of supraspinatus Pre-program 6.44 +0.61 6.45 + 0.62 0.98Ns

tendon thickness
Post-program 3.93+0.31 5.16+0.4 0.001 HS
P value** 0.001 s 0.001 s

VAS Pre-program 6.74 +0.59 6.51 +0.62 0.091Ns
Post-program 1.51+0.42 3.73+0.66 0.001 HS
P value** 0.001Hs 0.0011

ROM of Shoulder Flexion Pre-program 105.1 £3.19 104.67 + 3.4 0.567 NS
Post-program 157.75 + 4.56 121.17 +15.71 0.001 s
P value** 0.001Hs 0.001Hs

ROM of Shoulder Abduction Pre-program 105.1 £3.19 105.1+3.2 0.99NS
Post-program 152.45 + 2.87 116.27 £3.74 0.001H8
P value** 0.001Hs 0.001Hs

* Inter-group comparison; ** intra-group comparison of the results pre- and post-program.
NS p > 0,05 = non-significant, HS P < 0.01 = highly significant, P = Probability, ROM: range of motion.

Kujawa J et al [24] reported that uses of a specific waveform
with frequent peaks of elevated amplitude values and distances (in
time) between them to minimize thermal accumulation
phenomena and can quickly cause photochemical and
photothermic effects in the deep tissue that increase blood flow,
vascular permeability, and cease blood flow Vascular
permeability, and cell metabolism [24]. HILT had an analgesic
effect on nerve endings, but no evidence of decrease inflammation
was found [25, 26]. Rotator cuff injuries are common issues
although the individual affected may remain grossly asymptomatic
until large muscle injury has already occurred. The incidence of
partial-or full-thickness tears increases markedly after 50 years of
age as rotator-cuff lesions are a natural correlation of ageing and
are frequently present with no clinical signs [27]. In addition,
HILT is the other recently experienced physiotherapy agent in
clinical use. HILT effectiveness was compared with that of LILT
in Bell's palsy treatment and HILT was found to be more effective.
Its effectiveness was evaluated in two different studies on back
pain compared to ultrasound; in one study it was found to be
Effective pain and disability treatment; however, no difference
was detected in the other study. [28, 29, 30] Furthermore, Kheshie
AR et al [31] stated in their study that, HILT was found to be more
effective than LILT in the treatment of knee osteoarthritis.

5 Conclusions

HILT was shown to be superior in short term effect for
decreasing pain and improving mobility in patient with stage 1
and 2 SAIS, however, perhaps clinicians would be more willing
to use HILT if the effectiveness of therapy were investigated, and
favorable result obtained, in future studies outcome measure.
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