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Abstract

Background: Shoulder impingement syndrome (SIS) is one of the most prevalent musculoskeletal
disorders of the upper extremity. It is characterized by pain and impaired shoulder function, and
may lead to reduced quality of life. Therapeutic exercise is considered one of the most effective
non-surgical interventions for these patients and plays as a key factor in improvement of muscle
strength, pain reduction, and restoration of shoulder function. Blood Flow Restriction (BFR)
training is considered as a novel method that enables improvements in muscle strength and
hypertrophy even in combination with low-load resistance training (LLRT) and may be a suitable
option for patients with shoulder impingement syndrome. Despite its potential benefits, evidence
regarding the effects of BFR training on muscle characteristics, pain, and functional outcomes in
these patients remains limited.

Objective: the aim of this study is to investigate the effects of LLRE combined with BFR
compared with LLRT alone on pain, muscle strength, muscle thickness, and shoulder-related
disability in individuals with SIS.

Methods: This assessor-blinded, randomized controlled trial will include 28 adults diagnosed with
SIS. Participants will be randomly allocated to either an LLRT+BFR group or an LLRT-only
group. Both groups will receive 12 treatment sessions over four weeks, consisting of passive
physiotherapy followed by progressive LLRT. The experimental group (LLRT+BFR) will perform
exercises under 50% of limb occlusion pressure. Pain intensity (Numeric Pain Rating Scale) is the
primary outcome. Secondary outcomes include pressure pain threshold, isometric strength of
shoulder girdle muscles, muscle contractionratio assessed by musculoskeletal ultrasound imaging,
and shoulder pain and disability measuzed by the Shoulder Pain and Disability Index. All outcome
measures will be assessed at baseline and within 72 hours after the final intervention.

Results: It is hypothesizedthat LLRT combined with BFR will result in greater reduction in pain
and superior improvements in shoulder girdle muscle strength and contraction ratio compared with
LLRT alone.

Conclusion:«If the hypothesis comes true, this study will provide evidence regarding the clinical
efficacy of'adding BFR to LLRT in current shoulder rehabilitation protocols which already used
in patients with SIS.

Trial Registration:

IRCT code: 20251202068202N1



Introduction

Shoulder pain is a highly prevalent musculoskeletal condition, with Shoulder Impingement
Syndrome (SIS) representing its most common diagnosis. SIS accounts for a substantial
proportion—44—-65% —of all shoulder complaints and is estimated to affect approximately 26%
of the general population [1-4]. This syndrome leads to significant pain, functional limitations in
daily and recreational activities, particularly during overhead movements, resulting in considerable
personal disability and socioeconomic burden [5, 6].

SIS is primarily characterized by the mechanical compression of the rotator cuff tendons and
subacromial bursa within the narrowed subacromial space. This often results from abnormal
scapulohumeral and glenohumeral kinematics, including scapular dyskinesis and muscle
imbalances around the shoulder girdle [4, 7-9]. Consequently, non-surgical rehabilitation focuses
on restoring normal movement patterns and strengthening of the scapular stabilizers and rotator
cuff muscles to decompress the subacromial space and improve dynamic joint stability [2, 10, 11].

A critical limitation in rehabilitating SIS is that patients often cannot tolerate the high-load
resistance training (HLRT) (>70% of 1-Repetition Maximum {JRM]) which is typically required
for optimal muscle hypertrophy and strength gains due to pain and tissue damage [12, 13]. While
low-load resistance training (LLRT, 20-40% 1RM).is safer than HLRT, it may not provide
sufficient stimulus for neuromuscular adaptation. Blood Flow Restriction (BFR) has emerged as a
potential solution to this dilemma. It consists of a cuff on the proximal region of the upper or lower
extremities. The cuff'is filled with air, reducing arterial blood flow and possibly blocking the return
of venous blood. BFR with LLRT has been introduced as a method of creating a unique
physiological environment that may induce.-muscular adaptations comparable to HLRT, but with
significantly lower mechanical stress on the joints and affected tissues [14-17].

The efficacy of BFR training is attributed to mechanisms that are amplified under metabolic stress.
Partial blood occlusion caused by BFR cuff, may lead to rapid accumulation of metabolites,
systemic hormonal responses, increased reactive hyperemia, and substantial recruitment of fast-
twitch (Type II) muscle fibers—factors that collectively stimulate muscle protein synthesis and
hypertrophy despite the low external load [18-20].

Growing evidence supports the use of BFR for improving muscle strength and size in healthy
populations, elderly individuals, and during post-surgical rehabilitation [21, 26]. In the upper
extremity, previous studies have demonstrated that BFR can induce proximal muscle adaptations
beyond the site of cuff application, supporting its potential application for shoulder rehabilitation
[19, 21, 31]. Recent clinical evidence has also explored the effects of BFR in shoulder-related
disorders. In patients with rotator cuff tendinopathy, a randomized controlled trial reported that
BFR training combined with exercise was feasible and safe, with potential beneficial effects on
clinical outcomes [18]. Additionally, case-based evidence has suggested improvements in rotator
cuff muscle strength and hypertrophy following low-load BFR training [20]; however, other
findings have indicated that BFR may not significantly augment rotator cuff strength compared
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with exercise alone [30]. These preliminary findings highlight the potential role of BFR in shoulder
rehabilitation while also demonstrating the need for further investigation in specific shoulder
conditions.

However, a clear and significant gap remains: no randomized controlled trial has yet specifically
investigated the effects of BFR as an adjunct to exercise therapy in patients diagnosed with SIS.
The impact of BFR on pain, shoulder girdle muscle thickness, strength, and its subsequent effects
on function in this population is unknown.

Therefore, we hypothesize that augmenting standard LLRT with BFR will lead te superior
improvements in rotator cuff and scapular stabilizer muscle strength and thickness; aftd result in
greater reductions in pain and disability compared to low-load exercise alone in.adults with SIS.

Methods

Overview

This study is a prospective, randomized, parallel-group, assessor-blinded clinical trial in which
participants will be allocated in a 1:1 ratio to two groups. The'trial is-designed within a superiority
framework to investigate the effects of LLRT+BFR compared with LLRT alone over a four-week
intervention period. Participants will be randomly. assigned to one of the two groups: an
experimental group receiving LLRT+BFR and an active control group receiving LLRT alone. Both
groups will also undergo a standard passive physiotherapy protocol. The primary outcome is to
determine if the addition of BFR leads to greater reduction in pain compared to LLRT alone,
alongside assessing its impact on muscle thickness, strength, and shoulder function.

Hypothesis

We hypothesize that after a 4-week of intervention:

1. The mean reduction in pain intensity will be significantly greater in the LLRT+BFR
group.
2. The. mean improvement in isometric strength of the shoulder girdle muscles

(supraspinatus, infraspinatus, middle trapezius, biceps brachii) will be significantly greater
in the LLRT+BFR group compared to the LLRT group.

3. The mean increase in the thickness of the aforementioned muscles during rest and
contraction will be significantly greater in the LLRT+BFR group.

4. The mean reduction in shoulder pain and disability will be significantly greater in
the LLRT+BFR group.



Primary Objective

Pain intensity during the night, measured using the Numeric Pain Rating Scale (NPRS), will be
considered the primary outcome. Participants will report their worst shoulder pain experienced at
night using an 11-point scale (0 = no pain, 10 = worst imaginable pain).

Secondary Objectives

Pain intensity during overhead activity will also be assessed using the NPRS, with participants
reporting their worst shoulder pain experienced during overhead activity.

Pressure pain threshold (PPT) will be assessed using a digital algometer at the distal part of the
supraspinatus muscle and the thenar eminence of the affected side.

Isometric muscle strength will be measured using a handheld dynamemeter secured with a
stabilization strap for the supraspinatus (0° and 90° abduction), infraspinatus, middle trapezius,
and biceps brachii muscles.

Muscle Thickness will be assessed using B-mode musculoskeletal ultrasound imaging (Supersonic
MACH30, France) at rest and during standardized submaximal isometric contraction.

Shoulder pain and disability will be evaluated using the Persian version of the Shoulder Pain and
Disability Index (SPADI).

Safety

The cuff pressure will be set at 50% of each participant’s limb occlusion pressure (LOP), as
individualized pressures based on LOP are recommended to improve the safety and consistency of
BFR application. Previous methodological and safety recommendations have suggested that lower
to moderate levels of arterial occlusion pressure can provide sufficient physiological stimulus
while reducing discomfort and potential adverse responses compared with higher restriction
pressures. Therefore, 50% of LOP was selected as a conservative and clinically applicable pressure
level for individuals with SIS undergoing rehabilitation [31,55]. Standard contraindications for
BFR will #be- strictly observed, including history of deep vein thrombosis, uncontrolled
hypertension(>180/110 mmHg), peripheral vascular disease, pregnancy, or active cancer. Pain
(NPRS).and rate of perceived exertion (RPE) will be monitored during each session; the exercise
load will be reduced if pain exceeds 7/10 or RPE exceeds 8/10. An adverse event will be defined
as any new or worsening symptom, clinical event, or unexpected problem occurring during the
intervention period, regardless of its potential relationship to the intervention. Adverse events will
be assessed during each treatment session through participant questioning and clinical observation.
Related adverse events, including exacerbation of pain, abnormal changes in vital signs, or other
clinically significant symptoms, will be documented in the intervention log. If necessary, the
intervention will be discontinued during that session, and the participant will be referred to a



physician for further evaluation. The study has received approval from the relevant Ethics
Committee under the approval code IR.TUMS.AMIRALAM.REC.1404.008. Any substantial
changes to the study protocol will be reviewed and approved by the research team and, where
required, submitted to the relevant Ethics Committee for approval prior to implementation.
Participants will be informed of any changes that may affect their participation or willingness to
continue in the study. The final version of the protocol and any approved amendments will also be
appropriately documented.

Study Population

The study population will consist of patients with SIS who will be recruited through public
announcements, posters, messaging in relevant groups, and physician_referrals. Individuals
presenting with suspected symptoms of shoulder impingement syndrome will undergo clinical
assessment, and their eligibility will be determined according to the predefined inclusion and
exclusion criteria. Patients or members of the public will not be involved in the design, conduct,
data analysis, or reporting of the study results.

Inclusion Criteria:

1. Age between 40 and 60 years. The-age range of 40—60 years was selected to provide
a relatively homogeneous study population with respect to the underlying characteristics
of SIS. According to the classification proposed by Neer [56], the pathological
characteristics of impingement may differ across stages, with later-stage lesions being more
commonly associated with degenérative tendon changes and structural abnormalities in
older individuals. Therefore, restricting the age range to 40—60 years was intended to
reduce heterogeneity related to age-associated differences in the underlying pathology and
clinical presentation.of SIS.

2. Diagnosis of SIS confirmed by a shoulder specialist, with shoulder pain lasting <3
months [32]. A symptom duration of <3 months was selected to recruit participants with a
relatively recent onset of shoulder symptoms and to reduce heterogeneity associated with
prolonged symptom duration. Previous research has indicated that the clinical course and
response to treatment in shoulder disorders may vary according to the duration of
symptoms [32]. Therefore, limiting symptom duration to three months was intended to
provide a more clinically homogeneous sample and reduce the potential influence of
chronicity on treatment outcomes.

3. Pain intensity >3 on a Visual Analog Scale (VAS) during night time or overhead
activities.



4. Positive painful arc test and at least three positive findings from the following
clinical tests: The Neer, Hawkins-Kennedy, Empty Can (Jobe), and Infraspinatus tests
[33,34,35].

Non-eligibility criteria:
1. Contraindications for BFR Training [36,37]:
e History of deep vein thrombosis (DVT)
e Hypertension (blood pressure >180 mmHg)
e Acute systemic or local infection
e Peripheral vascular disease
e Symptomatic varicose veins
e Active cancer or recent history of cancer
e History of stroke
e Atrial fibrillation

2. Bilateral Shoulder Pain: The patient reports pain in both shoulders [38].

3. Frozen Shoulder: Diagnosis of adhesive capsulitis is present.

4. Positive Drop Arm Test: This indicates a likely full-thickness tear of the rotator cuff
[38].

5. Significant Shoulder History: There is a history of prior shoulder surgery, fracture,
or dislocation [18].

6. Medication Use: The patient is using anti-inflammatory drugs during the course of
physiotherapy treatment [38].

Study Design

This is a prospective, randomized, assessor-blinded, controlled trial. Prior to any study-specific
procedures, written informed consent will be obtained from each eligible participant by a member
of the “research team. The study procedures, potential benefits and risks, participant
responsibilities, measures for maintaining the confidentiality of information, and the voluntary
nature of participation will be explained to the participants. They will be given sufficient
opportunity to ask questions before providing written informed consent. Participants will also be
informed that they may withdraw from the study at any time without affecting their access to
appropriate clinical care. After screening and baseline assessment, eligible participants will be
randomly allocated to either the LLRT+BFR group or the LLRT group. Due to the nature of the
BFR intervention, complete blinding of participants and the physiotherapist delivering the
intervention is not feasible, as the application and inflation of the cuff can be perceived during
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treatment. Therefore, outcome assessment will be performed by a blinded assessor who will not
be informed of participants’ group allocation. In addition, the statistical analyst will remain blinded
to group allocation during the statistical analysis. Both groups will consist of 12 treatment sessions
over 4 weeks (3 sessions/week). Each session will include passive modalities (hot pack,
transcutaneous electrical nerve stimulation, therapeutic ultrasound) followed by the exercise
protocol. To minimize potential placebo effects and bias related to treatment expectations,
participants in the LLRT group will undergo the same cuff placement procedure as the LLRT+BFR
group. However, the cuff will not be inflated to a therapeutic pressure, and no meaningful blood
flow restriction will be applied. This approach was selected to provide a similar-treatment
experience between groups while avoiding additional physiological effects associated ' with BFR.
During the study period, participants will be instructed to refrain from performingany additional
shoulder-specific therapeutic or resistance exercises, either at home or at other healthcare or
exercise facilities. Participants will also be instructed not to initiate any new exercise program or
receive additional physical therapy interventions for the shoulder during the study period. Routine
daily activities that were performed before enrollment will be permitted, provided that participants
do not substantially change their usual activity level. To monitor and document physical activity
outside the treatment sessions, participants will receive a daily physical activity log and will record
the type, duration, and intensity of physical activities performed each day. The activity logs will
be reviewed by the researcher during treatment sessions to monitor substantial changes in physical
activity levels and identify any exercise or therapeutic interventions performed outside the study
protocol. Any additional exercise or therapeutic.intervention performed outside the protocol will
be documented and considered during the analysis and interpretation of the results. To enhance
participant retention, all study-related treatment sessions will be provided free of charge, regular
communication with participants will be maintained, and treatment sessions will be scheduled at
times convenient for them. Participant adherence will be monitored by recording attendance at
each treatment session and.reviewing daily physical activity logs. Missed sessions will be managed
according to a predefined.make-up schedule. Participants will also be reminded of the study
requirements and instructed to maintain their usual daily activities and refrain from performing
specific shoulder exercises or receiving additional treatment during the intervention period. All
outcome measures will be assessed at baseline and within 72 hours after the final treatment session
by a blinded assessor.

Randemization and Blinding

After completion of the baseline assessments, participants will be randomly allocated to either the
LLRT or the LLRT+BFR groups. Randomization will be performed using a balanced -block
randomization method with a fixed block size of four to ensure equal distribution of participants
between groups throughout the enrollment process. This approach will be adopted to maintain
group balance even if the study is discontinued at any stage. A total of 28 participants will be
assigned into blocks of four, with each block containing two allocations to LLRT (A) and two
allocations to LLRT+BFR (B). All possible balanced permutations within each block (AABB,
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ABAB, BBAA, and BABA) will be considered, and one sequence per block will be selected at
random. The random allocation sequences will be generated prior to the beginning of the study by
an independent researcher who will not be involved in participant recruitment, intervention
delivery, or outcome assessment. To ensure allocation concealment, the group assignments will be
placed in sequentially numbered, opaque, sealed envelopes. These envelopes will be opened
sequentially only after participant enrollment, thereby preventing foreknowledge of upcoming
allocations and minimizing the risk of selection bias.

Sample Size

The sample size was calculated a priori using G*Power software (version_3.1.9.7) based on
preliminary data obtained from a pilot study including five participants in‘each group. The
calculation was based on the primary outcome of the study, namely night pain intensity measured
using the Numeric Pain Rating Scale (NPRS). In the pilot study, mean night pain decreased from 7.0
to 1.6 in the LLRT+BFR group and from 7.2 to 3.4 in the LLRT group,carresponding to a between-
group difference of 1.6 points in the change in night pain and“an observed Cohen’s d of 1.43. To
correspond with the planned primary analysis using ANCOVA; the effect size was expressed as
Cohen’s f (f = 0.785). With an alpha level of 0.05, statistical power of 0.80, two groups, and one
covariate (baseline night pain), the required sample size was estimated to be 24 participants.

Considering an anticipated attrition rate of approximately 10%, based on the dropout rate reported
in a comparable randomized controlled trial of BFR in patients with rotator cuff tendinopathy [18],
approximately 27 participants would be required. To ensure balanced allocation between the two
groups and to provide a conservative-margin.for potential attrition, a total of 28 participants (14
per group) will be recruited.

Intervention Protocol

Passive Physiotherapy (Both Groups): 10 minutes of hot pack, 20 minutes of TENS (100Hz,
0.1ms), and=5 minutes-of therapeutic ultrasound (3 MHz, 1.2 W/cm?) will be applied to the
painful shoulder region [40].

1RM Calculation: Training load will be prescribed as a percentage of the estimated one-
repetition maximum (1RM). Classically, IRM is defined as the maximum load that an
individual can move once through a prescribed range of motion using proper technique.
However, performing a true 1RM test in individuals with shoulder disorders may exacerbate
pain or symptoms due to the high loads involved. Therefore, in the present study, IRM will be
estimated using a submaximal testing procedure and the Epley equation [41]:

Epley: IRM = RepWt x (1 + 0.033 x reps)

where reps represents the number of repetitions performed to failure and Rep Wt represents the
load used by the participant during testing.
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IRM will be estimated at baseline and separately for each target muscle, including the
supraspinatus, infraspinatus, and middle trapezius. For each muscle, the test will be performed
in the same body position and movement pattern used to assess the strength of that muscle.
Participants will initially perform the target movement using a light load of 1-2 kg that they
believe they can perform for a maximum of 10 repetitions. If a participant is able to perform
more than 10 repetitions with the selected load, the test will be stopped and, following a 3-
minute rest period, the load will be increased by 0.5 kg and the test will be repeated. This
procedure will be continued, if necessary, until a load is identified that limits the participant to
a maximum of 10 repetitions. A maximum of two attempts will be allowed to determine the
appropriate load [16,39].

The 1RM will not be reassessed weekly during the four-week intervention. Therefore, the
training loads for weeks 2, 3, and 4 will be determined based on the baseline 1RM of each
muscle and will correspond to 20%, 30%, and 40% of the baseline 1RM, respectively. This
approach will allow for standardized and controlled progression of the training load throughout
the intervention period.

Intervention Protocol: A progressive resistance training program targeting the scapular
stabilizer and rotator cuff muscles, including scapular retraction, shoulder external rotation,
and scaption, will be performed over 4 weeks, with 3 sessions per week for a total of 12
sessions. The exercises will be performed unilaterally in 3 sets of 10 repetitions.

Given the low-load nature of the training program, the progression of training load will be as
follows:

. Week 1 (sessions 1-3); Noexternal load

. Week 2 (sessions 4—6): 20% of baseline IRM

. Week 3 (sessions 7-9): 30% of baseline IRM

. Week 4 (sessions 10—-12): 40% of baseline IRM

During the first week, the exercises will be performed without external resistance, with
progressionsfrom gravity-eliminated to antigravity positions. From week 2 onward, free
weights corresponding to the predetermined percentage of baseline 1RM will be added to the
exercises performed in antigravity positions. Each repetition will consist of 2 seconds of
concentric contraction, 6—8 seconds of isometric contraction, and 2 seconds of eccentric
contraction. At the end of the third set, participants will continue the isometric contraction until
reaching fatigue and volitional failure, after which the movement will be completed
eccentrically. A 30-second rest interval will be provided between sets and a 2-minute rest
interval between exercises.

All exercises will be performed within a pain-free range of motion. If a participant misses one
session during a given week, one additional session will be added at the end of the intervention
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period. If a participant misses two sessions within a week, one additional week will be added
to the intervention period. During each training session, exercise intensity and pain were
monitored using the rate of perceived exertion (RPE) and numeric pain rating scale (NPRS),
respectively. These measures were used solely to monitor exercise tolerance and guide
training-load adjustment, rather than as treatment outcomes. Pain and RPE were not permitted
to exceed 7 and 8, respectively. If either threshold was exceeded, the training load was reduced
to the level used in the previous session; if symptoms persisted, the session was discontinued.
Participants who discontinue the intervention will not undergo any further study assessments.
The reason for discontinuation and any available outcome data will be documented. In the
event of an adverse event or significant exacerbation of symptoms, the treatment session will
be discontinued, and the participant will be assessed and referred to a physician if necessary.
The intervention may be resumed following medical clearance, provided that the resulting
interruption does not exceed two consecutive sessions. Participants'may also withdraw from
the intervention at any time at their own request. If a participant initiates an exercise program
or receives any additional shoulder-related therapeutic intervention outside the study protocol,
this will be documented, and continuation or discontinuation of participation will be
determined according to predefined criteria. All RPE and NPRS values, adverse events, missed
sessions, and any modifications to the exercise protocol will be recorded in the intervention
log.

BFR Application: A pneumatic cuff will be placed on the proximal region of the affected arm
in both groups. In the LLRT+BFR group, LOP will be determined using a handheld Doppler,
and the cuff will be inflated to 50% of'the individual’s LOP. In the LLRT group, the same cuff
placement procedure will be performed without applying therapeutic BFR pressure.

Assessment Methods
. Pain Intensity:

NPRS: Participants will rate their worst shoulder pain at night and during overhead
activity using the 11-point scale (0=no pain, 10=worst imaginable pain) [18].

PPT: Measured in kg/cm? using a digital algometer at two sites: the distal part of the
supraspinatus muscle and the thenar eminence of the affected side. Pressure will be
applied at a rate of ~1 kg/cm?/s until the participant reports first pain. This procedure
will be repeated twice with a 1-minute interval between trials, and the mean of the
recorded values will be calculated and documented [39,42].

e Muscle Thickness: This variable will be measured using B-mode musculoskeletal
ultrasound imaging (Supersonic MACH30, manufactured in France) with a linear
probe with a frequency of 5—18 MHz. The thickness of the supraspinatus, infraspinatus,
middle trapezius, and biceps brachii muscles will be measured at rest and during a
standardized active contraction against gravity.
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o Supraspinatus

The method for determining the probe placement for measuring supraspinatus
muscle thickness will be largely similar to the protocol described by Juul-
Kristensen et al. (2000) and used in the study by Papatzika et al. [43]. The
participant will be positioned sitting, with the shoulder in a natural position, the
elbow in extension, and the hand resting alongside the body. First, the medial and
lateral borders of the scapular spine will be palpated, and a line will be drawn
between these two points. The midpoint of this line will be identified and
considered the reference location for probe placement. The ultrasound probe will
be placed at this location along the reference line and adjusted so that the
supraspinatus muscle is clearly visualized [43]. Once a clear image is obtained,
supraspinatus muscle thickness will be measured as the vertical distance between
the superficial and deep fascial borders of the muscle and perpendicular to the
direction of the muscle fibers.

The repeatability of this method has also.been reported in previous studies.
Papatzika et al., by evaluating the supraspinatus.on two separate days, reported ICC
values ranging from 0.93 to 0.96 for measuring its anatomical cross-sectional area
using a protocol based on Juul-Kristensen, indicating high reliability of this method
[43].

To measure muscle thickness during contraction, after familiarizing the participant
with the testing position, they will'be asked to hold their arm isometrically at 60°
of shoulder abduction, against gravity and with the glenohumeral joint in a neutral
rotation position. This position was selected based on the ultrasound protocol
described by Kim et als [57]. The probe will be placed at the same anatomical
location determined for the resting measurement, and its orientation will be
adjusted according to the direction of the muscle fibers. To prevent tissue
deformation.and measurement error, the probe will be placed on the skin with the
minimum pressure necessary to obtain a clear image.

o Infraspinatus

The participant will be positioned prone, and the shoulder being assessed will be
placed at 90° of abduction, with the upper limb hanging over the side of the table.
First, the lateral end of the acromion and the inferior angle of the scapula will be
identified and connected to each other. Then, from this line, another line will be
drawn toward the trigonum spinae, i.e., the intersection of the medial border of the
scapula and the scapular spine. The target measurement site will be determined
based on these anatomical landmarks [58]. The probe will be placed at the
designated location and rotated 90° so that it is aligned with the fibers of the
infraspinatus muscle. To prevent tissue deformation and reduce measurement error,
the minimum pressure necessary to obtain a clear image will be applied. Muscle
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thickness will be measured as the distance between the superficial and deep fascia
of the muscle and perpendicular to the direction of the muscle fibers.

The reliability of this method was also examined in the study by Ortega-Santamaria
et al. In this study, intra-rater reliability for muscle thickness at rest was reported
for two assessors as ICC=0.833 (95% CI: 0.728-0.907) and ICC=0.889 (95% CI:
0.847-0.923), respectively. Inter-rater reliability was ICC=0.797 (95% CI: 0.633—
0.893). In addition, the SEM for resting thickness was reported to be less than 10%,
indicating appropriate measurement accuracy and the ability to detect small
changes [58].

After familiarizing the participant with the testing position, for measuring thickness
during contraction, the participant will remain in the same prone.peosition with the
shoulder at 90° of abduction. They will be asked to move the arm in the direction
of shoulder external rotation against gravity and to-the maximum actively
achievable range, and to maintain the end position. This‘position was selected to
induce active contraction of the infraspinatus muscle ‘without the use of external
resistance. The probe will be placed at the same anatomical location used for the
resting measurement and aligned with the musele fibers. The minimum pressure
necessary to obtain a clear image will be applied, and muscle thickness will be
measured as the distance between the superficial and deep fascia and perpendicular
to the direction of the muscle fibers.

This method will be performed by adapting the study by Ortega-Santamaria et al.,
with the difference that instead of measuring maximal voluntary contraction at the
same angle corresponding to the resting thickness assessment, in this study the
patient will be asked toexternally rotate the shoulder joint as far as possible. The
aforementioned study reported appropriate reliability for measuring infraspinatus
thickness ‘during contraction; intra-rater ICC values for the two assessors were
0.861 (95%: -CI: 0.772-0.923) and 0.933 (95% CI: 0.906-0.954), respectively, and
inter-rater ICC was 0.890 (95% CI: 0.792—-0.943). An SEM of less than 10% was
also reported, indicating appropriate accuracy of this measurement [58].

o Middle Trapezius

To measure middle trapezius muscle thickness, the participant will be positioned
sitting with the hips and knees at approximately 90° of flexion. The hands will be
placed in a relaxed position with the elbows at approximately 90° of flexion on a
pillow to allow the shoulder muscles to remain in a resting position. First, the
spinous process of the T1 vertebra and the posterolateral border of the acromion
will be palpated and marked. The distance between T1 and the posterolateral border
of the acromion will then be measured and divided into three equal parts, and the
middle third of this distance will be determined as the measurement site for the
middle trapezius muscle. This method will be performed according to the protocol
described by O'Sullivan et al. [45]. The ultrasound probe will be placed at the
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designated location and aligned with the fibers of the middle trapezius muscle, and
will be held against the skin with the minimum pressure necessary to obtain a clear
image. Muscle thickness will be measured as the vertical distance between the inner
border of the superficial fascia and the deep fascia of the muscle, perpendicular to
the direction of the muscle fibers.

The repeatability of this method was examined in the study by Bentman et al. In
this study, measurement of middle trapezius thickness on two different daysyielded
ICC(3,2)=0.67 (95% CI: 0.23-0.88), with an SEM of 0.1 mm and a mean difference
of 0.6 mm (95% limits of agreement: —2.2 to 3.4 mm) [45].

To measure middle trapezius muscle thickness during contraction,” the same
anatomical location determined for the resting condition will be;used. The patient
will lie prone, and the upper limb will be positioned at 90° of shoulder abduction,
with the target angle determined and confirmed using a goniometer. The participant
will then be asked to actively lift the upper limb slightly.postetiorly away from the
support surface (table), such that the anterior surface ofthe shoulder is no longer in
contact with the underlying surface and the upper limb is maintained without
external support. This position was used to.induce a static contraction of the middle
trapezius muscle according to the protocol’'of O'Sullivan et al. [59].

o Biceps Brachii

To measure biceps brachii musele thickness, the participant will be positioned
supine, with the shoulder in_slight abduction and the upper limb in a neutral
position. The measurement site'is defined along an imaginary line from the anterior
aspect of the acromion to.the antecubital crease, and the probe placement site will
be determined at the distal’(75%) portion of this line [60]. The ultrasound probe
will be placed at the designated location perpendicular to the fibers of the biceps
brachii muscle and held against the skin with the minimum pressure necessary to
obtain a clear image. Muscle thickness will be measured as the vertical distance
between the superficial and deep fascia of the muscle and perpendicular to the
direction of'the muscle fibers.

Thereliability of biceps brachii muscle thickness measurements at a similar site has
been reported to be high in previous studies. In the study by Alabadi et al., which
used the same measurement site, an ICC of 0.99 was reported, indicating very high
reliability of biceps brachii muscle thickness measurement [60].

To measure biceps brachii muscle thickness during contraction, the participant will
remain in the supine position and will be asked to actively flex the elbow to 60°
and maintain this position against gravity. This position was selected to induce
active contraction of the biceps brachii muscle under anti-gravity conditions.
Before the measurement, the target position will be taught to the participant, and a
familiarization trial will be performed to ensure correct execution of the movement.
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The selection of the contraction position was based on previous studies that
measured biceps brachii muscle thickness during contraction with active elbow
flexion. In a study on the reliability of ultrasound assessment of muscles, biceps
brachii thickness during contraction was measured with active elbow flexion up to
90°, and intra-rater ICC of 0.98 and inter-rater ICC of 0.85 were reported, indicating
high reliability of muscle thickness measurement during contraction [61]. In the
present study, considering the participant's supine position and the effect of gravity
on the upper limb, 60° of elbow flexion was selected to create an active anti-gravity
position. The probe was placed at the same anatomical location used for the resting
condition, and muscle thickness during contraction was determinedusing the same
method, i.e., measuring the vertical distance between the superficialand deep fascia
of the muscle and perpendicular to the direction of the muscle fibers.

. Isometric Muscle Strength: Muscle strength will be assessed using a handheld
dynamometer secured with a stabilization strap. Strength of the supraspinatus (at 0° and
90° abduction), infraspinatus, middle trapezius, and biceps brachii will be measured in
standard positions using a "make" test (participant pushes against the fixed dynamometer
with maximal effort for 3 seconds). This process will'be performed twice and the highest
of two trials will be recorded in Newtons (N) [46].

. Shoulder Pain and Disability: To evaluate pain and disability, the Persian version
of SPADI will be used, a 13-item questionnaire with pain (5 items) and disability (8 items)
subscales. The total score will be expressed as a percentage (0-100%) [47-49].

Total score of SPADI= (total pain.score + total disability score / total score) *100

Participant Recruitment

Participants will be recruited through several complementary methods, including public
announcements and dissemination of messages in relevant groups, physician referrals, and
identification of potentially eligible individuals presenting to the university or affiliated healthcare
centers with symptoms suggestive of shoulder impingement syndrome. Potentially eligible
individuals will' undergo clinical assessment and screening based on the predefined eligibility
criteria, -and participant recruitment will continue until the target sample size is reached.

Statistical Methods

The primary analysis will evaluate the between-group difference in change in night pain intensity
from baseline to post-intervention. Within-group changes in all outcome measures will be
examined using paired-sample t tests. For each variable, the ¢ statistic, p value, and Cohen’s d
effect size will be reported. Effect sizes will be interpreted according to conventional thresholds,
with values of approximately 0.20 indicating a small effect, around 0.50 indicating a moderate
effect, and 0.80 or higher indicating a large effect [50]. Session-by-session RPE and NPRS
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measurements will be used solely for monitoring exercise tolerance and adjusting training load
and will not be considered outcome measures in the primary efficacy analysis, which will compare
prespecified outcomes between groups at post-intervention using ANCOVA adjusted for baseline
values.

Between-group comparisons of post-intervention outcomes will be performed using analysis of
covariance (ANCOVA) for all variables [51-53]. Baseline values of each outcome will be entered
as covariates to control for potential pre-intervention differences. Adjusted post-intervention
means for each group will be calculated and reported together with F statistics, p values, and partial
eta squared (n?p) as measures of effect size. The magnitude of n?p will be interpreted as small
(=0.01), medium (=0.06), or large (>0.14) effects [50].

In addition, between-group Cohen’s d values for adjusted post-intervention means will be
calculated using the Psychometrica online calculator [54]. Statistical.assumptions for paired-
sample t tests and ANCOVA, including normality, homogeneity of varianees, linearity, and
homogeneity of regression slopes, will be assessed prior to analysis:

The primary analysis will include participants who have:been randomized and have completed
both baseline and post-intervention assessments. Participants ' will be analyzed according to the
group to which they were assigned at randomization. Missing data will be examined with respect
to their extent and pattern. If the amount of missing data is substantial, multiple imputation under
the assumption that data are missing at random (MAR) will be performed. The imputation model
will include the intervention group and relevant baseline and outcome variables. Where feasible,
a complete-case analysis will also be conducted as a sensitivity analysis.

Personal information of participants will.be collected only to the extent necessary for screening,
study conduct, and follow-up procedures related to the study. Each participant will be assigned a
unique identification code, and data‘used for analysis will be coded and stored without directly
identifying information. Identifying information and research data will be stored separately, with
access restricted to authorized members of the research team. Electronic data will be stored on
password-protected devicesiand storage systems, with backup copies maintained on a secure
external storage device.

Participants' 1identifying information will not be disclosed in publications or presentations, and
study findings will be reported in aggregate form. Confidentiality will be maintained throughout
the study and‘after its completion. Data will be entered and organized using Microsoft Excel, and
statistical ‘analyses will be performed using IBM SPSS Statistics. Electronic study files will be
stored in password-protected storage and backed up on a secure external storage device. Access to
identifiable participant information will be restricted to authorized members of the research team.

Prior to statistical analysis, the data will be checked for completeness, consistency, and potential
data-entry errors. Individual-level de-identified data, data dictionaries, and statistical analysis
codes will not be made publicly available due to ethical considerations, privacy protection, and
institutional requirements. These materials may be made available upon reasonable request,
subject to the applicable ethical and institutional requirements.
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The findings of the study will be submitted for publication in a peer-reviewed scientific journal
and may also be presented at relevant scientific conferences and meetings. Participants who
request information about the study results will receive an appropriate summary of the findings
after study completion. The study findings will also be disseminated to relevant healthcare and
rehabilitation professionals through scientific publications and academic and educational
activities.

Discussion

SIS is a prevalent shoulder disorder that requires effective, safe, and cost-efficient rehabilitation
strategies. Conventional resistance training approaches present recognized limitatiens in this
population, as HLRT may aggravate pain or tissue irritation, while LLRT may provide an
insufficient stimulus for optimal neuromuscular adaptations. LLRT combined with BFR
(LLRT+BFR) has therefore been proposed as a strategy capable of enhancing training stimulus
while minimizing mechanical stress on subacromial structures.

The present study is designed to evaluate and compare the effects of fourweeks of LLRT with and
without BFR on shoulder girdle muscle strength and thickness, pain-related outcomes, and
functional disability in individuals with SIS. It is hypothesized that both intervention groups will
demonstrate improvements in most outcome measutes following the intervention period, reflecting
the general benefits of structured exercise therapy.

If the study hypotheses are supported, the LLRT+BFR group is expected to demonstrate greater
improvements in selected pain-related outcomes compared with the LLRT group. If these
hypotheses are confirmed, the findings of this trial may contribute to the evidence base regarding
the potential role of LLRT+BFR as a feasible-and safe exercise option for shoulder rehabilitation.

Study Limitations

One of the limitations of the present study is the absence of long-term follow-up assessments after
completion of the intervention. Study outcomes will be assessed at baseline and up to 72 hours
after the end of the four-week intervention period. Therefore, the persistence of potential changes
in pain, muscle. strength, muscle thickness, or shoulder-related disability over longer periods
following the intervention cannot be determined. Although long-term follow-up assessments could
have provided additional information regarding the durability of the intervention effects, the
current study design does not include post-intervention long-term follow-up assessments due to
practical and logistical constraints.

Ethical Considerations

This study has been approved by the Ethics Committee of Tehran University of Medical Sciences
(Ethics Code: IR. TUMS.AMIRALAM.REC.1404.008). Before enrollment, the study objectives,
procedures, interventions, assessments, potential benefits, and possible risks will be fully
explained to all participants, and written informed consent will be obtained from each participant.
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Participants will be informed that their personal information and research data will be kept
confidential and that study data will be managed and reported using identification codes rather
than personally identifiable information. Participants will have the right to withdraw from the
study at any stage without providing a reason and without any effect on their access to healthcare
services. In the event of an adverse event or worsening of symptoms, the treatment procedure will
be discontinued and the participant’s condition will be assessed. If necessary, the participant will
be referred to the relevant physician for further evaluation and treatment.
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SPIRIT 2025 checklist of items to address in a randomized trial protocol*

Section / Topic |

No‘

SPIRIT 2025 checklist item description

Reported on page no.

Administrative information

Title and la | Title stating the trial design, population, and 1
structured interventions, with identification as a
summary protocol
Structured summary of trial design and 3
1b methods, including items from the World
Health Organization Trial Registration Data
Set
Protocol version 2 Version date and identifier
Roles and 3a Names, affiliations, and roles of protocol 1
responsibilities contributors
3b Name and contact information for the trial NA
sponsor
3c Role of trial sponsor and funders in design, NA
conduct, analysis, and reporting of trial;
including any authority over these activities
3d Composition, roles, and responsibilities of NA
the coordinating site, steering committee,
endpoint adjudication committee, data
management team, and other individuals or
groups overseeingithe'trial, if applicable
Open science
Trial registration 4 Name of trial registry, identifying number 4
(with URL), and date of registration. If not
yet registered, name of intended registry
Protocol and 5 Where the trial protocol and statistical The final study protocol will be publicly
statistical analysis analysis plan can be accessed accessible through its journal publication.
plan The statistical analysis plan is described in
detail within the Statistical Analysis
section of the protocol.
Datasharing 6 Where and how the individual de-identified 21
participant data (including data dictionary),
statistical code, and any other materials will
be accessible
Funding and 7a Sources of funding and other support (e.g., NA
conflicts of supply of drugs)
interest 7b Financial and other conflicts of interest for 21
principal investigators and steering
committee members
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Dissemination
policy

Plans to communicate trial results to
participants, healthcare professionals, the
public, and other relevant groups (e.g.,
reporting in trial registry, plain language
summary, publication)

21

Introduction

Background and
rationale

9a

Scientific background and rationale,
including summary of relevant studies
(published and unpublished) examining
benefits and harms for each intervention

9b

Explanation for choice of comparator

Objectives

10

Specific objectives related to benefits and
harms

Methods: Patient and public involvement, trial design

Patient and
public
involvement

11

Details of, or plans for, patient or public
involvement in the design, conduct, and
reporting of the trial

Trial design

12

Description of trial design including type of
trial (e.g., parallel group, crossover),
allocation ratio, and framework (e.g:,

superiority, equivalence, non=inferiority,
exploratory)

Methods:

Participants, interventions, and outcomes

Trial setting

13

Settings (e.g., community, hospital) and
locations (e.g., countries, sites) where the
trial will be conducted

Eligibility criteria

14a

Eligibility criteria for participants

14b

If applicable, eligibility criteria for sites and
for individuals who will deliver the
interventions (e.g., surgeons,
physiotherapists)

NA

Intervention and
comparator

15a

Intervention and comparator with sufficient
details to allow replication including how,
when, and by whom they will be
administered. If relevant, where additional
materials describing the intervention and
comparator (e.g., intervention manual) can
be accessed

12-19

15b

Criteria for discontinuing or modifying
allocated intervention/comparator for a trial
participant (e.g., drug dose change in
response to harms, participant request, or
improving/worsening disease)

14

15c

Strategies to improve adherence to
intervention/comparator protocols, if

11
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applicable, and any procedures for
monitoring adherence (e.g., drug tablet
return, sessions attended)

15d

Concomitant care that is permitted or
prohibited during the trial

10

Outcomes

16

Primary and secondary outcomes, including
the specific measurement variable (e.g.,
systolic blood pressure), analysis metric

(e.g., change from baseline, final value, time
to event), method of aggregation (e.g.,
median, proportion), and time point for

each outcome

Harms

17

How harms are defined and will be assessed
(e.g., systematically, non-systematically)

Participant
timeline

18

Time schedule of enrollment, interventions
(including any run-ins and washouts),
assessments, and visits for participants. A
schematic diagram is highly recommended
(see Figure)

24

Sample size

19

How sample size was determined, including
all assumptions supporting the'sample size
calculation

11

Recruitment

20

Strategies for achieving adequate
participant enrollment to reach target
sample size

20

Methods

: Assignment of interventions

Randomization:

Sequence
generation

21a

Who will generate the random allocation
sequence and the method used

11

21b

Type of randomization (simple or restricted)
and details of any factors for stratification.
To reduce predictability of a random
sequence, other details of any planned
restriction (e.g., blocking) should be
provided in a separate document that is
unavailable to those who enroll participants
or assign interventions

11

Allocation
concealment
mechanism

22

Mechanism used to implement the random
allocation sequence (e.g., central
computer/telephone; sequentially
numbered, opaque, sealed containers),
describing any steps to conceal the
sequence until interventions are assigned

11

Implementation

23

Whether the personnel who will enroll and
those who will assign participants to the

11
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interventions will have access to the
random allocation sequence

Blinding

24a

Who will be blinded after assignment to
interventions (e.g., participants, care
providers, outcome assessors, data analysts)

11

24b

If blinded, how blinding will be achieved
and description of the similarity of
interventions

10

24c

If blinded, circumstances under which
unblinding is permissible, and procedure for
revealing a participant’s allocated
intervention during the trial

10

Methods: Data collection, management, and analysis

Data collection
methods

25a

Plans for assessment and collection of trial
data, including any related processes to
promote data quality (e.g., duplicate
measurements, training of assessors) anda
description of trial instruments (e.g.,
questionnaires, laboratory tests) along.with
their reliability and validity, if known:
Reference to where data collection.forms
can be accessed, if not in the-protocol

14-19

25b

Plans to promote participant retention and
complete follow-up, including list of any
outcome data to be collected for
participants who discontinue or deviate
from intervention protocols

11

Data
management

26

Plans for data entry, coding, security, and
storage, including any related processes to
promote data quality (e.g., double data
entry; range checks for data values).
Reference to where details of data
management procedures can be accessed, if
not in the protocol

21

Statistical
methods

27a

Statistical methods used to compare groups
for primary and secondary outcomes,
including harms

19

27b

Definition of who will be included in each
analysis (e.g., all randomized participants),
and in which group

21

27c

How missing data will be handled in the
analysis

21

27d

Methods for any additional analyses (e.g.,
subgroup and sensitivity analyses)

NA
(No prespecified subgroup analyses are
planned because the study is not powered
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to detect treatment effects within specific
subgroups. A sensitivity analysis using
complete-case data will be conducted,
where appropriate, to assess the
robustness of the primary findings to the
handling of missing data.)

Methods: Monitoring

Data monitoring
committee

28a

Composition of data monitoring committee
(DMC); summary of its role and reporting
structure; statement of whether it is
independent from the sponsor and funder;
conflicts of interest and reference to where
further details about its charter can be
found, if not in the protocol. Alternatively,
an explanation of why a DMC is not needed

NA
(No independent data monitoring
committee is planned because of.the small
sample size and single-centernature of
the study:)

28b

Explanation of any interim analyses and
stopping guidelines, including who will have
access to these interim results and make
the final decision to terminate the trial

NA
(Nointerim.efficacy analyses are planned.
The trial will not be stopped early based
on interim efficacy results. However, an
individual participant's intervention may
be temporarily discontinued or terminated
in response to adverse events, clinically
significant worsening of symptoms,
participant request, or other predefined
discontinuation criteria. Decisions
regarding continuation following clinically
significant adverse events will be made in
consultation with the corresponding
author/supervising physician, Dr. Rahimi.)

Trial monitoring

29

Frequency and procedures for monitoring
trial conduct. If there is no monitoring, give
explanation

Trial conduct will be monitored on a
weekly basis by the corresponding author
and supervising faculty member, Dr.
Rahimi. The monitoring will include review
of participant eligibility and recruitment
procedures, adherence to the intervention
protocol, completion of treatment
sessions, documentation of adverse
events, and compliance with the study
procedures. No independent external
audit or data monitoring committee is
planned because of the small sample size
and single-center nature of the study.

Ethics

Research ethics
approval

30

Plans for seeking research ethics
committee/institutional review board
approval
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Protocol
amendments

31

Plans for communicating important protocol
modifications to relevant parties

Consent or assent

32a

Who will obtain informed consent or assent
from potential trial participants or
authorized proxies, and how

11

32b

Additional consent provisions for collection
and use of participant data and biological
specimens in ancillary studies, if applicable

NA

Confidentiality

33

How personal information about potential

and enrolled participants will be collected,

shared, and maintained in order to protect

confidentiality before, during, and after the
trial

22

Ancillary and
post-trial care

34

Provisions, if any, for ancillary and post-trial
care, and for compensation to those who
suffer harm from trial participation

NA

*We strongly recommend reading this checklist in conjunction with the SPIRIT 2025 Explanation and Elaboration and
the SPIRIT 2025 Expanded Checklist for important clarifications on all the items. We also recommend reading
relevant SPIRIT extensions. See www.consort-spirit.org
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