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Case Report
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Abstract

Blood flow restriction (BFR) training involves placing an inflatable cuff around the proximal part of a limb to partially restrict
arterial inflow during exercise. When combined with low-load resistance exercise (LLRE), this approach has been shown to
produce improvements in muscle strength and hypertrophy comparable to those achieved with conventional high-load resistance
training in healthy individuals. Through its proximal effects, LLRE combined with BFR may also enhance muscle strength and
size in individuals with supraspinatus tendinopathy. Although high-load resistance training is effective for increasing muscle
strength and hypertrophy, its application in people with multiple sclerosis (MS) is often limited because of fatigue. This case
report describes the proximal effects of an LLRE+BFR program in a patient with MS and supraspinatus tendinopathy. Our case
was a 48-year-old woman with a 5-year history of relapsing-remitting MS, who presented with right shoulder pain and muscle
weakness in the right shoulder at rest and while elevation. She received a LLRE+BFR program for her right shoulder and aerobic
exercises based on the BFR protocols in 12 sessions over 4 weeks. Outcome measures were collected before the intervention and
after 4 weeks and included: 1) strength of supraspinatus and four scapular stabilizer muscles. 2) thickness of supraspinatus and
upper trapezius muscles. 3) thickness of supraspinatus tendon 4) pain pressure threshold of supraspinatus and deltoid muscles.
5) Supraspinatus muscle echogenicity. Improvement was observed in the strength of supraspinatus and scapular stabilizers.
Thickness of supraspinatus and upper trapezius muscles and pain pressure threshold in the supraspinatus and deltoid muscles
also increased. Furthermore, supraspinatus echogenicity and tendon thickness decreased. The patient experienced a significant
improvement in all outcomes following the use of a LLRE+BFR program. This program may be an option for strengthening
training with less stress in MS people with supraspinatus tendinopathy.
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1. Introduction

Shoulder pain affects up to half of the population annually [2]. Previous studies have shown that exercise yields promis-
[1], with rotator cuff tendinopathy as one of the most common  ing results in managing rotator cuff tendinopathy [3, 4]. High-
causes, accounting for 30 to 70 percent of shoulder pain cases
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load resistance exercises (HLRE), which uses external load-
ings of 60-90% of Il-repetition maximum) are the golden
standard for enhancing muscle strength and inducing hyper-
trophy, but such intense loads may not be suitable for frail
populations [5].

A promising alternative for strength training is blood flow
restriction (BFR), which can achieve similar outcomes to
high-load training by using less exercise load and tissue stress
[6]. BFR includes a cuff encircling the proximal part of the
upper or lower limb, filled with air. The cuff restricts blood
flow and increases pressure on the extremity, resulting in de-
creased arterial blood circulation and cessation of venous re-
turn [7]. In recent years, studies have shown that low-load re-
sistance exercises (20-30% of 1 RM) combined with BFR
(LLRE+BFR) can increase muscle strength and hypertrophy
[8].

A 2017 systematic review by Hughes and Lixandrao sug-
gested that LLRE+BFR can induce muscle hypertrophy com-
parable to HLRE, but the improvement in muscle strength fol-
lowing LLRE+BFR is comparatively lower than that achieved
with HLRE [9, 10]. A systematic review published in 2020
reported that LLRE combined with BFR not only minimizes
mechanical stress on the tissues but also produces improve-
ments in muscle strength and hypertrophy comparable to those
achieved with HLRE [5]. In addition, gains in muscle size and
strength may occur sooner with LLRE+BFR than with HLRE
[11]. Moreover, several studies have investigated the pain-re-
lieving effects of BFR-assisted exercise in patients with dif-
ferent musculoskeletal conditions [12, 13]. Therefore, the ap-
plication of LLRE+BFR can be a potential alternative to in-
crease muscle strength and hypertrophy while alleviating pain
in patients with musculoskeletal injuries. This technique is
particularly suitable for the elderly and individuals with con-
ditions like Multiple Sclerosis (MS), who may have lower tol-
erance for high loads.

MS is a central nervous system disease that affects approx-
imately 2.2 million people worldwide annually [6]. Progres-
sive weakness and motor fatigability are two main complaints
among most people with MS, which can contribute to other
problems such as reduced quality of life and performance [6].
Strength training has many advantages for MS patients [14],
however they may perform lower doses which accompanies
less improvement [15]. This is because many people with MS
may experience motor fatigability [16] and temporary in-
crease in sensory symptoms during exercise [17]. Recent re-
views strengthened the evidence supporting BFR in neurolog-
ical conditions. These studies report that BFR can improve
muscle strength, functional performance, muscle mass, and
pain across several neurological disorders, including MS [52-
54].

In this study, we examined an MS patient suffering from
rotator cuff tendinopathy. LLRE+BFR is potentially effective
in this case as it can increase strength and alleviate pain with-
out inducing motor fatigability [12, 13, 18]. Hence, the aim of
this study is to evaluate the proximal effects of combining
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LLRE and BFR on the strength of supraspinatus and stabi-
lizers of scapula muscles, thickness, and echogenicity of su-
praspinatus muscle, and pain on an MS patient with suprasp-
inatus tendinopathy.

2. Case Description

The patient was a 48-year-old woman with a history of Re-
lapsing-Remitting MS for about 5 years. She was in the remit-
ting phase during the treatment, and was prescribed Rituximab
by her neurologist. The most disabling MS symptom was fa-
tigue, which was aggravated by moderate to even low levels
of activity. Fatigue Severity Scale (FSS) was used to measure
fatigue. It consists of 9 items, each scored on a 7-point Likert
scale, where higher scores representing greater fatigue.

The main complaint of the patient to come under the care
of this team was her shoulder pain at rest and while movement
unrelated to MS, which had been started a month before and
was not related to her MS. She was also suffering from night
pain which caused sleep disturbance. The patient was not ath-
letic and was prone to fatigability if prescribed with a high-
load training regimen. Hence the team discussed the potential
benefits of using BFR+LLRE to improve her condition, while
not exacerbating her MS symptoms. An informed consent was
received to publish the information of this case report.

2.1. Physical Therapist Examination

She performed a full passive range of motion with no pain;
however, active abduction and flexion were restricted to 90
degrees though also painless, suggesting weakness in the
shoulder muscles. Following a thorough history-taking, spe-
cific tests including Hawkins, full can, empty can, and Painful
arch were conducted, and, notably, the Painful arch and full
can tests exacerbated the shoulder pain [19, 20]. Based on
these clinical findings alongside with the MRI imaging report
of the patient, indicating an inflammation in glenohumeral
joint, it was concluded that she was suffering from Impinge-
ment and sub-acute supraspinatus tendinopathy. In order to
maintain consistency, all the tests were conducted by the same
therapist.

2.2. Outcome Measures

Muscle strength

Muscle strength was assessed using a fixed dynamometer
with the make test technique [23]. All measurements were per-
formed in the manual muscle testing (MMT) positions de-
scribed by Kendall et al. [24]:

For assessment of serratus anterior, the patient lay in a su-
pine position on a treatment bed. One end of the dynamometer
strap was secured around the distal ulna at the styloid process,
while the other end was attached perpendicularly to the fixed
handle of the dynamometer on the floor to prevent force dis-
sipation during contraction. The shoulder was then positioned
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at 120 degrees forward flexion while externally rotated. For
supraspinatus evaluation, the same setup was used, except that
the shoulder was placed in 90° of scaption (30° anterior to the
frontal plane) with the thumb pointing upward.

The strength of the middle trapezius was measured with the
patient in a prone position and a towel placed beneath the fore-
head. The dynamometer strap was fixed around the distal ulna
at the styloid process, and its opposite end was attached to the
stationary handle of the dynamometer. The scapula was stabi-
lized by the therapist's hand together with the patient's body
weight. The shoulder was positioned in 90° of abduction with
external rotation while the elbow remained fully extended [23].
For the lower trapezius, the same testing position was used,
except that the shoulder was elevated to 140° of abduction.

During each make test, the patient performed a maximal
voluntary isometric contraction against the fixed strap and
maintained the effort for 10 seconds. Three trials were com-
pleted for each muscle, separated by 30-second rest intervals,
and the mean value was used for analysis. A maximum of one
minute of rest was allowed between testing different muscles.
Before the formal assessment, two to three submaximal prac-
tice trials were performed to familiarize the patient with the
testing procedure and reduce measurement error [23].

Supraspinatus muscle and tendon thickness

Musculoskeletal ultrasound imaging (USI), which has been
shown to be a reliable method for measuring muscle and ten-
don thickness, was used to assess supraspinatus thickness [25].
The approach used for probe placement closely followed the
method described by Juul-Kristensen et al. The patient sat on
a chair with the shoulder in a neutral position and the elbow
fully extended. Using a linear transducer (5-12 MHz, HS-2600,
Honda Electronics Co., Japan), the examiner identified the
scapular spine by palpation and drew a line extending from its
lateral to medial end (AM line) (Figure 1). The exact location
of the probe, referred to as the P point, was identified at the
midpoint of this line [26]. The probe was held parallel to the
supraspinatus fibers, ensuring the scapular notch was visible
on the USI monitor (Figure 2). The maximum thickness of the
supraspinatus muscle was identified and recorded at this loca-
tion [27].

For the Supraspinatus tendon thickness measurement, the
patient remained seated upright with both feet resting on the
floor. She was instructed to put the tested hand on the ipsilat-
eral iliac crest, with the elbow pointing backward (modified
Crass position). The ultrasound transducer was positioned on
the anterior aspect of the acromion in the coronal plane, where
the greater tuberosity's footprint and superior facet were visi-
ble and the ultrasound image is shown in Figure 3 [28]. The
imaging process was repeated three times, and the average
thickness was calculated [29, 30]. Echogenicity was deter-
mined from the pixel intensity of the ultrasound images using
Image] software (National Institutes of Health, Bethesda, MD,
USA) [29, 30].
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Figure 1. AM line, P point.
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Figure 2. The exact placement of the probe to determine supraspina-
tus thickness, White Arrow shows Scapular Notch. SS: Supraspinatus,
UT: Upper Trapezius.

Figure 3. Supraspinatus tendon thickness.
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Pain pressure threshold

Patient's pain pressure threshold (PPT) was evaluated with
an algometer during both the initial and final treatment ses-
sions. The pressure (in newtons) was applied on the main bulk
of the supraspinatus and the middle of the deltoid muscle, with
arate of 1kgf/s [12].

weight for exercise

The weight used in our treatment for low-load exercises
was 20-40% 1 RM. American College of Sports Medicine
(ACSM) defines 1RM as the maximum amount of weight that
an individual can lift once through the full range of motion [31,
32]. Because directly determining 1RM may increase pain or
aggravate inflammation in individuals with musculoskeletal
injuries, 1RM was estimated using the Brzycki equation rather
than being measured directly. In the first two weeks, the
weight was set at 15-20% of 1RM, and for the subsequent two
weeks, it was adjusted to 30-40% for the treatment protocol.

Brzycki — W/(1.0278-0.0278R)

W= weight lifted until failure

R= number of repetitions completed until failure

According to the prescribed formula, the patient was in-
structed to utilize a lightweight (1-2 kilograms) for performing
scaption within a pain-free range of motion until muscular fa-
tigue prevented further movement of the weight (repetition to
failure).

2.3. Intervention

Before starting the intervention, the patient was screened
for BFR contradictions including a thorough evaluation for
any previous blood clot, blood pressure exceeding 180/100,
acute infection, cancer, stroke, deep vein thrombosis (DVT),
atrial fibrillation, and peripheral vascular disorders, and no
contradiction was observed [21, 22]. Then, the strength of su-
praspinatus and scapular stabilizers including serratus anterior,

lower and middle trapezius was measured using a dynamom-
eter (MIE, Medical reaseach Itd, England). Additionally, ul-
trasound imaging (HS-2600 by Honda Electronics Co, Japan)
was employed to assess the supraspinatus thickness, and al-
gometry (Force-Gauge, 5020-Lutron, Taiwan) was utilized to
determine the pain pressure threshold on the supraspinatus and
deltoid muscles.

Following the baseline assessment, the patient adhered to a
4-week exercise therapy plan (3 times per week), as outlined
in the table below. Pain intensity was recorded using the nu-
meric pain rating scale (NPRS) 15 minutes before and after
each treatment session. The intervention consisted of the fol-
lowing components (exercise details are presented in Table 1):

The exercise plan for scapular stabilizers (Table 1) which
aims to balance the activity ratios of the upper trapezius to the
lower trapezius, middle trapezius, and serratus anterior. This
ratio should be the same or a bit less, as high ratios can lead to
an imbalance in scapular stabilizer muscle activity. This im-
balance may cause scapular dyskinesia, which can increase
the risk of shoulder disorders, including rotator cuff tendi-
nopathy [33].

Exercises designed to elicit maximum activation of the su-
praspinatus and infraspinatus muscles, including external ro-
tation from 0 degrees abduction with a flexed elbow to 90 de-
grees, empty can, and full can [34].

Lower-limb aerobic exercise was incorporated to improve
the function of the kinetic chain associated with scapular
movement and to promote regional blood flow. Backward
walking was chosen because it may reduce loading on the
knee joint [35], while increasing activation of the core muscu-
lature involved in scapular control, making it a suitable exer-
cise for this patient [36, 37].

The exercise plan and the exercises are summarized in Ta-
ble 1.

Table 1. The exercise plan and prescription.

Type of exercises Intensity Frequency

Scapular stabilization 20-40% IRM 3 times per week

Rotator cuff strengthening 20-40% 1RM 3 times per week

Aerobic speed 1-2 m/h 3 times per week

Based on previously published BFR strengthening proto-
cols, the patient performed four sets of each exercise, consist-
ing of 30 repetitions in the first set followed by three sets of
15 repetitions. A 30-second rest period was provided between
sets, while cuff pressure was maintained throughout the exer-
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Protocol of BFR training Name of Exercises
Rep:30/15/15/15 LOP: 50%

Rest between sets: 30-60 s scaption /Robbery

External rotation with no abduc-
tion (while standing) full can

Rep:30/15/15/15 Rest between
sets: 30-60 s

10 minutes LOP:80 mmHg Backward walking

cise using the continuous occlusion method [11]. The inter-
vention included 12 supervised treatment sessions over four
weeks (three sessions per week). During each exercise, the pa-
tient reported the level of effort using the Rating of Perceived
Exertion (RPE) scale, with the target intensity maintained be-
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tween 6 and 8 (moderate to hard) [18]. During the initial treat-
ment session, the estimated 1RM, calculated using the Brzycki
equation, was 2 kg. Exercise intensity was prescribed at 15-
20% of the estimated 1RM during the first two weeks and was
increased to 30-40% during the final two weeks of the inter-
vention.

limb occlusion pressure (LOP)

To determine the LOP, a manual doppler (§ Mhz, EDAN
doppler) was employed. OP was defined as the minimum cuff
pressure required to completely eliminate the arterial pulse
signal detected by the Doppler. According to current BFR ex-
ercise guidelines, cuff pressure corresponding to 50% of LOP
for the upper limb and 80% of LOP for the lower limb is rec-
ommended during exercise [11]. The BFR system used in this
study was a Smart Cuff BFR device equipped with a portable
vascular Doppler (EDAN Vascular Doppler, 8 MHz), medium
cuffs (17.5-23 inches) for the lower extremities, and a small
cuff (17 inches) for the upper extremity.

To determine LOP, the patient first remained seated in a re-
laxed position for 10 minutes. The cuff was then placed
around the most proximal portion of the limb being tested. For
the upper limb, the Doppler probe was positioned over the ra-
dial artery at approximately a 45° angle while avoiding exces-
sive pressure that could interfere with blood flow. Cuff pres-
sure was gradually increased until the arterial pulse signal dis-
appeared, and this pressure was recorded as the LOP. The
measured LOP values were 120 mmHg for the right upper
limb, 240 mmHg for the right lower limb, and 160 mmHg for
the left lower limb. To reduce the possibility of peripheral
nerve compression, the upper-limb cuff was always positioned
as proximally as possible.

Table 2 summarizes the LOP values and their progression
throughout the intervention, which was adjusted to reduce dis-
comfort and delayed-onset muscle soreness (DOMS). The ta-
ble also presents the progression of treadmill speed during the
backward-walking exercise program.

Table 2. Progression of LOP, weight and speed.

Second two weeks First two weeks

30-40% IRM 15-20% IRM

50% LOP 30-40% LOP

80% LOP 60-70% LOP

1.5-2 mph 0.8-1 mph
3. Results

Table 3 compares the mean values of all outcome measures
obtained at baseline and after the final treatment session, to-
gether with the patient's pain scores recorded using the NPRS.
Following the 12-session intervention, increases were ob-
served in the strength of the supraspinatus, serratus anterior,
and the middle and lower trapezius muscles. Muscle thickness
also increased in both the supraspinatus and upper trapezius,
with a greater increase observed in the upper trapezius. The
mean pain pressure threshold of both the supraspinatus and

Progression

Weight (% 1RM) (Kg)
LOP in upper limb (mmHg)
LOP in lower limb (mmHg)
Speed (mhp)

deltoid muscles improved after the intervention. In addition,
the average NPRS score recorded 15 minutes before and after
each treatment session decreased from 2.91 to 1.50 (Tables 3
and 4). A reduction in supraspinatus muscle echogenicity was
also observed (Figure 4). Overall, favorable changes were
found across all measured outcomes.

Figure 5 illustrates a comparison of muscle strength before
and after treatment, while Figure 6 displays changes in muscle
thickness. In the next figure (Figure 7), the comparison of the
PPT of the deltoid and supraspinatus muscles, along with the
NPRS are presented. Figure 8 specifically highlights the re-
duction in supraspinatus muscle echogenicity.

Table 3. Comparing the mean of outcome variables.

Before
Outcomes

First session (mean)

Serratus anterior strength (N) 1.23

Middle trapezius strength (N) 0.90
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After
Change (%A)
Final session (mean)
6.33 414.63
2.86 217.77
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Before After
Outcomes Change (%A)
First session (mean) Final session (mean)
Lower trapezius strength (N) 0.26 3.13 1103.84
PPT supraspinatus (Kg/cm?) 3.11 4.06 30.54
PPT deltoid (Kg/cm?) 1.77 434 145.19
Supraspinatus thickness (mm) 7.262 7.432 2.340
Echogenicity 25.535 17.098 -33.04
Upper trapezius thickness (mm) 1.450 1.798 24
Upper + supra thickness (mm) 9.040 9.379 3.75
Supraspinatus strength (N) 1.60 5.60 250
Supraspinatus tendon thickness (mm) 2.557 2.436 -0.047
NPRS 1.1 0.6 -45.45
FSS 4.33 2.33 -46.18
0 Intensity (unweighted) 255 0 Intensity (unweighted) 255

Count: 8836 Min: 0 Count: 8836 Min: 0

Mean: 25.535 Max: 184 Mean: 17.098 Max: 171

StdDev: 28.265 Mode: 0 (373) StdDev: 28.662 Mode: 0 (2796)

Figure 4. Echogenicity of supraspinatus muscle.
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Table 4. Amount of NPRS before and afier each session.

Number of the NPRS before the NPRS after the
session session session
1 5 2
2 3 1
3 4 4
4 3 1
5 6 3
6 3 2
7 2 3
8 4 1
2 0
10 1 0
11 2 1
12 0 0
Mean 291 1.50

4. Discussion

In this case study, a patient diagnosed with MS underwent a
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novel treatment approach involving LLRE+BFR for suprasp-
inatus tendinopathy. Substantial positive outcomes were ob-
served, with notable improvements in supraspinatus and upper
trapezius thickness, enhanced muscle strength in supraspinatus,
serratus anterior, middle and lower trapezius. Furthermore, the
treatment positively impacted PPT measurements for both del-
toid and supraspinatus muscles, along with beneficial changes
in NPRS parameters. Supraspinatus echogenicity also improved
after intervention. Higher echogenicity of muscles is related to
muscle weakness and atrophy. In other words, increased echo-
genicity could be interpreted as increased edema/inflammation,
and decreased muscle quality and muscle glycogen. However,
decreased echogenicity, which was the case in this study, indi-
cates the exact opposite [29, 30].

Most studies tend to focus on the distal effects of BFR, spe-
cifically emphasizing its influence on muscle strength and hy-
pertrophy in muscles located below the cuff, while there are
fewer studies investigating its proximal and contralateral ef-
fects, most of which report positive outcomes following BFR
exercises [18, 38]. Studies by Bowmann and Lambert demon-
strated that LLRE combined with BFR can improve the
strength and muscle mass of shoulder muscles located proxi-
mal to the cuff. These findings indicate that this training ap-
proach may be useful in the rehabilitation of conditions such
as shoulder tendinopathy, scapular dyskinesis, and shoulder
instability pre- or post-surgery [18, 39]. In a study by Wang et
al. (2026), BFR training yielded significant improvements in
muscle strength and physical performance in different neuro-
logical populations, suggesting that the mechanisms responsi-
ble for muscle adaptation are preserved even in individuals
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with neurological impairment. Likewise, Blazquez-Fernandez
et al. (2024) showed clinically meaningful improvements in
muscle strength and function with low-load BFR exercise
among MS [52, 54].

The findings of our study align with those of Bowmann et
al. (2020) and Brumitt et al (2020) studies. Bowmann et al.
found that hat LLRE+BFR increased proximal muscle
strength and hypertrophy in healthy participants [18, 38]. Sim-
ilarly, Brumitt et al reported that both LLRE+BFR and LLRE
independently can improve strength and thickness of suprasp-
inatus in healthy subjects [35]. Consistent with these findings,
the results of our investigation demonstrated increased muscle
strength and hypertrophy after completing the LLRE+BFR
program despite having supraspinatus tendinopathy. Follow-
ing intervention, she achieved full range of motion in abduc-
tion and flexion without any signs of weakness.

Numerous studies have explored the effects of exercise with
BFR on pain in both healthy individuals and individuals with
musculoskeletal disorders [12, 13]. These studies report that us-
ing LLRE+BFR holds the potential to enhance muscle strength
and hypertrophy, and to alleviate pain [12, 13, 18]. Supraspina-
tus tendinopathy causes referral pain to the deltoid region and
arm, and contributes to central sensitization in these patients.
The primary source of pain in these cases is frequently at-
tributed to an increase in central sensitization rather than tissue
injuries [4, 40]. The findings of this study align with research
conducted by Hughes et al. (2020) investigating the distal effect
of BFR on pain perception. This study also demonstrated that
LLRE+BFR can effectively alleviate proximal and distal pain
in shoulder disorders [12]. After treatment, the patient no longer
experienced pain at rest and achieved full range of motion in
active movements of the right arm. She also no longer suffered
from sleep disturbances caused by shoulder pain.

In a study by Hughes et al. (2019) four possible neurophys-
iological mechanisms were introduced to elucidate the neuro-
physiological mechanisms underlying BFR's impact on pain
alleviation [51]. Firstly, BFR can stimulate baroreceptors in
vessels, activating regions of the Central Nervous System
(CNS) responsible for pressure and pulse control. This stimu-
lation triggers descending inhibitory mechanisms, leading to
pain relief. Second, according to the gate control theory, the
temporary discomfort produced during BFR exercise may in-
hibit the perception of musculoskeletal pain. The third path-
way is restricted venous return promotes the accumulation of
metabolic by-products around the working muscles, stimulat-
ing type III and IV metaboreceptors. Activation of these re-
ceptors is believed to increase the release of endogenous opi-
oids and endocannabinoids, contributing to pain relief. Finally,
the reduction in blood flow accelerates fatigue of slow-twitch
muscle fibers, leading to greater recruitment of fast-twitch fi-
bers. Increased activation of these fibers may suppress pain
transmission. Regarding this mechanism, training with high-
intensity can effectively reduce pain. Despite the low-load na-
ture of exercise with BFR, its addition substantially elevates
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exercise intensity and pressure, potentially leading to signifi-
cant pain reduction.

Several studies have been conducted about the effects of BFR
training in neurological rehabilitation. Recent systematic reviews
have strengthened the evidence supporting BFR exercise in peo-
ple with MS and other neurological disorders. Blazquez-Fernan-
dez etal. (2024) reported improvements in muscle strength, phys-
ical performance, fatigue, and exercise feasibility in individuals
with MS after BFR training. Similarly, Jonsson et al. (2024) con-
cluded that BFR exercise with proper protocols is generally safe
and effective across neurological conditions. Furthermore, the
most recent meta-analysis by Wang et al. (2026) supports BFR
effectiveness on on strength and function in neurological disor-
ders, including studies on MS patients [52-54]. In a case report,
Cohen et al. (2021) reported that LLRE+BFR in a 54-year-old
patient with primary progressive MS resulted in improvements in
the Multiple Sclerosis Walking Scale (MSWS-12), the Fatigue
Severity Scale (FSS), patient-specific functional goals assessed
by the Patient-Specific Functional Scale (PSFS)—including run-
ning for exercise and recreation for 45 minutes, climbing a flight
of stairs with complete confidence, and driving safely without re-
strictions—as well as all 14 lower-extremity strength measures
[6]. Similarly, study conducted by Freitas et al (2021) demon-
strated that MS patients can tolerate LLRE+BFR and require less
muscular exertion compared to HLRE. Furthermore, this ap-
proach does not induce pain during exercises and DOMS after
the intervention [41]. These findings collectively suggest that
training with BFR may potentially enhance muscle strength, size,
and quality with reduced physiological stress comparing to tradi-
tional resistance training methods. This study revealed that the
mean NPRS decreased 1.41 which is clinically significant (more
than 1.39 = 1.05) [42]. Furthermore, at the baseline, the FSS score
was 4.33, indicating severe MS-related fatigue. After treatment,
the score decreased to 2.33, reflecting a 2-point improvement
which is a clinically important change (>1.9 points) [43]. This
suggests that the prescribed exercises effectively reduced fatigue
levels in the patient.

In our study, after employing LLRE+BFR, we observed a
decrease in supraspinatus tendon thickness. Similarly,
Skovlund and Cuddeford (2020) demonstrated that therapeu-
tic exercise with BFR can reduce neovascularization and ten-
don thickness in tendinopathy, which results in pain reduction
and improved tendon health [44, 45]. On the other hand, Bru-
mitt et al. (2020) found that supraspinatus tendon CSA in-
creased similarly with both low-load resistance training with
BFR (LL-BFR) and without BFR (LL-RT), indicating that
LL-BFR is not a proper option for the supraspinatus tendon.
He suggests that the physiological effects observed in lower
limb tendons may not translate to upper limb tendons [35].
Furthermore, In some other studies an increase of tendon
thickness is observed in association with LLRE+BFR [46-48].
These mixed findings highlight the complexity of tendon ad-
aptations and underscore the need for further research to fully
understand the implications and underlying mechanisms of
tendon thickness changes, particularly in specific populations
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like MS patients.

The physiological mechanisms responsible for the increases
in muscle strength and hypertrophy following LLRE+BFR
have not been fully clarified, although several explanations
have been proposed [49, 50]. Because the mechanical load
during LLRE+BFR is relatively low, it is believed that meta-
bolic stress, rather than mechanical tension, is the primary
stimulus for muscle adaptation [49, 50]. During LLRE+BFR,
muscle ischemia generated during the exercises results in met-
abolic stress on muscle [50]. This condition promotes the ac-
cumulation of metabolites, including lactate, inside the muscle
cells, which increases osmotic pressure by drawing interstitial
fluid into the cells [50]. Consequently, this accumulation leads
to inflammation within the muscle cell, activating protein gen-
eration pathways such as mTOR and MAPK [50]. The result-
ing cell swelling activates intracellular signaling pathways in-
volved in protein synthesis, such as the mTOR and MAPK
pathways, ultimately promoting muscle hypertrophy [50].
Therefore, metabolic stress is considered one of the principal
mechanisms underlying the anabolic effects of BFR [50],
leading to improvements in muscle strength and hypertrophy
in muscles located distal to the cuff.

The mechanism responsible for the proximal effects of BFR
is less well established. One possible explanation is that fa-
tigue of the distal muscles during LLRE+BFR increases the

recruitment and compensatory activation of proximal muscles.

In addition, the biceps and triceps muscles, which are located
distal to the cuff and are more responsive to strength and hy-
pertrophy adaptations, contribute to glenohumeral stability.
Their increased activation may indirectly facilitate improve-
ments in the strength of muscles located proximal to the cuff.
To the best of our knowledge, no previous study has investi-
gated the proximal effects of LLRE+BFR in patients with mul-
tiple sclerosis who present with shoulder pain. Our positive
findings underscore the necessity for further investigation and a
more comprehensive exploration into the effectiveness of
LLRE+BFR for MS patients with musculoskeletal disorders.

5. Conclusion

This study suggests that LLRE+BFR could be a potentially
effective option for MS patients with supraspinatus tendinopa-
thy. After the 4-week intervention, improvements were ob-
served in strength, muscle and tendon thickness, pain, and fa-
tigue with no adverse events. These findings support the po-
tential proximal effects of LLRE+BFR on the shoulder and
indicate that this approach may be a viable alternative to
HLRE for those who cannot tolerate high loads. However, as
this report describes a single patient, the findings should be
interpreted with caution and cannot be generalized.

6. Recommendations

LLRE+BFR could be considered an adjunct rehabilitation
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strategy in clinics for MS patients with concomitant shoulder
tendinopathy, especially when fatigue and pain limit their
ability to tolerate high loads. There is a need for studies with
larger sample sizes, longer follow-up periods and controlled
study designs to confirm the effectiveness of this approach.
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