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Abstract

Background: Blood Flow Restriction (BFR) training may be an alternative when traditional
heavy-load training is unsuitable. This study compared BFR with light loads to traditional
strength training for shoulder muscle development proximal to the occlusion site; Meth-
ods: A total of 22 healthy adults were randomized into Group A: BFR training (30% 1RM;
n = 12) and Group B: Traditional strength training (70% 1RM; n = 10). Four-week protocol
(2 sessions/week) included shoulder abduction and lateral rotation, and dumbbell over-
head press. Arm circumference, Single Arm Seated Shot-Put Test (SAASPT), vertical lift
strength (VLS) and Shoulder Endurance Test were assessed at baseline and at the end of the
protocol. Cohen’s d effect size was calculated for significant outcomes; Results: Significant
gains occurred in both groups across most parameters. The magnitude of effects was, in
Group A, large on Arm circumference and SASSPT (Cohen’s d = 0.870 and 1.158, respec-
tively) and very large in VLS and SET (Cohen’s d = 1.284 and 1.301, respectively). In Group
B, the magnitude of effects was large in SASSPT and VLS (Cohen’s d = 0.962 and 0.922,
respectively) and very large in SET (Cohen’s d = 1.238); Conclusion: BFR training with
light loads effectively improved musculature proximal to the occlusion site, demonstrating
comparable strength gains to heavy-load training in healthy individuals.

Keywords: endurance; female; hypertrophy; KAATSU; male; power; shoulder; strength

1. Introduction
Therapeutic exercise overload is widely recognized as the most effective and prevalent

approach in the rehabilitation of the musculoskeletal system across various regions of the
human body. Evidence-based guidelines for muscle strengthening protocols, such as those
proposed by the American College of Sports Medicine (2009) [1], emphasize the principle
of physiological adaptation to mechanical stress. These protocols typically prescribe vary-
ing load intensities, with hypertrophy-oriented regimens recommending loads ranging
from 70% to 80% of an individual’s one-repetition maximum (1RM) [1]. However, such
protocols are often impractical in clinical contexts where patients present with limitations
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such as pain, structural deficits, or post-surgical recovery. This situation poses significant
challenges for physiotherapists, particularly in managing shoulder pathologies, which rank
among the most prevalent musculoskeletal disorders of the upper limb [2]. These condi-
tions affect a wide range of individuals, including both athletes [3] and non-athletes [2],
thereby requiring the development of adaptable and effective rehabilitation strategies. In
many clinical scenarios, reaching the high load thresholds needed to stimulate muscle
hypertrophy or maintain strength is often unfeasible, particularly in postoperative settings
or when pain, muscle atrophy, or structural damage is present. Over the past decade,
Blood Flow Restriction (BFR) training has garnered increasing attention for its proven
efficacy in enhancing muscle strength and hypertrophy, even under low-load conditions [4].
Initially developed by Yoshiaki Sato in 1966 in Japan [5], BFR training involves performing
low-load exercises (30% of 1RM) while restricting blood flow through a compressive cuff
applied at the proximal limb [4]. Although the precise mechanisms remain incompletely
understood, studies suggest that BFR induces metabolic stress through venous occlusion
and partial arterial flow restriction [6]. These conditions activate various cellular path-
ways, promoting enhanced muscle strength and hypertrophy. Specifically, hypoxic and
acidic intramuscular environments stimulate cellular growth, proliferation, and protein
synthesis [7]. Furthermore, BFR facilitates angiogenesis as a compensatory response to
hypoxia [8]. The metabolic stress induced by BFR training preferentially recruits type II
muscle fibers [9].

To date, BFR training has been investigated more extensively in the lower limb than
in the upper limb. Moreover, most research in this field has primarily focused on the
distal effects relative to the occlusion site. However, recent evidence suggests that muscles
proximal to the occlusion, such as the shoulder muscles, also derive significant benefits
in terms of strength and hypertrophy [10]. Several mechanisms have been proposed to
explain these proximal adaptations, including remote ischemic preconditioning, a backflow
phenomenon where vascular pressure builds proximal to the cuff [6], and increased EMG
activity of proximal musculature [11].

Despite these promising findings, significant knowledge gaps remain regarding the ef-
ficacy of upper limb BFR training for shoulder muscle development. Specifically, this study
compared the effects of BFR training versus traditional high-load training on comprehen-
sive shoulder muscle function, including strength, power, endurance, and morphological
adaptations. Furthermore, the optimal BFR protocols for shoulder muscle training remain
undefined, limiting clinical translation and evidence-based implementation.

Thus, we hypothesize that vascular restriction applied to the upper limb, in com-
bination with low-load exercises, can effectively enhance shoulder muscle hypertrophy,
power, endurance, and strength. This study aimed to compare the effects of an 4-week BFR
training program using 30% of one-repetition maximum (1RM) versus traditional strength
training using 70% of 1RM on shoulder muscle strength, power, endurance and hypertro-
phy in healthy adults. Demonstrating these effects in a healthy population could provide
critical insights into advancing clinical approaches to shoulder rehabilitation, particularly
in scenarios where the use of high loads is contraindicated or impractical.

2. Results
Seventy-four individuals responded to the questionnaire and forty were eligible to

participate in the study. Twenty-three accepted to participate in the study, twelve in the BFR
group and eleven in the High-load group (without BFR). One participant in the High-load
group dropped out after two sessions (Figure 1).
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Figure 1. Flowchart of participant enrolment, allocation, follow-up and analysis.

Participants’ characteristics by group are presented in Table 1.

Table 1. Participants’ characteristics.

BFR Group
(n = 12)

High-Load Group
(n = 10) p

N (%) N (%)

Sex
Female 9 (75) 7 (70)

0.583 a
Male 3 (25) 3 (30)
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In ArmC, a significant increase was observed only in BFR group. Regarding the
remaining tests, the increases were significant in both groups. The magnitude of the
phenomena was higher in all outcome measures in BFR group. Thus, in BFR group, the
effect size was large in ArmC and SASSPT, and very large in VLS and SET. As for High-load
group, the effect size was large in SASSPT and VLS, and very large in SET (Table 3).

Table 3. Comparison of mean differences in arm circumference, power, strength, and endurance
between baseline and final assessments, along with corresponding effect sizes, for both groups.

BFR Group
(n = 12)

High-Load Group
(n = 10)

M1−M0
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Post-session muscle soreness (Delayed Onset Muscle Soreness) and training discom-
fort were the most frequently reported symptoms in the BFR group. Discomfort was
typically experienced during the final repetitions of each set (30/15/15/15), especially
during initial sessions, but consistently scored below 7/10 on a numeric scale as recom-
mended [12,13]. These symptoms diminished over subsequent sessions, with reports of
muscle soreness ceasing after the second week. No adverse events or complications were
recorded throughout the study period.

3. Discussion
The aim of this study was to compare the efficacy of a training protocol through the

application of BFR on the upper limb to traditional strength training, on the proximal
muscles of the shoulder proximal to the occlusion site, in healthy adults. Both training
types improved muscle strength, power and endurance, but the magnitude of the effect
was slightly higher on the BFR training group.

The findings of the present study align with emerging evidence suggesting that proxi-
mal musculature can benefit from the metabolic effects induced by this technique [11,14].

Most studies on BFR application in the upper limb focused on its distal effects to
the occlusion region [15,16]. However, our results support the growing body of evidence
demonstrating proximal benefits. A recent systematic review and meta-analysis reported
that low-load BFR training seems to be as effective as high-load resistance training in im-
proving strength in upper body muscles proximal to the occlusion site in healthy adults [10].
This finding is further supported by a recent study, which likewise demonstrated compara-
ble strength gains under similar conditions [17]. Supporting evidence for this phenomenon
includes a study demonstrating significant hypertrophy of the pectoralis major following
low-intensity bench press training with BFR [18].

The superior results observed in the BFR group can be attributed to several intercon-
nected mechanisms. BFR training has been shown to enhance motor unit recruitment,
thereby promoting neuromuscular adaptations in proximal musculature. For example,
Fatela et al. [19] reported increased activation of motor units with higher action potential
amplitudes during low-intensity resistance exercises with BFR. This effect was corroborated
in a recent study by Liu et al. [20], highlighting the ability of BFR to activate motor units
typically engaged during high-intensity exercises, even at lower loads. These neurolog-
ical adaptations may explain the strength improvements obtained in the present study,
particularly given the relatively short intervention duration.
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From a metabolic perspective, the enhanced efficacy of BFR can be attributed to the
creation of a localized hypoxic environment, which stimulates the upregulation of cellular
signaling pathways [6]. Additionally, BFR is known to preferentially recruit type II muscle
fibers through metabolic stress induced by occlusion [9]. Interestingly, a recent systematic
review revealed equivalent hypertrophy in both type I and type II fibers with BFR training,
suggesting that fiber activation patterns may be broader than previously thought. These
findings underscore the need for further research to better understand the mechanisms
underlying endurance improvements with BFR strength training [21].

Both groups exhibited significant strength gains in the shoulder muscles proximal to
the occlusion site. While favorable outcomes were anticipated for the traditional High-load
training group, known to promote muscle hypertrophy via mechanical stress and sub-
sequent strength adaptations [1], the BFR group achieved superior results in terms of
effect size. These findings reinforce the potential of BFR training to elicit neuromuscular
improvements across both proximal and distal muscle groups through the mechanisms
described above.

Both groups showed significant improvements in power test performance, with similar
effect sizes between groups, though slightly higher in the BFR group. As power is a function
of strength and speed, this improvement may reflect the observed strength gains. Since
both strength and power showed similar patterns of improvement between groups, with
slightly greater effect sizes in the BFR group, this suggests a consistent adaptation pattern.
However, as speed was not independently assessed, further studies are needed to elucidate
the specific contributions of strength and speed to power enhancements.

Although the exercises implemented were not designed to develop muscular en-
durance, significant improvements in this parameter were observed in both groups. De-
spite traditional high-load hypertrophy training and BFR with low-load training being
associated with muscle mass increases [1,14], ArmC increased significantly only in the BFR
group. This improvement is consistent with the greater magnitude of effect on maximal
strength observed in this group. ArmC is a non-invasive, widely used indirect measure of
muscle mass [22], though it encompasses other tissue components, such as fat and fluid,
which could bias our results. To minimize measurement error, consistent methodologies
and evaluator training were employed. These changes could reflect transient edema and
fluid shifts rather than true hypertrophy, given that the protocol lasted only 4 weeks.

The findings of the present study suggest that both high-load resistance training and
BFR low-load resistance training elicit measurable improvements in muscular strength,
power, and endurance, particularly in the trained musculature proximal to the pressure
site. Given the relatively short duration of the intervention (4 weeks), it is reasonable to
infer that the performance gains observed are primarily mediated by neural adaptations,
rather than structural changes, such as muscle hypertrophy or fiber-type transitions, which
typically require longer periods of training to manifest [23].

Current evidence regarding long-term differences in muscle excitation between high-
load and low-load BFR training remains inconclusive. However, central activation, assessed
through electrically evoked superimposed twitches, has been shown to increase signifi-
cantly following high-load training, whereas low-load BFR does not consistently elicit the
same response. EMG data from prior studies further support the notion that low-load BFR
may induce neural adaptations comparable to those elicited by high-load training [24].
However, these findings are limited to distal musculature, that is, the muscle groups di-
rectly involved in the exercise and located downstream from the site of vascular restriction.
It remains unclear whether similar neural adaptations occur in proximal muscle groups,
where the hemodynamic and neuromuscular responses to BFR may differ. Moreover, it
remains unclear whether the neural adaptations reported in longer term interventions
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also occur following shorter training duration, such as the 4-week period implemented in
the present study. Future studies incorporating both distal and proximal measurements,
alongside advanced neurophysiological assessments, are warranted to address this gap.

Participants in this study did not engage in sports involving intensive use of the
dominant upper limb, such as tennis, volleyball, or handball. Those who reported regular
or irregular physical activity (e.g., running, swimming, or fitness) limited participation to
less than 3 h per week. The potential for improvement is generally greater in untrained
individuals compared to those already trained, which may partially explain the observed
increases over the 4-week protocol [1]. The previous literature indicates that the initial
benefits of BFR training become evident after 4 weeks of twice-weekly sessions [25], with
more pronounced effects emerging with longer training durations. Extending the protocol
to 6–8 weeks or more could enable load progression based on individual performance,
potentially yielding even greater improvements. A longer study duration would also allow
for intermediate evaluations, including recalibration of 1RM.

From a clinical perspective, the findings of this study indicate that low-load resistance
training combined with BFR is sufficient to elicit significant improvements in strength,
power, and endurance in the shoulder complex. This technique emerges as a promising and
adaptable tool within rehabilitation settings, offering multiple advantages, particularly in
cases where high-load resistance training exercises are contraindicated or when optimizing
functional performance is prioritized. Therefore, BFR training with low loads can be
considered a viable and effective alternative to traditional high-load training for shoulder
muscle strengthening in healthy individuals.

The limitations of this study should be acknowledged. The absence of blinding among
participants and researchers may have introduced bias, as superior outcomes in the BFR
group could be expected. Lifestyle factors such as diet, sleep quality, and stress levels
were not controlled, which may have influenced outcomes. Adherence to the recommen-
dation to maintain consistent physical activity levels throughout the study could not be
independently verified, although participants were instructed to do so. Despite the ac-
knowledged limitations, the implementation of an automated, validated BFR system for
occlusion pressure determination represents a significant advantage. Unlike studies relying
on manual pressure estimation or fixed percentage protocols, our automated approach
eliminated potential bias in pressure determination and ensured consistent, reproducible
occlusion pressures across all assessment timepoints and training sessions. This standard-
ized methodology mitigates concerns regarding measurement variability and enhances the
reliability of between-group comparisons.

Although the findings of the present study suggest that low-load BFR training pro-
duces effects equivalent to those of traditional high-load resistance training on shoulder
muscle strength, power, and endurance, it remains unclear whether these outcomes are at-
tributable to any single proposed mechanism, such as localized hypoxia-induced metabolic
stress, hormonal responses, potential hemodynamic changes proximal to the occlusion
site and increased neuromuscular activation, or rather to a synergistic interplay of mul-
tiple factors [6]. Further studies employing more targeted physiological assessments are
needed to elucidate the specific pathways responsible for the adaptations observed with
BFR training.

This study opens opportunities for future research. While cross-transfer effects to the
contralateral limb were not assessed, previous studies demonstrated such effects in non-
BFR-trained limbs [4,26], warranting investigation of homolateral upper limb adaptations.
Future studies should strive for balanced gender representation, as limited research has
addressed potential differences in muscle strength, hypertrophy, endurance, and power
between males and females [27]. Mechanistic studies could elucidate gender-specific
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responses to BFR training. Additionally, research should explore BFR training at similar
intensities (30% 1RM) with varied training contexts, such as increased session frequency or
reduced recovery periods, to optimize metabolic stress. Finally, investigating BFR utility
in specific populations, including those with pathologies or different age groups, remains
important for future work.

4. Materials and Methods
4.1. Study Design

This investigation was designed as an experimental randomized clinical trial (RCT)
and adhered to the guidelines outlined in the Consolidated Standards of Reporting Trials
(CONSORT) statement [28] (Figure 1). All the subjects provided written informed consent
in accordance with the Declaration of Helsinki. This study was approved by the ethics com-
mittee of Instituto Politécnico de Saúde do Norte (31/CE-IPSN/2024). Trial Registration:
This trial was registered at ClinicalTrials.gov (NCT07186231).

4.2. Sample

Healthy individuals aged 18 to 40 years were recruited for the study through social
media, discussion groups, and physical postings at CESPU facilities. Participants of both
sexes were included, as previous studies have demonstrated comparable metabolic re-
sponses to BFR across genders [29]. A body mass index (BMI) between 18.5 and 30 was
required, as individuals with obesity are frequently excluded from such studies due to an
increased risk of cardiovascular, respiratory, and rheumatologic complications. Exclusion
criteria included participation in sports that heavily involve the dominant arm (e.g., tennis,
volleyball, or handball) and do not engage in strength training exercises on the upper
limb, a history of trauma or surgery affecting the dominant upper limb, acute or chronic
shoulder pain, radiating pain, cervical disc herniation, previous neck surgeries, or upper
limb edema. Additional exclusion factors were a history of deep vein thrombosis, oncologic
or metabolic conditions, such as diabetes, and pregnancy. Participants were also excluded
if they experienced persistent symptoms such as numbness, tingling, or pain exceeding
7/10 on a numeric scale during the training (applicable to BFR group) or if they missed
more than one session during the study.

Participants were randomly assigned using a simple randomization tool provided
by the Sealed Envelope™ (https://www.sealedenvelope.com, accessed on 1 July 2025)
website: BFR group, which followed a protocol with BFR and low load (30% 1RM), and
High-load group, which adhered to a traditional high-load protocol (70% 1RM).

4.3. Procedures

Participants’ eligibility was assessed by an online questionnaire comprising personal
data, sports activity, and medical history questions. Eligible individuals were contacted via
email to schedule the first evaluation session. Before starting the study, a familiarization
period was conducted to train researchers on using equipment, administering tests, and
applying training protocols. Clear instructions and safety procedures were emphasized,
ensuring consistency in application and measurement accuracy. Each researcher was
assigned specific tasks, and adjustments were made as necessary.

For all participants, measurements were conducted after a warm-up following the
same order: ArmC, SASSPT, VLS and SET. Measurements were performed at baseline (M0)
and at least 24 h after the last training session (M1). Participants were instructed to avoid
any intensive upper limb physical effort in the 24 h before testing.

https://www.sealedenvelope.com
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4.3.1. Training Protocol

The study protocol lasted four weeks, with two sessions per week. Each session began
with a warm-up, including mobility and stretching exercises for the shoulders and upper
limbs. At the first session 1RM was determined for each participant and exercise, using a
failure-to-repetition method with applied coefficients [12].

Three exercises which targeted the shoulder musculature were included:

(1) Performed in a standing position, raising the upper limb to 90◦ of abduction and then
returning to the starting position. (Figure 2a,b).

(2) Dumbbell Overhead Press: Executed seated with back support. Weight was elevated
vertically from shoulder level to above the head and returning (Figure 2c,d).

(3) Shoulder Lateral Rotation: Performed lying on a bench. Participant was seated with
the arm resting against the torso and the elbow flexed at 90◦. The movement involved
performing shoulder external rotation (Figure 2e,f).

 

Figure 2. Protocol exercises (a) Shoulder Abduction initial position; (b) Shoulder Abduction final
position; (c) Dumbbell Overhead Press initial position; (d) Dumbbell Overhead Press final position;
(e) Shoulder Lateral Rotation initial position; (f) Shoulder Lateral Rotation final position.

High-load group: Training followed ACSM guidelines for hypertrophy, at 70% of
1RM [12]. Four sets of 8 to 10 repetitions were completed for each exercise, with 2-min rest
between sets and exercises. Movement speed was moderate (1-s concentric, 2-s eccentric).

BFR group: Exercises were performed, with 30% 1RM, in a specific sequence, total-
ing 75 repetitions (4 sets—30/15/15/15, with 30-s rest intervals between sets [4,12,25]).
Movements were performed at a 4-s tempo (2 s concentric, 2 s eccentric).

The cuff pressure was maintained throughout the exercise, released for 60 s between
exercises, and reapplied for the next exercise. Participants rated exercise difficulty, in-
cluding pain, tension, and numbness, using a numeric scale from 0 (no symptoms) to
10 (unbearable). Symptoms exceeding 7/10 on a numeric scale prompted adjustments in
protocol or session cancellation.

Each training session lasted approximately 45 min for both groups. Participants were
advised to maintain the same physical activity levels during the study.
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Determination of Blood Flow Restriction Pressure (BFR)

The Smartcuffs® 3.0 PRO standard set by Smart Tools Plus was used for BFR appli-
cation. The device automatically determined arterial occlusion pressure (AOP) values
at the beginning of each session, applying a limb occlusion pressure (LOP) of 50% [30].
Participants were seated, and the cuff (7 cm width) was placed directly on the skin or
over a thin T-shirt at the uppermost part of the dominant arm (proximal to the deltoid
insertion) [12].

4.3.2. Data Collection
Arm Circumference

The ArmC at the armpit level of the dominant limb was considered representative
of the deltoid muscle mass. The measurement was performed at rest using a standard
measuring tape. The average of three measurements was used for analysis.

Muscle Power

The Single Arm Seated Shot-Put Test (SASSPT) was chosen to assess shoulder muscle
power and upper limb functionality. Participants sat with their trunk and shoulders against
a wall, lower limbs extended, and the non-tested arm placed on the ipsilateral leg to avoid
compensation [31]. Participants threw a 4 kg medicine ball as far as possible. Distances
were recorded using floor-placed tape measures, with video recording to control ball contact
points. Three measurements were taken, with the average used for analysis (Figure 3a,b).

 

Figure 3. Outcomes measurements (a) Single Arm Seated Shot-Put Test initial position; (b) Single
Arm Seated Shot-Put Test final position; (c) vertical lift strength test position; (d) Shoulder Endurance
Test initial position; (e) Shoulder Endurance Test final position.

Vertical Lift Strength

The Smart Groin Trainer (NeuroExcellence) (Braga, Portugal) was used to measure
isometric muscle strength, focusing specifically on a vertical lift task. Concurrent validity
and reliability have been demonstrated with r > 0.89 and ICC coefficients between 0.94 and
0.99, respectively [32]. Isometric muscle strength was evaluated with participants seated,
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the shoulder positioned at 60◦ of abduction, the elbow in flexion, and force applied in the
direction of vertical arm elevation. Participant performed three attempts, and the best
result was considered for analysis [11] (Figure 3c).

Shoulder Endurance Test

The Shoulder Endurance Test (SET) was chosen to evaluate shoulder muscle endurance
due to its controlled pace. Participant stood with his back against a wall, the contralateral
heel touching the wall, and the ipsilateral leg positioned forward. Movement involved
abducting the shoulder to 90◦ and externally rotating to 90◦ while touching the wall.
Resistance was applied using a red elastic band. The distance between the hand and
elastic anchor was fixed at 1 m. A metronome was used to guide movement cadence from
60 bpm, increasing by 30 bpm every 20 s, until 150 bpm. The test ended when participants
failed to maintain pace or movement quality [33]. Test duration was recorded in seconds
(Figure 3d,e).

4.3.3. Data Analysis

Statistical analysis was conducted using SPSS (version 29.0, SPSS Inc., Chicago, IL,
USA). Quantitative variables were described as means and standard deviations or median
and interquartile range as appropriate. Group comparisons employed Fisher’s exact test,
Mann–Whitney U-test, or independent sample t-tests. Paired sample t-tests compared
pre- and post-intervention results. Cohen’s d effect size was calculated for significant
outcomes and classified as Very small: 0.01 < d ≤ 0.20, Small: 0.20 < d ≤ 0.50, Moderate:
0.50 < d ≤ 0.80, Large: 0.80 < d ≤ 1.20, Very large: 1.20 < d ≤ 2.00 and, Huge: d > 2.00.
A significance level was set at p < 0.05.

5. Conclusions
Blood Flow Restriction (BFR) training with light loads could be considered an equiv-

alent method to heavy-load training for shoulder strengthening in healthy individuals.
The findings from this study confirm the efficacy of the applied protocol using low load to
effectively strengthen the shoulder complex. This technique holds promise as a versatile
rehabilitation tool, offering multiple benefits and is particularly well-suited to scenarios
where high-load exercises are not feasible or when performance optimization is the goal.
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