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Abstract

Background: Blood flow restriction is proposed as an effective treatment method due
to strength gain, muscle mass and pain reduction. This review aimed to evaluate and
determine the effects of blood flow restriction training versus conventional training to
optimize the functional recovery process in patients with knee pathologies such as rheuma-
toid arthritis, anterior cruciate ligament rupture and osteoarthritis. Methods: This is a
systematic review study. A literature search of studies published from 2015 to 2025 in
English and Spanish was conducted in the Medline (PubMed), Web of Science, Cochrane
Library, Scopus and Science Direct databases according to the Priority Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines. In order to determine the
methodological quality and scientific evidence of the studies, the Critical Review Form and
Oxford scales were applied. Results: Nine articles with a total sample of 540 subjects were
selected. The methodological quality scores ranged from 7 to 12 points, and the studies
had a level of evidence of 1b with a grade of recommendation of A. Conclusions: Blood
flow restriction training may be an effective alternative to conventional physiotherapy
treatment. Funding: This research did not receive any specific grant from funding agencies
in the public, commercial or non-profit sectors. Registration: This review was registered
on the OSF.

Keywords: blood flow restriction training; osteoarthritis; anterior cruciate ligament;
rheumatoid arthritis; physiotherapy

1. Introduction
Blood flow restriction training, also known as occlusive training (OCT) or Kaatsu

training, was patented and developed by the Japanese researcher Yoshiaki Sato during
the 1970s and 1980s [1]. It consists of performing a series of exercises with very light
loads (around 20–40% of the 1 RM, which is the maximum load at the specific resistance
that allows for only one repetition in that series and in a specific exercise) or light aerobic
exercise such as walking, with a decrease in blood supply to the muscle by applying a
pressure between 100 and 240 mmHg on the proximal musculature of the limb [2]. This
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pressure is applied by means of a cuff, which is inflated enough to occlude venous return
but low enough to maintain arterial inflow. This method provides benefits in terms of
strength and muscle mass, such as those produced by high-load training [3].

Numerous factors must be considered for its effective and risk-free use [4], such as the
type of exercise, the material chosen or factors which are specific to the individual, such as
the size of the limb or the pressure exerted. Although this method has proven to be safe
and effective, contraindications may occur. Contraindications could be hematomas (13%),
localized paranesthesia (1%), dizziness (0.3%), deep vein thrombosis (0.06%), pulmonary
embolism (0.008%), rhabdomyolysis (0.008%) and worsening of ischemic heart disease
(0.02%), among others [5].

However, a review carried out by Scott BR. et al. [3] attempts to reach a consensus
considering the variables and contraindications mentioned above to find the most effective
and safe methodology for performing BFR.

Several key aspects for its application must be considered [6]:

- The stimulus must be individualized, considering the pressure applied according to
the characteristics of the subject, the circumference of the limb and the cuff.

- The BFR produces its greatest benefits in terms of muscle development when combined
with light loads. Improvements are also observed using only flow restriction during
immobilizations or combined with low-intensity aerobic exercise.

- In healthy individuals, the effects of training are maximized if BFR is combined with
traditional training with high loads.

1.1. Physiological Effects of Blood Flow Restriction Training
1.1.1. Physiological Mechanisms of Flow Restriction Training

Blood flow restriction training, also known as occlusive training, triggers a variety
of physiological responses that make it a useful tool for both injury prevention and re-
habilitation [7]. One of the key effects is the increased recruitment of muscle fibers and
a rise in electromyographic activity, suggesting that muscles are working harder even
under low loads. This technique also heightens the stimulation of type III and IV afferent
nerve fibers, enhancing neuromuscular feedback. On a cellular level, it causes muscle cells
to swell and leads to greater metabolite buildup, particularly lactate—which suggests a
more intense metabolic environment. These conditions are typically accompanied by lower
sarcoplasmic pH and reductions in phosphocreatine and ATP levels, reflecting increased
energy demand. At the same time, it supports greater muscle glycogen storage, improves
arterial flexibility, and positively influences the autonomic nervous system. Furthermore,
these adaptations contribute to better muscle performance and recovery, making occlusion
training a promising strategy in sports and rehabilitation settings.

1.1.2. Neuromuscular Responses to Flow Restriction Training

According to the size principle, under normal conditions, slow or type I muscle
fibers are the first to act during low-intensity training, with high intensities necessary
for the recruitment of fast or type II fibers. However, in flow-restricted training, both an
increase in the recruitment of these fibers and greater electromyographic muscle activity
are observed. This recruitment is a result of training with high loads, and is much greater
than that produced with light loads without occlusion. The increase in fiber recruitment
is due to the stimulation of afferent fibers in groups III and IV. This leads to corticomotor
hyperexcitability, which produces neural adaptations such as those seen in high-intensity
training if performed in a planned and time-regulated manner [8].
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1.1.3. Metabolic Responses to Blood Flow Restriction Training

BFR produces “cellular swelling” leading to an accumulation of metabolites, which
creates a pressure gradient favoring cell perfusion, leading to an increase in cell volume.
This chronically induced increase in intracellular space threatens the membrane structure,
initiating the cell’s anabolic adaptive responses to reinforce the structure. With BFR, there
is an increase in blood, plasma and muscle cell lactate levels. In turn, acidification is
achieved, as well as a reduction in phosphocreatine and ATP levels. However, muscle
glycogen increases [9].

1.1.4. Hemodynamic Responses to Blood Flow Restriction Training

In terms of hemodynamic responses, the inability of some venous blood to return
causes systolic volume to decrease and heart rate and blood pressure to increase in an
attempt to normalize cardiac output, leading to an increase in myocardial oxygen demand.
Chronically, BFR produces adaptations at the vascular level, with positive effects on carotid
artery compliance and endothelial function in brachial arteries, as well as angiogenesis
stimulation. BFR increases both sympathetic and parasympathetic nervous activity at the
cardiac level [10].

1.1.5. Endocrine Responses to Blood Flow Restriction Training

The main hormonal response to BFR is an increase in growth hormone (GH), reaching
values equal or higher than those obtained in high-load training. Values of approximately
290 times higher than the initial values have even been observed. Another important
response is an increase in mammalian target of rapamycin (mTOR) and S6K1 phospho-
rylation, the latter being up to three times higher immediately after EO. There is also
an elevation in heat shock protein (HSP-72) activation, as well as norepinephrine (NE).
Regarding reactive oxygen species, increases in nitric oxide (NO) have been observed by
indirect markers such as maximal arterial dilation, which is dependent on its activation,
or increased NOS-1 values. This has been observed indirectly due to the short lifespan of
NO. With regard to growth factors, increases in insulin-like growth factor-1 (IGF-1) and
endothelial growth factor (VEGF) levels are observed. However, this training method has
been found to be ineffective in terms of modifying testosterone levels. Furthermore, in
relation to negative responses, there is a decrease with respect to high-intensity training
in cortisol and myostatin response, as well as decreases in markers such as Atrogin-1
or MuRF-1 [11].

1.2. Use of BFR in Knee Pathologies

Occlusive training techniques are being increasingly adopted as a possible treatment
for several conditions related to the musculoskeletal system [12]. Among them, more
studies have been conducted on anterior cruciate ligament (ACL) rupture [13]. Although
it is generally a sports injury, it is also prevalent among physically active people. Poorly
vascularized and with a limited capacity for healing, the ACL is highly vulnerable. Most of
the injuries (about 70%) [14,15] occur through indirect mechanisms and they arise during
sudden deceleration or change in direction, or even when someone is coming down from a
jump and the knee is almost extended [16,17]. Effective rehabilitation approaches should
be based on a clear understanding of its structural and biomechanical properties [18].

Osteoarthritis (OA) is the degenerative disease that affects the joints [19]. It is a
condition in which there is damage to the cartilage and bone remodeling, most commonly
at the hip, knee, cervical spine and hand joints [20]. It is the most prevalent rheumatic
disease in the world. About 28% of people over 60 suffer from this condition, with 80%
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suffering movement limitations. In Spain, this disease affects about 7 million people and
leads to disability, especially among women [21,22].

Finally, rheumatoid arthritis (RA) is an autoimmune, chronic condition causing sus-
tained synovitis pain and swelling in the joints, along with cartilage destruction [23]. In
other instances, it may manifest as a systemic inflammatory disease that affects not only the
joints but also the skin, blood vessels and internal organs. Atrophic changes and structural
deformities are common in later stages of the disease process [24]. The diagnosis of this
disease is made according to criteria defined by EULAR and ACR, which include evidence
of synovitis at least in one or more joints detected by serological markers (RF and ACPA)
and symptoms which persist at least for six weeks [25].

It is necessary to establish the relevant information in this area. Therefore, this sys-
tematic review aimed to evaluate and determine the effects of blood flow restriction train-
ing versus conventional training to optimize the functional recovery process in patients
with knee pathologies such as rheumatoid arthritis, anterior cruciate ligament rupture
and osteoarthritis.

In recent years, scientific evidence has reinforced the clinical relevance of BFR training
in the field of rehabilitation, especially in patients who cannot tolerate high mechanical
loads. The most recent studies confirm that low-load exercise combined with BFR can
significantly improve muscle strength and functional outcomes in rehabilitation processes
for knee osteoarthritis, anterior cruciate ligament reconstruction and rheumatoid arthritis,
without increasing the incidence of adverse events [26–29]. These findings reinforce the
usefulness of BFR as a safe and effective complement to traditional resistance training,
especially in populations with limited load tolerance. However, methodological differ-
ences between studies and the scarcity of comparative analyses between different knee
pathologies justify the need for a systematic review that integrates the most recent available
evidence and assesses its current clinical applicability.

According to the literature analyzed, the guiding question of the systematic review is
as follows: How effective is blood flow restriction in patients with knee pathology compared
to conventional training? The overall objective is to evaluate and determine the effects
of blood flow restriction training compared to conventional training in optimizing the
functional recovery process in patients with knee conditions such as rheumatoid arthritis,
anterior cruciate ligament rupture and osteoarthritis.

2. Materials and Methods
2.1. Search Criteria

The PICO (patient, intervention, comparison, outcomes; detailed in Table 1) strategy
was used for the literature search. This mnemonic code makes it easier to remember the
components of the structure: (P) patient or patient characteristics; (I) intervention: main
intervention to consider (therapeutic, preventive, diagnostic and risk exposure, among oth-
ers), (C) comparison intervention: alternative with which to compare the main intervention
(it should be taken into account that sometimes there is no intervention to compare) and (O)
outcomes: results to assess, i.e., effects of the intervention in terms of improvement, side
effects [30]. This study was conducted according to the recommendations of the Preferred
Reporting Items for Systematic Review and Meta-Analyses (PRISMA) [31] the supplemen-
tary document (Table S1: PRISMA) and was previously registered in the OSF Registries
with number hg4p7 and DOI https://doi.org/10.17605/OSF.IO/4TA5Y. Therefore, the
PICO question is as follows: What is the effectiveness of blood flow restriction in patients
with knee pathology versus conventional training? (Table 1).

https://doi.org/10.17605/OSF.IO/4TA5Y
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Table 1. PICO question.

Patient Patients with Knee Pathologies

Intervention Blood flow restriction training
Comparison Blood flow restriction training vs. conventional physiotherapy
Outcomes, results How effective blood flow restriction is in knee patients

Table created by author.

2.2. Criteria for Selection

Inclusion criteria were as follows: articles which included patients with knee patholo-
gies and used the blood flow restriction (BFR) technique published in English and Spanish
between 2015 and 2025. The studies excluded were those which did not use the flow
restriction technique or those which applied this technique in another joint group. The
use of the technique and the evaluation of its effectiveness in the current literature and in
scientific evidence have demonstrated benefits in ACL injuries in OA and RA. Therefore,
all the articles which were included in this review focus on the use of this technique in
these pathologies.

2.3. Search Strategy

The literature search was conducted in January 2025. Articles written in both English
and Spanish from the following databases were included: Medline (PubMed), Scopus, Web
of Science, Cochrane Library and Science Direct. Duplicate articles were excluded using
the Zotero bibliographic manager. Search strategies were based on the eligibility criteria
described above. Medical Subject Headings (MESH), keywords and Boolean operators were
used to refine the search: “blood flow—restricted”, “knee,” “physical therapy”, “physiother-
apy,” “rehabilitation”, grouped in the following search equation: (Blood Flow—restricted)
AND ((Physical therapy) OR (physiotherapy) OR (Rehabilitation)) AND (Knee).

2.4. Evaluation of the Methodological Quality

The Critical Review Form—Quantitative Studies scale [32] was used to assess the
methodological quality of the selected articles. This scale uses 15 questions to evaluate
the following aspects: the purpose of the study, the literature, the design of the study,
the sample, the outcomes, the intervention, the results from a statistical point of view,
the conclusions and the consequences. The questions are answered with “yes” or “no”
depending on whether what is indicated in the criteria is fulfilled. However, in order
to obtain a numerical score, “yes” will correspond to a score of one and “no” to a score
of zero.

To complement this quantitative rating, risk of bias in the randomized trials was
examined with the revised Cochrane risk-of-bias tool RoB 2. This instrument covers
five domains: randomization, deviations from intended interventions, missing outcome
data, outcome measurement and selection of reported results, and classifies each domain
as low risk, some concerns or high risk, thereby providing a structured judgement of
methodological reliability [33].

The Oxford Centre for Evidence-Based Medicine (CEBM) scale was used to assess the
level of evidence and recommendation. This scale allows for the assessment of evidence
depending on the subject area or clinical situation, as well as the type of research involved in
the relevant clinical questions. In addition, it guarantees the most outstanding knowledge
due to the high degree of specialization and provides an explanation of how the lack
of methodological rigor is related to the type of study, leading to reduced evidence and
strength of recommendations [34].
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3. Results
The search strategy identified a total of 69 records, from which duplicate articles were

excluded using the Zotero bibliographic manager (Figure 1). The eligibility criteria outlined
in the methodology section were applied, and nine studies were finally selected for the
final analysis (see Table 2).

 

Figure 1. PRISMA flow chart.

Table 2. Summary table of articles selected for the review.

Title Author(s) Year Type of Study

“Efficacy of Blood Flow Restricted Low-Load
Resistance Training in Women with Risk Factors for

Symptomatic Knee Osteoarthritis”.
Segall et al. [35] 2015 Double-blind, randomized,

controlled clinical trial.

“Feasibility and estimated efficacy of blood flow
restricted training in female patients with rheumatoid

arthritis: a randomized controlled pilot study “

Jønsson et al.
[36] 2021 Non-blinded, randomized,

controlled pilot trial

“Efficacy of low-load blood flow restricted resistance
EXercise in patients with Knee osteoarthritis

scheduled for total knee replacement (EXKnee):
protocol for a multicentre randomised

controlled trial”.

Jørgensen et al.
[37] 2020

Controlled, multicenter
(two sites), randomized,
assessor-blinded trial.

“Effects of Low-Load Blood- Flow Restricted
Resistance Training on Functional Capacity and

Patient- Reported Outcome in a Young Male Suffering
From Reactive Arthritis”.

Jørgensen and
Mechlenbur [38] 2021 Case study
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Table 2. Cont.

Title Author(s) Year Type of Study

“Blood Flow Restriction Training Does Not Improve
Quadriceps Strength After Anterior Cruciate

Ligament Reconstruction”.
Curran et al. [39] 2019 Randomized, controlled

trial

“Blood flow restricted walking in elderly individuals
with knee osteoarthritis: a feasibility study”

Petersson et al.
[40] 2022 Feasibility study

“Functional and molecular adaptations of quadriceps
and hamstring muscles to blood flow restricted

training in patients with ACL rupture”.
Kacín et al. [41] 2021

Prospective, single-center,
single-blind,

quasi-randomized,
controlled trial.

“Vascular Occlusion for Optimizing Functional
Improvement in Patients With Knee

Osteoarthritis (VOFIKO)”.
Jacobs et al. [42] 2025 Randomized clinical trial

“Effects of Blood-flow Restricted Exercise Compared
to Standard Rehabilitation in Patients With

Knee Osteoarthritis”.

Johannsen, M.D.
[43] 2022 Randomized clinical trial

Table with articles selected for analysis in the review, detailing the title, author, year and type of study.

The flowchart in Figure 1 details the study selection. It summarizes the phases of
identification, pre-screening, eligibility and inclusion in the review. It was adapted from
the PRISMA 2020 statement [32] and developed using the official template.

3.1. Methodological Quality Assessment

After applying the Critical Review Form scale, the scores of the selected articles ranged
between 7 and 12 points. This indicates that the level of evidence is high (see Table 3).
The study conducted by Petersson et al. [40] registers the highest score of the final sample
included in the systematic review, with a total of 13 points. The studies by Segal et al. [35]
and Kacín et al. [41] have a score of 12, indicating better methodological quality, whereas
the studies by Jønsson et al. [36]; Jørgensen et al. [37]; Jørgensen and Mechlenbur [38];
Jacobs et al. [42] and Johannsen [43] ranged between 8 and 11 points, corresponding to a
good methodological quality. However, only the study conducted by Curran et al. [39]
scored 7, which means moderate methodological quality.

Table 3. Critical Review Form—Quantitative Studies Scale.

Items to be Assessed
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 Total

ScoreAuthor(s)

Segal et al. [35] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 0 12/15
Jønsson et al. [36] 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 11/15
Jørgensen et al. [37] 1 1 1 1 0 1 1 1 0 0 1 1 1 0 1 11/15
Jørgensen and Mechlenbur [38] 1 1 1 1 1 1 1 1 0 0 0 1 0 0 1 10/15
Curran et al. [39] 1 0 1 1 0 0 1 1 0 0 1 1 0 0 0 7/15
Petersson et al. [40] 1 1 1 1 1 1 1 1 0 0 1 1 1 1 1 13/15
Kacín et al. [41] 1 1 1 1 1 1 1 1 0 0 1 1 1 0 1 12/15
Jacobs et al. [42] 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 8/15
Johannsen [43] 1 1 1 1 1 1 1 1 0 0 0 0 0 0 0 8/15

Results table. The Critical Review Form scale is a 15-item questionnaire. One point will be awarded for each
criterion met, whereas a negative response will result in zero points.

To complement this quantitative assessment, the risk of bias in the randomized trials
was examined using the revised Cochrane Risk of Bias tool (RoB 2) presented in Table 4.
This instrument covers five domains, including randomization, deviations from intended
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interventions, missing outcome data, outcome measurement and selection of reported re-
sults, and classifies each domain as low risk, some concerns or high risk, thereby providing
a structured judgement of methodological reliability [33].

Table 4. Risk-of-bias assessment of the included studies.

Article
Bias due to

Randomization
Process

Bias due to Deviations
from Intended
Interventions

Bias in
Measurement of

Outcomes

Bias due to Missing
Outcome Data

Bias in Selection
of Reported

Results
Overall Risk of Bias

Segal et al. [35] Low (–) Low (–) Low (–) Low (–) Low (–) Low (–)
Jønsson et al. [36] Low (–) High (+) Low (–) Some concerns (~) Low (–) Some concerns (~)

Jørgensen et al. [37] Some concerns (~) Some concerns (~) Some concerns (~) Low (–) Low (–) Some concerns (~)
Jørgensen and

Mechlenbur [38] High (+) Some concerns (~) Low (–) Some concerns (~) Some concerns (~) High (+)

Curran et al. [39] Some concerns (~) Some concerns (~) Low (–) Low (–) Some concerns (~) Some concerns (~)
Petersson et al. [40] Some concerns (~) Some concerns (~) High (+) Some concerns (~) Low (–) Some concerns (~)

Kacín et al. [41] High (+) Some concerns (~) Low (–) Low (–) Low (–) Low (–)
Jacobs et al. [42] Low (–) Some concerns (~) Low (–) Low (–) Low (–) Low (–)
Johannsen [43] Some concerns (~) Some concerns (~) Some concerns (~) Some concerns (~) Low (–) Some concerns (~)

Risk ratings: low (–), some concerns (~) and high (+). A low rating denotes minimal risk of bias, ‘some concerns’
indicates a moderate risk that could affect result validity and a high rating indicates substantial risk that may
compromise reliability.

Regarding the Oxford scale results in this review, the investigations conducted by
Segall et al. [35], Jørgensen et al. [37], Curran et al. [39], Petersson et al. [40], Jacobs et al. [42]
and Johannsen [43] are significant since they provide high-quality evidence (level 1b) and
receive a strong grade A recommendation. These investigations contribute to robust and
consistent findings in favor of the technique. On the other hand, studies by Jønsson et al. [37]
and Kacín et al. [41] present moderate-quality evidence (level 2b) and are graded with
a C recommendation, suggesting some benefits but with more caution in interpretation.
Similarly, the study by Jørgensen and Mechlenburg [38], which presents lower-quality
evidence (level 3b), also received a grade C recommendation.

3.2. Description of Studies and Synthesis of Results

We found variability with regard to the type of study. The characteristics of these
study types vary significantly: seven out of a total of nine research studies we have selected
for this review are RCTs, i.e., randomized clinical trials. Nevertheless, Petersson et al. [40]
presented a feasibility study and Jørgensen and Mechlenburg [38] presented a case study.

All randomized clinical trials included one control group and one experimental
group, except Kacín et al. [41] and Jacobs et al. [42], who presented three types of
experimental groups.

The included studies presented significant clinical and methodological heterogeneity
in (1) population (knee osteoarthritis, ACL reconstruction, rheumatoid arthritis; wide range
of ages and sexes), (2) type of intervention (low-load resistance training vs. walking with
BFR), (3) training dosage (3–12 weeks; 2–4 sessions/week; typical loads 20–30% 1 RM) and
(4) pressure prescription (absolute values versus percentage of LOP, commonly 40–80%
LOP), in addition to variations in comparators. Due to this variability and the mix of
designs, a meta-analysis was not performed, and a structured narrative synthesis was
chosen, supported by methodological quality assessment (Critical Review Form), risk of
bias (RoB 2) and the Oxford evidence levels. This decision aims to minimize spurious
inferences and offer a clinically prudent interpretation of the findings.

3.3. Participant Characteristics

The number of patients in each study varied significantly. Some of them presented only
one patient, whereas other studies recruited a large number of participants. In particular,
Jacobs et al. [28] presented the largest sample, with a total of 234 patients. A total of
540 participants were ultimately included, resulting in an average of 60 participants in each
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study. In terms of gender, the studies included both men and women. As regards the age
of the participants, it ranged from 17 to 65 years.

3.4. Main Measurement Variables

The primary measurement in these studies was maximal isometric and isokinetic knee
extensor and flexor strength, using a dynamometer. They also analyzed cross-sectional
areas by magnetic resonance imaging and pain by visual analogue scale.

3.5. Type and Time of Training

Segal et al. [35] evaluated the effectiveness of low-load resistance training (30% 1 RM)
combined with blood flow restriction (BFR) in women over 45 years of age with risk factors
for symptomatic knee osteoarthritis. After 4 weeks of supervised training (3/times/week),
the results showed that the BFR group achieved significantly greater improvements in leg
press strength (1 RM) and isokinetic knee extension strength compared to the control group
without BFR. No significant differences were observed between groups in quadriceps
volume, leg press power, stair climbing power, or knee pain. However, both groups
improved stair climbing power, and no worsening of joint pain was reported, indicating
good tolerance to the intervention. Taken together, these results suggest that training with
BFR and low loads may be a useful strategy for increasing strength without aggravating
joint symptoms in this population.

Jønsson et al. [36] achieved through their training protocol a significant improvement
in both groups, with better results in the group exposed to BFR obtaining a change of
11.5 kg of muscle mass, whereas the control group only achieved 8.4 kg.

Jørgensen et al. [37] did not show the results that were achieved in the study at
three months and in the months following the re-evaluation of the patient to contrast
the improvement or involution of the selected patients, whereas in the study conducted
by Jørgensen and Mechlenbur, I. [28], a single patient completed the planned exercise
protocol. In this sense, there was an improvement in the 30CST test by increasing by seven
repetitions on the right limb and by five on the left limb. In addition, it was observed that
the circumference of the lower thigh was reduced by 1.1 cm in the right leg and 1.0 cm in
the left leg, respectively. There was a clinically relevant change in KOOS, ADL, quality of
life, and FJS symptoms, with increases of 10, 14 and 23 points, respectively.

In the study conducted by Jørgensen, S.L., and Mechlenbur, I. [38], after 12 weeks of
resistance training with blood flow restriction and low load, the patient showed significant
functional improvement. In the unilateral 30 s chair stand test (u30 s CST), the patient
increased by seven repetitions on his right leg and four on his left leg, corresponding to
relative improvements of 41% and 28%, respectively. Thigh circumference was reduced by
1.1 cm in the right leg and 1.0 cm in the left, indicating decreased joint edema, while pain
remained at zero throughout the study. In terms of self-reported results, clinically relevant
improvements were observed in the domain of symptoms (+10), activities of daily living
(+14) and quality of life (+13) of the KOOS questionnaire, while the sport and recreation
subscale showed a minor change (+5). In addition, the Forgotten Joint Score increased by
23 points, reflecting a lower negative perception of the joint in daily activities.

Curran et al. [39] obtained significant results in both isotonic 1 RM and isokinetic knee
extensor strength in those patients who underwent blood flow restriction compared to the
control group. Nevertheless, changes in quadriceps volume, leg press power and knee-
related pain did not differ significantly between groups. No change between both groups
was obtained. Therefore, in an 8-week period, a combined intervention of blood flow
resistance training and exercise did not result in a significant increase in quadriceps muscle
strength in patients who had undergone anterior cruciate ligament (ACL) reconstruction.
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Petersson et al. [40] showed that the results of the intervention were not as good as
expected, since only nine participants were able to complete their intervention, whereas five
patients dropped out. However, the results obtained were significant in those participants
who did not meet the baseline body mass index (BMI) (p = 0.05), in which knee pain
(p = 0.06) was higher and gait performance (p = 0.04) was lower. As regards the complete
case data, the training adherence rate was 93%, whereas the average knee pain in the
affected leg was 7 on a numerical rating scale from 0 to 10. A walking exercise with
blood flow restriction appeared feasible in patients with knee osteoarthritis. Therefore,
participants who completed the intervention protocol demonstrated improvements in
functional performance.

Kacín et al. [41] achieved significant increases in quadriceps and hamstring strength
with low loads, with improvements comparable to those obtained through traditional high-
load training. Likewise, increases in muscle cross-sectional area were observed, reflecting
relevant hypertrophic adaptations in both muscle groups. At the molecular level, the BFR
protocol stimulated pathways associated with protein synthesis and hypertrophy, similar
to those activated by high-intensity exercise. In addition, improvements in functional
capacity and muscle endurance were evident, suggesting that the benefits of training go
beyond hypertrophy.

Jacobs et al. [42] showed that, despite recruitment difficulties, the intervention was
well-tolerated, with high adherence, overall satisfaction, and no serious adverse effects.
Both groups (BFR and control with low-intensity training without restriction) improved
muscle strength and endurance without increasing joint pain, but the BFR group showed a
significantly greater gain in knee extensor strength compared to the control group. These
findings suggest that BFR training may be a safe and potentially more effective alternative
to conventional low-intensity exercise for improving muscle strength in this population.

Table 5 summarizes the method and the use of the blood flow restriction technique in
each of the studies in the review.

Table 5. Details on how to use occlusion with BFR.

Article Time
(Weeks) Pressure Load Repetitions Series Occlusion

Time

Segal et al. [35] 4 Progressive weekly
pressure 30% (1 RM) Not specified Not specified 12 sessions

3 for week

Jønsson et al. [36] 4 Individual
participant 20–30% (1 RM) Not specified Not specified 12 sessions

3 for week
Jørgensen et al. [37] 8 40–80% LOP 30% (1 RM) Not specified Not specified Not specified

Jørgensen and
Mechlenbur [38] 12 Not specified 20% (1 RM) Not specified Not specified Not specified

Curran et al. [39] 8 80% Limb occlusion
pressure (LOP) 70% (1 RM) 10 4 16 sessions

2 for week

Petersson et al. [40] 8–10 Partial pressure
%LOP

Walking
(4 km/h) Not applied Not applied 32–40 sessions

4 for week

Kacín et al. [41] 3 Not specified ≤30% (1 RM) Not specified Not specified 9 sessions
3 for week

Jacobs et al. [42] 12 60% (LOP) <50% (1 RM) Variable Variable 24 sessions
2 for week

Johannsen [43] 12 Partial pressure
%LOP <30% (1 RM) Not reported Not reported 24 sessions

2 for week

Table with information on the specifics of using the blood flow restriction technique in review articles.

4. Discussion
The purpose of this review was to analyse the available literature regarding the

effectiveness of blood flow restriction in knee pathologies such as rheumatoid arthritis,
anterior cruciate ligament rupture and osteoarthritis. The results found were appropriate
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for both the main objective and the specific or secondary objectives. According to the
results of the evaluation of the methodological quality and the scientific evidence of the
studies, the effectiveness of the use of this technique in the investigated profile of patients
has been confirmed.

Firstly, a comparison of the use of the intervention groups is established, taking into
account that the majority of the authors [35–40,43] include one group in which blood
flow restriction was applied, whereas the other group did not have blood flow restriction.
However, Kacín et al. [41] include three intervention groups; the first with a flow restriction
(BFR group), the second with a cuff simulating vascular occlusion (SHAM- BFR group) and
finally, a biopsy group, which does not perform any intervention, whereas Jacobs et al. [42]
include the first two groups, with the third only receiving conventional physiotherapy.

On the other hand, there are differences in the type of training. Segal et al. [35]
performed the training program three times per week, Jørgensen et al. [37] twice per week
and, finally, Johannsen [43] did not present any specification regarding the training volume.
However, these three studies perform the training at 30% of 1 RM. It is also worth noting
that Jønsson et al. [37] propose the same type of training, but pre-set a time period of
45 min at 20–30% of 1 RM.

Jørgensen, S.L., and Mechlenbur, I. [38] employ in their study a totally different method-
ology from that applied in a previous study published in 2020 by Jørgensen et al. [33]. In
their study, they use body weight for four sets, applying different repetitions.

In comparison with the remaining articles, we can observe that Curran et al. [39]
establish a higher 1 RM reaching 70%, whereas the values of the other authors oscillate at
around 40–50% of the 1 RM. The only article which does not present this type of training is
the study proposed by Petersson et al. [40], because their program establishes the use of
BFR by means of a fast walk with the device.

Another important aspect to consider in the results of this literature review is the
duration of the treatment. In this sense, a significant difference can be observed between
both groups.

Segal et al. [35] and Jønsson et al. [36] were the only authors who applied a duration
of 4 weeks in their study. However, the authors who applied the technique for a shorter
period of time were Kacín et al. [41], with a duration of only 3 weeks.

Jørgensen, S.L., and Mechlenbur, I. [38] and Curran et al. [39] presented a total duration
of 8 weeks. Nevertheless, Curran et al. specified that these 8 weeks would cover concretely
a postoperative period. Petersson et al. [40] applied the same duration opting for the
possibility of increasing it to 10 weeks if it was necessary. Finally, the studies with the
longest duration were Jørgensen, S.L., and Mechlenbur, I. [38], Jacobs et al. [42] and
Johanssen [43], who applied this technique for 12 weeks. A significant aspect to consider is
that the latter author performed the intervention consecutively.

On the other hand, variables such as cuff type, cuff pressure and cuff time must be
taken into account. The most commonly used cuff in the different studies is the pneumatic
cuff [37,38,40,41,43]. Jønsson et al. [36] used an occlusion cuff with manometer, whereas
Jacobs et al. [38] made use of a Smart-cuff pro.

It must be emphasized that all those studies in which a pneumatic cuff was used
showed differences in width. Jørgensen et al. [37] used a 12 cm wide cuff, whereas in a
later study Jørgensen, S.L., and Mechlenbur, I. [38] used an 11.7 cm wide cuff. On the other
hand, Kacín et al. [41] applied a 13.5 cm wide asymmetric pressure.

However, there were authors who did not specify which type of cuff they used, such
as Segal et al. [35] and Curran et al. [39]. Furthermore, Segal et al. [35] were the only ones
to specify how long the cuff was applied to the patients in their study.
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Vascular occlusion was, therefore, performed on three main arteries (femoral, tibial and
posterior tibial). Only four of the nine authors specified which of these were involved with
BFR. Thus, Segal et al. [35] applied occlusion in the femoral artery, while Jønsson et al. [36],
Jørgensen et al. [37] and Petersson et al. [40] applied flow restriction in the posterior tibial
and tibial arteries, respectively.

To conclude with these variables, the cuff pressure was mainly based on the OAP
(total occlusion pressure), which is the point at which blood flow is totally occluded and
prevented from passing through. Nevertheless, some authors did not follow this approach
but gradually increased the cuff pressure according to their professional judgement until a
certain range was reached.

The average range of OAP used by the authors [36,37,40,43] was based on 50–80%. On
the other hand, Segal et al. [35] gradually increased it from 20 mmHg to reach 140 whereas
Jørgensen, S.L., and Mechlenbur, I. [38] used an absolute pressure with a gradual increase
to reach 110–150 mmHg. This pressure was also used by Kacín et al. [41] in their study.

The only study which applied a pressure without specifying its type or on which
criteria it was based was the study conducted by Curran et al. [39], who applied 80%
pressure, whereas Jacobs et al. [42] did not specify anything about it in their study.

The evidence analyzed in OA (or risk of OA) suggests that the use of BFR at low
loads (approximately 20–30% 1 RM) appears to enhance strength and some functional
problems intrinsic to the pathology itself, without increasing pain. With the use of BFR
during walking, feasibility is good, but the perceived change may require more time or
even combination with strength exercises [35,37,40,42,43].

On the other hand, in reference to rheumatoid arthritis patients, the use of BFR is
considered promising for preserving/gaining function with low mechanical load [36,38].

The effects produced using BFR in patients with anterior cruciate ligament injuries de-
pend largely on the context. Preoperatively, it is useful for preconditioning; postoperatively,
the priority is to choose a low load for BFR use at the start of recovery [39,41].

According to the results of the studies reviewed and their analyses, the data repro-
duced in the BFR intervention methodology include occlusion pressure in the range of
40–80% of individualized LOP for OA [35,37,40,42,43], with a recommendation of greater
than ≥60–70% LOP for low loads and post-operative 70–80% LOP [39]. The load used is
between 20 and 30% of 1 RM in chronic pathologies and 70% of 1 RM in the post-surgical
population. In terms of sets and repetitions, they usually follow a pattern of four sets of
10–15 repetitions. The number of sessions ranges from 9 to 40, with a usual frequency of
two to three times per week. Clinical trials with larger sample sizes indicate that in OA, the
recommendation would be 24 sessions over 12 weeks [42].

The use of blood flow restriction during walking improves joint tolerance according
to objective tests in studies. In OA and RA, high treatment adherence, mild adverse
effects, and good tolerance are reported when pressure and progression are individualized.
Rejection of the intervention is often associated with high baseline pain and high body
mass index during walking with BFR, suggesting adjustments in the selection and dosage
of the regimen.

In comparison with other systematic reviews published in recent years, our findings
show both concordances and divergences. Gopinatth et al. reported significant improve-
ments in isokinetic strength, IKDC score and pain following ACL reconstruction when
BFR was combined with rehabilitation, although no differences in muscle volume were
observed [44]. Similarly, Butt et al. highlighted in their systematic review that BFR generally
provided superior outcomes in terms of strength and functional measures compared to
conventional rehabilitation, despite the heterogeneity of the included trials [45]. On the
contrary, He et al. conducted a meta-analysis in patients with knee osteoarthritis and found
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no significant differences in pain, strength or function between BFR and conventional resis-
tance training, although BFR was associated with a lower incidence of adverse events [46].
More recently, Zeitlin et al. synthesized evidence from 15 trials including patients with knee
pain (OA and ACLR) and concluded that, although BFR may reduce pain, the certainty
of evidence was rated as very low, with no clear superiority in strength or functional
outcomes [47]. Taken together, these results reinforce that the effectiveness of BFR may
strongly depend on the clinical population and the training variables applied. Our review
supports this perspective, suggesting that standardization of protocols (duration, occlusion
pressure and training load) and long-term multicenter trials are essential to strengthen the
evidence base for clinical recommendations.

The variability between studies reflects the reality of clinical practice and limits the
direct extrapolation of effects to all patients and contexts, but it does allow patterns to be
drawn from this analysis: (a) BFR combined with low loads (≈20–30% 1 RM) promotes
strength improvements without worsening pain; (b) the use of pressures relative to %LOP
(≈40–80%) seems more defensible than absolute pressures due to its individualization;
(c) BFR is feasible and shows good adherence and an absence of serious adverse events in
the samples analyzed.

This systematic review includes nine studies (540 participants), a number that, al-
though modest, represents the currently available evidence following a PRISMA screening
with predefined eligibility criteria. The mix of designs found (mostly RCTs, along with a
feasibility study and a case study) and the heterogeneity in population, protocols (load,
volume and frequency), and pressure dosage (absolute vs. %LOP) restrict the possibility of
quantitative synthesis and limit the generalization of the results. In addition, the wide di-
versity of outcome variables and evaluation times complicates direct comparison between
studies. Although tolerability was good and no serious adverse events were reported,
publication bias and small study effect cannot be ruled out. Consequently, the findings
should be interpreted with caution, and it is recommended that future multicenter RCTs
use standardized protocols and longer follow-ups, with detailed reports of LOP, cuff width
and adherence.

Future lines of research should be proposed to conduct randomized clinical trials
with a rigorous and established protocol to employ standardized reporting (cuff width,
method of determining LOP, exact dosage and compliance). In addition, new research
should specify the application time, with a similar duration and, above all, supervised by a
blinded physiotherapist, so that the results obtained are as reliable as possible.

5. Conclusions
Following a thorough analysis of the available studies, blood flow restriction (BFR)

training appears to be a promising and safe complement to conventional physiotherapy for
knee conditions. Overall, BFR may be associated with improvements in muscle strength,
functional performance and treatment of adherence, without significant adverse effects.
Slight reductions in pain and inflammation may be observed, although these are not
statistically significant or consistent.

However, due to the limited number of studies and methodological heterogeneity, the
level of certainty of the evidence is moderate to low, and the results should be interpreted
with caution.
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