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Background: Previous meta-analyses show contrasting fndings regarding the efects of blood fow restriction training (BFRT) in
diferent knee conditions. Furthermore, no previous dose-response analysis has been conducted to determine the dose of BFRT
required for maximal strength and functionality adaptations.
Objective: To analyze the evidence on the efects of BFRT on strength and functionality in patients with knee osteoarthritis or
rheumatoid arthritis through a systematic review with dose-response meta-analysis.
Methods: Included studies met the following criteria: participants with knee osteoarthritis or rheumatoid arthritis; low-load
resistance BFRTas intervention; control group with traditional moderate or high intensity resistance training (MIRTand HIRT);
include muscle strength and functionality as primary and secondary outcome measures, respectively; and only randomized
controlled trials. A random-efects and a dose-response model estimated strength and functionality using estimates of the total
repetitions performed.
Results: We included fve studies with a sample of 205 participants. No statistically signifcant diferences were found between
BFRT and MIRT or HIRT for strength (SMD� −0.06; 95% CI� −0.78–0.67; and p> 0.05) and functionality (SMD� 0.07; 95%
CI� −0.23–0.37; and p> 0.05). We found an inverted U-shaped association between the increase in total repetitions and strength
gain and between the increase in total repetitions and functional improvement.
Conclusions: People with knee osteoarthritis or rheumatoid arthritis can use low-load BFRT for strength and functionality as
a similarly efective alternative to MIRT and HIRT. A total of 2000 repetitions per BFRT program are necessary to maximize
strength gains in these patients, while functional improvement requires 1800 total repetitions.
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1. Introduction

Osteoarthritis (OA) and rheumatoid arthritis (RA) are ex-
amples of chronic arthropathies. OA is a chronic progressive
multifactorial joint disease that can afect the many tissues of
the joint [1]. Knee OA is one of the leading causes of global
functional disability health burden among adults [2, 3].
Chronic pain and stifness are its dominant symptoms [1],
but knee extensor muscle weakness has been shown to be
a risk factor for the development of symptomatic knee OA
[4], a major independent contributor to falls [5], and in-
creased activity limitations [6]. On the other hand, RA is
a chronic, autoimmune and highly infammatory disease
that afects mainly large joints and extraarticular tissues,
often leading to signifcant functional disability [7]. RA
patients show a reduction of muscle mass and strength with
stable or increased adiposity [8] that contributes to increased
physical disability [9] and risk of comorbidities and mor-
tality [10].Tus, both OA and RA are associated with muscle
weakness that may beneft from physical rehabilitation.

Current guidelines strongly recommend exercise for the
management of OA and RA, although current evidence is
insufcient to recommend specifc exercise modalities
[11, 12]. Traditional strength programs for impairment
mitigation should be of sufcient intensity to stimulate
anabolism and limit muscle loss. However, resistance
training with moderate to high-intensity loads (60%–80% of
1 repetition maximum (1RM)) [13] could likely be a barrier
to participation secondary to discomfort and pain from the
physical and psychological symptomatology of RA and OA
[14–19]. Tus, the challenge lies in implementing alternative
exercise interventions that are efective in combating muscle
weakness yet tolerable to encourage long-term adherence.

Low-load (20%–30% 1RM) resistance training with
concurrent blood fow restriction (BFR) [20–22] has
emerged as a training modality that could be tolerable to
load compromised patients that provides similar benefts to
high intensity exercise. BFR training (BFRT) is typically
applied with a pressurized cuf on the proximal aspect of
a limb to compress the underlying vasculature during ex-
ercise. In theory, the interaction betweenmechanical tension
and metabolic stress (hypoxia and accumulation of me-
tabolites, reactive hyperemia) leads to an enhanced in-
tramuscular signaling that would explain the benefts seen
with BFRT in other populations [23]. However, several
previous systematic reviews and meta-analyses have raised
apparently contrasting fndings about the efects of BFRT in
diferent knee conditions [23–28]. While some of these
reviews reported that BFRT appears to be a promising
strategy for muscle strength gains [23, 24, 26], muscle mass
gains [23, 24] or improving function [23, 24], others in-
dicated that BFRT may not have greater efcacy compared
with moderate to high-intensity resistance training for
various clinical outcomes [25, 27, 28], which is still a positive
fnding as it signifes BFRTis roughly equivalent to moderate
to high-intensity resistance training, and could still have its
utility in load compromised individuals. While there was

considerable overlap between the studies included across
these reviews, it should be noted that their precise eligibility
criteria varied, and so did the included knee conditions, or
the intervention loads that were compared. A more recent
meta-analysis further supports the potential of BFRT in the
disease management of patients with OA and RA, yet it does
so with a high degree of heterogeneity due to pooling dis-
similar intervention loads and self-reported function or
physical function outcomes [29]. In addition, previous re-
views have not considered other crucial variables for exercise
prescription such as the number of repetitions within
a training program. Importantly, to date, no previous review
has conducted a dose-response meta-analysis that could
allow a better understanding of the dose of BFRTrequired to
maximize strength and functionality adaptations. We aimed
to analyze the evidence for the efects of BFRT on strength
and functionality in individuals with a diagnosis of knee OA
or RA through a systematic review and dose-response
meta-analysis. Te secondary objective was to analyze the
quality of the evidence.

2. Materials and Methods

2.1. Protocol Design. Te search and selection of articles
adhered to PRISMA-P guidelines [30] and were conducted
after registering the protocol with PROSPERO platform
(CRD42023401715).

2.2. Study Selection and Eligibility Criteria. Two authors
(D.C.O. and P.G.) applied the same criteria to identify and
select the included articles based on the PICOS criteria [31].
To match the inclusion criteria, a study had to include
participants diagnosed with knee OA or RA (P); have tra-
ditional BFRT (constant BFR, applied throughout all the sets
and interset rests of an exercise uninterruptedly) with low-
load resistance (20%–40% 1RM) as the intervention (I); have
a control group with conventional moderate intensity re-
sistance training (MIRT) or high intensity resistance
training (HIRT) (60%–80% 1RM) (C); include muscle
strength as a primary outcome measure or physical function
as secondary (O); and the study type should be a randomized
controlled trial (S). Also, the articles should be written in
English or Spanish.Te search was conducted from database
inception until 30 June 2024.

2.3. Data Sources and Search Strategy. Te search was
conducted using the following electronic databases:
PubMed, Ebsco, Cochrane Library, and PEDro. Due to
concerns about the quality of gray literature, only peer-
reviewed sources were included to ensure a higher level of
rigor and reliability. In addition, reference lists were man-
ually searched to identify studies that were not found
through database searching.

Te search terms included the following keywords and
their possible variants, synonyms, or combinations: “blood
fow restriction,” “therapy,” “training,” “exercise,”
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“KAATSU,” “osteoarthritis,” and “rheumatoid arthritis”.
Te keywords were the same in all the databases, yet some
adjustments were required to match each database’s par-
ticularities, as can be seen in Supporting File 1.

2.4. Data Extraction. Data extraction was performed by two
authors (D.C.O. and P.G.). Te results were compared, and
any disagreements/discrepancies were resolved by a third
and fourth reviewers (J.C. and L.S.M.). Te information
extracted from the studies regarded: 1) sample: sample size
of each group (n) and characteristics of study participants
(age, sex, type of pathology, and eligibility); 2) methodology:
characteristics of the intervention protocol (duration, fre-
quency, intensity, volume, types of exercises, rest times, form
of occlusion application, pressure used, and cuf size); and 3)
efects: type of outcome, result measurement, measurement
instrument or scale, statistical data, results obtained for
dynamic and isometric muscle strength, and physical
function. After inclusion of the articles in our systematic
review with meta-analysis (n� 5), data were extracted from
each study. When available, data were extracted in the form
of mean and standard deviation, mean diference or per-
centage of change, and sample size of the studies to perform
the meta-analysis. When data were not in the expected
format, we requested information from the respective au-
thors. If the authors did not reply or if the data provided by
them were not clear, means and SD from the fgures pro-
vided in the articles were extrapolated using the Web-
PlotDigitizer (Version 4.6; Pacifca, California, USA)
tool [32].

2.5. Assessment of Risk of Bias. Te risk of bias of ran-
domized trials was evaluated with the Risk of Bias 2 (RoB 2)
tool by two independent authors (D.C.O. and P.G.) [33].
Similarly, any disagreements/discrepancies were resolved by
a third and fourth reviewers (J.C. and L.S.M.). Five items were
assessed, namely, randomization process, deviations from
intended interventions, missing outcome data, measurement
of the outcome, and selection of the reported results. Tus,
based on the overall risk of bias from RoB 2, studies were
classifed into low, moderate, or high risk of bias.

2.6. Certainty of Evidence. Certainty of the evidence was
evaluated by two independent authors (D.C.O. and R.N.C.)
using the Grading of Recommendations Assessment, De-
velopment and Evaluation (GRADE) approach [34]. Te
GRADE is a method to assess the quality of evidence based
on the risk of bias, indirectness, inconsistency, imprecision,
and risk of publication bias. Similarly, any disagreements/
discrepancies were resolved by a third and fourth reviewers
(J.C. and L.S.M.). Te criteria for one level of downgrade
were (1) risk of bias of included studies: if 25% or more of the
included articles had a high risk of bias as assessed by RoB 2;
(2) inconsistency: if there was considerable heterogeneity
(I2 > 75%); (3) indirectness: if there were diferences between
participants, interventions, outcome measures or indirect
comparisons; (4) imprecision: if there was a wide confdence

interval or its upper or lower limits spanned an efect size of
0.5, and/or small sample size (n< 300); and (5) risk of
publication bias: if there was asymmetry in the doi plot and
Luis Furuya–Kanamori (LFK) index was ±2.

2.7. Statistical Analyses. Statistical analysis was performed
with the RStudio software (RStudio, PBC, Boston, MA) to
analyze the efect of BFRT on knee extension strength
(isometric and dynamic) and timed-up-and-go test (TUG).
A random-efects meta-analysis was performed using the
standardized mean diference (SMD) for knee extension
strength and TUG, and the corresponding 95% confdence
interval (CI).Te heterogeneity of the studies included in the
meta-analysis was evaluated through the inconsistency test
(I2), represented in percentage values, interpreted using the
following cutof values: < 25%� low, 25%–50%�moderate,
and > 50%� high [35]. Te statistical signifcance of the
pooled SMD was examined as Hedges’ g to account for
possible overestimation of the true population efect size in
small studies. Te estimated SMDs were interpreted as
follows: SMD of 0.0–0.2 represented a trivial efect, 0.2–0.6
represented a small efect, 0.6–1.2 represented a moderate
efect, 1.2–2.0 represented a large efect, 2.0–4.0 represented
a very large efect, and 4.0 to represent an extremely large
clinical efect [36]. A visual inspection of the DOI graph was
performed to detect publication bias [37], looking for
asymmetry. In addition, a quantitative measure of the LFK
index was performed. An LFK index within ±1 represents no
asymmetry; an LFK index greater than ±1 but within ±2
represents a minor asymmetry; and an LFK index greater
than ±2 represents a major asymmetry [38]. Te signifcance
level was set at a p< 0.05.

To evaluate the dose-response relationship between
BFRT dose and the clinical variables (knee extension
strength and TUG), previously published methods were
used [39]. A one-stage dose-response meta-analysis of mean
diferences proposed by Crippa and Orsini was performed
[40, 41]. Te method consisted of dose-response models
estimated by pooling study-specifc dose-response co-
efcients. Selected efect sizes and corresponding (co)vari-
ances were used to estimate study-specifc dose-response
curves (Supporting fles 5 and 6), using the mean diferences
of each variable of interest and repetitions (total of repeti-
tions during the entire BFR training program and only
during the BFR exercises) as doses. Tis enables the char-
acterization of the relative efcacy of the dose studied, using
the placebo efect as a reference. It was used using a restricted
cubic spline model with three knots at the 10th, 50th, and
90th percentiles to characterize the dose-response re-
lationship. Te procedure was implemented in the dos-
resmeta R package [42].

3. Results

3.1. Search Results. A total of 188 records were identifed,
and their titles and abstracts were screened. Te article
screening strategy is shown as a fow diagram in Figure 1.
Subsequently, 31 full-text articles were assessed for
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eligibility, and fve articles [43–47] reporting on muscle
strength (knee extension) and physical function (TUG) were
included in this study.

3.2. Assessment of Risk of Bias. Te risk of bias assessment of
the randomized trials is shown in Figure 2. Te two re-
viewers agreed on the scoring of 28 of the 30 fnal items
(which include fve dimensions and an overall score for each
study analyzed), a 93.33% absolute agreement (κ� 0.884),
indicating an almost perfect level of agreement. Main
weaknesses of included studies were that no studies were
rated as being at “low” risk. All studies had at least one
domain judged as “some concerns” risk of bias. From the fve
studies evaluated, one [43] was judged as “high” risk of bias
and four [44–47] (80%) as “some concerns”. Te second
domain (regarding deviations from the intended in-
terventions) achieved the highest risk of bias in all the studies
(one study with “high” [43] and four with “some concerns”
[44–47]), while the third (missing outcome data) and fourth
(measurement of the outcome) domains presented the
lowest risk of bias with all the studies grading with “low”
risk. Also, 40% of the studies exhibited “some concerns” in
the randomization process [46, 47] and in the selection of the
reported results [43, 44].

3.3. Certainty of Evidence. Tere is low to moderate certainty
evidence in favor of BFRT for improving functionality and
knee extension strength in individuals with knee OA or RA. A
summary table of the results is included in Supporting File 2.

3.4. Study Characteristics. We included a total of 205 pa-
tients. Details of the participant’s characteristics and studies
are shown in Table 1. Te studies compared BFRT with low
loads (20%–30% 1RM) against conventional MIRTor HIRT
(60%–80% 1RM).Te intervention duration ranged between
4 and 12weeks. Te frequency of training ranged from 2 to
3 times/week. Further details of the BFR training protocols
are shown in Table 2.

3.5. Outcome Measures

3.5.1. Knee Extension Strength. Te meta-analysis did not
show statistically signifcant diferences between in-
terventions in 4 studies (SMD� −0.06; 95% CI� −0.78–0.67;
and p> 0.05) without evidence of signifcant heterogeneity
(p � 0.15 and I2 � 40%) (Figure 3). Te shape of DOI plot
did not present asymmetry, and the LFK index showed no
asymmetry (LFK� 0), indicating a low risk of publication
bias (Supporting File 3).

Records identified from:
Databases (n = 230)

PubMed (n = 79)
Ebscohost (n = 53)
Cochrane (n = 74)
PEDro (n = 24)

Citation searching (n = 2)

Records removed before 
screening:

Duplicate records removed 
(n = 36)
Not meeting eligibility
(n = 120)
RCTs designs (n = 45)

Records screened
(n = 31)

Records excluded
(n = 0)

Reports sought for retrieval
(n = 31)

Reports not retrieved
(n = 0)

Reports assessed for eligibility
(n = 31)

Studies included in review
(n = 5)
Reports of included studies
(n = 5)

Identification of studies via databases and registers

Id
en

tif
ic

at
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n
Sc

re
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Reports excluded:

Study design (n = 2)
Non-knee OA (n = 1)
Wrong population (n = 3)
Wrong intervention (n = 5)
Wrong outcomes (n = 3)
RCTs designs (n = 6)

Non-RCT design (n = 6)

Figure 1: Flow diagram of the literature search and selection.
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3.5.2. TUG. Te meta-analysis did not show statistically
signifcant diferences between interventions in 4 studies
(SMD � 0.07.; 95% CI � −0.23–0.37; and p> 0.05) without
evidence of signifcant heterogeneity (p � 0.82 and
I2 � 0%) (Figure 4). Te shape of DOI plot presented
asymmetry, and the LFK index showed minor asymmetry
(LFK � 1.19), indicating a risk of publication bias (Sup-
porting File 4).

3.6. Dose Response

3.6.1. Knee Extension Strength. Te report by Harper et al.
[46] was excluded from the dose-response analysis be-
cause their participants went to volitional failure, while
the other studies were structured around a fxed repetition
scheme. Te results indicated a statistically signifcant
negative association between increasing doses of BFRT
(total repetitions) and the mean change in knee extension
strength, with the maximum value of 18.03 (95% CI: 13.90,
22.15) observed at dose max � 2000 reps total (Figure 5
and Supporting File 7).

3.6.2. TUG. Te results indicated a statistically signifcant
negative association between increasing doses of BFRT (total
repetitions) and the mean change in TUG score with the
maximum value of −1.36 (95% CI: 0.96, 1.76) observed at
dose max� 1800 reps total (Figure 6 and Supporting File 8).

4. Discussion

Tis systematic review with dose-response meta-analysis
was performed to analyze the efects of BFRT on strength
and physical function in the treatment of knee OA or RA.
Te main fndings were that (1) BFRT resulted in signifcant
improvements in strength and functionality in individuals
with knee OA or RA similar to conventional MIRT and
HIRT; (2) a total of 2000 repetitions per BFRT program are
required to maximize strength gains in these individuals;
and that (3) maximal improvement of physical function was
observed with approximately 1800 total repetitions.

Te pooled data of the included studies did not show
signifcant diferences between BFRT and MIRT or HIRT in
individuals with knee OA or RA for knee extension strength

++

++

++

−−

−−

xx

−−

−−

−−

−−

++

++

++

++

++

++

++

++

++

++

−−

−−

++

++

++

xx

−−

−−

−−

−−

D1 D2 D3 D4 D5 Overall

Abdallah et al., 2018

Bryk et al., 2016

Ferraz et al., 2018

Harper et al., 2019

Rodrigues et al., 2019

Risk of bias domains

St
ud

y

Judgement
x

−

+

High

Some concerns

Low

Domains:
D1: bias arising from the randomization process.
D2: bias due to deviations from intended intervention.
D3: bias due to missing outcome data.
D4: bias in measurement of the outcome.
D5: bias in selection of the reported result.

(a)

Overall risk of bias

Bias in selection of the reported result

Bias in measurement of the outcome

Bias due to missing outcome data

Bias due to deviations from intended interventions

Bias arising from the randomization process

0% 25% 50% 75% 100%

Low risk

Some concerns

High risk

(b)

Figure 2: (a) Summary of the risk of bias in included studies and (b) the risk of bias as percentages across all included studies.
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and physical function (TUG). Previous meta-analyses have
shown that BFRT produces similar efects to MIRT and
HIRT in improving strength and functionality in subjects
with knee RA [23] and OA [23–28]. Dos Santos et al. [23]
highlight that MIRT and HIRT are extremely efective in
producing gains in strength and functionality, so the fnd-
ings for BFRT are highly important and promising for these
populations. Similarly, other systematic reviews also report
similar results between BFRT and HIRT in strength and
functionality gains in subjects with knee OA [26–48] or in
patients after anterior cruciate ligament reconstruction [48].
However, Pitsillides et al. [26] report that HIRT protocols

may have been applied improperly due to the pain produced,
as the 1RM may have been the maximum load tolerated
instead of the real maximum load, so the similar strength
values in BFRTand HIRTgroups could have been altered for
this reason. Te meta-analysis conducted by Grantham et al.
[27], found similar results in strength and objective physical
function (and no diference for the other clinical outcomes
(pain, self-reported function, and muscle size)) between
BFRT and HIRT in individuals with knee OA. Besides ef-
fectiveness, a previous systematic review found BFRT safe
when used according to evidence-based guidelines in pa-
tients with various knee-related musculoskeletal disorders

Study

Random effects model
Prediction interval
Heterogeneity: I2 = 40% [0%; 80%], τ2 = 0.0814, p = 0.17
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Figure 3: Forest plot of comparisons between BFR and control for knee extension strength.
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Figure 5: Knee extension strength BFR training dose-response.
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[49]. Tat fnding is further backed by Wang et al. in their
more recent meta-analysis that showed BFRT has less risk of
adverse efects than HIRT [28]. Research thus far is
promising with respect to safety and efcacy outcomes in
a variety of elderly and clinical populations, with minimal
incidence of adverse efects [50–58]. Of the included studies
[43–47], only two reported adverse events in the BFRT
group, with most of these events being related to knee pain
(or mild discomfort regarding occlusion pressure in the frst
sessions) [46, 47]. However, in aggregate, the BFRT group
had less of these reports than traditional MIRT or HIRT.
Importantly, the fear of experiencing discomfort or exac-
erbating existing pain during high-intensity strength
training can be a major barrier to exercise adherence in
patients with knee OA or RA, an issue that is signifcantly
reduced with BFRTdue to its low-load nature. Tus, beyond
the comparison of efcacy and safety, the critical question
might be which of the interventions—BFRT, MIRT, or
HIRT—provides the greatest balance of benefts with min-
imal risk and discomfort, thus promoting the highest level of
patient adherence and long-term commitment to an exercise
program. While some aspects of BFRT are often considered
as limitations to its implementation and clinical relevance,
like lack of equipment and insufcient training [59], com-
monly, any kind of training modality requires some kind of
equipment and some level of training. Nonetheless, low-cost
approaches that could help make BFRT safer and more
accessible to clinicians, and even for home use, are becoming
more readily available [60–62]. Using pneumatic cufs
designed for BFRT, or even elastic wraps as an even more
economic equivalent, and procedures that obviate the need
for individualized objective measurement of limb occlusion
pressures, allows for BFRTimplementations that are safe and
do not require costly equipment [60–62].

Te major novelty of this study is the estimation, through
a dose-response meta-analysis, of the total training volume
required to maximize the improvements in strength and
functionality with BFRT for patients with knee OA and RA.
Interestingly, the BFRT doses difer depending on the

outcome of interest. Specifcally, we observed that the curve
describing the relationship between the increase in repetitions
in a BFRT program and knee extension strength has an
inverted U-shape. According to our results, 2000 total rep-
etitions are necessary to achieve maximal strength im-
provement. As an example, following the standard 75 rep
scheme, at a frequency of 3 sessions per week, that would
amount to about 9weeks of BFRT, which would be in line
with Pitsillides’s et al. and dos Santos’s et al. recommenda-
tions [23–26]. However, another possible practical application
would be to perform two exercises per muscle group, po-
tentially halving the required time. In addition, a training
frequency of at least 3 times per week also seems to be
supported in young and older adults [50–63]. For physical
function, we observed that the relationship between BFRT
repetitions and TUG also has an inverted U-shape, where the
greatest improvements in functionality are found at 1800 total
repetitions. Similarly to strength, if following the standard 75
rep scheme, at a frequency of 3 sessions per week, that would
amount to about 7weeks of BFRT. From a strength per-
spective, as the model suggested a decrease in the predicted
strength gains for doses above 2000 total repetitions, our
results would imply that there is a certain threshold of volume
that can be used in a BFRT program, over which further
increases in volume are not advantageous. It might be that
higher BFRT volumes over longer time courses limit the
breadth of muscle-related adaptations to resistance training in
this population. Tat might be because of a diferent time
course of metabolic signaling or neurophysiological adapta-
tions with BFRT, diferent responses based on training status,
the lack of periodization due to the intervention designs, the
attenuatedmuscle anabolic response with age or pathology, or
delayed or impaired recovery from exercise. A recent meta-
analysis showed that responses to BFRT regarding the
magnitudes of muscle strength and hypertrophy adaptations
do indeed difer based on individual training status, being
greater for trained than untrained individuals, compared with
HIRT [64]. It is also conceivable that the dose-response re-
lationship may be moderated by the implemented

Rodrigues et al., 2019
Ferraz et al., 2018

Bryk et al., 2016
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Figure 6: TUG BFR training dose-response.
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intervention designs, which ranged from 4 to 12weeks. As the
included studies made use of no periodization model, our
analysis of the response patterns suggests that further in-
tensity progression may be necessary during the training
program to sustain adaptive responses. Given that the exact
physiological mechanisms underlying BFRT are still hotly
debated and that most of the research on periodization has
been conducted on other training modalities and in healthy
individuals, we can only speculate on the causes of the
invertedU-shape of the dose-response relationship. Exploring
this topic in future studies using longer duration interventions
and additional outcome measures might further the un-
derstanding of our fndings. Similarly, this decrease in
physical function at higher training volumes may be because
improvements in functionality are not only infuenced by
strength but also require improving coordination, pro-
prioception, and mobility. Terefore, even though strength is
very important to improve functionality, other factors should
not be ignored if wanting to optimize functionality.

To our knowledge this is the frst dose-response meta-
analysis that investigates the efects of BFRT on lower limb
strength and functionality in individuals with knee OA or
RA. Our fndings may have important clinical implications
for the treatment of these patient populations in the future.

4.1. Limitations. Te limitations to our research are those
inherent to this type of quantitative analysis, such as the
constraints imposed by the low number, small sample sizes,
and methodological heterogeneity of the studies published
to date in these populations as well as publication bias, which
might bias the results obtained in the meta-analysis. As such,
it is important to recognize that, due to the small sample
sizes, our results represent trends in strength gains and
physical function improvements and cannot be considered
a defnitive recommendation. Only improvements in muscle
strength were considered, as we could not analyze muscle
hypertrophy due to these constraints. In the same vein, we
pooled together dynamic and isometric maximal strength
measures to allow for meta-analysis. Similarly, our analysis
of physical function was constrained to the TUG test. Fi-
nally, the risk of bias in the included studies was mainly
afected by the domain of “deviations from planned in-
terventions”, which highlights the need for researchers to
publish a priori complete protocols and write their reports
with more details. Despite these limitations, our fndings
represent an important advance in understanding the role of
BFRT in treating muscle weakness and functionality loss in
individuals with knee OA or RA. Further high-quality, large-
scale, randomized controlled trials that investigate the efects
of BFRT on myoelectric activity, muscle hypertrophy, pain,
diverse functionality tests, safety and long-term adherence in
these populations are necessary to confrm and extend our
fndings. Moreover, standardized reporting of methodology
and results, including complete intervention protocols,
should be prioritized in future research to enhance trans-
parency and reproducibility. Future randomized controlled
trials should corroborate our fndings and evaluate the ef-
fects of diferent BFRT dosing and to address the evidence

gap around the sustainability of outcome measures with
programs that are longer than 12weeks as to ascertain
whether the positive efects persist beyond the initial study
period or they are likely to fade over time.

5. Conclusions

Tis dose-response meta-analysis identifes signifcant im-
provements in strength and functionality after performing
BFRT in individuals with knee OA or RA similar to con-
ventional moderate-high intensity resistance training. A
total of 2000 repetitions per BFRTprogram are necessary to
maximize strength gains in these patients, while maximal
functional improvement requires 1800 total repetitions.
Following a one exercise standard 75 rep BFRT scheme, at
a frequency of 3 sessions per week, about 9weeks of BFRT
for knee extension strength, and 7weeks for physical
function would maximize the gains achievable through this
modality. BFRT is a promising intervention, especially for
patients who cannot tolerate high training load, and could be
an important therapeutic strategy to maintain and improve
their strength and functionality.
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[18] Å. Degerstedt, H. Alinaghizadeh, C. A. Torstensson, and
C. B. Olsson, “High Self-Efcacy – a Predictor of Reduced
Pain and Higher Levels of Physical Activity Among Patients
with Osteoarthritis: an Observational Study,” BMC Muscu-
loskeletal Disorders 21, no. 1 (2020): 380, https://doi.org/
10.1186/s12891-020-03407-x.
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