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Abstract: Patients undergoing anterior cruciate ligament (ACL) reconstruction and patients suffering
from knee osteoarthritis (KOA) have been shown to have quadriceps muscle weakness and/or
atrophy in common. The physiological mechanisms of blood flow restriction (BFR) training could
facilitate muscle hypertrophy. The purpose of this systematic review is to investigate the effects of
BFR training on quadriceps cross-sectional area (CSA), pain perception, function and quality of life
on these patients compared to a non-BFR training. A literature research was performed using Web of
Science, PEDro, Scopus, MEDLINE, Dialnet, CINAHL and The Cochrane Library databases. The
main inclusion criteria were that papers were English or Spanish language reports of randomized
controlled trials involving patients with ACL reconstruction or suffering from KOA. The initial
research identified 159 publications from all databases; 10 articles were finally included. The search
was conducted from April to June 2020. Four of these studies found a significant improvement in
strength. A significant increase in CSA was found in two studies. Pain significantly improved in
four studies and only one study showed a significant improvement in functionality / quality of life.
Low-load training with BFR may be an effective option treatment for increasing quadriceps strength
and CSA, but more research is needed.

Keywords: blood flow restriction; blood flow restricted training; kaatsu; occlusion training; blood
flow occlusive; anterior cruciate ligament reconstruction; knee osteoarthritis; blood flow restriction
(BFR); knee

1. Introduction

Blood flow restriction (BFR) or Kaatsu, consists of partially restricting the arterial
inflow and completely restricting the venous return flow during exercise [1]. Restrictive
straps or a blood pressure cuff are placed on the proximal area of the limb [2], and then
inflated to a pressure capable of restricting venous return allowing arterial entry while
exercising [3,4]. The physiological mechanisms that are activated by BFR are currently
unclear. It has been hypothesized that an intramuscular hypoxic environment [5] could
induce vascular endothelial growth and high levels of metabolic stress which could promote
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hypertrophy [6,7]. Furthermore, an increased concentration of growth factors, satellite cells,
transcription factors [3], reactive oxygen species, intramuscular anabolic and anticatabolic
reactions, and an increased recruitment of type II muscle fibers were also observed [6,8,9],
which could facilitate muscle hypertrophy.

The quadriceps is the most affected muscle after injury and reconstruction of the
anterior cruciate ligament (ACL) [10,11]; its rehabilitation reduces pain and improves knee
function. In addition, its weakness is considered a main risk factor and an important
indicator of the progression of knee osteoarthritis (KOA) [5,12], whereas an increase in
strength of the quadriceps is related to less symptoms [13]. It has been stated that training
with a high load increases strength and muscle mass in patients with atrophy [10]. The
American College of Sports Medicine recommends loads of 60% to 70% of one maximum
repetition (IMR) for strength gain and 70% to 85% of 1IMR for hypertrophy [9,14,15].
However, this high load training has been found to cause pain and inflammation in ACL
reconstruction and KOA patients [16,17], because the joint cannot withstand the amount of
mechanical stress imposed during training.

The reviewed literature suggests that muscle hypertrophy occurs after training with
BFR, in both healthy and injured people [18,19], achieving results similar to those of classic
muscle mass gain training, but reducing joint stress and therefore increasing exercise toler-
ance [2,4]. Additionally, lower levels of pain and perceived exertion have been observed
during and after BFR training. A recent systematic review [9] showed that BFR training is
potentially effective in improving quadriceps strength in patients with weakness and atro-
phy related to knee pathology. Furthermore, the use of short duration, low-load resistance
BER training appears safe and not harmful after knee surgery or in KOA patients.

Given the increasing use of BFR training in KOA or ACL reconstruction patients, and
the lack of qualitative synthesis of its effects, the aim of this systematic review is to examine
the published literature on BFR training to analyze its effect on strength gains in ACL
reconstruction and KOA patients. In addition, other secondary objectives are to analyze
BFR’s effect on quadriceps cross-sectional area (CSA), pain intensity, and functionality
and/or quality of life.

2. Materials and Methods
2.1. Protocol Design

To perform the present systematic review, we followed the recommendations in the
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) state-
ment [20] and the Cochrane Handbook for Systematic Reviews of Interventions by Higgins
et al. [21]. In addition, the methodological protocol of this review was previously regis-
tered in PROSPERO International Prospective Register of Systematic Review (id number:
CRD42020182656).

2.2. Data Sources and Search Strategy

A systematic literature search was conducted by two authors (C.B.A. and PI1-K.S.),
independently, in Web of Science (WoS), PEDro, Scopus, MEDLINE, Dialnet, CINAHL
Complete and The Cochrane Library without limiting the date of publication. A further
manual search of bibliographic references from the papers already extracted was done to
identify potential studies not captured by the electronic database searches. Finally, grey
literature was searched. Any discrepancies at this stage were resolved by a third author
(A.A.-O.) with expertise in bibliographical searches. The entire search was conducted from
April to June 2020. We searched (in the title and abstract fields) for a combination of terms
(Table A1).

2.3. Study Selection and Eligibility Criteria

The search, compilation and selection of articles was carried out by two authors (C.B.A.
and P.I-K.S.), who applied the same criteria to select the articles based on the population,
intervention, comparison and outcomes (PICO). These two authors independently peer-
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reviewed the titles and abstracts of each article, then the same procedure was followed for
the full-text review to identify the articles of interest for the present study. A third reviewer
(A.A.-O.) resolved any discrepancies. Duplicate articles or in those in which it was not
possible to obtain the full text were excluded from our study.

Articles that met the following inclusion criteria were included: the participants were
men and/or women with ACL reconstruction or diagnosed with KOA with pai and/or
some functional alteration; Randomized clinical trials (RCTs), which were in English or
Spanish; The intervention consisted of BFR training, compared to training without BFR;
Studies measured the results of at least one of the following parameters: muscle strength,
quadriceps CSA, pain intensity or functionality and /or quality of life. Studies that were not
RCTs, those in the process of publication that did not show full results and those conducted
in children were excluded. To illustrate the selection process, we used the PRISMA flow
chart [20].

2.4. Data Extraction

The outcomes considered in our study were strength, as the main variable, and
the quadriceps CSA, pain intensity and functionality and/or quality of life as secondary
variables.

Both reviewers (C.B.A. and P1-K.S.) used the same form to extract the data from each
study. The extracted data included the PICO elements: characteristics of the participants,
sample size and study design, description of the interventions (rehabilitation protocol,
type of BFR exercise and duration), as well as the outcome measures that were analyzed
in each article and the results. Furthermore, data on the author, year and country of
publication of the study were extracted. In the absence of data from one study, an attempt
was made to contact the corresponding author(s) to obtain the incomplete information.
If the corresponding author(s) could not be contacted, the article was excluded from the
present study.

A meta-analysis was not possible due to the variability in the measurement of results,
follow-up and characteristics of the studies included.

2.5. Study Quality and Risk of Bias

The methodological quality of the selected studies was assessed by both reviewers
(C.B.A. and P1.-K.S.) independently using the PEDro scale [22,23]. To assess the risk of
bias of the included articles we used the Cochrane risk of bias tool RoB-2 [24]. Disagree-
ments were resolved by consulting a third reviewer (A.A.-O.). Categories included in the
methodological assessment were: bias derived from the randomization process, bias due to
deviations from planned interventions, bias due to lack of outcome data, bias in outcome
measurement and selection bias in reported outcome, also including other possible sources
of bias. Each item was classified based on the data described in the studies as low-risk of
bias when the information coincided, unclear risk of bias when the information was not
correct or was not complete or high risk of bias when the necessary information was not in

the study.

3. Results
3.1. Included Studies

Figure 1 represents the flowchart of the study selection based on the PRISMA state-
ment [20] (Figure 1). The initial search identified 159 studies and finally, 10 were included
in this systematic review [25-34]. Finally, no study was suitable for conducting a meta-
analysis.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart diagram of the search

process [20].

3.2. Study Characteristics

All studies included in the review were RCTs [25-34] published from 2003 onwards.
It should be noted that the studies from Hughes et al. [33] 2018 and Hughes et al. [34] 2019
are two reports from the same study. Two studies were conducted in Brazil [25,29], four in
the USA [26-28,30], two in the UK [33,34], one in Norway [31] and one in Japan [32].

3.2.1. Participants

Full descriptive details of the included studies are shown in Table 1. A total of 364
patients, 214 women and 146 men, participated in the 10 RCTs in the systematic review. In
total, 166 patients received a BFR training intervention and 198 received a non-BER training
intervention. A population with two types of pathology were studied, where five studies
included patients with KOA [25-29] (204 participants) and the other five studies included
patients with ACL reconstruction [30-34] (160 participants). For the KOA population, the
duration of the intervention was four weeks [27,28], six weeks [29] and 12 weeks [25]. In
the ACL reconstruction population, the duration of intervention was two weeks [31], eight
weeks [30,33,34] and 16 weeks [32].
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Table 1. Characteristics of the studies included in the review.

Author/Year S tu.d y Participants Characteristics Intervention/Rehabilitation Protocol Pressure (mmHg) Measu.r e Time Outcome Measures,
esign Points Units
12 weeks, 2 times per week
- . . Strength:
Bilateral leg press and knee extension exercises
-0A - IMR leg press
- 1st week: .
- Women o - IMR knee extension
-n=48 HIRT =4 x 10 (50%) CSA quadriceps:
3 groups: LI-RT = 4 x 15 (20% 1IMR) or T ps:
CG1: HI-RT (80% 1IMR) LZIDISTV:EEER =415 (20% IMR) Function:
Ferraz et al., MY: 59.9 4 4 HI=4 x 10 (80% 1MR) 70% BFR -TST(s)
2018 [25] RCT n=16 LI=4 x 15 (30% IMR) Media: 12 weeks - TUG (s)
} CG2: LI-RT (30% 1MR) 5 ’ o 974 + 7.6 mmHg - Sub scale WOMAC functional capacity
LI-RT + BFR =4 X 15 (30% 1MR) . .
MY: 60.7 + 4 (17 items, 0-68 points)
- 5th week: . .
n=16 HI=5 x 10 (80% 1MR) Quality of life:
IG: LI-RT + BFR (30% 1MR + BFR) . - WOMAC (0-100 points)
MY: 603 + 4 LI=5 15 (30% IMR) - SE-36 (0-100)
" ’1 6 ’ LI-RT + BFR =5 X 15 (30% 1MR) Pain:
B 1 rest between sets ’ P .
BER is kept through exercise and rest - Sub scale WOMAC pain (5 items, 0-20 points)
-0A
- Men and women 12 weeks, 3 times per week S.t rength..
~ T . . - isokinetic extensor strength (Nm)
-n=35 4 exercises: leg press, leg extension, calf flexion .
. L . Function:
- 2 groups: and leg flexion. Repetitions were carried out - SPPB (0-12 points)
Harper et al,, RCT CG: MIRT (60% 1MR) until muscular fatigue. Individualized to each 12 weeks - walking e}; d (m/s)
2019 [26] pilot n =19 (15 women and 4 men) CG: 60% IMR patient Di ab'l'tg fnd function:
MY: 69.1 + 7.1 IG: 20% 1MR with BFR LLEDI (5(’)_100 ‘;rclt‘;; :
IG: BER (20% 1MR) BFR is kept through exercise and deflates in the Pain: P
n =16 (10 women and 6 men) rest periods ’ .
MY: 672 + 5.2 - Sub scale of pain WOMAC (0-20)
-0A
- Women 4 weeks, 3 times per week
-n=45 4 set of bilateral leg press (1x 30 and 3x 15 reps
. . Strength
-2 Groups: with 30 s rest between sets) - isokinetic bilateral press strength (kg/kg)
Segal etal, RCT CG: low load (30% IMR) CG: 30% IMR 160-200 mmH, 4 weeks - max. isokinetic extgnsor strength (I\?m/i )
2015 [28] n="24 IG: 30% 1MR with BFR & : & &

MY: 54.6 + 6.9

IG: BFR + low load
n=21

MY: 56.1 + 5.9

Pressure is maintained during exercise and rest
(5 min of occlusion during exercise and 1.5 min
of rest)

Pain:
- KOOS scale (0-100 points)
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Table 1. Cont.

Author/Year Stu‘d y Participants Characteristics Intervention/Rehabilitation Protocol Pressure (mmHg) Measu‘re Time Outcome Measures,
Design Points Units
-0OA
- Men 4 weeks, 3 times per week
-n=42 4 set of bilateral leg press (1x 30 and 3x 15 reps
- 2 groups: with 30 s rest between sets Lo
Segal et al G low Toad (30% 1MR) CG: 30% IMR ) - isokinetic bilateral press strength (kg/kg)
2015 [27] v RCT " :'22 G '30% IMR with BER 160-200 mmHg 4 weeks - max. isokinetic extensor strength (Nm/kg)
MY:56.1 £7.7 Pressure is maintained during exercise and rest .
IG: BFR + low load (5 min of occlusion during exercise and 1.5 min - KOOS scale (0-100 points)
n=20 of rest)
MY: 584 + 8.7
-0OA
- Women
-n=34 6 weeks, 3 times per week
-2 Groups: Strengthening and stretching of LE ) . .
Bryketal, RCT CG: heavy load (70% 1MR) CG: Quadriceps strengthening 70% 1MR 200 mmH 6 weeks 1NPPa Ifs 1(r(1)telr?sftm ), 2 measures:
2016 [29] n=17 IG: Quadriceps strengthening 30% 1MR with & ’ y

MY: 604 £+ 6.7

IG: BER + low load (30% 1MR)
n=17

MY: 623 +7.0

BFR

Pressure is held only during exercise

2. Pain during exercise.

- Lequesne questionnaire (0-20 points)
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Table 1. Cont.

Author/Year Stu‘d y Participants Characteristics Intervention/Rehabilitation Protocol Pressure (mmHg) Measu‘re Time Outcome Measures,
Design Points Units

- ACL reconstruction

- Men (n = 15) and women (n = 19)

-n=34

ég?ggﬁ;enmc 8 weeks, 2 times per week

ne 8 (3 men and 5 women) 5 sets of 10 reps 2 min rest between sets.

M;{‘ 61426 Isokinetic leg press concentric or eccentric 70%

G2"ecvcentri'c 1MR with or without BFR.

n = 8 (2 men and 5 women) Training starts 10 weeks after surgery.

= . o :

MY: 18.8 & 3.9 Scférljfiivy load 70% 1MR, concentric or Strength:

IGI: BER + concentric 1G: Heavy load 70% 1MR concentric or eccentric o ) Quadr}ceps MVI.C .
Curran et al., RCT n =9 (5 men and 4 women) with BER 80% BFR 20 weeks - Quadriceps isokinetic strength

2020 [30] MY: 153 + 0.9 . . . (110-186 mmHg) - IMR leg press
. Pressure is held only during exercise and .

IG2: BFR + eccentric released during rest and between sets Function:

n =9 (5 men and 4 women) & . -IKDC scale (0-100 points)

MY: 16.0 + 1.7 4 measurements:

La tér- ’ ’ 1. Pre-operative (2 weeks before surgery)

3 or . 2. Pre-intervention

Cé'OIE)I;S-.BFR 3. Post-intervention (2 weeks after finishing the

n =16 (5 men and 11 women) intervention) ..

MY: 174 + 3.5 4. Return to activity (RTA)

IG: BFR

n =18 (10 men and 8 women)

MY:15.7 £1.3

. 2 weeks
- ACL reconstruction (athletes) . . .
-1 = 24 subiects 5 set of 20 reps quadriceps exercises with or
; SULJECtS without BFR.
- ACL injury with less than 6 months ° .
IG: bent trunk 45°, 5 reps, 2 times per day. .

pre-surgery. dri . ith occlusi . i 130-180 mmHg (first

-2 groups: Quadriceps exercise with occlusion (isometric day 130 mmHg
Iversen et al., RCT CGg exercise contractions, progressing to knee extension and 10 mmH increa:;e 16 days Quadriceps CSA: MRI (2 days before surgery

2016 [31] blind ’ leg raise with knee straight. 20 reps every 5 min &

n =12 (7 men and 5 women)
MY:29.8 £9.3

IG: BER + exercise

n =12 (7 men and 5 women)
MY:259 £ 74

of occlusion. (100 reps per session, 200 per day).
Intervention 2 weeks after surgery.

CG: Same exercises without BFR

Pressure is held during exercise (5 min) and
released during rest (3 min)

every two days until
reaching 180 mmHg)

post-surgery

and 16 days after surgery)
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Table 1. Cont.

Author/Year Stu‘d y Participants Characteristics Intervention/Rehabilitation Protocol Pressure (mmHg) Measu‘re Time Outcome Measures,
Design Points Units
16 weeks
Week 1: both groups just exercise
Week 2: IG exercise with BFR
- ACL with semitendinosus auto grat Exerc15§: leg raise with knee extension and hip
. abduction for 5 s 20 reps Exercises twice a day, 6
- n: 44 patients (25 men and 19 women) . K § ks after th bef d ks af
-Age 18-52 years times per week for 8 weeks after the surgery Measurements before and 16 weeks after
& . (weeks 2—4 add 1 kg to the foot; weeks 5-8 add surgery.
RCT 2 Eroups: 2k Muscle strength:
. fope g uscle strength:
Ohta et al., CG: exercise: R . . 16 weeks . . .
prospec- - Hip adduction exercise (hold ball between two 180 mmHg Isokinetic and isometric knee extensors and
2003 [32] . n =22 (12 men and 10 women) . . post-surgery
tive knees) and squat exercise for 5 s 20 reps 2 times flexors: Dynamometer
MY: 30 £9.7 .
. . per day, 6 times per week. weeks 1-12 CSA of extensor and flexor muscles + adductor
IG: BFR + exercise - .
=22 post-surgery, 16 weeks post ACL reconstruction. muscles: MRI
MY: 28 4+ 9.7 Exercises LE. 1-3 sets x day. 6 times per week.
' ’ 20-60 reps. 14 weeks (first 2 weeks after surgery
without BFR)
Occlusion during training for a maximum of
15 min, then rest without inflation for 15-20 min
- ACL with semitendinosus auto graft
-n=230 Single session
- Age: 23-39 years (23 men and 7 5 min warm-up of pedal stroke followed by 10
women) reps of one-sided press with self-selected weight
- 3 groups: and 5 min of rest. ACL patients work on the
CGI1: No injured BFR + low-load operated side and patients without ACL work Pain:
exercise (30% 1MR) (NI-BFR). with the dominant limb. ) Mugcular (011 points)
Hughes et al., RCT nM?{-g)S(iS ;n en) i\g—]lg;: 1;:11(5(1351 ijnsd vAv1Ct}E I;(_)BSFrlzs(tI%i t%:/(ieass?etis()w’ NI-BFR: 173 mmHG 23 days - Knee: pain scales
2018 [33] ; ! ps, ACLR-BFR: 186 mmHG

CG2: ACL surgery with heavy-load
exercises (70% 1MR). (ACLR-HL)

n =10 (7 men and 3 women)
MY:31+7

IG: ACL surgery with BFRv+ low-load
exercise (30% 1MR) (ACLR-BFR)

n =10 (6 men and 4 women)

MY:29 +5

unilateral leg press 30% IMR from 0° to 90°
ROM with 1 s concentric/1 s eccentric with BFR
80%.

- ACLR-HL group unilateral leg press (3x 10
reps with 30 s rest between sets) form 0°-90°
ROM 70% IMR

BFR during exercise and rest

post-surgery

Muscle pain was evaluated in all 3 groups.
Knee pain was evaluated in ACLR-BFR and
ACLR-HL groups
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Table 1. Cont.

Author/Year Stu‘d y Participants Characteristics Intervention/Rehabilitation Protocol Pressure (mmHg) Measu‘re Time Outcome Measures,
Design Points Units
- ACL surgery 8 weeks, 16 sessions, 2 times per week
-n:28 Evaluation to start 48 h after the surgery.
Selected in a previous study (Hughes ~ Unilateral leg press. Pain:
etal. 2018) Familiarization session with 5 min warm-up -80% BFR am: .
! . ; - Muscular: Borg scale (last session
Hughes et al - 2 groups: with unloaded bike. - 150 mmHg operated measurement)
& v RCT CG: HL-RT heavy load 70% 1MR CG: 3x 10 reps. 30 s rest between sets, unilateral lower limb 8 weeks . .
2019 [34] o ano mMo - Knee: pain scales. 24 h after the session and
n =14 (10 men and 2 women) leg press, from 0°-90°, 70% 1M - 157 mmHg healthy durine the session. Measurement of the
MY:29 +7 1G: 4 sets (30, 15, 15 and 15 reps) unilateral leg lower limb 8 '

IG: BFR-RT low load (30% 1MR)
n =14 (7 men and 5 women)
MY:29 +7

press
Both limbs were trained. Occlusion was applied
during exercise and rest time.

average of the last sessions.

Abbreviations: RCT, randomized controlled trial; OA, osteoarthritis; ACL, anterior cruciate ligament; ACLR, anterior cruciate ligament reconstruction; BFR, blood flow restriction; IMR, 1 maximum repetition;
MY, mean years; CG, control group; IG, intervention group; HI-RT, high-intensity resistance training; LI-RT, low-intensity resistance training; MRI, magnetic resonance imaging; CT, computed tomography;
WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; TST, timed-stands test; TUG, Timed Up and Go; CSA, quadriceps cross-sectional area; SF-36, Short Form-36 health questionnaire;
MIRT, moderate-intensity resistance training; SPPB, Short Physical Performance Battery; LLFDI, Late Life Functional And Disability Instrument; KOOS, Knee Injury and Osteoarthritis Outcome Score; NPRS,
Numeric Pain Rating Scale; MVIC, maximum voluntary isometric contraction; IKDC, International Knee Documentation Committee; SEBT, star excursion balance test; LE, lower extremity; BFR-RE, blood flow
restriction resistance exercise; NI-BFR, non-injured BFR-RE; ACLR-BFR, ACLR patients’ blood flow restriction resistance exercise; ACLR-HL, ACLR patients heavy-load resistance exercise; ROM, range of motion;
BFR-RT, blow flow restriction resistance training; HL-RT, heavy-load resistance training.
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3.2.2. Intervention

The intervention in all studies consisted of applying BER to the proximal thigh area
while performing high-, medium- or low-load exercises. Low load was applied in nine
studies that ranged from 20% [26] to 30% of IMR [25,27-29,33,34]. One study applied low
load but without specifying the percentage of MR used [32], another study only referred
to the use of BER together with an exercise protocol [31] and only one study applied BFR
with a high load, at 70% of 1MR [31].

The interventions in the control groups consisted of performing the same exercises,
but without BFR. Low-load training at 30% 1MR [27,28] or moderate load at 60% was
used [26], although one study did not specify the percentage of low load [32]. Three studies
applied high-load training at 70% of 1IMR [29,30,34]. Furthermore, two studies presented
two control groups [25,33]: one study [25] applied a load of 80% in one group and 30% in
the other, and the other study [33] applied 70% of 1IMR in one group and 30% in the other
group in which BFR was also applied in healthy subjects. In addition, one of the studies
did not specify the load [31].

3.2.3. Comparison

Most of the studies compared the application of BFR with low load [25-29,32-34],
high load [25,29,33,34], moderate load [26] or low load [25,27,28,32] non-BFR exercises.
Only one study used high load in both the control and the intervention groups [30]. In
addition, one study also compared the use of BFR in healthy subjects with low load [33],
and another study did not specify the load but used the same exercise protocol with or
without occlusion [31]. These data are shown in Table 1.

3.2.4. Outcomes

The main outcome was muscle strength. Different methods were used for its evalua-
tion, such as isokinetic force measurement [26—28,30,32], isotonic force [27,28] and maxi-
mum isometric contraction [29,30,32]. In addition, in two studies the 1IMR leg press test
was used [25,30].

As secondary data, the quadriceps CSA, pain and the functionality and/or quality
of life of the patient were analyzed. Quadriceps CSA was examined in three studies,
using computed tomography (CT) [25] or magnetic resonance imaging (MRI) [31,32]. To
measure the intensity of pain in patients with KOA several scales were used, among them
the Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) [25,26],
the Knee Injury and Osteoarthritis Outcome Score (KOOS) [27,28] and the Numeric Pain
Rating Scale (NPRS) [29]. To measure pain in patients with ACL reconstruction, the Borg
scale was used to measure perceived muscle pain [33,34]. Different scales were used to
evaluate the quality of life and functionality of the patient. In one study the International
Knee Documentation Committee (IKDC) scale [30] was used; in others the WOMAC scale,
the Short Form-36 health questionnaire (SF-36) [25] and the Lequesne questionnaire [29]
were also used, in addition to the Late Life Function and Disability Instrument (LLFDI),
Short Physical Performance Battery (SPPB) and change in gait speed [26]. In two studies
the timed-stands test (TST) [25] and Timed Up and Go (TUG) [25,29] functionality tests
were applied.

3.3. Study Quality and Risk of Bias

The Cochrane “RoB-2" risk of bias tool [24] was used to assess the risk of bias in the
included RCTs. When analyzing the domains of each study individually, 88.9% presented
a low risk of bias in the randomization process, while 11.1% presented an unclear risk.
An “unclear” risk of bias of the deviations from the planned interventions were observed
in 88.9% and the measurement of the outcome presented a low risk of bias in 88.9%.
Meanwhile the bias regarding the lack of outcome data and the selection of the reported
outcome presented a low risk of bias in 100% of the studies. Regarding other sources of
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bias, 88.9% showed an “unclear” risk of bias, and 11.1% showed a high risk of bias. These
results are shown in Figure 2.
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Figure 2. (A): Assessment of risk of bias. (B): Summary risk of bias by percentage.

Secondly, each RCT was analyzed based on the PEDro scale [22,23]; a score equal to or
greater than six was obtained in nine of the studies, which represents good methodological
quality. Only one study’s methodology was classified as poor quality since its score was
less than four points (Table A2).

3.4. Outcomes
3.4.1. Main Outcome: Muscle Strength

Ferraz et al. [25] evaluated the strength in women through the changes of IMR of leg
press and knee extension. Two control groups performed training with high or low load,
and the intervention group performed training with low load, and BFR was studied. After
12 weeks, a significant increase in strength was observed in the BER training group and in
the high-load control group, compared to the low-load control group that did not show a
significant increase in strength.

Segal et al. [27,28] studied the isotonic force in 1IMR of the leg press and the maximal
extensor isokinetic force after four weeks of training. In a study carried out in women [28]
the 1IMR isotonic force increased significantly in the BFR group compared to the control
group (28.3 == 4.8 kg and 15.6 & 4.5 kg, respectively, p = 0.0385), and the isokinetic force also
improved in the intervention group compared to the control group (0.07 & 0.03 Nm/kg,
—0.05 £ 0.03 Nm /kg respectively, p = 0.0048). In the study conducted in men [27], even
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though strength improved in both groups in the two measurements performed, there were
no significant differences between the groups.

Bryk et al. [29] evaluated the strength in women through the maximum isometric
contraction of the quadriceps. After six weeks of training, strength improved in the BFR
group more than in the control group (40 & 9.2 kg and 33.5 & 12.9 kg, respectively; p = 0.001),
but this difference was not significant between the groups. Harper et al. [26] studied the
extensor isokinetic force. After 12 weeks of treatment, the force torque increased in the
control group compared to the group with BFR 1.87 (—10.96, 7.23) Nm.

Ohta et al. [32] evaluated the changes in muscle strength of the hamstrings and
quadriceps 16 weeks after ACL reconstruction. They did not differentiate between men and
women while studying isokinetic force at 60°/s and 180° /s, and isometric force at 60°/s.
The evaluation of flexor and extensor torques showed a significant increase in muscle
strength in the BFR group compared to the control group (p < 0.05). The isokinetic strength
of the extensors was greater in the BFR group compared to the control group, both at
60°/s (76 £ 16%, 55 & 17%, respectively, p < 0.001) and at 180° /s (77 & 13% and 65 £ 13%,
respectively; p = 0.004). The strength in the knee flexors also showed better results in
the BFR group than in the control group at 60°/s (81 & 14% and 72 & 15%, respectively;
p =0.05) and at 180°/s (84 £ 18% and 74 £ 12% respectively; p = 0.04). In addition, the
evaluation of isometric strength at 60°/s also showed better results in the intervention
group compared to the control group for extensor (84 + 19% and 63 % 19%, respectively;
p <0.001) and flexor (72 £ 11% and 62 £ 14%, respectively; p = 0.02) strength.

Finally, Curran et al. [30] evaluated isokinetic extensor muscle strength, isometric
strength and change in IMR leg press after ACL reconstruction. Both groups consisted of
men and women who performed high-load training, including concentric and eccentric
exercises. After eight weeks of treatment, there were no significant differences from before
the operation to after the intervention between the BFR group and the control group or in
the maximum isokinetic force, nor in isometric force (p = 0.49 and p = 0.88, respectively).
There were also no significant differences between the groups in IMR leg press from before
the intervention to after (p = 0.24). These results are shown in Table 2.

Table 2. Strength outcomes.

Author

Measurement Intra-Groups Between-Groups

Ferraz et al. [25]

IMR leg press (% improvement)

BFR vs. LI -RT: 18%

BER: 26%; ES = 1.01 BFR vs. HI-RT: —7%
HI-RT: 33%; ES = 0.82 HI-RT vs. LI-RT: 21%
LI-RT; 8%; ES = 0.23

1IMR knee extension (% improvement)

BFR vs. LI -RT: 16%

BER: 23%; ES = 086 BFR vs. HI-RT: 1%
HI-RT: 22%; ES = 0.83 HI-RT vs. LI-RT: 15%
LL-RT: 7% 7%; BS = 0.21

Segal et al. Women [28]

Extensor isokinetic strength (Nm/kg)

pre-post treatment changes

BFR: 0.07 +0.03 0.57 £ 0.6
CG: —-05+03

Isotonic. 1MR leg press kg. pre-post

treatment changes

BFR: 04+03 02£0.6

CG:

02=£03
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Author Measurement Intra-Groups Between-Groups
Extensor isokinetic (% improvement

Segal et al. Men [27] Nm/kg)
BFR: —01+£33(04+24%) —0.8=+0.3(—6.3=£0.1%)
CG: 7.0 £3.0 (6.7 £ 2.3%)
Isotonic. 1IMR leg press (%
improvement kg)
BFR: 113 & 14.0 1.7+ -28(1.6 £ —-0.4)

CG:

(3.1 £ 0.9%)
13 + 16.8 (4.7 + 1.3%)

Curran et al. [30]

Extensor isokinetic. Nm (pre-surgery to
post-intervention changes)
BFR: —-124+19.2 2.6 £ 152

CG:

—15.0 £ 344

MVIC. Nm (pre-surgery to
post-intervention changes)
BFR: —-163+£3.1 45+ —352

CG:

—11.8 £38.3

1IMR leg press. kg (pre-intervention a
post-intervention)
BFR: 244 +1.21 0.34 +0.26

CG:

2.10 £0.95

Ohta et al. [32]

Extensors (concentric 60° and 180°,
isometric at 180°) (% post)

C60° =76 £ 16%, C60°: 21 + —1%
BFR: C180° =77 £13% IS C180°: 12 + 0%
60° =84 £ 19 1S60°: 21 £ 0%

CG:

C60° =55 £ 17%,
C180° =65 £ 13% IS
60° =63 £ 19%

Bryk et al. [29]

MVIC. kg Post
BFR: 16.8 +10.3 (10.6,229) 7.4(0.9,13.9)

CG:

9.4 +83(1.3,17.5)

Harper et al. [26]

Isokinetic. Nm
(mean change) 95% CI

6-weeks: 9.96 (5.76, 14.16)
12-weeks: —1.87 (—10.96, 7.23)

Abbreviations: BFR, blood flow restriction; 1IMR, 1 maximum repetition; CG, control group; kg, kilograms; Nm, Newton meter; HI-RT,
high-intensity resistance training; LI-RT, low-intensity resistance training; MVIC, maximum voluntary isometric contraction; ES, effect
sizes; C, concentric; IS, isometric.

3.4.2. Secondary Outcomes: CSA, Pain, Function and/or Quality of Life

e (CSA

There were three studies that measured the quadriceps CSA (results are shown in
Table 3). The study of Ferraz et al. [25] showed significant increases in the BFR group
(+7%, effect size (ES) = 0.39, p < 0.0001) and in the high-load control group (+8%, ES = 0.54,
p < 0.0001), but there was no improvement in the low-load control group (+2%, ES = 0.12,
p = 0.52). It is important to note that the increase in CSA between groups was significant
compared to the low-load group (p = 0.02), but no significant difference was observed
between the high load and the BFR groups (p > 0.05), showing a comparable effect between
treatments for this variable. The study of Iversen et al. [31] observed that both groups
(control group and BFR group) had a significant reduction in quadriceps CSA from two
days before surgery to 16 days after surgery (p > 0.0001). Two measurements were taken
and in both cases a reduction of the quadriceps CSA was observed both in the control
group and in the BFR. During the intervention period (mean changes of 40% and 50%) the
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occlusion group lost 13.8% = 1.1% (mean £ SEM) and the control group lost 13.1% =+ 1.0%
of the quadriceps CSA, respectively. There were no significant differences between the
occlusion and control groups regarding quadriceps atrophy (p = 0.6205). The study by Ohta
et al. [32] concluded that 16 weeks after a ACL surgery, there was a statistically significant
increase in the CSA of the knee extensor muscles in the BFR group compared with the CG
group (p < 0.05).

Table 3. Quadriceps CSA outcomes.

Author Measurement Intra-Groups Between-Groups

Ferraz et al. [25] CT (% improvement)
BFR vs. LI -RT: 5%

BER: 7%; ES =039 BFR vs. HI-RT: —1%
HI-RT: 8%; ES = 0.54 HI-RT vs. LI-RT: 6%
LI-RT: 2%; ES =0.12
Ohta et al. [32] % Post
BFR: 101 + 11% 9+ (-1
CG: 92 +12%
Iversen et al. [31] Mean change (%)
BFR: —13.8 £1.1% 0.7+0.1
CG: —13.1 £ 1.0%

Abbreviations: BFR, blood flow restriction; CG, control group; HI-RT, high-intensity resistance
training; LI-RT, low-intensity resistance training; ES, effect sizes; Sig., significant; CT, computed
tomography.

e Pain

Ferraz et al. [25] showed that the pain score according to the WOMAC subscale was
significantly reduced in the low load and BFR groups (—45%, ES = —0.79, p = 0.001 and
—39%, ES = —0.79, p = 0.02, respectively), but not in the high load group (—31%, ES = —0.54,
p =0.19). In the studies by Segal et al. [27,28] the KOOS scale was used to mediate pain.
The study in women [28] observed that even though there was no worsening of knee pain
in either group, there were no statistically significant differences between or within the
groups (CG: 1.8 £ 2.7, p = 0.5209 and BFR: 2.0 £ 2.8, p = 0.4834) nor between the groups
(p = 0.9574). In the study conducted with men [27], despite an improvement in pain in the
control group and in the BFR (14.2 £ 7.2%, p = 0.062 and 4.9 & 3.3%, p = 0.155, respectively),
there was no significant difference between the two groups (p = 0.254). Bryk et al. [29]
evaluated pain intensity with the NPRS scale. Although there was a slight improvement
in the BFR group compared to the CG (3.2 £ 1.9, 3.5 & 2.3 points, respectively; p = 0.001),
there was no significant differences between the groups. Pain intensity during exercise was
also evaluated, where pain significantly decreased within the groups, in the BFR group
(2.5 = 1.5 points) and the control group (6.2 & 2.2 points), and improved between the
groups (p = 0.01). The study conducted by Harper et al. [26] used the WOMAC pain sub-
scale. They observed that the difference in both groups was —81 (—2.04, 0.42) points while
between the groups there was a decrease of 0.24 (—2.51, 2.98) points in the control group
compared to the BFR group. In the study conducted by Hughes et al. 2018 [33], muscle pain
and knee pain were studied during the training session and 24 h after the training session.
Muscle pain was significantly greater in the BFR group compared to the ACL reconstruction
heavy-load group (mean difference: 5 £ 1, 95% confidence interval (CI): 2.942 to 7.758,
p < 0.05) and compared to the group with healthy BFR individuals, (difference mean:
2.7 £1,95% CI: 0.292-5.058, p < 0.05). However, knee pain improved in the BFR group
as it was significantly less in the intervention group compared to the ACL reconstruction
heavy-load group (difference mean 3 & 1, 95% CI: 0.242-5.058, p < 0.01). In 2019, Hughes
et al. [34] conducted another study with two groups of patients (participants selected from
the previous study). They also studied the intensity of pain and knee pain during the
training session and at 24 h. As in the first study, muscle pain increased significantly in the
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group that performed training with BER (p < 0.05). In the last training session performed
on the control group (p < 0.05, d = 0.8, 95% CI: 0.7-0.9) and the BFR resistance training
group (p <0.01, d = 0.5, 95% CI: 0.4-0.6), knee pain improved significantly in the BFR group
both during the training session (p < 0.05) and 24 h after the training session (p < 0.05).
The mean knee pain per session was lower in the BFR group compared to the heavy-load
resistance training group during each session (all p < 0.05, mean d = 2.5, 95% CI: 2.2-2.8).
In the BFR resistance training group knee pain in the middle session remained significantly
lower compared to the beginning from the fourth session: (all p < 0.05, mean d = 1.2,
95% CI: 0.7-1.4). For the heavy-load resistance training group, mean knee pain remained
significantly lower compared to the beginning from the sixth session (all p < 0.05, mean
d = 0.6, 95% CI: 0.4-0.7). Pain at 24 h of training was less in the BFR resistance training
group compared to the heavy-load resistance training group at all time points (all p < 0.01,
mean d = 3.1, 95% CI: 2.9-3.3). In the BFR group, pain remained significantly lower from
the fourth session (all p < 0.01, mean d = 2.9, 95% CI: 2.7-3.2) and in the control group, pain
decreased significantly after from session 4 (all p < 0.01, mean d = 1.7, 95% CI: 1.3-2).
These results are shown in Table 4.

Table 4. Function and/or quality of life outcomes.

Author

Measurement Intra-Groups Between-Groups

Ferraz et al. [25]

TST (% improvement)

BFR:

HI-RT:
LI-RT:

o e BFR vs. LI-RT: 2%
7%; S =043 BER vs. HI-RT: —7%
14%; ES = 0.52 HI-RT vs. LI-RT: 9%
5%; ES = 0.32

WOMAC (quality of life) total score.
Post intervention

BFR vs. LI-RT: —1.3 £ —0.3 (—4%)

BFR: 17.1 +11.2 (—46%); ES= —1.3 BFR vs. HI-RT: —4.1 + 2.0 (—7%)
HI-RT: 21.2 £13.2(—39%); ES= —1.23 HI-RT vs. LI-RT: 2.8 + 1.7 (3%)
LI-RT: 18.4 + 11.5 (—42%); ES= —0.79

Curran et al. [30] IKDC

Change from pre-operation to

. . —6.06 = 0.53
post-intervention:
BFR: 11.83 4+ 16.67
CG: 17.89 £ 17.20
Change from pre-intervention to
post-intervention
BFR: 16.49 +9.97 —-399 + -23
CG: 20.48 +12.27
Lequesne questionnaires.
Bryk etal. [29] Po(s]t inter\?ention
BFR: —5.04+45(-2.8,7.2) 1.0(—3.3,5.3)
CG: —6.0 £ 7.5(—1.5,10.5)
TUG (s) POST
BFR: —-124+18(-29,-0.21) 04 (—15,2.3)
CG: —-1.6+35(0,—-3.2)

Harper et al. [26]

SPPB (mean change in points)

(BFR decreased compared to CG)  —0.66 (—1.74, 0.42)

Walking speed (m/s) mean change

(BFR decreased compared to CG)  —0.01 (—0.11, 0.09) m/s

LLFDI. Mean change

(BFR decreased compared to CG)  —0.79 (—6.76, 5.17)

Abbreviations: BFR, blood flow restriction; CG, control group; HI-RT, high-intensity resistance training; LI-RT, low-intensity resistance
training; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; TST, timed-stands test; TUG, Timed Up and Go; SPPB,
Short Physical Performance Battery; LLFDI, Late Life Functional and Disability Instrument; IKDC, International Knee Documentation
Committee; ES, effect sizes; Sig., significant; m/s, meters/seconds.
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o Function and/or quality of life

Most of the studies analyzed showed improvements within the BFR group and control
group, but in most cases, this improvement was not significant between the groups (results
are shown in Table 5). The study conducted by Ferraz et al. [25] reported similar results in
the BFR group and the high-load control group compared to the low-load control group.
In the TST, both the BFR group and the control group with high load showed significant
improvements after the intervention (7% and 14%, respectively) compared to the control
group with low load (5%). Despite these effects within the group, no significant differences
were observed between the three groups (p > 0.05), just as TUG had no difference either
within groups or between groups (p > 0.05). The quality of life, evaluated by means of the
total score of the WOMAC scale, showed a significant improvement in the three groups
(p < 0.05). Bryk et al. [29] evaluated the functionality using the Lesquesne scale and the
TUG. At the end of the treatment, the two groups improved in functionality (p = 0.001 and
p = 0.006, respectively); although the score in the BFR group was better, this difference
was not significant between groups. The study conducted by Harper et al. [26] showed
similar results between the groups evaluated by SPPB, LLFDI and change in gait speed.
The results obtained in the study conducted by Curran et al. [30] using the IKDC scale did
not show significant improvements between groups (p > 0.05).

Table 5. Pain outcomes.

Author

Measurement

Intra-Groups

Between-Groups

Ferraz et al. [25]

WOMAC pain sub scale. POST (% decrease)
BFR:

4.0 2.9 (—39%); ES = —0.79

HI-RT: 4.6 £ 3.1 (—45%); ES = —0.59
LI-RT: 4.0 + 2.6 (—31%); ES = —0.70
Segal et al. Women [28]  KOOS (change pre-post)
BFR: 20+£28 02+0.1
CG: 1.8+27
Segal et al. Men [27] KOOQOS (change pre-post)
BFR: 5.6 4+ 11.7 (4.9 + 3.3%) 27417 (=934 —39)
CG: 2.9 £10.0 (14.2 £ 7.2%)
Bryk et al. [29] NPRS knee pain intensity Post
BFR: —334+22(-48,-1.7) ~0.8(2.2,0.6)
CG: —25+1.8(—-4.2,-0.8)
NPRS in exercise
BFR: 25+15 —3.7(=5.0, —2.4)
CG: 62+22
Harper et al. [26] WOMAC pain sub scale.

CG decreased compared to BFR.

0.24 (—2.51, 2.98)

Hughes et al., 2018 [33]

Muscular pain. Mean difference
a. BFR greater pain compared to healthy CG.

b. BER greater pain compared to heavy-load CG.

c. Healthy greater pain compared to
heavy-load CG.

Knee pain during session and at 24 h

BER lower pain compared to heavy-load CG.

a.2.7 +1(95% CL:
0.292-5.058)

b. 5 % 1 (95% CIL: 2.942-7.758)
¢. 341 (95% CI: 0.242-5.058)

3 £ 1 (95% CI: 0.242-5.058)
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Table 5. Cont.

Author

Measurement

Intra-Groups

Between-Groups

Hughes 2019 [34]

Muscular pain.

More pain with BFR

BFR: last session

Injured limb

Non- Injured limb

CG: last session

Injured limb

Non-Injured limb

Knee pain at 24 h.

Sessions average

Less pain with BFR

BER injured limb: average from all sessions
CG injured limb: average from all sessions
Knee pain during session

Less pain with BFR

BFR injured limb: average from all sessions
CG injured limb: average from all sessions

Mean d = 0.5 (95% CI: 0.4-0.6)
Mean d = 1.0 (95% CT: 0.8-1.2)
Mean d = 0.8 (95% CI: 0.7-0.9)
Mean d = 0.7 (95% CI: 0.6-0.8)

Mean d = 2.9 (95% CT: 2.7-3.2)

Mean d = 1.7 (95% CI: 1.3-2.0).

Mean d = 1.2 (95% CI: 0.7-1.4)
Mean d = 0.6 (95% CI: 0.4-0.7)

p<005*

Mean d = 3.1 (95% CI: 2.9-3.3)

Mean d = 2.5 (95% CI: 2.2-2.8)

Abbreviations: BFR, blood flow restriction; CG, control group; HI-RT, high-intensity resistance training; LI-RT, low-intensity resistance
training; WOMAC, Western Ontario and McMaster Universities Osteoarthritis Index; KOOS, knee injury and osteoarthritis outcome Score;
NPRS, numeric pain rating scale; ES, effect sizes; Sig., significant; CI, confidence interval; d, Cohen; *, numerical data not available.

4. Discussion

The aim of this systematic review was to investigate whether people with KOA or ACL
reconstruction who perform occlusive training have a greater increase in muscle strength
and quadriceps CSA, and greater improvements in pain intensity and in functionality
and/or quality of life, compared to those who undergo treatment without BFR. After
conducting a thorough search, ten studies were included in our review, all of them RCTs.

Our main outcome was muscle strength. In recent years, several studies have shown
increased muscle strength with the use of BFR in healthy subjects [35-37]. Although the
physiological mechanisms of occlusive training remains unclear, it has been speculated
that the hypoxic environment in the muscle leads to a series of changes at neuromuscular,
hemodynamic, endocrine and metabolic levels that could lead to muscle hypertrophy [2].
Muscle weakness and atrophy is a common problem in patients with KOA and ACL
surgery. People with KOA have been observed to experience pain and progressive func-
tional loss [38] in activities of daily living [38,39]. There is consistent evidence that lower
muscle quality, physical inactivity, joint degeneration and pain are associated with lower
muscle strength in patients with KOA [40]. Furthermore, it has been shown that active
exercise increases physical function and reduces pain and disability of the knee, improving
health and the quality of life of the patient [39]. On the other hand, the main goals of
surgery and rehabilitation in patients with ACL reconstruction are to restore knee func-
tion to pre-injury levels and promote long-term joint health. However, in many cases
quadriceps weakness persists for months or even years after the operation [9]. Therefore,
the rehabilitation of the quadriceps is essential to achieve good knee stability and main-
tain functional capacity [41]. Therefore, in both pathologies, to seek a strategy capable
of minimizing quadriceps weakness is of great clinical interest. In our review, four of seven
studies that assessed this variable showed improvements in strength [25,28,29,32]. In one
study [29], this improvement was not significant compared to the control group. Ferraz
et al. [25] showed similar improvement results compared to the high-load control group,
but significantly improved compared to the low-load control group. Segal et al. [28] and
Ohta et al. [32] also used low loads in both groups. Only the study by Bryk et al. [29] used
loads of 70% of IMR as a control group. Among the studies that did not show improvement,
two of them presented as a control group loads between 60% [26] and 70% of 1IMR [30]. In
addition, Segal et al. [27] did not obtain significant differences after four weeks, despite
applying a load of 30% of IMR in men. It should be noted that, in all cases in which the
increase in strength was significant, both the control and the intervention groups worked
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with low loads; in most of the studies where there were no differences, the control group
used moderate or high loads.

The quadriceps CSA was evaluated in three studies [25,31,32]. Two of them showed
significant increases in CSA [25,32]. In the study conducted by Ferraz et al. [25] the group
that performed occlusion training improved compared to the low-load control group after
12 weeks. In the study conducted by Ohta et al. [32] the preoperative/postoperative
relationship 16 weeks after surgery also showed an increase in knee extensor musculature.
In contrast, Iversen et al. [31] observed a significant reduction of the quadriceps in athletes
after undergoing ACL surgery; this may be because the measurement was made only 16
days after the operation.

Knee pain improved in four of seven studies that investigated this variable [25,29,33,34].
Each study used different scales. In the studies evaluating patients with KOA, there was an
improvement in knee pain during exercise with BFR and at the end of treatment compared
to training with high loads. In the study by Ferraz et al. [25] the pain score improved
significantly in the BFR group and in the low-load control group; however, in the high-load
control group 25% of the sample dropped out of the study due to pain related to exercise.
The study conducted by Bryk et al. [29] showed improvements in pain intensity for both
groups but obtained better results in the BFR group compared to the high-load control
group. These data could indicate that training with low load and low pain could facili-
tate the adherence to exercise in patients with KOA. The studies conducted by Hughes
et al. 2018 [33] and Hughes et al. 2019 [34] evaluated knee pain after ACL reconstruction
during and after exercise. Both studies showed an improvement in the low-load BFR
group compared to exercising with high loads. The results of Hughes et al. 2018 [33]
cannot be generalized since only one session was conducted. Nevertheless posteriorly,
Hughes et al. 2019 [34] performed a workout twice a week for eight weeks, showing
significant improvement in knee pain. This indicates that exercise with low loads and the
application of BFR can be a suitable alternative during the first phases of rehabilitation
after an ACL reconstruction. It is important to note that in the rest of the studies, despite
the lack of improvement compared to the control group, BER training was not associated
with worsening of knee pain in any of the cases [26-28].

The studies which evaluated the functionality and/or quality of life of the patient
used different scales and questionnaires. One of four studies in which it was evaluated [25],
obtained significant improvements in the BFR group after training. The assessment of
quality of life using the WOMAC scale showed an improvement at the end of treatment in
the three groups evaluated and the results of the functionality obtained an improvement in
the BFR group and in the control group with high load. In the rest of the studies analyzed,
despite not having significant improvements, there was no worsening of these parameters
in the occlusive group [26,29,30].

The studies’ protocols showed high heterogeneity, regarding the cuff pressure, the se-
ries and repetitions performed, the time of application of BFR or the duration of the training.
This heterogeneity could be observed in the high variability of cuff pressure between the
studies analyzed, from a mean of 97.4 mmHg [25] to a maximum of 200 mmHg [27-29]. In
some cases, the pressure gradually increased throughout treatment [27,28,31]. In addition,
to determine the cuff pressure, some studies calculated it using 70% [25] and 80% [30,34]
of total occlusion. Finally, one study individualized it to each patient according to the
previous literature on BFR [26] and the others used pneumatic or manual devices. In
addition, there were also variations in the width of the cuff used, the method for calculating
arterial occlusive pressure (AOP) and the posture when applying the occlusion. These
aspects are important since studies have concluded that depending on the width of the
cuff, arterial flow is occluded at very different inflation pressures [42]. In the reviewed
studies, the width cuff was either 6.5 cm [27,28], 11.5 cm [33,34], 14 cm [31] or 17.5 cm [25];
however, not all the studies indicated the width of the cuff used [26,29,30,32]. The method
for calculating AOP was also different according to each study. Two studies used the
Doppler probe to locate the tibial and femoral artery [25,29]. Recent hypotheses have
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indicated that cuff restrictive pressures in the lower body should be based on thigh cir-
cumference and not on pressures previously used in the literature [39,40], while other
studies indicate that the pneumatic tourniquet system can be used to reliably calculate the
AQRP of the lower limb and adapt to muscular and vascular changes with results equal
to the use of Doppler [43,44], considered the gold standard test. Finally, two studies in
this review used the Doppler [33,34]. An important aspect that must be considered to
calculate the correct AOP is the position of the body, since it must be measured in the
position in which the occlusion stimulus will be applied later [44]. However only two of
the reviewed studies applied it in this position [33,34], two others applied it in the supine
position [25,30], two with the patients seated [28,31] and four of them did not indicate
in which posture it was applied [26,27,29,32]. The optimal time of application of BFR is
still not clear, which makes it difficult to standardize it when exercising. In five of the
reviewed studies the pressure was maintained throughout the session, both in periods of
exercise and in rest intervals [25,27,28,33,34]. In four of the studies the device remained
inflated during exercise and deflated during rest periods [26,29-31], and in Ohta et al. [32],
pressure was maintained during training for a maximum of 15 min and then deflated for
15-20 min. In addition, the duration of the rehabilitation protocol of the reviewed studies
varied greatly with a minimum duration of one day [33] and a maximum of 16 weeks [32].
Finally, there was also great variability in the periodicity of the sessions from a single
session per week [33], twice per week [25,30,34], three times per week [26-29], twice a
day [31] or six sessions per week [32].

Adaptations of muscle strength and hypertrophy have been observed for periods of
time greater than three weeks in duration [1]. According to the trials included in our study;,
a minimum of four weeks would be necessary to gain muscle strength or CSA. Nevertheless,
more studies are needed on the duration and frequency of training, since these parameters
are highly variable between the studies. These aspects should be considered for future
studies, and a standardized protocol can be established.

This systematic review has several limitations. There is a high clinical and statistical
heterogeneity between the included studies. The differences in the time of application of
the BFR, intervention protocols and way of measuring the variables has made it impossible
to conduct a meta-analysis. In some studies, the sample size to be studied was small,
and one of the included studies was a pilot RCT [26], which may lead to the risk of over-
interpreting the results obtained. Despite having carried out searches in several databases
by the two authors independently, it is possible that an article that may be relevant was not
included. Furthermore, our study shows an “unclear” risk of bias in 89% of the studies, in
the deviations from the planned interventions and in other possible sources of bias, data
that must also be considered when interpreting the results.

5. Conclusions

After performing a systematic review to assess the effects of BFR training compared
to non-BFR training on quadriceps strength, cross-sectional area (CSA), pain perception,
function and quality of life on patients with KOA and under ACL reconstruction, the
reviewed evidence could suggest that BFR training may benefit muscle strength and CSA
similar to high-intensity training. Furthermore, it could also have similar results to low-
intensity training in terms of quality of life and knee pain intensity during exercise. Taken
together, it could suggest that BFR training could provide benefits similar to high-intensity
training, without the detriment of this type of work, and with the advantages of low-
intensity training. However, more research is needed to confirm these conclusions about
BFR treatment and to establish a standardized intervention protocol for future trials.
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Appendix A

Table Al. Research strategy.

Knee AND (“blood flow occlusion training” OR kaatsu OR “blood flow restricted exercise”)
Knee osteoarthritis AND (“blood flow restricted exercise” OR kaatsu)

“Occlusion training” AND (“knee osteoarthritis” OR “Anterior Cruciate Ligament”)

“Blood flow restricted exercise” AND (knee osteoarthritis OR ACL)

WoS

“Blood flow restricted” AND knee
Kaatsu AND knee

“Knee osteoarthritis” AND BFR
“Anterior cruciate ligament” AND BFR

PEDro

(“Blood flow occlusion” OR “blood flow restricted” OR kaatsu) AND “knee osteoarthritis”
(“Blood flow occlusion” OR “blood flow restricted” OR kaatsu) AND ACL

(“Blood flow restriction exercise” OR “occlusion training” OR “ischemic strength training”)
AND knee

Scopus

(“Blood flow restriction” OR “occlusion training” OR kaatsu) AND knee

(“Blood flow restriction” OR “occlusion training” OR kaatsu) AND “Anterior Cruciate
Ligament”

“Blood flow restriction” AND ACL

“Blood flow restriction” AND “knee osteoarthritis”

“knee osteoarthritis” AND (“occlusion training” OR Kaatsu)

BFR AND (“knee osteoarthritis” OR “anterior cruciate ligament”)

MEDLINE (Pubmed)

knee AND (“blood flow restriction exercise” OR kaatsu)

Dialnet
ame (“Blood flow restriction” OR kaatsu OR “blood flow occlusion”) AND knee

“Blood flow restricted exercise” AND knee

(“Blood flow restriction” OR “occlusion training” OR kaatsu) AND “knee osteoarthritis”
(“Blood flow restriction” OR “occlusion training” OR kaatsu) AND ACL

(“Blood flow restriction” OR “occlusion training” OR kaatsu) AND “anterior cruciate ligament”
BFR AND “anterior cruciate ligament”

BFR AND “knee osteoarthritis”

Cochrane Library

Knee AND (“blood flow restriction exercise” OR kaatsu)
CINAHL (EBSCO) o  (blood flow restricted” OR “blood flow occlusion” OR kaatsu) AND “knee osteoarthritis”
(blood flow restricted” OR “blood flow occlusion” OR kaatsu) AND “anterior cruciate ligament”
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Table A2. PEDro scale.
e epeqs . Between- Point
Ehg.lbll.lty Random Concealed .Gr(.)ups Subject Therapist  Assessor Less than Intention- Group Measures and
Criteria . . Similar at . 3 . . 1. 15% To-Treat . .. e L e1s TOTAL
i Allocation  Allocation . Blinding Blinding  Blinding . Statistical Variability
Specified Baseline Dropouts Analysis .
Comparisons Data

Ferraz et al. No Yes No Yes No No Yes No Yes Yes Yes 6

Piirier Yes Yes No Yes No No Yes No Yes Yes Yes 7
Segal et al.

M) Yes Yes Yes Yes No No Yes Yes No Yes Yes 8
Segal et al.

(H) Yes Yes Yes Yes No No Yes Yes No Yes Yes 8

Bryk et al. No Yes Yes Yes No No Yes No No Yes Yes 6

C;r;la n Yes Yes No Yes No No No Yes No Yes Yes 6

Iveetr:le n No Yes No Yes No No Yes Yes No Yes Yes 6

Ohta et al. No Yes No Yes No No No No No Yes Yes 4

Hughes Yes Yes Yes Yes No No Yes Yes No Yes Yes 8
etal., 2018

Hughes
No Yes Yes Yes No No Yes Yes No Yes Yes 7

etal., 2019
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