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Paolo Flocco Background. Blood flow restriction (BFR) training is gaining increasing attention in
Sapienza University of Rome the scientific community. Studies using exercise combined with blood flow restric-
piazzale Aldo Moro 5 tion have shown muscle strength and size improvement. In fact, the main feature of
00185 Rome, Italy BER training is that can elicit muscle hypertrophy and strength adaptations using light
E-mail: paolo.flocco@uniromal.it external loads (20-30% one repetition maximum, 1RM) comparable to what is typical-
ly seen following high-load (HL) training programs with 70-85% 1RM. This specific
DOI: training has applications for individuals who may not be able to tolerate the mechan-
10.32098/mlt}.01.2021.12 ical stresses associated with higher loads, such as the elderly or injured; thus, several

investigations have focused on implementing BFR exercise within older and clinical
populations. However, the effects of this kind of technique in healthy athletes are not
clear in scientific literature. The purpose of this study is to conduct a systematic review
with meta-analysis to evaluate the qualitative and quantitative results of blood flow
restriction training in healthy athletes.

Methods. PRISMA guidelines were used to carry out the systematic review and
meta-analysis. Three electronic databases were searched: MEDLINE, PEDro, and the
Cochrane Library. Papers included in the study have the following characteristics: a) a
randomized controlled trial or clinical trial design of research, b) studies investigating
physiological effects of BFR training in healthy athletes and c) published in English.
The approach to data extraction was chosen on the basis of the Cochrane Methods.
Studies quality and risk of bias of the clinical trials included were evaluated according
to a Jadad score and through meta-analysis.

Results. After the elimination of duplicates, 164 records were screened. Among these,
14 studies were included in the systematic review. Seven of these were involved in the
meta-analysis. From the qualitative analysis, a larger number of studies were found
with a low level of quality.

Conclusions. The application of BFR positively influences muscular adaptations
compared with exercise under normal blood-flow conditions, in terms of increased
VO, max, higher strength increase, and muscles adaptations. Thus, BFR provides a
feasible, promising, and beneficial complementary training stimuli when used in a
controlled environment supervised by trained and experienced personnel.

LEVEL OF EVIDENCE: 1A
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INTRODUCTION approximately 70% of an individual’s one repetition maxi-

Athletes who compete, although in different types of sports, ~mum (IRM) have been deemed necessary to elicit muscle
usually they use strength and resistance training to enhance  hypertrophy and strength gains (5). The American College of
sport-specific muscular development and subsequent  Sports Medicine (ACSM) recommends loads of 60%-70%
performance (1-4). Historically, heavy exercise loads of  of the maximum load a person can lift (1 repetition maxi-
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mum (1RM)) to develop muscle strength, and 70%-85%
1RM to produce muscle hypertrophy (6). In recent years,
research has demonstrated that augmentation of low-load
resistance training with Blood Flow Restriction (BFR), also
known as Kaatsu training (7), to the active musculature can
produce significant hypertrophy and strength gains (8-11),
using loads as low as 30% 1RM (7). BFR training has been
found to yield hypertrophy responses comparable to that
observed with heavy load resistance training (12).

The BFR in such exercise protocols is typically achieved by
restricting blood flow to the muscle with the application
of external pressure via a tourniquet (13), pressurized cuff
(14), or elastic banding (15) that is applied over the proxi-
mal portion of the upper or lower extremities. It has been
suggested that the external pressure applied is sufficient to
maintain arterial inflow whilst occluding venous outflow
of blood distal to the occlusion site (16), although here, it
is difficult to envisage sufficient arterial inflow, since such
restricted venous return is likely to reduce inflow of blood
to the muscle.

The cuff restricts arterial blood flow and venous return, caus-
ing a greater rate of muscle fatigue than normal conditions
(17). This reduced blood flow is thought to induce an isch-
emic/hypoxic environment that enhances the training effect
in exercising muscle, leading to increased muscle mass and
strength (9, 18-21). Despite the fact that the robust effects
of BFR resistance training in producing muscle hypertro-
phy have previously been documented by numerous stud-
ies (16, 18-30), the underlying mechanisms responsible for
such effects remain poorly understood.

Some of the proposed mechanisms involved in the hypertro-
phic response from low-load BFR training include: elevat-
ed systemic hormone production (27, 28), cell swelling
(29, 30), increased production of reactive oxygen species
(ROS) (16, 24, 31), increased recruitment of fast-twitch
muscle fibres (18, 32-34), intramuscular anabolic/anti-cat-
abolic signaling (22, 35, 36), reactive hyperemia (37). In a
very recent study, authors using coefficient of variation of
force (CV{) and surface electromyographic signal (sSEMG)
suggest peculiar pattern of neuromuscular fatigue (38).
Additionally, while both low-load BFR training and tradi-
tional high-load training may work through alternate mech-
anisms, they appear to both be reliant on the activation of
the mechanistic target of rapamycin (mTOR) pathway, as
evident by the blunted protein synthetic response when
rapamycin, an mTOR suppressor, is administered (39, 40).
Despite the low level of mechanical tension associated with
BFR resistance training, both mechanical tension and meta-
bolic stress are primary factors of muscle hypertrophy, it
seems reasonable to argue that metabolic stress plays the
dominant role (41).
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However, at present these are mainly hypothetical and theo-
retical-based associations.

The advantage of low loads and thus reduced mechanical
stress for joints and bones (12) is of particular interest for
populations who are not capable of lifting near-maximum
loads or for whom high loads may be contraindicated, such
as in clinical rehabilitation or elderly populations.

It is precisely for this reason that there are numerous studies
on this type of patients in the literature, while the produc-
tion of papers on healthy patients is much more limited. In
fact, although BFR training is also used on athletes during
rehabilitation, it could also be very useful during athletic
preparation, to limit loads and therefore limit the incidence
of injuries.

The main aims of this review were to conduct a meta-anal-
ysis to examine the effects of LL-BFR training in healthy
athletes, and a systematic analysis to examine study quali-
ty and reporting with a focus on safe and effective applica-
tion of BFR. Thus, the objectives of this review were to: 1)
compare the effects of BFR training to both low- and heavy-
load training without BFR; 2) systematically review stud-
ies examining BFR training in healthy athletes; and 3) from
the results of the systematic analysis, examine and provide
recommendations regarding safe and effective implementa-
tion of BFR training in healthy athletes.

METHODS

This study was conducted by a research group composed
by medical doctors and rehabilitation professionals from
the “Sapienza” University of Rome and from “Rehabilita-
tion & Outcome Measure Assessment” (R.O.M.A.) associ-
ation. R.O.M.A. association in the last few years has dealt
with several systematic reviews and the validation of many
outcome measures in Italy (42-56).

Study design

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines (57), on the basis
of a prospectively defined review protocol submitted

to PROSPERO.

Search strategy

A literature search to identify research papers examin-
ing BFR training in healthy athletes was carried out on
the following databases from inception to 1** April 2020
PubMed, Cochrane (Embase), PEDro. The title and
abstract of each study were screened; exercise training stud-
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ies utilizing BFR were selected. The reference list of relevant
papers was also examined. The exact search terms were:
“blood flow restriction” OR “occlusion” OR “kaatsu” AND
“athletes” OR “sport” OR “well trained”.

Inclusion and exclusion criteria

No restrictions were applied to publication period, neither
to the country in which the study was conducted. The
search was limited to studies published in English. Restric-
tion was applied on study designs. Only experimental stud-
ies were included, both Randomized Controlled Trials and
Clinical Trials. Studies that include comparison between
Blood Flow Restriction Training and different training (or
no training) was considered. Only studies about chronic
adaptments after BFR were included in this review: any
acute studies, case studies, single-arm studies or those not
published in a scientific peer-reviewed journal in English
were excluded from meta-analysis.

Risk of Bias

Following the instructions in the Cochrane Handbook for
Systematic Reviews of Interventions (26), risk of bias was
assessed using six criteria that were individually rated for
each study. In this context, selection bias, performance bias,
detection bias, as well as attrition and reporting bias were
considered by the reviewer.

Study selection and data extraction

Titles, keywords, and abstracts identified through the
databases were screened independently by two review-
ers (PF and GG) and those failing to match the inclu-
sion criteria and any duplicates were excluded. After the
first screening, the primary reviewer selected the relevant
studies and assessed them against the inclusion criteria.
A second reviewer then cross-checked the studies. After
the second screening, studies that did not fit the inclu-
sion criteria were systematically excluded and others that
appeared pertinent were identified. A final list of eligi-
ble studies was compiled, and any disagreements were
resolved by a third reviewer or by consensus. From the
remaining eligible papers, data were recorded relating to:
1) study design; 2) clinical population characteristics; 3)
rehabilitation protocol: type, frequency, occlusion charac-
teristics, training load and duration of BFR training; and 4)
outcome measure, Data regarding the safety of BFR imple-
mentation were obtained from the systematic analysis of
the studies. Data were extracted using a custom spread-
sheet composed by PFE.
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Strategy for data synthesis

A narrative synthesis of the findings of the included stud-
ies was provided, structured around the type of interven-
tion, BFR characteristics, type of outcome, and intervention
content. A quantitative synthesis of the benefits of blood
flow restriction in healthy athletes was discussed.

Meta-Analysis

Data analysis was performed by one author (PF) and
reviewed by the second author (GG). The quantitative anal-
ysis was conducted by comparing outcomes. Data were
extracted in the form of mean, SD, and sample size for the
meta-analysis.

RESULTS

Search results

A total of 214 records were identified. Fifty duplicate records
were excluded, and the remaining 164 were screened. After
reading the titles, 145 studies were excluded. After the
exclusion of 5 records for inappropriate research design
(acute studies), 14 studies (18, 58-69) were included in the
qualitative synthesis. Seven (59, 61, 63-65, 67, 69) of the 14
studies examined were included in the quantitative synthe-
sis. Figure 1 represents the selection process of the study.
Table I contains information about the characteristics of
included studies.

Study characteristics: clinical populations
and BFR training interventions

The sample size in the studies varied from 12 (61, 66) to 62
(66) participants. The majority of the participants were men
with mean ages ranging from 19.2 + 1.8 (68) to 27 + 3.4 years
(68). One study does not report the ages of the patients (69).
The subjects were athletes of different sports disciplines:
football (59, 63, 64), track and field (57, 62, 69), rugby (58,
18), netball (60) basketball (61), rowing (65), futsal (66). In
two studies the sport practiced was not specified (67, 68).
BFR was achieved using either pneumatic cuffs, practical
cuffs, hand pumped blood pressure cuffs or elastic wraps
ranging from 3 to 13 cm in width. Occlusive pressure across
studies ranged from 160 to 230 mmHg. Studies either
selected a pressure based on previous research, on total
limb occlusive pressure, on moderate perceived pressure, or
on systolic blood pressure. The duration of the BFR training
intervention ranged from 3 to 8 weeks, with a frequency of
2 to 6 training sessions per week. Two studies did repeated
sessions on the same day (61, 69).
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Figure 1. Flow chart of study selection process.

Outcome measures

Muscle strength was assessed by measurement of isokinet-
ic peak torque (18, 66, 68) squat (58, 59, 63, 64, 65), bench
press (58, 59, 64). Muscle size was assessed by examining
muscle CSA, (60, 62, 18, 69) muscular architecture (63) and
muscle thickness (57, 59, 64, 68). Cardiovascular fitness
and aerobic endurance were measured by VO, max (60,
61, 65, 67). Studies that assessed physical function included
running sprinting time (57, 60, 63, 69) running skills (67),
sport related performance test (66), jumping task (60, 63,
69) and EMG values (18, 66). Studies reported hormones
values, like cortisol (57, 58) testosterone (57, 58), growth
hormone (57), IGF-1 (57, 66) and MSTN (66).
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Risk of Bias

The main findings from the risk of bias assessment were that
all the studies could not blind participants and no study
included in this review specified the blinding of outcome
assessment. Other main findings conceal group allocation,
and sequence generation was largely unreported. From the
qualitative analysis, a small number of studies were found
with a high level of quality (57, 65, 68) (figure 2).

Meta-Analysis

Thereis a growing interest in the use of BFR training as a clin-
ical MSK rehabilitation tool, and its use is becoming increas-
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Figure 2. Risk of bias.

ingly widespread, even for athletic preparation. However,
the effectiveness of this novel training modality in healthy
athletes has not been examined. Therefore, this review has
provided insight into its effectiveness in healthy athletes.
The quantitative analysis was carried out by comparing
outcomes and follow-ups. This pool was based on compa-
rable outcomes, and comparable times of follow-up has
allowed consideration of seven studies in the meta-analysis,
with six comparable outcomes:

Those studies are as follows:

1. Comparison of exercise protocol + BFR vs. exercise proto-
col concerning outcome 1: VO, max (ml/min/kg), follow-
up 2-6 weeks. The studies of Park ez al. (2010), Held ez al.
(2019) and Paton ez al. (2017) (61,65,67) were considered.
At baseline, there are no differences between the groups,
which are homogeneous (P = 0.86). Mean difference = 0.33,
95% Confidence Interval (CI) = - 2.87, 3.52. Meta-analysis
revealed statistically significant results (P = 0.0002) in favor
of the experimental group compared to the control group
(mean difference = 5.33, 95% Confidence Interval (CI) =
2.54,8.11) (figure 3).

2. Comparison of exercise protocol + BFR wvs. exercise
protocol concerning outcome 2: Bench press (kg) follow-
up 4-7 weeks. The studies of Yamanaka ez a/. (2012), and
Luebbers ez al. (2014) (64, 59) were considered. At baseline,
there are differences between the groups, which are heter-
ogenous (P = 0.007). Mean difference = 3.87, 95% Confi-
dence Interval (CI) = - 4.76, 12.49. Meta-analysis revealed
results statistically not significant (P = 0.10) in favor of the
experimental group compared to the control group (mean

Muscles, Ligaments and Tendons Journal 2021;11 (1)

difference = 7.75, 95% Confidence Interval (CI) = - 1.46,
16.96) (figure 4).

3. Comparison of exercise protocol + BFR wvs. exercise
protocol concerning outcome 3: Squat (kg) follow-up 4-7
weeks. The studies of Yamanaka ez 4/. (2012), and Luebbers
et al. (2014) (64,59) were considered. At baseline, there are
differences between the groups, which are heterogenous (P
= 0.005). Mean difference = - 5.96, 95% Confidence Inter-
val (CI) = - 17.36, 5.43. Meta-analysis revealed results statis-
tically not significant (P = 0.06) in favor of the experimen-
tal group compared to the control group (mean difference
= 11.46, 95% Confidence Interval (CI) = - 0.66, 23.58).
Heterogeneity change, (P = 0.54), which represents moder-
ate heterogeneity in the results (figure 5).

4. Comparison of exercise protocol + BFR wvs. exercise
protocol concerning outcome 4: Thigh Girth (cm) follow-
up 4-7 weeks. The studies of Yamanaka ez a/. (2012), and
Luebbers ez al. (2014) (64, 59) were considered. At baseline,
P = 0.25 groups represented moderate heterogeneity in the
results. Mean difference = - 0.07, 95% Confidence Interval
(CI) = - 2.38, 2.25. Meta-analysis revealed results statisti-
cally not significant (P = 0.58) in favor of the experimental
group compared to the control group (mean difference =
0.66, 95% Confidence Interval (CI) = - 1.67, 3.00). Hetero-
geneity change, (P = 0.11), which represents higher hetero-
geneity in the results (figure 6).

5. Comparison of exercise protocol + BFR wvs. exercise
protocol concerning outcome 5: Chest Girth (cm) follow-
up 4-7 weeks. The studies of Yamanaka ez a/. (2012), and
Luebbers ez al. (2014) (64, 59) were considered. At baseline,
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Experimental Control

Mean Difference

Mean Difference

Heterogeneity: Chi? = 0.30, df = 2 (P = 0.86); 1= 0%
Test for overall effect: Z=0.20 (P = 0.84)

3.2 VO2max, follow up 2-6 weeks

Test for overall effect: Z = 3.74 (P = 0.0002)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
3.1 VO2 max, baseline

HELD 2019 63 7 16 63.2 85 15 33.8% -0.20[-5.70, 5.30]

PARK 2010 489 438 7 474 45 5 36.3% 1.50[-3.81,6.81]

PATON 2017 46.1 7 8 46.6 4.7 8 30.0% -0.50[-6.34, 5.34]

Total (95% ClI) 31 28 100.0% 0.33 [-2.87, 3.52]

HELD 2019 697 94 16 649 86 15 19.4% 4.80[-1.54,11.14] T

PARK 2010 545 42 7 468 24 5 551% 7.70[3.94,11.46] —i—

PATON 2017 49 71 8 484 36 8 255% 0.60[-4.92 6.12] —

Total (95% CI) 31 28 100.0% 5.33 [2.54, 8.11] >
Heterogeneity: Chi? = 4.38, df = 2 (P = 0.11); I> = 54% 0 -+ 5 5 5

Favours [control] Favours [experimental]

Figure 3. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 1: VO, max.

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.1 Bench press (kg) at baseline
LUEBBERS 2014 123.3 20.7 17 135.1 19.7 14 36.6% -11.80[-26.06, 2.46] — &
YAMANAKA 2012 128.6 16.5 16 1157 14.7 16 63.4% 12.90[2.07, 23.73] ——
Total (95% Cl) 33 30 100.0% 3.87 [-4.76, 12.49] -
Heterogeneity: Chi? = 7.31, df = 1 (P = 0.007); I = 86%
Test for overall effect: Z = 0.88 (P = 0.38)
4.2 Bench press (kg), follow up 4-7 weeks
LUEBBERS 2014 132 244 17 1424 19 14  36.3% -10.40[-25.68, 4.88] — &
YAMANAKA 2012 137.9 171 16 119.8 16.2 16 63.7% 18.10[6.56, 29.64] —il—
Total (95% Cl) 33 30 100.0% 7.75[-1.46, 16.96] T
?etfn;ogeneltylzl Cfr: ?%511,1(2‘;;(_%:1%004); 12 =88% '_50 _2.5 o 2'5 50'
est for overall effect: Z = 1.65 (P = 0.10) Favours [control] Favours [experimental]

Figure 4. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 2: Bench press (kg).

P =0.32 groups represented moderate heterogeneity in the
results. Mean difference = - 0.78, 95% Confidence Interval
(CI) = - 4.09, 2.53. Meta-analysis revealed results statisti-
cally not significant (P = 0.89) in favor of the experimental
group compared to the control group (mean difference =
0.22, 95% Confidence Interval (CI) = - 2.83, 3.27). Hetero-
geneity change, (P = 0.15), which represents higher hetero-
geneity in the results (figure 7).

110

6. Comparison of exercise protocol + BFR vs. exer-
cise protocol concerning outcome 6: 0-10 m Dash time
(sec) follow-up 15-16 sessions. The studies of Scott et al.
(2016), and Abe et al. (2005) (63, 69) were considered.
At baseline, mean difference was = 0.02, 95% Confi-
dence Interval (CI) = - 0.03, 0.08. Meta-analysis revealed
results statistically not significant (P = 0.54) in favor of the
experimental group compared to the control group (mean

Muscles, Ligaments and Tendons Journal 2021;11 (1)
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Experimental Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
IV, Fixed, 95% CI

Mean Difference
IV, Fixed, 95% CI

Test for overall effect: Z=1.85 (P = 0.06)

5.1 Squat (kg), baseline
LUEBBERS 2014 1932 25 17 2181 24.6 14 42.3% -24.90[-42.43, -7.37] — &
YAMANAKA 2012 157.3 20.2 16 1494 23 16  57.7% 7.90 [-7.10, 22.90] —
Total (95% CI) 33 30 100.0% -5.96 [-17.36, 5.43] —~i—
Heterogeneity: Chi=7.76, df =1 (P = 0.005); I = 87%
Test for overall effect: Z=1.03 (P = 0.31)
5.2 Squat (kg), follow up 4-7 weeks
LUEBBERS 2014 218.1 246 17 2109 26.8 14  44.0% 7.20[-11.07, 25.47] S B B
YAMANAKA 2012 171.4 224 16 156.6 24.3 16 56.0% 14.80[-1.39, 30.99] T
Total (95% Cl) 33 30 100.0% 11.46 [-0.66, 23.58] e
L 2 = = = L2 = 0Y ! 1 Il {
Heterogeneity: Chiz=0.37, df =1 (P = 0.54); P =0% '_50 _2'5 3 2'5 50'

Favours [control] Favours [experimental]

Figure 5. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 3: Squat (kg).

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
6.1 Thigh girth (cm), baseline
LUEBBERS 2014 59.5 4.7 17 611 541 14 44.2% -1.60[-5.08, 1.88] —
YAMANAKA 2012 565 45 16 5535 445 16 558% 1.15[-1.95,4.25] —
Total (95% CI) 33 30 100.0% -0.07 [-2.38, 2.25] S
Heterogeneity: Chiz = 1.34, df = 1 (P = 0.25); I? = 25%
Test for overall effect: Z = 0.06 (P = 0.96)
6.2 Thigh girth (cm), follow up 4-7 weeks
LUEBBERS 2014 615 39 17 63.1 59 14 42.0% -1.60[-5.20, 2.00] —
YAMANAKA 2012 57.65 44 16 5535 445 16 58.0% 2.30[-0.77, 5.37] T
Total (35% CI) 33 30 100.0% 0.66 [-1.67, 3.00] ?
Heterogeneity: Chiz = 2.61, df =1 (P =0.11); I = 62% F ; f l |
Test f Il effect: Z = 0.56 (P = 0.58 -20 -10 0 10 20
est for overall effect: Z = 0.56 (P = 0.58) Favours [control] Favours [experimental]

Figure 6. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 4: Thigh Girth (cm).

difference = 0.01, 95% Confidence Interval (CI) = - 0.03,
0.06 (figure 8).

DISCUSSION

The meta-analysis has pointed out that Blood Flow Restric-
tion Training could be a valid option for improve physical
performances in healthy athletes.

Muscles, Ligaments and Tendons Journal 2021;11 (1)

The quantitative analysis in the studies of Park ez a/. (2010),
Held et al. (2019) and Paton et al. (2017) (61, 65, 67) under-
lines statistically significant results (p = 0.002) concerning
VO, max, with a large increase in favor of BFR group.

Several studies (61, 67, 70-75) as discussed in a recent
review (76) directly looked at the impact of BFR combined
with aerobic exercise on aerobic capacity and performance,

reporting that BFR during aerobic exercise at light inten-
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Experimental Control

Mean Difference

Mean Difference

Heterogeneity: Chi? = 0.99, df = 1 (P = 0.32); 7 = 0%
Test for overall effect: Z = 0.46 (P = 0.64)

7.2 Chest girth (cm), follow up 4-7 weeks

Test for overall effect: Z=0.14 (P = 0.89)

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
7.1 Chest girth (cm), baseline

LUEBBERS 2014 102.2 10.3 17 1071 13.9 14 14.2% -4.90[-13.67, 3.87] -

YAMANAKA 2012 998 5 16 999 53 16 858% -0.10[-3.67,3.47] I
Total (95% CI) 33 30 100.0% -0.78 [-4.09, 2.53]

LUEBBERS 2014 101.7 9.7 17 106.5 11.4 14 16.4% -4.80[-12.34,2.74] L .
YAMANAKA 2012 102.3 44 16 1011 5.2 16 836% 1.20[-2.14,4.54]
Total (95% CI) 33 30 100.0% 0.22[-2.83, 3.27]
. . iz = = = 2= 0, 1 1 1 ]
Heterogeneity: Chi?=2.03, df=1 (P =0.15); F=51% '_20 _1'0 (') 1'0 20'

Favours [control] Favours [experimental]

Figure 7. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 5: Chest Girth (cm).

Experimental Control

Mean Difference

Mean Difference

Heterogeneity: Chi?=0.13,df =1 (P =0.72); P =0%
Test for overall effect: Z = 0.62 (P = 0.54)

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
8.1 Dash 0-10 m (sec), baseline

ABE 2005 1.95 0.1 9 1.88 0.12 6 227% 0.07[-0.05,0.19] I
SCOTT 2016 174 007 10 173 007 8 77.3% 0.01[-0.06,0.08] t
Total (95% CI) 19 14 100.0% 0.02 [-0.03, 0.08]

Heterogeneity: Chi? = 0.74, df = 1 (P = 0.39); > = 0%

Test for overall effect: Z=0.81 (P = 0.42)

8.2 Dash 0-10 m (sec), folllow up 14-15 sessions

ABE 2005 1.86 0.08 9 183 0.1 6 245% 0.03[-0.07,0.13] T
SCOTT 2016 1.78 0.04 10 1.77 0.07 8 75.5% 0.01[-0.04,0.08]

Total (95% CI) 19 14 100.0% 0.01 [-0.03, 0.06]

L ] Il
-1 05 0 0.5 1
Favours [experimental] Favours [control]

Figure 8. Comparison of exercise protocol + BFR vs. exercise protocol concerning outcome 6: Dash 0-10 m (sec).

sities caused improvements in aerobic fitness and aerobic
performance in young adults when using occlusion pres-
sures of 130 mmHg or greater. Proposed mechanisms for the
VO, max adaptations of BFR amplification, are the follow-
ing: BFR can increase the central cardiovascular response
during exercise (77) by elevating heartrates, systolic blood
pressure and diastolic blood pressure compared to the same
exercise under non-occluded conditions (78-80).

12

One study reported a decline in both metabolite clearance
and oxygen delivery during BFR application (81).

In recent times, Christiansen et a/. (82) showed increases in
muscle ancillary protein, peroxisome proliferator-activated
receptor-y co-activator 1o (PGC-1a mRNA) and phospho-
lemman isoforms (FXYD1) during BFR exercise, which was
related to increased oxidative stress and fiber type-depen-
dent AMPK signaling.

Muscles, Ligaments and Tendons Journal 2021;11 (1)
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Generalizing, it’s possible argue that the described acute
responses of BFR might have led to a greater training stim-
ulus (compared to none BFR training), which could induce
corresponding VO', max improvements. However, this
remains speculative. Our study indicates that that the appli-
cation of BFR induces large increases of VO', max even in
highly trained athletes, and this makes the results even more
noteworthy.

The qualitative analysis of the RCTs included in this system-
atic review provides interesting results regarding strength
improving. The quantitative analysis shows significant
results, even if not statistically relevant (P = 0.06) concerning
muscle strength evaluated with Squat (kg) in the studies of
Yamanaka ez al. (2012), and Luebbers ez a/. (2014) (64, 59).
Interestingly, even if at baseline the mean difference was
- 5.96 in favor of CG, after intervention became + 11.46
in favor of IG, with a significant improvement in squat
performances.

The results are similar on the bench press, although not
statistically significant (P = 0,10) as shown in meta-anal-
ysis. In this context, reviews (12) and meta-analyses (83,
84) showed that low load training with BFR applica-
tion induced superior strength and hypertrophy adap-
tations than low load training without BFR. BFR meth-
ods seemed to generate similar hypertrophy adaptations
when compared to high load resistance training, but lower
strength adaptations (84).

Endurance and strength capacities are recommended to
be trained separately (85) as interference effects between
strength and endurance stimuli can hamper simultaneous
adaptational processes of both components (86). Since the
subjects’ training was mixed, both strength and endurance,
we can say that the results at strength level are even more
interesting.

Concerning girth’s studies, analyzed in the studies of
Yamanaka ez /. (2012), and Luebbers ez a/. (2014) (78,
73), neither those on the thigh nor those on the chest were
statistically significant, although they both showed improve-
ments. From baseline, mean difference (cm) was + 0.73 for
thigh and + 1.00 for chest.

Comparison concerning 0-10 dash time analyzed in the
studies of Scott ez al. (2016), and Abe et al. (2005) (63, 68)
didn’t reveal results statistically relevant, and no change
between IG and CG. We would point out, however, that in
one of the two studies (Abe) (69) only the IG was subject-
ed to additional training, with an exposure to exercise not
equal between groups.

Thus, BFR provides a feasible, promising, and benefi-
cial complementary training stimulus to traditional train-
ing when used in a controlled environment supervised by
trained and experienced personnel.

Muscles, Ligaments and Tendons Journal 2021;11 (1)

Study Limits

The present meta-analysis has some limitations.

There are some limitations in the present meta-analysis that
should be mentioned. Although the field of BFR training is a
frequently discussed topic in scientific research, the number
of studies investigating the effects of BFR in healthy athletes
is still sparse. For this reason, one limits of this study concern
the small number of patients in the trials and the small
number of RCTs in the literature. The subjects practiced
very different sports, which leads to very different training
modalities and varied physiological responses. A 100-meter
runner will not have the same adaptive response as a rower
or a cyclist. Several outcome’s measures were taken with vari-
ous methods and therefore could not be directly compared
with one another. Anthropometric measures of muscle size
pose obvious limitations because they are not reflective of
composition: they only make up a portion of the district
examined. Anthropometric measures are not specific: they
may also vary due to other factors, regardless of muscle mass
development (e.g., fat accumulation). The lack of a standard-
ized protocol also created other difficulties, as some studies
implemented sets to volitional fatigue, while others used a
more common protocol consisting of 1 set of 30 repetitions
followed by 3 sets of 15. It should be however taken into
account that the training and BFR modalities (2-12 sessions
per week; 2-8 weeks duration of intervention; 160-230 mmHg
BFR cuff pressure, width of the cuff 3.3-13 cm) have varied
greatly among previously conducted studies. Importantly,
occlusion pressure is heavily affected by cuff width, as wider
cuffs require lower absolute pressures to similarly reduce
blood flow as compared with narrow ones. Those variabil-
ities underpin the importance of future studies to standard-
ize interventions (duration of BFR intervention, accumulat-
ed BFR duration per week, type of training, cuff’s standards,
and other aspects). Uniformity of outcome measures and
better quality of studies would also be desirable.

CONCLUSIONS

The present systematic review and meta-analysis provides
novel insights into the effect of BFR training compared with
traditional training modalities in healthy athletes.

Although the research on this topic is limited, our results
indicate that the application of BFR positively influences
muscular adaptations compared with exercise under normal
blood-flow conditions, in terms of higher strength increase
and muscles adaptations. However, the comparison between
BFR-training and Non-BFR training requires further
research utilizing more standardized protocols for appropri-
ate comparison. An important finding from this review illus-
trated that BFR can increase VO, max, improving aerobic
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capacity. It should be considered that since the subjects in the
studies were sportsmen, and therefore already trained, these
results appear even more interesting. Additionally, we want
to draw attention to the lack of high-quality studies concern-
ing the effects of BFR in healthy athletes. Future research
should adopt an individualized and progressive approach to
facilitate the effectiveness and safety of BFR training, and
standardized protocols in order to facilitate the comparison.
In conclusion, this first systematic review and meta-analysis
on healthy athletes, suggests that training with BFR can be a
good strategy for improving sports performance, without the
loads of HL training. The study was conducted according to
the journal’s guidelines (88).
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