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Abstract

Background and purpose Numerous research studies have shown the effects of Blood Flow Restriction (BFR) training on
muscle strength and hypertrophy, but there is still no comprehensive analysis of the effects on aerobic capacity. The purpose
of this study was to conduct a systematic review with meta-analysis to cvaluate the qualitative and quantitative results of
BFR training on acrobic capacity.

Methods PRISMA guidelines were used to carry out the systematic review and meta-analysis. Five electronic databases
were searched up to October 2020: PubMed, Web of Science, EBSCO, Scopus and Cochrane/Embase. Data selected for
primary analysis consisted of post-intervention changes in VO2 values (VO,,,,,, VO,peak). Case reports, acute studies and
review studies were excluded. The protocol was registered on PROSPERO (CRD42020214919).

Results After the elimination of duplicates, 62 records were screecned. Among these, 17 studies were included in the sys-
tematic review. Twelve of these were involved in the meta-analysis.

Discussion BFR training compared with exercise under normal blood flow conditions could positively influences both aerobic
capacity and athletic performance. Differences in young and older subjects were discussed. BFR showed to be a promising
and beneficial training to elicit improvements in acrobic capacity (measured in VO,) and performances.

Level of evidence 1a.

Keywords Acrobic capacity - Blood flow restriction - BFR - Vascular occlusion training - VO, - VO,peak

Introduction mortality among general population [7]. VO, and VO,

arc usually used to assess aerobic capacity (AC). VO, .. @

The American College of Sports Medicine recommends
adults to routinely perform moderate-intensity acrobic exer-
cise 5-7 days a week (40-60% of VO, peak) or vigorous
exercise 3 days a week (= 60% VO, peak) to improve car-
diorespiratory fitness and reduce the risk of metabolic, car-
diovascular and pulmonary diseases [1]. Maintaining a high
degree of aerobic fitness may enhance sports performance
[2—4] improve recovery capabilities [5] and have positive
implications for health [6]. It has been suggested that a low
maximal oxygen uptake (VO,,.,) level could be a risk fac-
tor for developing cardiovascular diseases and all-causes of

Paclo Flocco
paolo.flocco@uniromal.it

Department of Neuroscience, Sapienza University of Rome,
Piazzale Aldo Moro 5, 00185 Rome, Italy

=

Asl Roma$5, Rome, Ntaly

concept first proposed by Hill et al. in 1923 [8, 9], is defined
as the highest rate of oxygen uptake (VO,) and utilization
by the body during intense, maximal exercise that no fur-
ther increases in work rate bring on additional rises in VO,
(i.e., plateau) [10]. Peak VO, (VOyp,), directly reflective
ol' VO,,.x 18 the highest value of VO, attained upon an
incremental or other high-intensity exercise test, designed
to bring the subject to the limit of tolerance [11]. Exercise
is considered a successful method for improving physical
fitness in healthy individuals [12] as well as in individuals
with special limitations [13]. Moreover, performing regular
exercise help in preventing the decline of muscle strength
and muscle mass, reducing VO, and VO, kinetics with
advancing age [14]. Nevertheless, high-intensity exercise
requires intense exertion and involves high mechanical
stress, resulting more difficult and complex to perform by
chronic physical illness patients. Thus, a possible alter-
native to high-intensity aerobic training is a method that
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combines aerobic exercise (walking or cycling) with blood
flow restriction (BFR).

In recent years, research has demonstrated that combin-
ing of low-load resistance training with BFR lo the active
musculature may produce significant hypertrophy and
strength gains [15-18] using loads as low as 30% IRM [19].
In addition BFR training has been found to yield hypertro-
phy responses comparable to that observed with heavy-load
resistance training [20]. BFR training involves exercising
with an external constricting device (such as blood pressure
cuffs, banded muscle wraps, or tourniquets) applied to the
proximal limb musculature, whit the aim of partially restrict-
ing arterial blood flow, and totally occlude venous return
[21]. The majority of BFR studies evaluated these effects
on skeletal muscle strength and hypertrophy. Formiga et al.
[22] have also studied the effects of BFR on AC, albeit only
on young and physically active healthy subjects obtaining
conflicting conclusions.

As discussed in a recent review [23], light-intensity exer-
cise combined with BFR leads to improvements in AC and
athletic performance in young adults when using occlusion
pressures of 130 mmHg or higher. Proposed mechanisms
for the improved VO,,,,, adaptations highlighted after BFR
application, are the following: BFR can increase the central

cardiovascular response during exercise [24] by elevating -

heartrates, systolic blood pressure and diastolic blood pres-
sure compared to the same exercise under non-occluded
conditions [25-27]. In recent times, Christiansen et al. [28]
showed increases in muscle ancillary protein, peroxisome
proliferator-activated receptor-y co-activator la (PGC-la
mRNA) and phospholemman isoforms (FXYD1) dur-
ing BFR exercise, which was related to increased oxida-
tive stress and fiber type-dependent AMPK signaling. To
speculate, it is possible argue that the described response
elicited after BFR application might led to a greater training
stimulus (compared to none BFR training), thus inducing
VO, .x-Telated improvements. Recent data [29] indicate that
the application of BFR may induce increases in VO, even
in highly trained athletes, and this makes the results even
more noteworthy.

Therefore, the goal of this review and meta-analysis was
to systematically identify and assess studies combining
training with BFR and to investigate the effectiveness of
BFR on AC.,

Methods

This systematic review was conducted in accordance with
the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines [30].

The protocol for this systematic review can be found
on PROSPERO (ref. CRD42020214919), available from

&) Springer

https://www.crd.york.ac.uk/prospero/display_record.php?
ID=CRD42020214919,

Search strategy

A comprehensive literature review was performed through
October 2020. A search for candidate studies published from
early period up to 1st October 2020 was conducted using
five relevant online databases (PubMed, Web of Science,
EBSCO, Scopus and Cochrane/Embase) using the following
search terms: ((VO2) OR (VO2max)) AND (("blood flow
restriction”) OR (bfr) OR (kaatsu) OR ("vascular occlu-
sion")). The Rayyan QCRI Software [31] which is used for
systematic reviews was used to read the titles and abstracts,
remove duplicate articles and read the full texts; exercise
training studies utilizing BFR were selected. The reference
list of relevant papers was also examined.

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. Restriction was
applied on study designs. Only experimental studies were
included, both Randomized Controlled Trials and Clinical
Trials. Articles were considered eligible for inclusion when
they included the pre-training and post-training assessments
AC (i.e., VOypqy Or VOypeyy), the training protocol consisted
of excrcise training with concurrent BFR, and the training
protocol lasted a minimum of 2 weeks.

Only studies using mechanical BFR through external
applied pressure on the proximal point of a limb (i.e., blood
pressure cuff or tourniquet) were included. All other mecha-
nisms (e.g., hyperbaric chamber and hypoxic environment)
were excluded. Only studies about chronic adaptations after
BFR were included in this review: any acute studies, case
studies, single-arm studies or those not published in a sci-
entific 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 [32], risk of bias was
assessed using six criteria that were individually rated for
each study. Accordingly, selection bias, performance bias,
detection bias, as well as attrition and reporting bias were
considered by the reviewers.

Study selection and data extraction

Two independent rescarchers (authors PF and LB) screened
the studies for inclusion, first based on titles and abstracts
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and then on full text. Disagreements were discussed and con-
sensus was reached in all cases. 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, stud-
ies that did not fit the inclusion criteria were systematically
excluded and others that appeared pertinent were identi-
fied. A final list of eligible studies was compiled, and any
disagreements were resolved by a third reviewer (AD) 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 characteristics, training load and duration of BFR
training and (4) outcome measure. Data regarding the safety
of BFR implementation were obtained from the systematic
analysis of the studies. Data were extracted using a custom
spreadsheet composed by PF.

Strategy for data synthesis

A narrative synthesis of the findings of the included studies
was provided, structured around the type of intervention,
BFR characteristics, type of outcome, and intervention con-
tent. A quantitative synthesis of the benefits of BFR training
concerning AC was discussed.

Meta-analysis

Data analysis was performed by one author (PF) and
reviewed by the second author (LB). The quantitative
analysis was conducted by comparing outcomes. Dala were
extracted in the form of mean, SD and sample size for the
meta-analysis. Pooled data were analyzed with a fixed-effect
model to determine heterogeneity between studies using the
I statistic, which determines the percentage of variability in
effect estimates that is due to heterogeneity.

Results
Search results

A total of 138 records were identified. Seventy-seven dupli-
cate records were excluded, and the remaining 62 were
screened. After reading the titles and abstract, 23 studies
were excluded. After the exclusion of 14 records for inap-
propriate research design (acute studies), of 7 records for the
characteristics of the acclusion (pre or post exercise) and of
1 record for inappropriate BFR method, 17 studies [33-49]
were included in the qualitative synthesis. Twelve [33—44]
of the 17 studies examined were included in the quantitative
synthesis. Figure 1 represents the selection process of the

study. Table | contains information about the characteristics
of included studies.

Study characteristics: clinical populations and BFR
training interventions

The sample size in the studies varied from 10 [46] to 37
[41] participants. Mean ages ranging from 20.2+3.3 [48] to
64.7 +4.1 years [47]. Subjects in the studies were all healthy
except for one paper, [49] including post-infarction subjects.
The samples included in the studies were different: subjects
physically active [33-35, 37, 39, 43, 46, 48], and untrained
or sedentary [36, 40, 44, 49]. In several papers, subject's
physical condition was not described [41, 45, 47].

Considering the total number of subjects among the stud-
ies analyzed (IV=422), most of the total were male (M =268,
F=129). In one study [47], the sex of the subjects was not
reported (N =25).

Among athletic subjects, various sports were described:
football [39], rowing [43], netball [48] basketball [33]. BFR
was applied using either pneumatic cuffs, practical cuffs,
hand pumped blood pressure cuffs or elastic wraps ranging
from 5 to 18 ¢cm in width. Occlusive pressure ranged from
60 to 220 mmHg. Studies either selected a pressure based
on previous rescarch, on total limb occlusive pressure, on
moderate perceived pressure, or on systolic blood pressure.
The duration of the BER training intervention ranged from
2 to 24 weeks, with a frequency of 2-5 training sessions
per week. ’

Outcome measures

AC were measured by VO, [33-36, 39-43, 47, 48], VO,
peak [37, 38, 44], VO, kinetic [45], peak VO,/W [49], or
difference between thigh O, delivery and O, uptake [46].
However, only VO,,.. and VO, peak could be included in
the meta-analysis.

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,

Nevertheless, the review authors judge the assessment
of outcome is not likely to be influenced by knowledge of
intervention received and, as indicated by the Cochrane
handbook for systematic reviews of interventions [32], this
1s a criterion for a judgement of "YES or LOW risk’.

Other main findings conceal group allocation, and
sequence generation was largely unreported, while no attri-
tion bias was observed. Reporting bias was not observed in
the majorily of studies. From the qualitative analysis, a small
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PRISMA Statement 2009. Flow chart
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Fig. 1 Flow chart of study selection process

number of studies were found with a high level of quality
[43, 46, 49] (Fig. 2).

Meta-analysis

The quantitative analysis was carried out by comparing
outcomes and follow-ups. This pool was based on compa-
rable outcomes and comparable subjects; this has allowed
consideration of 12 studies in the meta-analysis. The val-
ues considered in this study are VO,,,., and VO, peak. We
decided to stratify the meta-analysis of the VO,,,, value by
scparating athletic and well-trained subjects from sedentary
or untrained subjects. Contrary because of the small number
of studies reporting the VO, peak outcome, it was not pos-
sible to stratify the analysis for such parameter.

The meta-analysis and the stratification were structured
as follows:

@ Springer

1. Comparison of exercise protocol+ BFR vs, exercise
protocol concerning VO, (ml/min/kg), in athletic or
well-trained subjects. The studies of Abe et al. (2010),
Amani et al. (2018), de Oliveira et al. (2015), Held
et al. (2019), Park et al. (2010) and Paton et al. (2017)
[33-35, 39, 41, 43] were considered. Meta-analysis
revealed statistically significant results (P <0.0001) in
favor of the experimental group compared to the control
group (mean diflerence =4.92, 95% Confidence Interval
(CI)=2.69, 7.14). The 12 statistic of 11% represented
very low heterogeneity in the results (Fig. 3.1).

2. Comparison of exercise protocol +BFR vs. exercise
protocol concerning VO2 max (ml/min/kg), in seden-
tary or untrained subjects. The studies of Conceigiio
et al. (2018), Ferreira Jr. et al. (2019) and Keramidas
et al. (2011) [40-42]. The meta-analysis revealed results
that were neither statistically nor clinically significant
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Blinding of participants and personnel (performance bias) _

Random sequence generation (selection bias)

Allocation concealment (selection bias)

Blinding of outcome assessment (detection bias)

Incomplele outcome dala (altrition bias)

Selective reporling (reporting bias)

Tesl for overall effect: Z = 3.28 (P = 0.001)

Other bias I
I } t 3 i
0% 25% 50% 75% 100%
Low risk of bias [ ] unclear risk of bias [l High risk of bias
Fig.2 Risk of bias graph

Experimental Control Mean Difference Mean Differeance
Study or Subgroup Mean SD Tolal Mean SD Total Weight 1V, Fixed, 95% Cl 1V, Fixed, 95% CI
3.1 - VO2max, trained or physically active subjects
ABE 2010 473 B8 9 412 84 10 8.5% 6.10[-1.56, 13.76] T
AMANI 2018 566 7.74 10 54.68 5.68 9 135% 1.72[-4.34,7.78] =T
DE OLIVEIRA 2015 502 77 10 448 47 7 14.2% 5.40(-0.51,11.31) T
HELD 2019 69.7 94 16 649 86 15 124% 4.80(-1.54, 11.14) e
PARK 2010 545 4.2 7 468 24 5 352% 7.70(3.94, 11.46) B
PATON 2017 49 74 8 484 36 8 16.3% 0.60[-4.92,6.12) T
Subtotal (95% CI) 60 54 100.0% 4.92[2.69, 7.14] .
Helerogeneity: Chi* = 5.65,df=5(P=0.34); = 11%
Test for overall effecl: Z = 4,32 (P < 0.0001)
3.2 - VO2max, untrained or physically Inactive subjects
CONCEIGAO 2018 384 68 10 40 5.9 10 10.4% -1.60{-7.18, 3.96] R
FERREIRA 2019 304 28 14 288 32 12 59.6% 1.60(-0.73,3.93) TE-
KERAMIDAS 2011 6 31 10 364 43 10 30.0% -0.40(-3.69, 2.89] N
Subtotal (95% Cl) 34 32 100.0% 0.67 [-1.13, 2.47] r
Helerogeneity: Chi* = 1,66, df = 2 (P = 0.44); = 0%
Test for overall effect: Z = 0,73 (P = 0.47)
3.3 - Total sample analysis
Total (95% CI) 94 86 100.0% 2.34[0.94, 3.74) L 4
Helerogeneily: Chi? = 15,76, df = 8 (P = 0.05); I* = 49% _210 10 0 10 20

Favours [control] Favours [experimental]

Fig.3 Forest plot of the overall and subgroup effects of bloed (low-restricted training on VO, ..

(P=0.47), showing a negligible impact on Vo2Zmax
in favor of the experimental group compared with the
control group (mean difference =0.67, 95% Confidence
Interval (CI)=—1.13, 2.47). The /? statistic revealed
minimal heterogeneity in the results (0%) (Fig. 3.2).

Comparison of exercise protocol +BFR vs. exercise pro-
tocol concerning VO, peak (mL(kg/min). The studies of
Abe et al. (2010-1), Kim et al. (2016) and Ozaki et al.

(2010-1) [37, 38, 44] were considered. Meta-analysis
revealed results statistically significant (P=0.01) in
favor of the control group compared to the experimen-
tal group (mean difference =—1.67, 95% Confidence
Interval (CI)=—2.97, —0.37). The I statistic revealed
minimal heterogeneity in the results (0%) (Fig. 4).
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Helerogeneity: Chi* = 0.19, df = 2 (P = 0.91); I’ = 0%

Experimental Caontral Mean Difference Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed, 95% Cl IV, Fixed, 95% CI
ABE 2010 (1) 3.2 62 11 328 53 8 6.3% -1.60[-6.79,3.59) —
KiM 2016 41.3 6.7 11 441 56 10 6.1% -2.80 [-8.07, 2.47] —
0ZAKI 2010 275 16 10 291 1.4 B 87.6% -1.60[-2.99,-0.21] E’
Total (95% CI) 32 26 100.0% -1.67 [-2.97,-0.37] L 4
0

Tesl for overall effect: Z = 2.52 (P = 0.01)

10 20
Favours [experimenlal]

20 -10
Favours [canirol]

Fig.4 Forest plot of the overall effects of blood flow-restricted training on VO, peak

Discussion

There is a growing interest in the use of BFR as a clinical
rehabilitation tool as well as for athletic preparation training
in sportsmen; however, the effectiveness of this novel train-
ing modality on AC is still unclear. A systematic search of
the literature revealed 17 publications regarding the effects
of BFR exercise on AC. Among them, 10 showed improv-
ing in VO, [33-35, 3943, 46, 48] and one [45] showed
improvements in O,p kinetics, CO, oulput and ventila-
tory kinetics. In particular, the cffects of low-to-moderate-
intensity exercise with BFR demonstrated significant and
consistent improvements in AC compared to low-to-mod-
erate-intensity exercise without BFR in physically active
healthy individuals. The Fick equation [VO,=HR x SV
X (a-vO, difference)] could be responsible for the changes
observed in this meta-analysis and provides a framework to
understand the effects of training with BFR. As suggested
by Silva et al, (2019) [50], improvements on AC may be
referred to adaptations in muscle oxidation capacity (arte-
rial and mixed venous blood oxygen (a-VO,) difference and
systolic volume). Moreover, increased muscle mass in the
lower body, capillary density, and citrate synthesis activ-
ity may be associated with improvements in VO, .. in the
BFR training group. According to Formiga [22], during
BFR, hypoxia's effects on vascular endothelial growth factor
(VEGF), the increase in endothelium-dependent vasodilation
from increased shear stress and the nitric oxide production
during cuff release and reperfusion after BFR, can explain
the mechanism of how BFR may help improving AC. Con-
ceicdo et al. in a recent paper found that VEGF mRNA abun-
dance improved after BFR training [40]; increased VEGF
and endothelium-dependent vasodilation from BFR training
have the capacily to improve oxygen delivery and uptake
[23]. Another factor that may help in the understanding of
the significant improvement in AC during training with BFR
is the effect that BFR training appears to have on ventilation/
minute. Furthermore, the study by de Oliveira et al. (2015)
included in this meta-analysis [41], examined the effects of
training with and without BFR on the onset of blood lactate
accumulation and found that the BFR group improved 16%
compared to the 6% improvement in the non-BFR group.

@ Springer

Minimal clinically important difference in aerobic
capacity

It is important to interpret the change in AC from exercise
with and without BFR presented in this meta-analysis with
the minimal clinically important difference (MCID).

Hays and Woolley [51] suggest that the threshold for a
MCID corresponds to a small effect size (0.20) and a more
recent study [52] pointed out that a 3.4% increase in AC
may be considered as a MCID in healthy adults. The data
presented in Fig. 3 show that the effect size (std. mean differ-
ence) among trained subjects is 4.92, among trained subjects
0.67 and the total value is 2.34, far exceeding improvement
of 0.20. In view of the results of this meta-analysis regard-
ing the percentage variation, as showed in Table 2, all the
included studies but the work by Keramidas et al. [36] had
an increase in AC in the BFR group that exceeded 3.4% and
only two of the nine studies (Paton and Conceigdo et al.)
[34, 40] observed an improvement in AC in the non-BFR
group that exceeded 3.4%. The change in AC of the non-
BFR groups in the seven other studies ranged from —4.21%
to+2.69%. [33, 35, 36, 39, 41-43]. Finally, the one study
in which the BFR group did not exceed a 3.4% improve-
ment in AC (a high-intensity study) did observe a decrease
in AC that was less than the non-BFR group (—2.17% versus
—4.21%, respectively) [36].

The forest plot in Fig. 3.3 relative to the total sample
(180 subjects) regarding VO2max shows that BFR training
has both statistically and clinically significant effects mean
difference = +2.34, 95% confidence interval (CI)=0.94,
3.74). Regarding the percentage variation of the BFR group
regarding the VO,,,., value, with an increase of 6,97% it is
possible to conclude that BFR training appears to facilitate
an improvement in VO2max with a MCID.

Impact of BFR training on VO, peak

From analysis of the studies, unlike VO, .., VO, peak did
not significantly improve in any group. Potential reasons for
the discrepancy could be several. One plausible reason might
be that of the three studies considered, two had older subjects
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Table2 Summary of VO, % changes from the included studies

Author, year VO2max % change, BFR-group VO2max % change, nonBFR-group
Abe, 2010 5,11 0,73 '
Amani, 2018 3,66 1,42

de Oliveira, 2015 5,46 0,45

Held, 2019 10,63 2,69

Park, 2010 11,45 =1,27

Paton, 2017 6,29 3.86

Conceicao, 2018 11,30 18,69

Ferreira Jr, 2019 10,95 1,41

Keramidas, 2011 2522017 421

as their sample. In elderly populations measures of athletic
performance improved; however, measures of AC remained
unchanged. These findings could potentially suggest differ-
ent mechanisms of adaptation between older and younger
individuals, according with Bennet et al. [23]. Kim et al.
among young subjects [37] used heart rate reserve (HRR) to
set the intensity of exercise, but HRR might not be appropri-
ate for BER exercise. In fact, was observed an increase in HR
with the application of BFR despite the absence of excrcise
due to the decrease in venous return [53]. Another reason
could be that the 30% HRR of intensity was lower than other
BFR cycle training study (average 59% HRR) resulting in
improvement of AC [38]. As declinations in muscle quality
are observed with increase in age [54], it could be hypoth-
esized that BFR aerobic exercise in older adults stimulates
peripheral adaptations first. As these peripheral deficits are
not typically observed in younger individuals, it would be
reasonable to suggest that exercise with BFR is, therefore,
more likely induce more central cardiovascular adaptations
in this population. This would help explain the improve-
ments in athletic performance measures observed in older
individuals, without the same improvements in AC.

Study limits

There are some limitations in the present meta-analysis
that should be mentioned. This meta-analysis includes
a variety of exercise regimens and methods to ecmploy
BFR as well as the limited number of studies comparing
the effects of exercise with and without BFR on AC in
untrained or sedentary healthy subjects. Regarding stud-
ies with trained or athletic subjects, another limitation
is that the subjects practiced very different sports: the
physiological responses of acrobic capacity could change
depending on the sport practiced. Moreover, it should be
taken into account that the training and BFR modalities
(2-6 sessions per week; 2-24 weeks duration of interven-
tion; 60-220 mmHg BFR cufl pressure, width of the cuff

5-18 cm) have varied greatly among studies, and the lack
of a standardized protocol might create difficulties on
directly comparing results. Uniformity of outcome meas-
ures and better quality of studies would also be desirable.
Further research in the above areas is needed to fully
understand the effects of exercise with BFR on AC.

Conclusion

Exercise plays a key role to the maintenance of cardiovas-
cular health and function, while also is integral to enhanc-
ing athletic performance. This review demonstrates that
BFR training results in improvements in AC and athletic
performance in various populations, regardless of train-
ing intensity, although some considerations are necessary.
BEFR training, even at light intensities has been shown to
elicit improvements in both AC and athletic performances
in young adults; conversely, BFR combined with exercise
seems to strictly enhance athletic performance in older
adults, without improving physiological measures of AC.
It is reasonable to argue that BFR training could elicit
predominantly peripheral adaptations in older individuals,
where a combination of central and peripheral adaptions
may be more likely to occur in young adults. This could
be a plausible hypothesis to explain the difference in the
cffects of BFR training depending on the age of the sub-
jects. Despite the limitations of the included studies, BFR
training could have potential applications in settings where
high-intensity training is not appropriate, although more
high-quality research would be desirable. This technique
seems to provide a promising and beneficial training stim-
ulus when used in a controlled environment supervised by
trained and experienced personnel and elicit improvements
in AC and athletic performances.
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