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ABSTRACT

Background: High-intensity training methods are generally recommended to increase muscle mass and strength, with training loads of
60-70% 1RM for novice and 80-100% 1RM for advanced individuals. Blood flow restriction training, despite using lower intensities (30-50%
1RM), can provide similar improvements in muscle mass and strength. However, studies commonly investigate the effects of blood flow
restriction training in large muscular groups, whereas there are few studies that investigated those effects in smaller muscle groups, such
as the muscles involved in grasping (e.g, wrist flexors; finger flexors). Clinically, smaller muscular groups should also be considered in
intervention programs, given that repetitive stress, such as repeated strain injuries, affects upper limbs and may lead to chronic pain and
incapacity for work. The purpose of the present study was to examine the effects of blood flow restriction training in strength and anthro-
pometric indicators of muscular volume in young women.

Hypothesis: The effect of blood flow restriction training in handgrip strength (HGS) and muscular volume of young women can be similar
to traditional training, even with lower loads.

Methods: Twenty-eight university students, 18 to 25 years of age, were randomly assigned into two groups, blood flow restriction training (BFR,
n=14) and traditional training (TRAD, n=14). The anthropometric measures and maximum handgrip strength (MHGS) test were performed
before and after the intervention. The participants did three weekly sessions of dynamic concentric contraction exercises on a dynamometer
for four weeks (12 sessions). Each session had a time length of five minutes and the intensity was established from a percentage of MHGS at
30-35% in the first week, 40-45% in the second and 50-55% in third/fourth weeks. Three sets of 15-25 handgrip repetitions were performed
until a failure with a 30 seconds rest for BFR training and three sets of 8-12 repetitions with one-minute rest for TRAD training.

Results: A significant increase was found in the arm muscle circumference (20.6 +2.2 vs 21.6 + 1.7cm) and right MHGS (32.7+ 4.5 vs 34.3+4.1
ket) and left MHGS (28.0 +5.5 vs 30.9 + 4.1 kgf) for the BFR training, and the left MHGS (27.6 + 5.0 vs 31.0 + 6.1 kgf) for the TRAD training.

Conclusion: Dynamometer training with blood flow restriction, performed with low to moderate loads, was more effective than the tra-
ditional training in increasing HGS and muscle volume in young women.

Level of evidence: 2b
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INTRODUCTION

High-intensity training methods are generally rec-
ommended to increase muscle mass and strength.!?
Such training is recommended for adults, young, and
elderly people, since it contributes to the mainte-
nance of daily activities, prevents osteoporosis, sar-
copenia, back pain and other pathological conditions
such as insulin resistance and Type 2 diabetes.**

Evidence from the American College of Sports
Medicine (ACSM) suggests that high-intensity train-
ing methods with training loads of 60-70% 1RM for
novice individuals and 80-100% 1RM for advanced
individuals should be used to improve strength and
muscle mass.*® However, this is often impractical for
some populations, such as osteoarthritis patients,
individuals who are undergoing rehabilitation and
asymptomatic populations who need to develop
muscle strength.® There is a need for resistance train-
ing methods that can be safely applied to certain
populations with physical limitations, while improv-
ing strength and muscle mass without increasing the
risk of injury or exacerbating preexisting disorders.

It is suggested that blood flow restriction training
(BFR), despite using low to moderate intensity loads
(30% to 50% of 1RM),” promotes an increase in mass
(hypertrophy) and strength.®® However, this train-
ing approach has not shown an impact on muscu-
lar power.® The improvements in muscle mass and
strength were previously noticed in both clinical®
and athletic!® populations. Vascular function has also
been shown to improve."! BFR is a training method
that usually consists in partially (e.g., 160 mmHg) or
totally (e.g., 300 mmHg) restricting the limb blood
flow during exercise using an inflatable cuff placed
at the most proximal portion of the limb. The flow
restriction determination is based on the resting sys-
tolic blood pressure and causes arterial blood inflow
to be reduced and largely occludes venous return.®'%13
The mechanisms by which the physiological changes
occur are not completely known; however, they seem
to be associated with hypoxia and muscular acidosis,
which produces a rapid and intense fatigue due to the
lower oxygenation and high stimulation of metabo-
receptors. The poor oxygen environment may also
increase Type II muscle fiber recruitment in order to
maintain the intensity of contraction, which can lead
to the strength gains previously reported.”™

Commonly, studies investigating the effects of
BFR training on muscle strength and hypertrophy
use exercises for large muscle groups, such as the
quadriceps.'*'® In this regard, investigations explor-
ing the effects of BFR training on smaller muscle
groups, such as finger or wrist flexors, are limited.
Most of the diseases related to repetitive stress, such
as repeated strain injuries, affects upper limbs and
may lead to chronic pain and incapacity for work!’.
Consequently, there is a need to explore potential
interventions to improve upper limb strength and
minimize the negative effects of traditional high
intensity strength training. Maximum handgrip
strength (MHGS) is commonly used as an outcome
parameter in clinical practice,'® is associated with
obesity'? and is a predictor of all-cause mortality.?**
The purpose of the present study was to determine
the difference between BFR training and a tradi-
tional training regimen on MHGS and anthropomet-
ric indicators of muscular volume in young women.

METHODS

Participants

The sample consisted of 28 female university stu-
dents. Included subjects were female, untrained (i.e.,
not engaged in an exercise training program for at
least six months), right-handed and aged between
18-25 years old. These criteria were followed for three
main reasons: 1) since the BFR training using hand-
grip strength had not been tested before, the authors
attempted to first test it in clinically healthy partici-
pants; 2) given that the untrained (i.e. first starting
the training program or coming from long periods
without regular exercise) and health population rep-
resents a large portion of those interested in resis-
tance training, the authors anticipated that the results
would have a larger practical application; 3) to maxi-
mize sample homogeneity* with regards to charac-
teristics (e.g., sex, age, training level/participation)
that could influence our results. The exclusion crite-
ria were: participants who presented with a history
of injury/surgery in the upper limbs, had previous or
current cardiac disease, were not able to attend the
training sessions and were left-handed dominant. All
participants were previously informed about the pro-
cedures to which they would be submitted. No finan-
cial incentive was provided, neither any other source
of incentive. Volunteers signed an informed consent
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form, as determined by the National Health Council
on Research Involving Humans Subjects and the Dec-
laration of Helsinki. The project was approved by the
Research Ethics Committee of the Midwestern Parana
State University (UNICENTRO) (n° 2048694/2017).

Procedures and data collection

The research was described in undergraduate courses
ofthe Health Sciences Sector of the Midwestern Parana
State University campus. The researchers visited the
classes to introduce the objectives and to inform the
inclusion and exclusion criteria for participating in
the study. One week later, 30 interested participants
attended the laboratory to confirm participation. In
this visit, participants were randomly assigned by a
computer random number generator to one of the
training groups, blood flow restriction training group
(BFR; n=15) or traditional group (TRAD; n=15).

All participants underwent anthropometric and
handgrip strength measurements before and after the
series of training session (48 hours after). In the pre-
training assessment, participants scheduled the days
and times for the strength training sessions following
the procedures of each intervention group. In both
pre- and post-training visits, participants performed
anthropometric measurements and the MHGS test.

Experimental design of the intervention

Interventions were planned according to the recom-
mendation of the ACSM, following the principles of
Frequency (sessions/week), Intensity (how difficult

the exercise is), Time (how long the exercise session
took), Type (what kind of exercise it is), Volume (the
total amount of exercise that was completed), and
Progression (how the program was altered), known as
the FITT-VP principles of the exercise prescription.b

The frequency was controlled for the sessions at
3 times per week. The intervention duration was
four weeks (for a total of 12 sessions). The BFR and
TRAD training participants previously scheduled
a time of the day (8-12 a.m. or 1:30-8 p.m.) for the
individual sessions of handgrip strength exercises.
The baseline LHGS and RGHS were used to define
the intensity of the training sessions for TRAD and
BFR (intervention period) as described below.

Training for the BFR Group

Participants performed a three minutes warm-up,
which consisted of performing 30% of 1RM of MGHS
contractions for one minute and thirty seconds and
resting (i.e., passive recovery) for the remaining
time. For vascular occlusion, the ClinicArm WCS®
manometer (WCS®, Cardiomed, Brazil) was used with
the arm sleeve placed at the most proximal portion
of the upper limb. In the warm-up, the arm sleeve
was inflated and the safety valve locked at 60mmHg,
and during the training it was locked at 160mmHg
for each arm throughout the study.* Then, the par-
ticipants in the occlusion group performed the train-
ing protocol, which consisted of three sets of 15-25
repetitions until failure with intensity between 35%
and 55% (Table 1) in both hands, with a 30 second

Table 1. Distribution of loads for BER and TRAD according to acronym

FITT-VP*

Group  Week F I T! T \Y% P
1° 30-35% Intensity
2° 40-45% ) ) ) Intensity

BFR 3 5min Resistance 15 min .

3° 50-55% Intensity
4° 50-55%
1° 65-70% Intensity
2° 70-75% ) ) . Intensity

TRAD 3 5min  Resistance 15 min )
3° 80-85% Intensity
4° 80-85%

BFR= blood flow restriction training group; TRAD= traditional training group; min=minutes; F= frequency (times

per week); I= Intensity (% Maximum handgrip strength test, from pre assessment value); T'= time (duration); T=

Type (aerobic, resistance, neuromuscular, neuromotor, flexibility); V= Volume (F x T'); P= Progression

*FITT-VP, according to ACSM (2018)
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rest between each series. Each repetition lasted
approximately one second in the concentric contrac-
tion and one second in the eccentric contraction.
Participant was seated, arm at the side of the body
with the elbow flexed at 90° holding the dynamome-
ter resting on the thigh. The training was performed
individually in each arm, always starting with the
left arm, and after the end of the three sets, the exer-
cise in the right arm began. There was a minute rest
in the transition. The parameters for BFR training
group can be found in Table 1.

Training for the TRAD Group

The training protocol was based on the general
strength training recommendations of the ACSM.°
After the three-minute warm-up, which consisted of
performing 30% 1RM contractions for one minute
and thirty seconds and resting (i.e., passive recovery)
for the remaining time, participants performed the
training protocol. The training for the group without
occlusion consisted of three sets of 8-12 repetitions
until failure, with one-minute rest between each
series. Each repetition lasted approximately one sec-
ond in the concentric contraction and one second
in the eccentric contraction. Participants positioned
exactly the same as the BFR group. The training was
performed individually in each arm always starting
with the left arm. After the end of the three sets, the
exercise in the right arm started. There was a one-
minute rest in the transition. The parameters for
TRAD training group can be found in Table 1.

Anthropometric measurements

Measurements of body mass, height, arm and fore-
arm circumference, and thickness of skinfold were
obtained in order to estimate body fat before and after
the intervention period. The body mass obtained
using an 100 g anthropometric scale (Welmy®, W300,
Santa Barbard d'Oeste, SP, Brazil) and height was
verified using a wooden stadiometer with a scale of
0.1 cm.* From these measurements, the body mass
index (BMI) (kg/m?) was calculated. The arm (AC)
and forearm (FC) circumference were taken at the
marked level of the mid-acromial-radial level and at
the maximum girth of the forearm, respectively.®
For the circumference measures, the authors used an
inextensible metric tape (Mabis®, Gulik model, Japan)
on the right body side. Arm muscle circumference

(AMC) was calculated according to the formula pro-
posed by Gurney and Jellife?* (AMC = AC (cm) - [T *
tricipital skinfold (cm)]) and adopted as measures of
muscle volume. Body composition was determined by
the anthropometric method of thickness of the skin-
fold, verified by CESCORF® compass, in the tricipital,
subscapular, supra-iliac and medial leg regions. Body
density was determined by the regression equations
developed by Petroski*” and the percentage of fat was
calculated by previously proposed equation.?®

Handgrip strength test

The right (RHGS) and left (LHGS) handgrip strength
were determined using a manual dynamometer
(Crown®, Filizola, Sdo Paulo, Brazil) with a capac-
ity of 50 kgF, shortly after checking the anthro-
pometric measurements and body composition.
Before the test, all participants were instructed on
the operation of the equipment and the procedures
for carrying out the measurement protocol. Two
practice attempts were used for familiarization. For
each test, three maximal trials (approximately two
seconds each trial) were standardized, with a one-
minute recovery interval between each trial. As a
standard procedure, the participant was seated in
a chair with the elbow flexed to an angle of 90°,
tested hand holding the dynamometer and the
other hand resting on the thigh.? The dynamom-
eter grip adjustment was individualized for the par-
ticipant so that only the last four distal phalanges
exerted strength on the drawbar. From this posi-
tion, the participant was directed to perform a max-
imum contraction. Then, the dynamometer was
transferred to the other hand, in which the same
procedure was adopted. To avoid a fatigue effect,*
the recorded measure comprised the best trial for
each hand, in kgF.

Data Analysis

Statistical analysis was carried out using SPSS pro-
gram version 25.0 (Chicago, IL, USA), with a signif-
icance level of P<0.05. The normality of the data
was tested by the Shapiro-Wilk test. Values were pre-
sented on mean and standard deviation, for the non-
parametric values median and interquartile range
[IQR], when necessary. The results on the perfor-
mance of the handgrip test, pre and post-interven-
tion, were analyzed by ANOVA (mixed of repeated
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Table 2. Age and anthropometric characteristics of participants in BFR

and TRAD groups, compared using t test for independent samples; p < 0.05

Variables All (n=28) BFR (n=14) TRAD (n=14) )/
Age (years) 20.1£1.4 20.1£1.6 20.2+1.1 0.790
Body mass (kg) 61.4+7.7 60.6+8.6 62.3+6.9 0.583
Height (cm) 162.8+5.3 162.246.3 163.4+4.3 0.547
BMI (kg/m?) 23.2+3.2 23.1+£3.6 23.3+£2.7 0.849
% Fat 24.1+4.2 23.8+4.7 24.4£3.6 0.737
BFR= blood flow restriction training group; TRAD= traditional training group; BMI= body mass index;

measurements) or Student’s t-test for dependent and
independent samples. The effect size (ES) (mean
posttest - pretest mean/pretest and posttest mean
standard deviation) was calculated to determine the
magnitude of the intervention effects, considering
the training groups with restriction to blood flow
(BFR) and traditional training (TRAD). The ES was
classified as small (0.2 to 0.49), medium (0.5 to <0.79)
and large (20.8).° The variation between the vari-
ables (circumferences, and handgrip strength) were
also calculated ((post - pre/pre) * 100) and expressed
as A%. The differences in A% were compared by the
Mann-Whitney U test and the Eta Squared was cal-
culated for effect size between groups and classified
as the same as the ES*

RESULTS

Two participants (one from each group) were unable
to attend the training sessions and were excluded,
resulting in a sample of 28 participants (BFR; n=14
and TRAD; n=14). The characteristics of the groups
are shown in Table 2. There were no significant dif-
ferences for any of the variables analyzed, showing
the homogeneity among groups.

Table 3 presents the results of the anthropometric and
performance variables in the MHGS test before and
after the conventional training intervention (TRAD)
and with blood flow restriction (BFR). The BFR
group significantly increased arm circumference,
muscle volume and grip strength, as represented by

Table 3. Development of circumference measurements and hand pressure

strength in young women before and after BFR and TRAD

Groups Variables Pre Post P ES**
AC (cm) 26.3£2.8 27.3£2.7 0.029* 0.37
FC (cm) 23.1£1.2 22.9+1.1 0.466 -0.19
BEFR AMC (cm)  20.6£2.2  21.6£1.7 0.027* 0.46
RHGS (kgf)  32.7+4.5 34.3+4.1 0.001* 0.37
LHGS (kgf) 28.0£5.5 30.9+4.1 0.001* 0.60
AC (cm) 27.0£2.2 27.1£2.5 0.917 0.04
FC (cm) 22.7+1.4 22.9+1.3 0.089 0.15
TRAD AMC (cm) 20.9+1.4 20.8£1.6 0.776 0.05
RHGS (kgf)  30.4+6.0 32.945.8 0.087 0.42
LHGS (kgf)  27.6%5.0 31.046.1 0.003* 0.62
BFR= blood flow restriction training group; TRAD= traditional training group; AC= arm circumference;
AMC= arm muscle circumference; FC= forearm circumference; RHGS= right handgrip strength;
LGHS= left handgrip strength; RMSSD= Root mean square of the successive differences between
consecutive RR intervals; ES= effect size.
*statistically significant difference at p<0.05.
**The ES magnitude was classified according to Cohen (1988) as: small (<0.2) moderate (<0.5) and
large (<0.8). Values presented in mean + SD; t-test for dependent samples.
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the higher AC, AMC and the right (RHGS) and left
(LHGS) handgrip strength. These results resulted in
an average ES for AC (0.37), AMC (0.46) and RHGS
(0.37), also, a large ES for LHGS (0.60).

For the TRAD group there was a significant improve-
ment of strength only for the left hand, with ES that
varied from weak to (0.15), and moderate to strong
for right hand strength (0.42) and left hand (0.62),
respectively. Other variables showed a lower magni-
tude of effect from the intervention (Table 3).

Table 4 shows the comparison of the change values
between BFR and TRAD. The values of AC, RHGS
and LHGS were very similar between the groups.
However, although not statistically significant (both
were approaching statistically significant values), AC
and AMC were slightly higher, with a marginal dif-
ference (p=0.053; ES= 0.13 and p=0.056; ES=0.14)
for the BFR group.

DISCUSSION

The objective of the present study was to determine
the difference between BFR and traditional training
on MHGS and anthropometric indicators of muscu-
lar volume in young women. The results demon-
strated a significant increase of volume in the right
arm, and mass grasp strength bilaterally in the BFR
group and mass grasp strength only in the left hand
for the TRAD group.

Interestingly, the magnitude of the effects of the
intervention on handgrip strength was similar in
both groups, but with a greater effect on training
the left hand than the right hand. In other words,
both handgrip strength training (BFR and TRAD)
promoted greater effect in the limb with the lower
pre-intervention strength level (Table 3).

Table 4. Comparison of magnitude variation between the

training protocols. Values presented in median

A% BFR A% TRAD P Eta Squared
AC (cm) 18[:0.2-6.0] 03[20-15 0053 0.13
FC (cm) 02[-25-18] 15[06-25] 0232 0.0
AMC (cm) 20[0.1-8.8] 0.1[26-26]  0.056 0.14
RHGS (kgf) 5.0[0.0-6.8] 51[-25-151]  0.945 <0.01
LHGS (kgf) 8.7[2.6-24.2] 149[5.6-20.8]  0.550 0.01
BFR=blood flow restriction training group; TRAD= traditional training group; A%= Relative variation
between pre and post measures. AC= arm circumference, FC= forearm circumference,
AMC= arm muscle circumference; RHGS= right handgrip strength, LHGS= left handgrip strength;

The findings of the present study are in accordance
with the literature, in which, a similar strength
gain between BFR and TRAD has been observed in
several populations (e.g, healthy young and mid-
dle-aged men; injured adults), even at different
intensities.'®*-3* However, the information about ES
suggests that high intensity training is slightly more
efficient for strength gain when compared to flow
restriction training.®*=® This may be justified by the
greater recruitment of motor units in high-intensity
training in relation to training in low-intensity blood
flow restriction.?”

The tendency toward a greater AC (p=0.053; ES=
0.13) and AMC (p=0.056; ES=0.14) delta change in
the BFR group compared to the traditional training
group can be justified by the adaptations that these
fibers suffered. Some studies show that metabolic
changes, which occur in the target muscles and
near to the occluded part, play an important role
in volume and strength gains.*®* Additionally, the
effect of occlusion in the region distal to the restric-
tion causes a bigger accumulation of metabolic
byproducts.*

Several mechanisms have been proposed to explain
gains in muscle volume and strength from blood
flow restriction to muscles. Among the mechanisms,
the accumulation of metabolites and reactive oxy-
gen species, the elevation of anabolic hormones
(e.g., human growth hormone) and the activation of
tracts related to muscle remodeling and angiogen-
esis have all been suggested.***3

Regarding the significant increase in muscle
strength in the non-dominant hand, AC, and AMC,
it may be justified by the fact that the BFR is able
to generate adaptations in distant limbs or muscles
near the occluded part.* In addition, greater use of
the dominant hand for daily tasks may decrease the
effectiveness of resistance training under different
contexts because initial strength gains are mostly
responses to neural changes and, since the dominant
hand is more commonly used (especially for pow-
erful grasping tasks), the increase may be relevant
only after the hypertrophy process has occurred.*
It has been proposed recently that strength gains
with BFR would be a consequence of muscle hyper-
trophy rather than neural adaptations, which is
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usually associated with traditional training.*® In this
sense, it is worth mentioning that in the present
study, the BFR group presented increased strength
and AMC (muscle volume), after 12 sessions of
dynamic concentric exercises of low to moderate
intensity, lasting five minutes per session, which
may be important.

The results of the current study revealed an improve-
ment of 5.0% in RHGS and 8.7% in LHGS in the BFR
group. In the TRAD group, the increase was of 5.1%
for RHGS and 14.9% for LHGS. Research has shown
that BFR demonstrates a positive effect on hypertro-
phy, muscle strength and volume.*-*° Yasuda et al.*
demonstrated that six weeks of BFR in the bench
press exercise, using 30% 1 RM, increased the tri-
ceps strength by 8.3% and the pectoralis major by
8.3%. Nevertheless, in a group with no blood flow
restriction (75% 1 RM) there were higher increases
in training with low load (BFR), both for the triceps
(8.6%) and the pectoralis major (17.6%). In the study
by Takarada et al.,* using a similar methodology to
the present study, the researchers found an increase
in muscle strength of elbow flexors of 18.4% for BFR
and 22.6% for no vascular occlusion in elderly peo-
ple. In addition, in another group that trained with
50% of 1 RM (without vascular occlusion), muscle
strength increased by 1.4%. Another study that used
an intra-subject design (one leg vs. the other) and
compared BFR training (>250mmHg) with tradi-
tional training (40% of maximal voluntary contrac-
tion) found an increase in strength of 9% after two
weeks and 26% after four weeks for the occluded
leg, while for the non-occluded leg there were no
significant gains.®> Moreover, a recent meta-analysis
concluded that the benefits in muscular volume and
strength are greater when the low-intensity training
is performed in combination with BFR, given that
the traditional training requires higher intensities.*
These results suggest that resistance training of low
to moderate intensity, without occlusion, does not
alter the magnitude of muscle strength in the same
way as BFR.>

Among the limitations of this study, the rela-
tively short intervention time (30 days or 12 ses-
sions) should be highlighted. However, even with
this scenario, there was a significant increase in
LHGS in both groups and RHGS in the BFR group.

Additionally, the BFR group presented an increase
in arm muscle volume. Still as a limitation, the use
of a manual dynamometer to perform the exercises
restricted the possibility of some direct comparisons
with the literature. However, the use of the dyna-
mometer allowed more precision in the prescription
and monitoring of the training load. Furthermore,
the fact that arm circumference measurements
were only verified on the right side limits the pos-
sible comparisons between limbs regarding muscle
volume gains and their effects on strength gains.
Although, several studies evaluating muscle vol-
ume/hypertrophy have used only one side to per-
form the measurements.**' Future research using
direct methods to evaluate the muscular volume is
needed, as well as studies with different populations.
Once that we studied young healthy individuals, our
results cannot be applied to injured populations or
those with pain.

CONCLUSION

BFR performed with low to moderate intensity loads
was more effective in increasing handgrip strength
and muscle forearm volume in healthy young
women as compared to the traditional training. This
study provides evidence that BFR can be an upper
extremity muscle strength training tool, is relatively
easy to administer, and did not have any adverse
effects. More research is needed investigating the
use of BFR in rehabilitation and clinical practice of
healthcare professionals.
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