Journal of Trainology 2024,13(1):3-11

REVIEW ARTICLE

A systematic review examining blood flow restriction in
combination with isokinetic resistance exercise
John J. Welsh, Drew M. Robinson, Scott J. Dankel

Objectives: Many studies have examined the efficacy of blood flow restriction (BFR) applied during isotonic muscle
actions, but its application with isokinetic exercise has been less explored and was the purpose of this systematic review.

Design: Systematic Review.

Methods: The online databases of Pubmed, Scopus, and Web of Science were searched on May 16, 2023 using the following
search: “blood flow restriction OR kaatsu OR occlusion AND isokinetic.” To be included in this review, the manuscripts
had to incorporate human participants, involve the use of BFR during isokinetic exercise, and be written in English.
Given limited studies comparing the same exercise completed with and without BFR, a quantitative meta-analysis was

not completed.

Results: Twenty-one studies met the inclusion criteria, most of which incorporated concentric isokinetic contractions at
30% of peak torque using 40-60% of arterial occlusion pressure. Acutely, the addition of BFR did not appear to increase
heart rate, blood pressure, muscle swelling, blood flow, or delayed onset muscle soreness, but it did increase markers of
muscle activation. Chronically, the addition of BFR did not appear to enhance muscle hypertrophy, but augmentations in
muscle strength depended on the speed and type of contraction.

Conclusion: The use of BFR during isokinetic exercise does not appear as effective when compared to isotonic exercise.
Future studies may wish to examine different intensities and speeds of isokinetic exercises to determine its potential effi-

cacy.
(Journal of Trainology 2024;13(1):3-11)
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INTRODUCTION

Blood flow restriction (BFR) involves the use of elastic
wraps or inflatable cuffs to reduce arterial inflow and occlude
venous return from the distal musculature. The application of
BFR has been shown to increase muscle size and strength
when combined with low intensity aerobic exercise,"? but is
most commonly used in conjunction with low load resistance
exercise where it has been shown to increase muscle size**
strength,* and physical function®. The adaptations occurring
in response to low load exercise with BFR appear similar to
that of higher load resistance exercise.> As such, the use of
BFR may be particularly appealing for those who have diffi-
culty lifting heavier loads such as older adults,® individuals
with neurological diseases,” or those recovering from inju-
ries®.

Isokinetic exercises are unique in that there is no set force/
torque required to complete each repetition. This allows for
more adaptability when performing/administering exercise as
there is no clear failure point that is reached, and each repeti-
tion can be performed maximally even as fatigue ensues. The
ability to perform repeated maximal contractions using an
isokinetic dynamometer may be why muscle adaptations are
sometimes greater than that of isotonic exercise.” Similar to

that of BFR, isokinetic exercise is commonly employed in
rehabilitation settings to limit injury risk,' but there are nota-
ble differences between isokinetic and isotonic exercise that
may alter how the BFR stimulus works.

Applying BFR during low load resistance exercise increas-
es muscle activation as assessed by electromyography (EMG)
amplitude* and inorganic phosphate splitting.!" This has led to
the hypothesis that metabolites trapped within the exercising
musculature induce fatigue, which subsequently requires a
greater number of active muscle fibers to make up for the loss
of force production.!? If this is indeed the mechanism, the
efficacy of BFR applied during isokinetic exercise may
depend on the relative force/torque applied, such that BFR
may be useful for submaximal but not maximal exercise.
While this would appear to be the case during isotonic exer-
cise,”® isokinetic exercises often do not require eccentric mus-
cle actions. This may alter hemodynamics and allow for an
increased reperfusion of blood flow between repetitions given
the lack of eccentrically induced compression of skeletal mus-
cle on the vasculature. Another major difference exists, in
that, enhancing fatigue during high load isokinetic contrac-
tions will not reduce the number of repetitions that can be
completed since the lever arm moves at a set speed without
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the need to generate a specified amount of force. Therefore,
individuals can continue exercising even when they are
extremely fatigued, which differs from isotonic exercise,
where the number of repetitions will be reduced since the
required force cannot be generated. Therefore, applying BFR
during isokinetic contractions may allow for individuals to
complete the same number of repetitions, albeit in a more
fatigued state.

While BFR may be able to augment adaptations, it is also
likely to increase participant discomfort and ratings of per-
ceived exertion (RPE) relative to the same protocol completed
without BFR." Fewer studies have examined if discomfort
and RPE would still be augmented by the addition of BFR
when the contractions are performed in conjunction with iso-
kinetic exercise. This is an important consideration as percep-
tual responses to exercise may be good predictors of exercise
adherence. Furthermore, cardiovascular responses to exercise
with and without BFR may provide insight into whether the
use of BFR is safe for individuals with cardiovascular compli-
cations. Therefore, the purpose of this systematic review was
to examine studies implementing BFR during isokinetic exer-
cise to determine how it impacts both acute responses and
chronic adaptations.

METHODS

The online databases of PubMed, Scopus, and Web of
Science were searched on May 16, 2023 using the following
search: “blood flow restriction OR kaatsu OR occlusion AND
isokinetic.” No filters or limits were used for the searches. A
flow chart showing the number of articles scanned and rea-
sons for exclusion are shown in Figure 1. To be included in
this review, the manuscripts had to incorporate human partic-
ipants, involve the use of BFR during isokinetic exercise, and
be written in English. The references of the included studies

# of records identified through database searching (n=1697)

+ Pubmed (n=81)

were then searched for additional manuscripts meeting the
search criteria. Each of the three authors worked independent-
ly to manually screen all articles without the use of any
screening software. Once the first screening was completed,
all three authors met to discuss which full articles should be
obtained. If there were any disagreements, the full article was
obtained and included in the second screening stage. Each of
the three authors then evaluated the full manuscripts indepen-
dently and met again after the second screening stage to dis-
cuss which articles met the inclusion criteria. Once the arti-
cles were obtained, SJD collected the data and created the
tables. JJW and DMR then reviewed the tables for accuracy.
While the primary outcomes of interest were changes in mus-
cle size and strength, all the dependent variables assessed
were included in this review. We also included information on
the study design including the sample size, sex, age, training
status, exercise mode, and application of blood flow restric-
tion. Given the limited number of studies comparing the same
exercise completed with and without BFR, a quantitative
meta-analysis was not completed.

RESULTS

A total of 21 studies met the inclusion criteria.’>3% A
description of the methods of each of the included studies are
shown in Table 1. Notably, the sample sizes ranged anywhere
from 6'¢ to 60 individuals?’**. The majority of the included
studies assessed either knee extension!>!6:25-28:30.32-35 or elbow
flexion!™*3! exercises, with one study assessing plantar and
dorsiflexion®. The speeds of isokinetic contractions included
30°/sec, 02326 45%sec,'> 60°/sec,?”*3* 90°/sec,’>3>3 120%sec,'”
243031 and 300°sec®. Studies incorporated either concen-
tric,16:18.19.21.22.2428:3135 eccentric,'>23273* or both concentric and
eccentric'?*» muscle actions. Most of the studies incorporat-
ed submaximal contractions at 30% of peak eccentric, con-

* Scopus (n=89)
* Web of Science (n=1527)

Additional records identified
through other sources (n=1)

v

# of records after duplicates removed

(n=1509)

Records screened

Records excluded (n=1465)
* Not original research (n=458)

(n=1509)

Full text articles assessed
for eligibility

> * No exercise (n=102)

* No BFR (n=179)

* No isokinetic (n=692)
* Notin English (n=4)
* Notin humans (n=30)

(n=44)

!

Studies included in
qualitative synthesis
(n=21)

Full text articles excluded (n=23)
« No exercise (n=2)
* No isokinetic (n=21)

Figure 1. Flowchart illustrating search results and reasons for exclusion.



Table 1. Overview of Included Studies
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Reference Population

Torque

Blood Flow Restriction

Exercise Protocol

(15)

(16)

(22)

(23)

an

(18)

(20)

1)

(19)

@24

(25)

16 untrained
males (mean
age = 26)

6 males (age
not reported)

20 untrained
females (mean
age =22)

25 untrained
females (mean
age =21.7)

36 untrained
females (mean
age =22)

30 untrained
females (mean
age = 22)

36 untrained
females (mean
age =21.7)

12 untrained
women (mean
age =22.1)

20 untrained
females (mean
age = 22)

20 untrained
females (mean
age =21)

24 individuals
(mean age =
22.8)

30% of isomet-
ric peak torque.

As close to
50% of maxi-
mum 1RM.

30% of ec-
centric or
concentric peak
torque.

30% of ec-
centric or
concentric peak
torque.

30% of eccen-
tric or concen-
tric peak torque

30% of ec-
centric or
concentric peak
torque.

30% of eccen-
tric or concen-
tric peak torque

30% of concen-
tric peak torque

30% of eccen-
tric or concen-
tric peak torque

30% of eccen-
tric or concen-
tric peak torque

30% of eccen-

tric peak torque

13 cm cuff inflated to 90 - 100
mmHg which remained inflated
for the whole protocol.

8.5 cm cuff was inflated to
100 mmHg. Cuff was inflated
continuously throughout the
protocol.

3 cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exer-
cises.

3 ¢cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exer-
cises.

3 cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exer-
cises.

40% AOP which remained
inflated for the duration of the
exercises.

3 ¢cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exercises

3 cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exer-

cises.

3 cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exercises

40% AOP which remained
inflated for the duration of the
exercises.

6 cm wide cuff inflated to
130% of systolic blood pressure
and remained inflated for the
duration of the exercises.

4 sets of eccentric knee extension exercises at 45°/sec were completed
on a Cybex, but the repetitions are unknown. Individuals completed
either: 1) eccentric exercise alone (n=6), or 2) eccentric exercise with
BFR (n=10).

Knee extensions at 30°/sec were completed on a Biodex System 3. Exer-
cises involved 10 repetitions per set with 90 seconds of rest in between.
Everyone completed 1) exercise to volitional failure without BFR, 2) ex-
ercise to volitional failure with BFR, and 3) repetition matched protocol
without BFR.

Concentric elbow flexion and extension exercises at 120°/sec were
completed on a Cybex 6000. 4 sets of 30-15-15-15 each separated by
30 seconds of rest. Everyone completed: 1) Low load BFR, and 2) Low
load without BFR.

Either eccentric or concentric elbow flexion exercises at 120°/sec were
completed on a Cybex 6000. 4 sets of 30-15-15-15 each separated by
30 seconds of rest. 6 training session over the course of 2 weeks (3x/
wk). Individuals completed either 1) eccentric only exercises (n=12), or
concentric only exercises (n=13).

Either eccentric or concentric elbow flexion exercises at 120°/sec were
completed on a Cybex 6000. 4 sets of 30-15-15-15 each separated

by 30 seconds of rest. 13 training sessions over 5 weeks. Individuals
completed either: 1) eccentric only exercises (n=12), 2) concentric only
exercises (n=13), or 3) non-exercised Control (n=12).

Concentric elbow flexion exercises at 120°/sec were completed on a
Cybex 6000. 4 sets of 30-15-15-15 each separated by 30 seconds of
rest. 13 training sessions over 5 weeks. Individuals completed either: 1)
resistance training with BFR (n=10), 2) resistance training without BFR
(n=10), or 3) non-exercise control (n=10).

Either eccentric or concentric elbow flexion exercises at 120°/sec were
completed on a Cybex 6000. 4 sets of 30-15-15-15 each separated by 30
seconds of rest. 12 training sessions over 4 weeks. Individuals complet-
ed either: 1) eccentric exercise with BFR (n=12), 2) concentric exercise
with BFR (n=12), or 3) non-exercised control (n=12).

Concentric elbow flexions at 120°/sec were completed on a Cybex 6000.
4 sets of 30-15-15-15 each separated by 30 seconds of rest. Completed
12 sessions over 4 weeks.

Concentric elbow flexion and extension exercises at 120°/sec were
completed on a Cybex 6000. 4 sets of 30-15-15-15 each separated by 30
seconds of rest. Completed 12 training sessions over 4 weeks. Individu-
als completed either: 1) concentric exercise with BFR (n=10), or 2) non-
exercised control (n=10).

Concentric elbow flexion exercises at 120°/sec were completed on a
Biodex Systems 3. 4 sets of 30-15-15-15 each separated by 30 seconds
of rest. Completed 7 training sessions over 2 weeks. Individuals com-
pleted either: 1) concentric exercise with BFR (n=10), or 2) concentric
exercise without BFR (n=10).

Eccentric knee extension exercises at 30°/sec were completed on a Bio-
dex Systems 2. 4 sets of 30-15-15-15 each separated by 60 seconds of
rest. Individuals completed either: 1) eccentric exercise with BFR (n=?),
2) eccentric exercise without BFR (n=?), or 3) non-exercised control

(n=9).
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(26)

@7

(28)

29

(30)

(1))

(32)

(33)

(34)

(33)
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17 individuals
(mean age =
24)

60 males (mean
age = 24)

9 males (mean
age =21)

10 individuals
(mean age =
27)

30 untrained
females (mean
age =22)

30 untrained
females (mean
age =22)

14 trained
women (mean
age =21)

21 male track
and field ath-
letes (mean age
=19.9)

60 untrained
males (mean
age = 24)

15 males and
females (mean
age =23.2)

30% of eccen-
tric peak torque

40% or 80% of
eccentric peak
torque.

30% of concen-
tric peak torque

Maximal

30% of maxi-
mal isometric
strength

30% peak
torque

30% of peak
isometric
torque

Appears to be
maximal but
not clear.

40% or 80% of
eccentric peak
torque

Maximal

6 cm wide cuff inflated to
130% of systolic blood pressure
and remained inflated for the
duration of the exercises.

18 cm cuff inflated to 40% AOP
which remained inflated for the
duration of the exercises.

17 cm cuff inflated to 60%
AOP which remained inflated
for the duration of the exercise.

220 - 280 mmHg for complete
occlusion.

11 cm cuff inflated to 60% AOP
which remained inflated for the
whole protocol.

3 cm wide cuff inflated to 40%
AOP which remained inflated
for the duration of the exer-
cises.

12 cm wide cuff inflated to
60% AOP which remained
inflated for the duration of the
exercises.

200 mmHg.

18 cm cuff inflated to 40% AOP
which remained inflated for the
duration of the exercises.

Traditional BFR was inflated
to 50% AOP. Practical BFR
involved a 5 cm band stretched
to 50% of the original length
and overlapped by 50% of the
width. BFR remained inflated
for the duration of the exer-
cises.

Eccentric knee extension exercises at 30°/sec were completed on a Bio-
dex Systems 2. 4 sets of 30-15-15-15 each separated by 60 seconds of
rest. Individuals completed either: 1) concentric exercise with BFR and
concentric exercises without BFR (n=?), or 2) eccentric exercise with
BFR and eccentric exercise without BFR (n=?).

Eccentric knee extension exercises at 60°/sec were completed on a
Biodex Systems 3. 4 sets of 6 repetitions with 60 seconds rest between
sets. Individuals completed either: 1) high load (80%) eccentric exercise
without BFR (n=15), 2) high load (80%) eccentric exercise with BFR
(n=16), 3) low load (40%) eccentric exercise without BFR (n=14), or 4)
low load (40%) eccentric exercise with BFR (n=15).

Concentric knee extension exercises at 60°/sec were completed on a
Cybex. 4 sets of 30-15-15-15 each separated by 30 seconds of rest.
Everyone completed both: 1) concentric exercise with BFR, and 2)
concentric exercise without BFR.

Plantar and dorsiflexion exercises were completed on a Biodex System 3.
One set to failure was performed. In experiment 1 everyone completed:
1) plantar flexion at 60°/s with BFR, 2) dorsiflexion at 120°/s with BFR,
3) dorsiflexion at 120°/s and plantar flexion at 60°/s with BFR, 4) 10
minutes of arterial occlusion without exercise. In experiment 2 everyone
completed both of the following: 1) dorsiflexion at 60°/s with BFR, and
2) dorsiflexion at 120°/s with BFR.

Concentric and eccentric knee extension exercises were completed at
120°/sec on a Biodex System 3. 4 sets with 30 s rest between sets. Ev-
eryone completed both protocols, 1 per each leg separated by 15 minutes
of rest: 1) 30-15-15-15, and 2) 4 sets to failure.

Concentric elbow flexion and elbow extension exercises were com-
pleted at 120°/sec on a Biodex System 3. 4 sets of 30-15-15-15 with 30
seconds rest between sets. Everyone completed: 1) exercise with BFR
(n=10), 2) exercise without BFR (n=10), 3) non-exercise control (n=10).

Concentric knee extension exercises at 90°/sec on a Biodex dynamom-
eter. 4 sets of 30-15-15-15. Everyone completed: 1) isotonic exercise
with BFR, 2) isokinetic exercise with BFR.

Performed 3 sets of knee extensions and flexions with 60 seconds rest
between sets. Completed 10 training sessions over 3 weeks. Exercises
were completed at either 90 or 300°/sec on a Biodex System 3. Individu-
als completed either: 1) high speed 300°/sec with BFR (n=6), 2) high
speed 300°/sec without BFR (n=6), 3) slow speed 90°/sec with BFR
(n=4), 4) slow speed 90°/sec without BFR (n=5).

Performed 18 sessions over 6 weeks of eccentric knee extension exer-
cises at 60°/sec on a Biodex System 3 at. Completed 4-5 sets of 6-10
repetitions with 60 seconds rest between sets. Individuals completed
either: 1) high load eccentric exercise (80%) with BFR (n=16), 2) high
load eccentric exercise (80%) without BFR (n=15), 3) low load ec-
centric exercise (40%) with BFR (n=15), 4) low load eccentric exercise
(40%) without BFR (n=14).

Performed 3 sets of 20 leg extension and flexion exercises. 30 seconds
rest between sets. 90°/sec on a Human Norm dynamometer. Everyone
completed: 1) BFR using an inflatable cuff, 2) practical BFR, 3) control
performing the same exercise without BFR.

AQP = arterial occlusion pressure; BFR = blood flow restriction
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centric, or isometric torque'>!7-26:2830-32 while other studies
used submaximal torques of either 40%,3* 50%,'¢ or 80%3* of
maximum. Three studies incorporated maximal isokinetic
contractions.?33 Many different blood flow restriction pres-
sures were used, with the most common incorporating rela-
tive pressures of 40% to 60% of arterial occlusion pres-
sure,!7-2427.28.30-32.3435 The primary findings of each study are
shown in Table 2 and are summarized by dependent variables
in the subsequent subheadings.

Table 2. Primary Findings of Included Studies

Examining blood flow restriction in combination with isokinetic resistance exercise 7

Ratings of Perceived Exertion

While two studies found that the addition of BFR did not
increase RPE over the same protocol completed without
BFR,'5* one study observed that the addition of BFR did
increased RPE!'. Another study compared BFR in conjunc-
tion with either isotonic or isokinetic exercises noting no dif-
ferences between exercises.*

Reference Primary Findings

(15) There were no differences in any of the outcome variables when compared to the control group.

1) BFR increased RPE over the same protocol without BFR.

2) BFR reduced the number of repetitions that could be completed.

16 . . . .

(16) 3) BFR increased total hemoglobin and deoxygenated hemoglobin in the VMO. It also decreased the amount of saturated hemoglobin when
compared to both other conditions.

(22) Muscle thickness, echo-intensity, and blood flow all increased but there were no differences between BFR and non-BFR.

23) Isometric strength increased by the end of the protocol. There were no changes in isometric strength, perceived soreness, pain pressure thresh-
old, joint angle, or echo-intensity.

amn Muscle strength increased for eccentric BFR only. Muscle activation was increased for both eccentric and concentric. There were no changes
in muscle size.

(18) Isokinetic concentric torque increased greater in resistance training with BFR as compared to resistance training alone. There were similar
increases in isometric strength and muscle size.

20) Both eccentric and concentric BFR increased muscle size and strength. There were no changes in neuromuscular outcomes and no changes in
the control group.

(21) There was an increase in muscle mass and a decrease in EMG amplitude to torque ratio. There was no change in MMG to torque ratio.

(19) Low load BFR increased both muscle size and strength.

(24) RPE and fatigue increased similarly for both groups across sets. Strength increased to a similar extent for both groups.

25) No difference in DOMS between exercise with and without BFR. The addition of BFR augmented muscle activation and increased total and
deoxyhemoglobin.

26) The addition of BFR augmented muscle activation and increased deoxyhemoglobin during both eccentric and concentric exercises. BFR only
augmented total hemoglobin during eccentric.

27) There were no differences in autonomic or cardiovascular outcomes with the addition of BFR.

(28) There were no differential changes between the BFR and non-BFR trials for any of the outcome variables.
Experiment 1: Peak leg blood flow was greater in response to plantar flexion or plantar + dorsiflexion as compared to just dorsiflexion. BFR
in the absence of exercise increased blood flow more than dorsiflexion with BFR. Mean arterial pressure increased similarly in all exercise

(29) conditions greater than BFR without exercise. Leg vascular conductance was greater in response to plantar flexion, plantar flexion + dorsi-
flexion, and BFR without exercise when compared to dorsiflexion. Time to failure differed between each of the protocols with plantar flexion
longest, dorsiflexion next, and plantar + dorsiflexion resulting in quickest time to failure. There were no differences in torque or mean arterial
pressure during the exercises. Experiment 2: No differences were present between the 60°/s and 120°/s conditions.

(30) No changes in range of motion, pain pressure threshold, or circumference. Muscle soreness and isometric strength increased to a similar extent
in response to both protocols.

G1) No changes in range of motion, peak power, or soreness. Pain pressure threshold increased in response to exercise with BFR but this did not
differ from the non BFR condition.

(32) There were greater decreases in isometric strength (fatigue) and EMG mean power frequency because of the isotonic exercise. Muscle thick-
ness and RPE increased similarly for both conditions.

(33) BFR augmented strength for high velocity but not slow velocity. No increases in muscle mass were observed.

(34) High load produced greater torque than low load, BFR did not enhance strength. (Values in appendix 1A).

(35) Heart rate increased to a similar extent across all 3 conditions. Traditional BFR did not significantly reduce average power per rep over the

protocol, but the practical BFR condition did. There were no differences between the practical and traditional BFR in power output.
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Heart Rate

Two of the included studies examined heart rate responses
to the same protocols performed with and without BFR noting
no differences between conditions.!>*

Blood Pressure

One study noted that exercise with BFR increased mean
arterial pressure, but this was not compared to the same exer-
cise without BFR.?* Two other studies noted no differences
between systolic, diastolic, or mean arterial pressure when
comparing the same exercises completed with or without
BFR.15,27

Blood Oxygen Saturation

One study found no differences in oxygen saturation com-
paring the same protocol with and without BFR." Similar
findings were present in another study noting no differences
in oxygen saturation between low load exercise with BFR,
low load exercise without BFR, and high load exercise.?’
Other studies noted that BFR increased total deoxyhemoglo-
bin,'%?32¢ and total hemoglobin,'® while decreasing saturated
hemoglobin compared to the same exercise completed without
BFR'S, Of these studies, one noted that BFR only augmented
total hemoglobin during eccentric exercises, but not concen-
tric exercises with BFR.?

Delayed Onset Muscle Soreness

One study found no increases in markers of muscle damage
in response to eccentric or concentric exercises completed
with BFR.? Four other studies found no differences in mark-
ers of muscle damage when comparing exercises completed
either with or without BFR.2225:30:31

Fatigue

One study found that BFR reduced the number of repeti-
tions that could be completed compared to the same exercise
without BFR.!® Another study found that practical BFR, but
not traditional BFR, resulted in greater fatigue in comparison
to the same exercise without BFR.* Others found that torque
decreased to a similar extent after completing low load exer-
cise with and without BFR.?*? Lastly, one study observed
greater decreases in isometric strength and EMG mean power
frequency in response to isotonic exercise with BFR as com-
pared to isokinetic exercise with BFR.%

Markers of Muscle Activation

Two studies found that the addition of BFR augmented
muscle activation when compared to either concentric* or
eccentric?>? exercises completed without BFR. Two other
studies examined changes in EMG amplitude during a maxi-
mal contraction completed before and after 4-weeks of train-
ing noting no changes in response to eccentric or concentric
training.'"?

Autonomic Function
Only one study examined autonomic function noting no

differences in heart rate variability between low load exercise
with BFR, low load exercise without BFR, and high load
exercise.?”’

Blood Flow and Endothelial Function

One study found that exercise with BFR increased blood
flow, but not to a greater extent than the same exercise with-
out BFR.?> Another study compared exercise with BFR to
BFR in the absence of exercise, finding no difference in vas-
cular conductance.” One last study found that BFR did not
enhance, but rather blunted, markers of endothelial integrity.?®

Muscle Swelling

One study found that muscle swelling increased, but to the
same extent as exercise completed without BFR.?> Another
study compared muscle swelling in response to isokinetic and
isotonic exercises completed under BFR noting no differences
between conditions.*

Muscle Hypertrophy

One study found no increases in muscle size in response to
either eccentric or concentric elbow flexion exercise under
BFR."7 Similar findings were observed as both fast and slow
speed isokinetic contractions performed under BFR did not
increase muscle size.’* Another study found conflicting
results in that muscle size increased in response to both
eccentric® and concentric'®?!' exercise with BFR, but there
was no comparison to the same exercises completed without
BFR. Finally, one study found that, while exercise with BFR
did increase muscle size, this increase was not greater than
the same exercise completed without BFR.!3

Muscle Strength

Three studies found that performing concentric'®**? or
eccentric®®? exercises with BFR increased strength, but this
was not compared to the same exercise completed without
BFR. Another study found that eccentric, but not concentric
exercise with BFR increased strength, but this was also not
compared to the same exercise without BFR.!” Two studies
found that training with BFR increased strength, but the addi-
tion of BFR was unable to provide greater strength gains
compared to the same exercise completed without BFR.?*3
Other studies found that adding BFR enhanced concentric,
but not isometric torque, when compared to the same exercis-
es completed without BFR."® Lastly, one study found that BFR
was able to augment strength during faster, but not slower
contractions completed without BFR.3

DISCUSSION

The primary findings of the present review demonstrate
that the addition of BFR to isokinetic resistance exercise
appears to have less of an impact on both acute and chronic
measures as compared to isotonic exercise. Specifically, there
is a lack of strong support for the use of BFR in conjunction
with isokinetic resistance exercise as it relates to increasing
muscle size and strength. The primary limitation of this
review involves the lack of studies incorporating control
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groups comparing the same exercises completed without
BFR. Thus, these studies cannot tease out the additive effect
of BFR beyond completing the exercise itself. An overview of
each of the dependent variables in the included studies fol-
lows.

It is not clear as to why 2 of the 3 included studies observed
that the addition of BFR did not increase RPE,!** particularly
given a fixed number of repetitions were completed as
opposed to exercising to task failure’. The inability of BFR to
increase RPE during isokinetic exercise may be related to a
smaller activation of group III/I'V afferents relative to isotonic
exercise, as activation of these afferents is linked to an
increase in RPE.*” This reduced afferent activation is plausi-
ble as BFR did not exacerbate fatigue in two of the included
studies.?** This is of importance as the accumulation of
metabolites (i.e. hydrogen ions) that activate group III/IV
afferents also contribute to local and central fatigue.’

Both of the studies assessing markers of muscle activation
during exercise found that BFR increased muscle activa-
tion,??¢ despite not increasing muscle fatigue?. This is an
interesting finding but may be related to how fatigue was
measured. BFR did not increase fatigue as assessed by chang-
es in maximal isometric torque before and after exercise,***
but did increase fatigue assessed by the number of repetitions
until task failure'®. Thus, the inability to detect fatigue may be
related to the amount of time present between the completion
of exercise and the post-exercise strength test, as the restora-
tion of phosphocreatine occurs rapidly*® and would occur
immediately upon cuff deflation as hydrogen ions are
removed and oxygen availability increases*. The increased
deoxyhemoglobin concentrations'®?>2¢ would support the
reduced ability to restore phosphocreatine during exercise, as
this process relies on aerobic respiration®”. Thus, it is possible
that fatigue was greater in response to exercise with BFR, but
a rapid recovery was made before completion of the post-
exercise isometric test used to assess fatigue.

Only one of the included studies tested whether the addition
of BFR could enhance muscle growth, reporting no added
benefit of BFR.!® This is supported by an acute study detail-
ing no difference in the magnitude of muscle swelling (an
acute marker used to infer about hypertrophic potential)
occurring during isokinetic exercise with or without BFR.?
The inability of BFR to enhance muscle hypertrophy is inter-
esting given the increased muscle activation noted previously.
One would assume that a greater muscle activation would
result in the mechanotransduction cascade occurring in a
greater number of muscle fibers, and thus greater overall
muscle growth. If BFR enhances muscle hypertrophy via
increasing muscle activation, this hypothesis could be tested
via isokinetic exercises employing maximal contractions. If
BFR can augment muscle hypertrophy during maximal con-
tractions, this must be working through a mechanism inde-
pendent of augmenting muscle activation, as muscle activa-
tion would be already near maximal and unable to be
enhanced. While this provides an avenue for future study, it
should be mentioned that only one of the included studies
assessed the magnitude of muscle growth occurring in the
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same exercise completed with and without BFR. This points
to the importance of including a control group, as the only
way to decipher the efficacy of adding BFR is to compare the
results to the same training intervention completed without
BFR. Thus, other studies finding increases in muscle
growth!*?! may have just been testing the efficacy of isokinet-
ic exercise and not BFR per se.

Similar to that of muscle size, many of the included studies
did not compare strength gains between the same training
intervention completed with and without BFR.!"1°20:23 When
examining those studies including control groups, two found
no difference,?*** and others found that it was dependent on
the speed?®® or type'® of contraction employed during the
strength test. One study noted that the addition of BFR did
not enhance muscle growth, but did increase muscle strength,
particularly during faster contraction speeds.*® This dissocia-
tion between the change in muscle size and muscle strength
has been noted previously,*' and indicates that BFR may be
enhancing muscle strength through adaptations to the central
nervous system and/or peripheral skeletal muscle adaptations
independent of muscle growth*?. While the exact mechanisms
are speculative, the included studies demonstrate that BFR
does not appear to enhance maximal muscle fiber activa-
tion.!”20

Collectively the included studies would suggest that the
addition of BFR to isokinetic exercise does not propose any
additive risks for individuals with cardiovascular complica-
tions. While isokinetic exercise with BFR did increase blood
pressure,? this was likely due to the exercise itself, as other
studies noted no further increase in blood pressure'>?” or heart
rate'>* due to the addition of BFR. These would corroborate
the findings of studies using BFR in conjunction with isotonic
exercise.* While one study noted the addition of BFR blunted
acute markers of endothelial function,*® another found no dif-
ference in vascular conductance®. Chronic training studies
employing isotonic exercise have found beneficial effects of
BFR on enhancing vascular function* indicating that acute
markers of vascular health may not necessarily manifest into
chronic adaptations. The idea that BFR did not increase mark-
ers of muscle damage®>?32>3%31 further provides support for its
safety and feasibility.

CONCLUSION

The addition of BFR to isokinetic resistance exercise does
not appear to exacerbate RPE, blood pressure, heart rate, or
markers of muscle damage. While apparently safe, the evi-
dence supporting the efficacy of BFR in conjunction with iso-
kinetic exercise is not as strong as that of isotonic exercise.
Chronic changes in muscle size and strength may depend on
the type and speed of contraction used during training, as
well as the level of resistance. Future studies examining acute
and chronic effects of BFR should incorporate control groups
to tease out the influence of BFR from the exercise itself.
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