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ORIGINAL ARTICLE

Effect of One Session of Muscle Blood Flow Restriction
Training Versus Normal Training on Blood Lactate Level

Hiroji Fukuta, PhD

Objectives: Blood flow restriction training (BFRT) is useful for improving muscle strength.
However, it involves a long training time and is unsuitable for vigorous exercise. Muscle blood
flow restriction training (MBFRT), which uses multiple parallel pneumatic cuffs (MPCs) to com-
press large areas of the extremities and restrict blood flow, was subsequently developed to address
these issues. This study compared the effects of MBFRT with normal training (NT). Methods:
Ten healthy adults underwent low-intensity MBFRT. MPC pressure was increased to 200 mmHg
just before training. The exercise was a bodyweight half-squat. Three sets of 30 squats were
performed. Two weeks later, the participants underwent NT with the same exercise. Blood lactate
levels were measured before the start of training and at 1 and 5 min after training. The Borg
index was also measured at the end of the training. Results: The blood lactate level was elevated
at 1 min after MBFRT and NT. The elevated blood lactate level was maintained at 5 min after
MBFRT, whereas the lactate level was significantly decreased at 5 min after NT. The Borg index
at the end of the training was significantly higher in MBFRT than in NT. Conclusions: Lactic acid
accumulates in the muscles during low-intensity MBFRT, thereby initiating type I fiber activity.
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INTRODUCTION

Age-related muscular atrophy, predominantly caused by
the loss of type II fibers, starts at approximately 25 years
of age and increases thereafter.) Type II fibers must be ac-
tivated to stop this loss, which requires intense exercise at
60%—70% of a single-repetition maximum load or exercise
that exhausts type I fibers.? However, not everyone can
complete this kind of training. Conversely, type II fibers
can be recruited during the early phase of low-intensity
exercise training because type I fibers cannot be activated
when the muscle is hypoxic.”) As a potential substitute for
high-intensity resistance training, Shinohara et al.¥ dis-
covered that an innovative tourniquet ischemia procedure
resulted in significant strength improvements. This method
is blood flow restriction training (BFRT), where the base of
the extremity is compressed with a single cuff or belt (Fig.

1). The vascular system progressively becomes compressed
during BFRT, and venous blood flow is more constrained
than arterial blood flow.” Blood is retained in capillaries
because of decreased movement of venous blood.®) Intra-
muscular pressure increases when muscle contraction occurs
with this restricted blood flow.” Aerobic exercise of type I
fibers consumes oxygen. In addition, capillary blood flow is
restricted and the supply of fresh oxygen is limited, making
the muscles hypoxic. As type I fibers become inactive, type
II fibers are forced to activate. BFRT has been performed
on more than 50 patients per day at our hospital for about
10 years since 2004. BFRT is a safe and effective method.
However, given that it takes time to achieve hypoxia in the
lower limbs with BFRT, the training time is between 5 and
30 min.%? In addition, intense exercise causes increased
blood flow, which undermines hypoxia.”!?

To solve this problem, I developed muscle blood flow
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Fig. 1. Blood flow restriction training (BFRT). The base of
the limb is compressed with a single cuff. The blood flow
is restricted throughout the extremity, which restricts blood
flow in the muscles.

restriction training (MBFRT), which uses multiple parallel
pneumatic cuffs (MPCs) to apply uniform pressure over
a wide area of the extremities (Fig. 2). This study was
conducted to test the following hypothesis: when a limb is
compressed over a wide area with MPCs, the pressure within
the skeletal muscles in that area increases instantaneously,
restricting blood flow within the muscles, such that even low-
intensity exercise causes the muscles to become hypoxic for
a short time, activating type II fibers. To test this hypothesis,
post-training blood lactate levels and fatigue level were
compared between low-intensity MBFRT and low-intensity
normal training (NT) performed by healthy volunteers.!)

MATERIALS AND METHODS

This study was conducted in accordance with the prin-
ciples of the Declaration of Helsinki. Ethical guidelines for
human medical research were followed with the consent of
the Fukuta Orthopedic Surgery Ethics Committee (approval
number: 3). All participants were informed in advance of
the method and purpose of the study, and written informed
consent was obtained from the study participants.

The study included ten healthy adults (four men, six
women; mean age 33 £ 10 years). The medical histories and
results of physical examinations, laboratory tests, and liver
and renal function tests of all the participants were reviewed.
The participants were physically active but were not under-
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Fig. 2. Muscle blood flow restriction training (MBFRT).
Large extremities are compressed with multiple cuffs. Pres-
sure is increased in the muscle, resulting in restricted blood
flow, as in compartment syndrome.

going exercise training at the time of the study.

The MPCs comprised three parallel pneumatic cuffs con-
nected to each other. The cuffs had individual widths of 6 cm
and were spaced 1 cm apart, giving a total MPC width of
20 cm. The MPCs were connected to a pump and a pressure-
regulating airbag (Fig. 3). MPCs were worn on both thighs
with the knees flexed at 90°. The inferior edge of the MPCs
was placed 5 cm proximal to the superior edge of the patella.
The exercise performed for this research was a bodyweight-
loaded half-squat with knee flexion at 90° (Fig. 4). Each
position (knee extension and knee flexion) was held for I s.

All participants performed the MBFRT squat first. The
pressure of the MPCs was increased to 200 mmHg just
before training. The maximum number of squats was 30,
and three sets were performed with a 5-s rest in between.
After completing the three sets, the pressure was lowered to
0 mmHg.

Blood lactate levels were measured before MBFRT and 1
and 5 min after MBFRT with a Lactate Pro 2 blood lactate
meter (Arkray, Kyoto, Japan). Blood was drawn from a finger.
After 2 weeks, all participants undertook NT. Meals, sleep,
and activities until the start of NT were the same as those
used during MBFRT. Blood lactate levels were measured
three times in the same manner as described for MBFRT.
During each exercise, the physical activity intensity of the
participant was measured using the Borg scale of perceived
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Fig. 3. Multiple parallel pneumatic cuffs (MPCs) comprise
three parallel pneumatic cuffs connected to each other across
a total width of 20 cm. The MPCs are connected to a pump
and a pressure-regulating airbag.

exertion.!? Stata version 15 (Stata, College Station, TX,
USA) was used for statistical analysis, and P<0.05 indicated
significance.

RESULTS

All participants performed 30 squats in the first set of MB-
FRT. However, the average number decreased to 25.3 + 8.4
in the second set and 13.3 £ 12.1 in the third set. Participants
performed the same number of squats in NT as in MBFRT.

The mean blood lactate levels for MBFRT were 1.5 +
0.3 mmol/L before training, 4.9 + 1.9 mmol/L at 1 min after
training, and 5.1 = 2.0 mmol/L at 5 min after training. In
contrast, the respective blood lactate levels for NT were 1.4
+0.5,3.3+1.5,and 2.5 + 1.6 mmol/L (Table 1).

The blood lactate level was significantly increased at 1 min
after MBFRT (P<0.001, paired #-test) and was maintained
at 5 min after training. In NT, the blood lactate level was
significantly increased at 1 min after the end of training
(P=0.004, paired t-test) but decreased significantly at 5 min
after training ended (P=0.009, paired #-test). In comparing
blood lactate levels at 5 min after training, the levels were
significantly higher after MBFRT than after NT (P=0.005,
unpaired #-test) (Fig. 5). The mean Borg scale of perceived
exertion was 17.6 £ 1.35 during MBFRT, which was sig-
nificantly higher than the Borg scale during NT (12.8 + 1.75;

Fig. 4. Bodyweight half-squat exercise performed in this
study. The participants held knee extensions and 90° knee
flexions for 1 s each.
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Fig. 5. Mean blood lactate levels (n=10) before and soon
after NT and MBFRT.

P<0.001, unpaired ¢-test).

DISCUSSION

During MBFRT in this study, blood lactate levels were
significantly increased at 1 min after training and were
maintained 5 min after training. In contrast, in NT, the
blood lactate level was increased at 1 min after training
but then showed significant decline at 5 min after training.
Five minutes after MBFRT ceased, the blood lactate level
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Table 1. Participant characteristics, number of squats, blood lactate levels, and Borg scale readings

Participants Mean+SD
Age, years 29 31 31 54 42 32 24 22 46 23 33.4+11.6
Sex M F M F F M F M M M
MBFRT
Number of squats
Set 1 30 30 30 30 30 30 30 30 30 30 30+0
Set 2 23 10 30 30 10 30 30 30 30 30 25.3+8.4
Set 3 7 6 1 5 4 30 15 30 30 5 13.3£12.1
BL, mmol/L
Before 1.2 1.2 2.1 1.2 1.3 1.3 1.8 1.4 1.2 1.7 1.4+0.3
After 1 min 3.2 3 4.1 4.3 3.6 7.8 2.9 7.8 6.4 6.3 4.9+1.9
After 5 min 3.1 2.7 4.6 5.6 3.1 7 3.6 8.7 5.8 7 5.1+2
Borg scale 19 19 17 19 19 17 17 17 15 17 17.6+1.35
NT
BL, mmol/L
Before 1.7 1.6 0.8 0.8 1.8 1.4 1.8 1.3 1.1 1.4 1.4+04
After 1 min 3.6 2 1.8 3.1 2.2 33 1.8 6.2 4.6 4.8 3.3£1.5
After 5 min 1.9 1.7 1.3 2 1.8 29 1.1 6.1 1.9 4.3 2.5+1.6
Borg scale 15 15 15 13 11 11 13 11 11 13 12.8+1.75

SD, standard deviation; BL, blood lactate concentration.

was significantly higher than 5 min after NT. These find-
ings suggest that lactate accumulated in the muscle during
MBFRT and was released from the muscle immediately after
decompression of the MPCs.

Several studies have supported Brooks’ lactate shuttle
hypothesis, in which lactate moves between and within
tissues.'>!¥ Lactate produced in the muscles is released
outside the muscles and used as a carbohydrate source.'>!®)
Previously, it was considered that all lactate produced in
skeletal muscles was released outside the muscles. However,
intramuscular lactate shuttling by monocarboxylate trans-
porter (MCT) is now recognized.'”"' Lactate is produced
in glycolytic muscle cells, released by MCT4, and taken
up by oxidative muscle cells by MCT]I in the same muscle.
Considering lactate metabolism in skeletal muscle, type 11
fiber activity promotes glycolysis and produces lactic acid.
The lactate produced is transported from the muscle into
the bloodstream or is consumed by muscle activity in type I
fibers.”? Therefore, for lactate to accumulate, type II fibers
must be activated first. In addition, restricted blood flow
and inactivity of type I fibers are required. In this study,
MBFRT activated type II fibers, deactivated type I fibers,
and restricted intramuscular blood flow, which resulted in
lactic acid accumulation within the muscles. Type II fibers
are preferentially active in MBFRT.

In this study, a high Borg index (17.6 + 1.35) was observed
during MBFRT. Given thatthe relationship between perceived
exertion and blood lactate concentration is recognized,?! the
high Borg scale!? observed during MBFRT in this study
indicates lactic acid accumulation. Lactate produced during
exercise can stimulate growth hormone production by acidi-
fication of the skeletal muscle sarcoplasm, leading to skeletal
muscle hypertrophy and hyperplasia through the activity of
insulin-like growth factors.?>-2%

In addition to the perceived benefits of MBFRT, the safety
implications of the training method also require consider-
ation. In performing MBFRT in this study, the maximum
duration of training was about 190 s (2's x 30 reps x 3 sets
+ 5s x 2 rests). Even during limb surgery, the limb may be
compressed using a pneumatic tourniquet. There are several
reports on problems caused by this approach.?>2® Report-
edly, muscle changes occur after a tourniquet is left in place
for 15 min.?? However, there are no reports of any damage
caused by a tourniquet left in place for 3 min. In contrast, in
ischemic conditioning, which provides temporary ischemia
and reperfusion to the limb, blood flow is stopped for ap-
proximately 5 min using a tourniquet.3®3) Ischemic condi-
tioning is performed on the upper and lower limbs.?>3) In
addition, it is performed for cases with vascular disease.’*3)
When applied to the lower extremities, the tourniquet is
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13.5-33 cm wide and compresses a wide area of the extrem-
ity.3® This width is similar to that being compressed by
MPCs in MBFRT. Given that there have been no reports of
adverse effects of ischemic conditioning, it is reasonable to
suggest that MBFRT lasting up to 5 min is safe. Furthermore,
to reduce risks, the following procedures are recommended:

e Start with a low pressure (approximately 150 mmHg or
below) and gradually increase it. Do not exceed 300
mmHg.

e Start with a short duration (approximately 1 min) and
gradually increase the time. Do not exceed 5 min.

e Instruct the subject to exercise without the cuff before
performing MBFRT. Start MBFRT after confirming
that the exercise will not cause any problems.

e If the subject experiences unexpected pain during MB-
FRT, the muscle may have been torn and is causing
internal bleeding. Continuing MBFRT while applying
pressure using the cuff may cause massive internal
bleeding. Immediately lower the pressure or remove
the cuff and discontinue MBFRT. Therefore, MBFRT
should not be performed in subjects with severe de-
mentia, those who lack the ability to feel pain (because
of paralysis), or other subjects who cannot complain of
discomfort.

There are cases where MBFPT should not be performed.
First, there are some areas of the body that should not be
compressed with MPCs:

e Parts other than the arms and legs (neck, waist, chest).

e Joints (clbows, knees).

e Areas containing plastic or silicone, such as artificial

blood vessels.

e Areas where it is inappropriate to apply pressure, includ-
ing areas affected by severe edema, severe varicose
veins, skin disease, infection or inflammation, skin
injury (wound), muscle injury (muscle tear), or acute
internal bleeding.

Furthermore, limbs affected by the following conditions

should not be subjected to MBFRT:

e Internal bleeding after acute trauma or surgery (bleed-
ing may increase).

e Infection (suppuration, cellulitis), severe inflammation,
or severe dermatitis.

e Severe blood circulation disorder, severe sensory im-
pairment, or severe paralysis.

e Severe edema.

e Recently worsened edema and swelling (suspected in the
acute phase of deep vein thrombosis).

CONCLUSION

The results of this study suggest that MBFRT causes an
accumulation of lactic acid in muscles, thereby activating
type 11 muscle fibers. To fully demonstrate the usefulness
of MBFRT, it should be compared with regular training and
other training methods that are known to be effective, includ-
ing BFRT. These research topics should be investigated in
future studies.
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