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Abstract
Introduction: The effects of low intensity resistance training combined with vascular occlusion have been
investigated by several studies. Similar results on strength and hypertrophy have been observed when such
method was compared to high intensity protocols. However, due to the specific apparatus needed to apply
vascular occlusion (ex.: Kaatsu) on some exercises, alternative forms of metabolic training might be used. In
the present study, an isometric contraction was performed within each concentric-eccentric transition pha-
se, for every repetition, to elicit metabolic stress. Objective: The aim of the present study was to analyze the
effects of two resistance training protocols with metabolic characteristics on strength (1MR), circumference
(CIRC) and muscle thickness (measured with ultrasonography [MT]). Subjective perception of discomfort
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was also recorded with an analogical-visual pain scale (AVP). Methods: Twelve young, healthy men were
trained with two different methods during 10 weeks. The right limb was trained with an isometric contrac-
tion within each concentric-eccentric transition phases for every repetition (ISO) whereas the left limb was
trained with a pneumatic cuff to apply vascular occlusion (OC) on the knee extensor muscles. Both methods
were trained at 20% 1MR. Results: It was observed increases on medial tight CIRC, proximal MT, medial MT,
distal MT and 1MR, with no difference between both methods. The perception of discomfort was greater
for ISO at the end of the third set and lower than reported by OC, at the beginning and end of the training
program. Conclusions: Both protocols produced similar gains on strength and hypertrophy. The advantages
of training with low loads are important to elderly or rehabilitation training programs. Other studies that
compare this method with conventional resistance training are warranted.

Keywords: Isometric. Kaatsu. Resistance. Raining. Hypertrophy.

Resumo

Introdugado: Estudos tém avaliado os efeitos do treinamento resistido de baixa intensidade combinado com oclusdo
sanguinea. Este método vem sendo comparado a protocolos de alta intensidade, e resultados semelhantes de au-
mento de forga e hipertrofia tém sido observados.Entretanto, na dificuldade em instrumentalizar a oclusdo vascular
com garrote (ex.: Kaatsu) em alguns exercicios resistidos, outras formas de execugdo sdo realizadas, como as que
associam a utilizagdo de intervalos em contragdo isométrica. Objetivo: O objetivo do estudo foi analisar os efeitos
de dois protocolos de treinamento resistido de caracteristicas metabdlicas nos ganhos de for¢a (1RM), circunfe-
réncia (CIRC), espessura muscular (ultrassonografia [ESP]), e percepgdo subjetiva do desconforto (EVA). Métodos:
Doze homens jovens e sauddveis foram treinados com dois métodos por 10semanas. No membro inferior direito
foi realizado o treinamento resistido com intervalo isométrico (ISO) e no membro inferior esquerdo o treinamento
com oclusdo vascular (OCL) no exercicio de extensdo do joelho. 20% de 1RM em ambos os métodos. Resultados:
Encontraram-se aumentos em ambos os métodos na CIRC, ESP proximal, ESP medial, ESP distal e 1IRM. A EVA ao
final da terceira série de exercicios aumentou no IS0, sendo menor que a relatada no OCL. Ndo foram encontradas
outras diferengas entre os métodos utilizados. Conclusées: Deste modo, ambos os sistemas utilizados produziram
efeitos similares nos ganhos de forga e hipertrofia. As vantagens de ambos os métodos consistem no uso de cargas
reduzidas, podendo ser importante para o treinamento em idoso ou programas de reabilitagdo. Estudos que compa-
rem os métodos aqui utilizados com o treinamento resistido convencional devem ser realizados.

Palavras-chave: Isometria. Kaatsu. Musculagdo. Hipertrofia.

Introduction

Over the past few years, several studies have sought
to identify ways to achieve the development of strength
and muscle mass. To this end, distinct methods have
been used for training the human body, since the skel-
etal muscle has the ability to respond to stimulation
adapting to mechanical stress. However, this response
can vary between different exercise modes (1).

Certain methods of trainingmight bemore ap-
propriate than others for precise application and
systematic overload, and may have different forms
of application. Thus, resistance training (RT) is
one of the best options to enhance athletic perfor-
mance, increase muscle strength, power, balance and

coordination.This may explain why there is a growing
number of supporters of this practice worldwide. The
RT presents various methods for the development of
the qualities mentioned above, using both mechanical
or metabolic stress. Discrepancy among the opinions
regarding the best training methods have been sus-
tained for a long period of time, until recent studies
have been published comparing both methods.
However, some problems related to resistance
training may also limit its effects. For instance, the
need of long recovery periods is often not respected
by practitioners, making it potentially harmful and
uncomfortable. Some methods consist in performing
intermittent isometric contractions coupled with dy-
namic training (2) and training with blood vascular
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occlusion, which may be applied into training pro-
grams in order to securely maximize gains in strength
and muscle mass (3). It is believed that both meth-
ods cause large metabolites accumulation in muscle
during exercise, which along with other factors,
can lead to significant gains in strength and muscle
mass with little mechanical stresson the soft tissues
and bones. Furthermore,lower discomfort may be
reported from such method compared to high load
training.It has been demonstrated that concentric
actions interspersed with isometric contractions in
the concentric-eccentric transition produce a greater
accumulation of metabolites, compared with proto-
cols without isometrics (2). One possible explanation
for this phenomenon is that the compression in the
shortened muscle generates tension over the capil-
laries, creating a blood flow restrictionand thereby
decreasing the rate of removal of metabolites. The
specific mechanisms behind metabolic stress to elicit
hypertrophy are unclear. However, several studies
have shown expressive increases in strength and hy-
pertrophy from metabolic training (2, 4) and blood
flow occlusion (3, 5, 6, 7, 8, 9, 10, 11, 12, 13, 14),
compared to traditional high intensity training.
Both methods (occlusion and isometric metabolic
training) have unique features in their application,
which can lead to different responses. No studiesare
knownregarding training with blood occlusion com-
pared to isometric metabolic training. Therefore,
the present study aimed to compare the effects of
twolow-load protocols onmuscle strength and hyper-
trophy and the subjective perception of discomfort.

Methods

Twelve healthy men (23.92 + 25yrs, 1.75 +
0.07m, 69.28 + 9.79kg, 12.36 + 3.39% body fat)
undergraduate in physical education volunteered
to participate in this study. Prevous injury and/or
musculoskeletal disordersand regular use of medi-
cations that could interfere in exercise execution
were adopted as exclusion criteria. The partici-
pantsdid not participate in any other program of
regular physical activity and have the availability
to participate the sessions in the days and prede-
termined times. All participants signed a consent
form, based on the 196/96 resolution of the CNS
approved by the UniBrasil University Centre Ethics
Committee under number 06/2011.

All assessments were conducted by the same ex-
perienced instructors at the beginning (PRE) and
end (POST) of the exercise program. Body mass and
height were measured with an anthropometric scale
(Welmy, Santa Barbara D'Oeste, Brazil), while body
fat was determined by bioimpedance (Body Fat Scale,
Geratherm) according toDonini et al. (15).

Thigh length (LEFT and RIGHT) was determined
as the distance between the lateral aspect of the
greater trochanter of the femur and the upper edge
of the patella. This segment was divided into three
equal parts, and the circumference measures (CIRC)
and muscle thickness (MT on the anterior surface) by
ultrasound (Logic Book XP, GE, USA) were measure-
dat the proximal (PROX), medial (MED) and distal
(DIST) third of thigh.

All subjects were placed sitting with the knees
flexed at 90° and both feet in full contact with the
ground. All ultrasound images were obtained in a
sagittal plane at the three sites mentioned above.
The scanner was positioned perpendicular to the
skin surface and set to 6Hz and 9 cm depth in order
to provideclear visualization of the femur cortical
surface. MT was determined by the linear distance
between the fat-muscle interface to the muscle-bone
interface. This procedure is similar to that used in
other studies for the same purpose and has high reli-
ability (16).

Maximum strength tests were performed at the
beginning and at the end of the training program. All
measurements were conducted in the same week, with
a minimum interval of 48 hours. The highest value
obtained in the test between the two sessions was con-
sidered for analysis. The 1-MR(maximum repetition)
prediction protocol was adopted from a submaximal
strength test, using the equation Brzycki, validated for
the Brazilian population by Nascimento et al. (17). In
this test, a submaximal exercise is performed and the
value of 1-MR is calculated as the following:

1-MR =100 *load / (102.78 to 2.78 * repetitions)

Where "load" is the mass (kg) used in equipment
where the test was performed and "repetition” is the
number of repetitions performed with the determined
load. We opted for the use of this protocol due to load
shedding provided by the equipment used in the test,
the greater security offered by smaller overloads and
high correlation of the test with the pattern of 1-MR
(r=0.89) found a validation study (17).
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Individuals began the exercises one week after the
assessments. Training sessions lasted for 10 weeks,
with a frequency of twice a week, with a minimum
interval of 48 hours and a maximum of 96 hours
between sessions, all training conducted under the
supervision of the same instructor. A single exercise
was conducted in the leg extension equipament. None
of the participants missed more than three exercise
sessions, or two consecutive sessions, which auto-
matically excluded the subject of the study.

The RIGHT was subjected to a resistance ex-
ercise consisting of concentric and eccentric con-
tractions, interspersed by an isometric contraction
(ISO), based on the model proposed by Gentil et al.
(2). Exercise in leg extension began with the knee
flexed at 90°. The exercise began with concentric
phase of the exercise and then a five-second interval
with the extended limb (ISO). It is performed three
sets of eight to 12 consecutive repetitions with an
interval of 30 seconds between sets. The load ap-
plied in the first exercise session was 20% of 1-MR
predicted initially. After the first session, the load
was continuously adjusted so that the maximum
range of repetitions in each series was not exceeded.
Adjustments in the load were performed with 5 kg
increments whenever was needed.

In LEFT the exercise protocol used was based
on the training model with vascular occlusion (OC)
described by Sato and Abe (3). Subjects wereseat-
edon the leg extension machine with a sphygmoma-
nometer (MERCUR, SP) around the proximal third of
thethigh. It was then inflated to 160 mmHg. Three
sets of eight to 12 reps were performedwith 30
seconds rest between sets. The cuff pressure was
maintained during rest intervals and throughout the
sets, with adjustments whenever necessary. After
completion of each setthe visual analog scale (VAS)
was applied to record perception of discomfort, as
adapted by Hernandez (18).

The VAS (Figure 1) is a subjective method to assess
muscle pain.In the present study, it was used in or-
der to identify the discomfort caused by the exercise
protocol andtoverify an adaptation to discomfort was
happenedwith possible reduction in pain intensity.
The VAS was used at the beginning (first session) and
atthe end of the 10 weeks (last session) in three mo-
ments during the execution of the exercises in both
the RIGTH and LEFTlimbs: shortly after the end of
the first set (VAS-1), shortly after the end of the third
set (VAS-3) and five minutes after (VAS-5) the end

of the training session. Figure 2 shows a schematic
organization of the training program.

Moderate 1 Intense

L_ight x
L
0 1 2 3 4 5 6 7 8 9 10

Figura 1 - Analogical pain scale adapted by Hernandez (18)
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48-96h
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distinct protecols

Training program

Evaluation of VAS-1,
VAS-3 and VAS-5 on
first and last exercise
session

Anthropometrical test
Body Fat Percentage
Mucular Thickness
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Final tests week (Post)

48-96h
interval
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Figura 2 - Organization of experimental procedures

After the data normality was confirmed with-
the Kolgomorov-Smirnov test, analysis of variance
(ANOVA) for repeated measures was applied to com-
parethe differences between the beginning (PRE) and
the end (POST) of each training program and between
methods. Significance level was set to p < 0.05 for all
variables. A post-hoc test (Tukey) was used to identify
where the differences occurred. All analysis was car-
ried out using Statistica software v 7.0.
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Results

All 12 subjects completed the exercise program.
No initial (PRE) significant differences were found
(p=0.05) between any variables. The anthropomet-
ric characteristics (PRE 69.28 + 9.79 kg and 12.36
+ 3.39% fat) did not change significantly (p > 0.05)
after exercise program (POST 69.04 + 9.26 kg and
12.81 + 5.01% fat). The measures of CIRC-PROX
and CIRC-DIST showed no significant differences
(p > 0.05) between PRE and POST in both methods.
Increases in CIRC-MED were found at the end of both
programs (ISO and OC).

All ultrasound measurements showed a significant
increase (p < 0.05) between PRE and POST from both
ISO and OC training. No differences were found (p >
0.05) between methods. Muscle strength increased
(p =0.05) for bothtraining methods. The PRE values
of VAS-1 showed no difference between the ISO and

OC training at the end of the first series of exercises
(IS0 3.25 £ 209,0C 3.58 + 1.68). However, at the end
of the third series of exercises the OC system showed
a value significantly (p < 0.05) higher on VAS-3 (0OC
9.25 + 1.22,1S0O 7.08 + 2.15) and VAS- 5 (OC 1.83
* 1.47,1S0 0.17 + 0.58). At the end of the exercise
program the VAS-1 values did not change (p > 0.05)
in both the ISO and OC training. VAS-3 values in ISO
training increased (p < 0.05) increase between the
PRE and POST assessments. In OC the VAS-3 measure
showed no change between assessments (p > 0.05).
The VAS-5 has not been changed (p > 0.05) between
assessments in [SO training. In OC training, VAS-5
showed a significant (p < 0.05) reduction due to the
exercise program. At the end of each training sessions,
the comparison between ISO vs. OC showedhigher
VAS-3 values (p < 0.05) in OC training compared to
ISO training (8.75 * 1.36). The comparisons between
variables are presented in Table 1.

Table 1 - Anthropometrics, kinetics and pain variables at beginning (PRE) and the end (POST) of isometric (ISO) and vas-
cular occlusion (OC) training programs

ISO ocC
Pre Post Pre Post

CIRC-PROX (cm) 55.71 = 4.84 55.88 = 5.22 55.45 + 5.18 54.89 = 4.74
CIRC-MED (cm) 51.19 = 4.84 52.67 + 4.14* 51.43 + 4.39 52.46 + 4.29*
CIRC-DIST (cm) 42.93 + 4.41 4435 + 3.33 4313 = 4.20 43.67 + 3.52
MT-PROX (cm) 18.83 = 4.00 21.83 = 3.97* 17.00 = 4.18 21.67 = 3.42*
MT-MED (cm) 18.33 + 3.60 20.58 + 3.34* 18.17 + 3.33 20.67 + 3.26*
MT-DIST (cm) 12.67 + 3.82 15.83 + 3.21* 12.00 = 2.52 15.42 + 2.97*
1-RM (kg) 97.66 = 11.35 131.73 = 14.07* 95.52 + 13.85 137.28 = 15.00*
VAS-1 3.25 + 2.09 2.25 +1.76 3.58 + 1.68 1.67 = 2.42
VAS-3 7.08 = 2.15 8.75 = 1.36* 9.25 + 1.22 ** 9.08 = 1.31**
VAS-5 0.17 = 0.58 0.17 = 0.39 1.83 +1.47 1.00 =+ 0.85*

Note: (*) significant statistical differences between the beginning (PRE) and the end (POST) of programs; (**) significant statistical differ-

ences between ISO e OC methods.

Discussion

It is well known that RT with vascular occlusion
produces significant gains in strength and muscle
hypertrophy (5,11, 19, 20). One of the advantages at-
tributed to this method is the possibility to stimulate
similar chronic adaptations obtained with traditional
methods, without using high loads. However, Kawada
(21) questions the safety of vascular occlusion for

people with vascular disorders (eg.: thrombosis and
hypertension) and claims that this type of training
would not be the only methodthatcan produce a stim-
ulus at relatively low loads. Gentil et al. (2) showed
that it is possible to manipulate the variables of the
traditional training (repetitions ranges, contraction
types, etc.) to yield a metabolic overload. There are no
known studies that have compared the effects of two
training systems with metabolic overload, with (OC)
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and without (ISO) vascular occlusion. The results of
this study suggest that the traditional training with-
out occlusion can produce similar effects to training
with occlusion.

Strength gains obtained in both systems (ISO and
0OC) corroborate the findings of other studies (22, 23),
which showed that strength training does not neces-
sarily depend on the large tensions produced by the
muscles, contrary to previous studies (24). The load
applied in our study (20% 1-MR) did not represent
a significant mechanical stress, suggesting that the
gains in strength were not stimulated by structural
damage to contractile proteins, but changes in lo-
cal metabolic conditions. In ISO system, isometric
contractions were performed with the intention of
inducing ischemia and thus increase the metabolic
stress. This effect confirms the study of Gentil et al.
(2), which showed that a protocol with concentric
and eccentric actions, interspersed with isometric
contractions produced higher blood lactate levels
compared to a 10-MR continuous protocol without
isometrics. In that study, the authors noticed that
there is not a direct causal relation between the
muscle adaptations and lactate, but lactate can be
used as a physiological marker of metabolic stress.

In our study, the isometric contractions appeared
to play an important role in the effects of occlusion
without training. Each repetition was interspersed
with an isometric contraction held for five seconds
at full extension of the knee. Schott et al. (25) had
already been shown that continuous isometric
contractions for 30 seconds were more efficient
to produce hypertrophy compared to 10 intermit-
tent contractions three seconds with two seconds
between each repetition. The authors observed a
greater decrease in blood pH levels with the pro-
longed contractions and attributed the grater gains
to metabolic changes. In our study, the limb trained
with occlusion did not perform isometric contrac-
tions, which demonstrates the importance of this
type of contraction in traditional training, when the
goal is to produce metabolic stimuli.

Although there had been no changes in the thigh
circumference, the increases (p < 0.05) in the MT-
PROX, MT-MED and MT-DISTmeasures showed that
both OC and ISO were efficient to hypertrophy of the
knee extensor muscles. The absence of differences
(p > 0.05) between groups suggests that isometric
contractions without occlusion were sufficient to
produce metabolites accumulation. These findings

were discrepant with Takarada et al. (23), which dem-
onstrated that the group who trained with occlusion
showed greater hypertrophy,despite the lower load.
In that study, they compared the effects of 50% of
1RM with vascular occlusion and 80% of 1RM with-
out occlusion. The authors attributed the results to a
greater recruitment of muscle fibers in the exercise
with occlusion, resulting in increased lactate levels.
The mechanisms by which the decrease in pH affects
the hypertrophy are still not completely known. It
is known that the secretion of hGH (human Growth
Hormone) increases in intramuscular acidosis condi-
tions and thus positively influence hypertrophy (9)
through inhibition of myostatin expression of a gene
regulator that limits the muscle growth. However,
changes in blood lactate are not necessarily indicative
of direct changes in the levels of this hormone (26).
Several studies have attempted to elucidate the physi-
ological mechanisms that generate chronic adapta-
tions to training with occlusion. Among the various
factors, it is believed that the restriction of venous
blood flow may enhance coordination intramuscular,
through the activation of a larger number of type Il
fibers. It is also known that the decrease in supply
of oxygen generate an activation of reactive oxygen
species (ROS), which cause cellular damage and lipid
peroxidation, the deactivation of enzymes and DNA
damage (1,9, 21, 26). In addition to neural and intra-
cellular factors, the literature has shown correlations
between hypoxia, accumulation of metabolites and
acute secretion of various hormones such as hGH,
IGF-1, testosterone, among others (1, 27).

The growing research regarding metabolic stress
as a training stimulus has given rise to several hy-
potheses that attempt to explain this phenomenon.
One is the recruitment of fast fibers at low intensities.
The Henneman's principle (also called size principle)
proposes that larger drive motor withhigher excita-
tion thresholds are recruited asthe intensity of the
exercise increases. However, studies using vascular
occlusion and electromyography showed that there
was an increase in the recruitment of fast fibers, even
with low intensity loads (28, 29, 30). One speculation
about this effect is the fatigue caused by the hydrogen
ion accumulation from the anaerobic glycolysis. It is
believed that with the fatigue, inhibition of contractil-
ity of slow twitch fibers promotes the recruitment of
fast-twitch fibers, which have greater hypertrophic
potential, to sustain the force required by the mus-
cle (31). Another proposed mechanism is the acute
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increase in hormonerelease, which increases protein
synthesis signaling and, consequently, muscle growth.
For example, Abe et al. (31) found an increased con-
centration of IGF-1 with occlusion training, suggest-
ing an influence of this metabolic stress hormone.
The hGH was also shown to be strongly related to the
accumulation of metabolites, as showed by Takarada
et al. (32) who reported increases of 290 times the
basal level of hGH after a vascular occlusion proto-
col. It is believed that this response is stimulated by
muscular acidosis and accumulation of metabolites,
mediated metaboreceptors and afferent fibers of
groups IIl and IV (33). Testosterone is another hor-
mone crucial for hypertrophy, given their increasing
role in protein synthesis and decreased proteolysis.
However, several studies have found significant el-
evations in testosterone elevations due to training
with vascular occlusion, even despite the elevated
metabolic stress (27, 34).

In a review study, West and Phillips (35) contested
the importance of post-exercise acute increases in
the concentration of anabolic hormones for hyper-
trophy. According to that review, the acute responses
of hGH and testosterone are not predictors of hyper-
trophic response and do not reflect proportionally its
mechanisms. The authors also suggested that local
changes specific to the stimulated muscle are more
important than the systemic changes induced by ex-
ercise. Another recent hypothesis that may explain
the hypertrophy through metabolic stress generated
by vascular occlusion is the theory of cell swelling.
It is believed that immediately after the occlusion
ceased, reactive hyperemia in the blood vessels of
the exercising muscle (36) and osmotic changescause
an abrupt increase in intracellular hydration. Thus,
the pressure against the cell membrane can be per-
ceived as a threat to the integrity of the cell, which
according to this hypothesis, could trigger the signal-
ing of growth factors thought likely to enhance its
ultra-structure (37). This study cannot confirm or
refute such hypotheses to explain the hypertrophy,
as changes at the cellular or plasma levels have not
been investigated. However, the results confirmed an
effect of chronic metabolic stimulus for hypertrophy.
The main finding of this study was the possibility of
adapting a traditional resistance training protocol to
produce similar magnitude of hypertrophy obtained
froma training protocol with vascular occlusion. Our
data suggest a methodological approach between two

forms of training that can cause the same metabolic
stress for the purpose of muscular hypertrophy.

The visual analogue scale (VAS) was used as a sub-
jective parameter for assessing the sense of muscle
pain during the execution of the two training systems.
The discomfort reported at the end of the third series
showed that both protocols may have produced high
levels of intramuscular acidosis. The highest values
recorded in OC can be explained by the restrained
removal of local metabolites caused by the continued
restriction of the venous blood flow. On the other
hand, in ISO the 30 second rest might be partially
allowed this removal. In our study blood lactate was
not quantified because both ISO and OC methods
were applied to both limbs of the same subjects,
which hindsthe individual analysis of each method.
Regarding the pain scale, there is an increase of the
reported values between PRE and POST collections
for VAS-3 value in the ISO system. A possible expla-
nation for this finding is theincreased neuromuscu-
lar coordination during the isometric contractions,
which resulted in increased recruitment of fibers
and, consequently, higher acidosis to be supported
by the subject. This observation may suggest that,
with the improvement of neuromuscular ability in
training, the subjects are capable of producing greater
discomfort during exercise. The short duration (10
weeks) was one limitation of this study. It is known
that with training, the rate of strength gains and hy-
pertrophy tends to decrease.Thus, we cannot claim
that the gainsobserved would similarly continue for
longer periods. Further studies with longer training
periods with intermediate measures are warranted.
Another limitation has been the absence of measures
of physiological markers to compare the acute effects
of both protocols.

Conclusion

Training without vascular occlusion showedsimi-
lar effects on strength and hypertrophy,compared
to training with occlusion. The advantages of both
methods are the use of relatively low loads, which is
of particular importance to the elderly, often present
in articular cartilage degenerative conditions (e.g.
arthrosis). Thus, metabolic training without vascular
occlusion can be as efficient as training with occlu-
sion, whenthe goal is to preserve joint structures.
Other applications are post-surgery rehabilitation
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or throughout training periodization of athletes af-
ter the competition phase. The isometric contrac-
tions may be a key element in the prescription of
resistance exercise with metabolic stress. Despite
the evidencesaboutthe effectivenessof training with
vascular occlusion, such method requires specific ap-
paratus (cuff) for pressure control and may not be
suitable for people with vascular fragility or chronic
high blood pressure.
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