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Background: Trained subjects have difficulty in achieving continued results following
years of training, and the manipulation of training variables through advanced resistance
training (RT) methods is widely recommended to break through plateaus.

Objective: The purpose of the present study was to compare the acute effects of
traditional RT (TRT) versus two types of sarcoplasma stimulating training (SST) methods
on total training volume (TTV), lactate, and muscle thickness (MT).

Methods: Twelve trained males (20.75 4+ 2.3 years; 1.76 £ 0.14 meters; body
mass = 79.41 4+ 4.6 kg; RT experience = 4.1 & 1.8 years) completed three RT protocols
in a randomly sequenced order: TRT, SST contraction type (SST-CT), or SST rest interval
variable (SST-RIV) with 7 days between trials in arm curl (elbow flexors) and triceps pulley
extension (elbow extensors) performed on the same day.

Results: The SST groups displayed greater acute biceps and triceps brachii (TB) MT
versus the TRT session, with no difference in lactate levels between them. The SST-CT
resulted in greater biceps and TB MT versus the SST-RIV session. The TTV was greater
for the TRT session versus the SST sessions, except in the case of the elbow flexors
(no difference was observed between TRT and SST-CT), and higher for the SST-CT
versus the SST-RIV.

Conclusion: Trained subjects may benefit from using the SST method as this method
may offer a superior MT stimulus and reduced training time, even with a lower TTV.

Keywords: training method, muscle pump, training volume, resistance exercise, muscle thickness
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INTRODUCTION

Resistance training (RT) is a popular exercise modality, and
has been shown to increase strength (Prestes et al, 2015),
muscle power (Hanson et al., 2009), functional capacity, muscle
endurance, cardiovascular fitness, quality of life, and muscle
hypertrophy (American College of Sports Medicine, 2009).
The principle of diminishing returns applies to RT, in that
trained subjects have difficulty in achieving continued results
following years of training (Prestes et al., 2017). Thus, the
manipulation of training variables through advanced resistance
training methods is widely recommended to break through
plateaus (Deschenes and Kraemer, 2002).

Some RT methods are designed to increase the time under
tension and total training volume (TTV), which are important
variables to be considered in training sessions designed to
generate hypertrophy gains and metabolic stress (Schoenfeld
et al., 2017). Burd et al. (2010) demonstrated that time under
tension was a key variable to stimulate increases in acute protein
synthesis that contributes to complex physiological mechanisms
ultimately responsible for muscle hypertrophy. Nevertheless,
muscle hypertrophy depends on shifting the muscle protein
balance to favor synthesis over degradation (Schoenfeld, 2013).
In this sense, training methods are also used to increase
metabolic stress (local and circulating indicators, such as lactate)
and time under tension through the manipulation of training
volume, intensity, rest intervals between sets and exercises,
muscle contraction type, and velocity (Schoenfeld et al., 2017).
Moreover, metabolic stress induced by RT involves an increase
in intracellular hydration and the raising of water content of
the muscle cells, which has been suggested as an important
stimulus for muscle growth in a condition of higher metabolic
accumulation (Loenneke et al., 2012; Schoenfeld, 2013). There
is also an association of acute muscle pump with the activation
of integrin, a membrane protein responsible for the triggering of
intracellular anabolic mechanisms and the reduction of catabolic
processes (protein degradation), accompanied by increased
muscle protein synthesis (Wackerhage et al., 2019). During the
first 5 weeks of RT the increase in vastus lateralis cross-sectional
area was associated with edema-induced muscle swelling as
measured by ultrasound images, which was not elevated after
10 weeks, despite the increase in muscle cross-sectional area
(Damas et al., 2016).

Nevertheless, Marshall et al. (2012) compared the acute effect
of rest-pause versus traditional RT sessions in trained subjects
that completed three different protocols for the squat exercise
with 80% of one-repetition maximum. The protocols consisted of
5 sets of 4 repetitions with 3 min inter-set rest intervals; 5 sets of
4 repetitions with 20 s inter-set rest intervals; and the rest-pause
method with a set to failure, with subsequent sets performed
with a 20 s inter-set rest interval totalizing 20 repetitions.
There was greater muscle electromyographic activity and no
statistical difference in fatigue behavior during the rest-pause
versus the traditional protocols, reinforcing the importance of
RT methods to overcome plateaus. Moreover, trained subjects
displayed higher energy expenditure and oxygen consumption
for up to 22 h following the rest-pause method in the leg press,

bench press, and lat pull-down compared with traditional RT
(Paoli et al., 2012). Thus, the use of advanced RT methods such
as rest-pause is an interesting strategy for trained subjects, which
may also promote chronic adaptations (Prestes et al., 2017).

However, the comparison between advanced RT methods is
scarce in literature, especially with regard to the most recent
training approaches used in practice by bodybuilders and trained
subjects; for example, the sarcoplasma stimulating training
(SST) method.

The SST method is growing in popularity in the bodybuilding
population and involves different types of muscle actions, and
also includes very short rest intervals between sets to increase
time under tension. The SST was originally developed by the
Swiss coach Patrick Tuor to intensify RT sessions in highly
trained athletes (Prestes et al., 2016). Tuor hypothesized that
highly trained athletes would reach a point at which classic
RT methods would no longer be effective due to high training
tolerance; thus, their muscle cells would require a very distinct
stimuli to be exhausted, and to adapt. Briefly, the idea is to start
a set with 70-80% of one-repetition maximum to failure and
repeat this procedure two more times with 20 s rest intervals.
The next step is to remove 20% of the load and perform a set
with 1 s of concentric phase and 4 s of eccentric phase; 20 s
later, 20% of the load is removed again, and a set with 4 s of
concentric phase and 1 s of eccentric phase is completed to
failure. The last procedure is to remove 20% of the load and 20 s
later perform an isometric muscle action (static hold) to failure.
Another SST variation consists of using 70-80% of one-repetition
maximum load to failure accompanied by programmed variable
rest intervals between sets without reducing the load, somewhat
similar to the rest-pause method, except for the variable rest
interval, as follows: 45, 30, 15, 5, 5, 15, 30, and 45 s, totalizing eight
sets. Considering the dearth of scientific data about the types
of SST, some comparisons with similar training approaches will
be necessary to improve the theoretical basis of its application
(Prestes et al., 2017). During SST sessions training duration
can widely vary due to metabolic stress (short rest intervals),
while the main idea is to maintain the muscle as much as
possible under tension, even with a reduced training duration
(Prestes et al., 2016).

Thus, the aim of the present study was to compare the acute
effects of traditional RT versus two types of the SST method on
TTYV, lactate, and muscle thickness (MT). Our hypothesis was
that the SST method would result in greater acute MT, lactate
levels, and lower TTV as compared to traditional RT, based on the
prolonged local stress, and high fatigue induced by this method.

MATERIALS AND METHODS

Subjects

Twelve trained males (20.75 = 2.3 years; 1.76 &£ 0.14 meters; total
body mass = 79.41 £ 4.6 kg; RT experience = 4.1 & 1.8 years;
frequency = 4.5 £ 0.7 session - wk-1) volunteered to participate
in this study. The sample size was justified by a priori power
analysis based on a pilot study where the biceps brachii (BB)
MT was assessed as the outcome measure with a target large
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effect size of 0.40 (using ANCOVA, main effects and interaction),
an alpha level of 0.05, and a power (1-f) of 0.80. The sample size
was determined using G*Power version 3.1.3 (Faul et al., 2007).
As inclusion criteria, subjects should be regularly performing all
exercises utilized in the training intervention with a minimum
frequency of once a week before entering the study, and should
be performing RT a minimum of 3 days/week for at least 1 year at
the University training facility. The range of RT experience was
2-8 years. Subjects with any existing musculoskeletal disorders,
a history of injury with residual symptoms (pain, “giving-way”
sensations) in the trunk, upper and lower limbs within the last
year, and subjects who were taking anabolic steroids or any
other illegal pharmacological agents known to increase muscle
size at the time of selection and during the previous year, were
excluded. This study was approved by the university research
ethics committee (protocol 1.792.429); all subjects read and
signed an informed consent document.

Ten Repetitions Maximum Tests (10RM)

The 10RM tests were performed to determine the exact training
load for standing arm curl (elbow flexors), and triceps pulley
extension (elbow extensors). During the standing arm curl,
subjects were advised to start with their elbows fully extended and
to then flex their elbows as much as possible. For the triceps pulley
extension, the elbows were positioned at a 90° angle and subjects
were asked to fully extend their elbows. Ten minutes were allowed
between the tests to avoid fatigue. The tests followed these
procedures: warm-up on each exercise with 5-10 submaximal
repetitions using a light load (60% of the estimated 10RM); 1-min
rest, and load increments of 5-10% until the 10RM was found
within 3-5 attempts, using 3- to 5-min rest intervals; subjects
were instructed to lift and lower the load at a controlled velocity,
approximately 2 s for each phase of the movement; 10 repetitions
were recorded, with the maximal load determined by the last
successful set of repetitions. Subjects were familiarized with both
exercises in their training routines, and standardized instructions
were provided. Consistent verbal encouragement was provided
during the testing procedures to all subjects. All testing and
training sessions were scheduled 7:00 PM in controlled room
temperature.

Resistance Training Sessions

Subjects completed three RT protocols in a randomly
sequenced order, as follows: traditional resistance training
(TRT), sarcoplasma stimulating training contraction type
(SST-CT), or sarcoplasma stimulating training rest interval
variable (SST-RIV), with 7 days between trials. Furthermore, they
were advised to refrain from any type of regular exercise training
in the days between testing sessions. The chosen exercises were
standing arm curl (elbow flexors), and triceps pulley extension
(elbow extensors) performed on the same day. Ten minutes of
rest were allowed after the standing arm curl exercise before
starting the triceps pulley extension exercise. The TRT session
consisted of eight sets to failure (inability to complete a full
concentric repetition with standardized movement technique)
with a 10RM load and with 1 min rest intervals between them.
The SST-CT session was as follows: an initial set with a 10RM

load to failure, followed by two more sets with 20 s rest intervals
while maintaining the load. After this, 20% of the load was
removed, and subjects performed another set with repetitions
that consisted of a 1 s concentric phase and a 4 s eccentric phase
to failure; after another 20 s, 20% of the load was removed again,
and an additional set was performed, consisting of repetitions
with a 4 s concentric phase and a 1 s eccentric phase to failure.
Finally, for the last set, 20 s later, an additional 20% of the load
was removed and an isometric muscle action (static hold at 90°
of elbow flexion) was held until failure, totalizing six sets. The
SST-RIV consisted of an initial set with 10RM load to failure
followed by programmed variable rest intervals between sets to
failure without load reduction as follows: 45, 30, 15, 5, 5, 15, 30,
and 45 s, totalizing eight sets.

Total Training Volume (TTV)

Total training volume in arbitrary units (A.U.) for the standing
biceps curl (elbow flexors), and triceps pulley extension (elbow
extensors) was calculated by multiplying the total number of
sets, the total number of repetitions, and the load used (kg)
(American College of Sports Medicine, 2009).

Analysis of Blood Lactate

All samples were obtained while subjects were seated. The right
index finger was cleaned using alcohol prior to each blood draw;
the first blood drop was discharged to avoid contamination of the
sample. Blood samples of 25 wL were collected in heparinized
capillary tubes and transferred to microtubes containing 50 pwL
of sodium fluoride at 1%. All samples were collected at the
following time-points: pre-test, immediately post, 5-min, and
10-min post each protocol. Lactate concentration was analyzed
via an electro enzymatic method with a lactate analyzer (YSI 2300
Stat Analyzer; Yellow Springs Instruments, Yellow Springs, OH,
United States) previously calibrated, with results expressed in
mmol/l. Of note was the fact that values from immediately post,
5 min, and 10 min post were not statistically different, and they
were collectively presented only as post-training. Values were also
analyzed in duplicate.

Analysis of Muscle Thickness (MT)

Ultrasound imaging was used to obtain measurements of MT
and was performed by a trained technician using an A-mode
ultrasound imaging unit (Bodymetrix Pro System; Intelametrix
Inc., Livermore, CA, United States). Following the application
of a water-soluble transmission gel (Mercur S.A. - Body Care,
Santa Cruz do Sul, Brazil) to the measurement site, a 2.5-MHz
linear probe was positioned perpendicularly to the tissue interface
without depressing the skin. The equipment settings were
optimized to obtain the best quality images according to the
manufacturer’s user manual and were held at a constant across
testing sessions. When the quality of the image was deemed to
be satisfactory, the image was saved to the hard drive, and MT
dimensions were determined by measuring the distance from the
subcutaneous adipose tissue-muscle interface to the muscle-bone
interface. Measurements were taken on the right side of the body
for the triceps brachii (TB) and biceps brachii (BB). Upper arm
measurements were conducted while subjects were standing.
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For the anterior and posterior upper arm, measurements
were taken at 60% distal between the lateral epicondyle of the
humerus, and the acromion process of the scapula. For each
measurement, the examined limb was held constant in the same
position to avoid movement. To maintain consistency between
pre- and post-intervention testing, each site was marked with
henna ink. To further ensure the accuracy of measurements,
at least three images were obtained for each site. If measurements
were within 1 mm of one another, the values were averaged to
obtain a final value. If measurements were more than 1 mm
of one another, a fourth image was obtained, and the closest
three measurements were averaged. The test-retest intraclass
correlation coefficient for TB and BB were 0.998 and 0.996,
respectively, while the coefficient of variation was 0.6 and 0.4%,
respectively. The standard error of the mean for these measures
was 0.42 and 0.29 mm, respectively.

Statistical Analysis

The data are expressed as mean and standard deviation (SD)
values. The Shapiro-Wilk test was applied to check for the
normality distribution of the study variables. ANCOVA was used
to determine the effect of three different exercise-training systems
on post-intervention MT and blood lactate concentration after
controlling for pre-intervention variables. One-way repeated
measures ANOVA was also used to determine the differences
between interventions for TTV. Tukey’s post hoc test with the
Bonferroni correction was applied in the event of significance.
The effect size calculation (ES = difference between pre- and post-
intervention divided by the pooled SD) was used to evaluate the
magnitude of the training effect. The level of significance was
p < 0.05 and SPSS version 20.0 (Somers, NY, United States)
software was used.

RESULTS

There was a statistically significant difference in TTV between the
interventions [F(1,16) = 20.87, p = 0.002 for elbow flexors and
F(1,16) = 15.98, p = 0.004 for elbow extensors]. The elbow flexors
TTV during SST-CT was not significantly different (p = 1.000)
from TRT, while the TTV during the SST-RIV was significantly
less than SST-CT (p = 0.001) and TRT (p = 0.003; Table 1).
The elbow extensors TTV during TRT was significantly greater
than SST-CT (p = 0.023) and SST-RIV (p = 0.007). The TTV for
the elbow extensors during SST-CT was also significantly greater
(p = 0.024) than SST-RIV.

TABLE 1 | Mean =+ SD total training volume (TTV) of elbow flexors, and elbow
extensors for sarcoplasma stimulating training contraction type (SST-CT), SST rest
interval variable (SST-RIV), and traditional resistance training (TRT) sessions.

Sessions Elbow flexors Elbow extensors
SST-CT, AU 1444 + 397 1957 + 737
SST-RIV, AU 789 + 237* 1035 + 298*
TRT, AU 1531 + 4471 2476 + 1002*t

AU, arbitrary units. *p < 0.05 for SST-CT; Tp < 0.05 for SST-RIV.
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FIGURE 1 | Mean =+ SD of biceps brachii (BB) (A), and triceps brachii (TB) (B)
pre- and post sarcoplasma stimulating training contraction type (SST-CT),
SST rest interval variable (SST-RIV), and traditional resistance training (TRT)
sessions. ES, effect size; *p < 0.05 for SST-CT after adjustment for
pre-intervention; Tp < 0.05 for SST-RIV after adjustment for pre-intervention.

Arm MT pre- and post SST-CT, SST-RIV, and TRT sessions
are shown in Figure 1. After adjustment for pre-intervention
MT, there was a statistically significant difference in post-
intervention MT between the interventions [F(2,26) = 51.41,
p < 0.0005 for BB, and F(2,26) = 91.43, p < 0.0005 for
TB]. MT presented significant increases (p < 0.05) following
each intervention as follows: (SST-CT: 10.0 £ 1.3 mm for
BB, and 109 £+ 1.3 mm for TB; SST-RIV: 6.5 £ 0.7 mm
for BB, and 6.7 £ 0.7 mm for TB; TRT: 5.1 £ 1.3 mm for
BB, and 5.3 £ 0.5 mm for TB). After adjustment for pre-
intervention MT, the SST-CT session presented significantly
greater increases (p < 0.05) in BB and TB MT versus the SST-
RIV and TRT sessions. The SST-RIV session also presented
significantly greater increases (p < 0.05) in BB and TB MT versus
the TRT session.

Blood lactate concentration also presented significant
increases (p < 0.05) following all conditions (Table 2). However,
after adjustment for pre-intervention values, there were no
significant differences versus post-exercise [F(2,26) = 0.48,
p =0.627] across training sessions.
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TABLE 2 | Mean + SD, percentage of change, and effect size (ES) of blood lactate
pre and post sarcoplasma stimulating training contraction type (SST-CT), SST rest
interval variable (SST-RIV), and traditional resistance training (TRT) sessions.

Sessions Pre Post Change (A) ES
SST-CT 1.9+ 05 8.4 +1.5* 6.5+1.7 5.73
SST-RIV 1.8+05 8.3 + 1.6* 6.5+15 5.34
TRT 1.8+04 8.5+ 1.3* 6.7 1.1 713

*p < 0.05 for Pre-intervention.

DISCUSSION

The initial hypothesis of the present study was partially
confirmed, as the SST sessions resulted in greater acute BB and
TB MT versus the traditional RT session, while there was no
difference in lactate levels between them. Furthermore, SST-CT
also resulted in greater BB and TB MT versus the SST-RIV
session. TTV was greater in the traditional RT session versus both
SST sessions, except in the case of the elbow flexors, for which the
results were not statistically different between the TRT and SST-
CT. The SST-CT resulted in greater TTV versus the SST-RIV for
both exercises tested. To the best of our knowledge, this is the first
paper to report and to compare the acute effects of variations of
the SST method versus traditional RT.

Among the possible strategies to increase TTV are the
prescription of longer rest intervals, load reductions over
consecutive sets for consistency in repetitions, an increase in
the number of sets, and exercises that can be used in a variety
of RT methods (American College of Sports Medicine, 2009).
Furthermore, a higher TTV has been shown to be a key factor
associated with muscle hypertrophy (Schoenfeld et al., 2019);
albeit, the time under tension, type of muscle action, and exercise
mode can also be relevant contributors (American College of
Sports Medicine, 2009; Grgic et al., 2018).

For example, Penzer et al. (2016) utilized an elbow flexion
movement and compared a 3/7 method consisting of 1 set of 3
repetitions, 1 set of 4 repetitions, 1 set of 5 repetitions, 1 set of
6 repetitions, and 1 set of 7 repetitions with 15 s rest interval
between sets with traditional approaches of 4 x 6 and 8 x 6
repetitions with 70% of 1-RM and 150 s rest between sets.
The 3/7 method was accompanied by greater muscle activity
and tissue oxygenation deficits; thus, very brief rest intervals
between sets during elbow curl resulted in greater metabolic
demand. These results are somewhat similar to those observed
during SST sessions, as the method consists of very short
rest interval pauses, and induced higher acute MT than the
traditional approach, probably due to a more elevated local
metabolic demand. Moreover, Stragier et al. (2019) added more
information about the 3/7 and revealed that greater muscle
strength and hypertrophy gains was found in the elbow flexors
versus a traditional protocol consisting of 8 x 6 with 150 s rest
between sets, with training sessions being similar in intensity and
volume. This might indicate that mechanisms such as greater
acute metabolic stress and muscle pump associated with greater
workout density (volume per unit time) may stimulate greater
increases in muscle mass and strength (Wackerhage et al., 2019),
which might also occur for SST.

Although the SST sessions presented significantly less TTV
versus the traditional method, the high local metabolic stress and
very short rest interval between sets combined with emphasis
on different muscle actions stimulated a more pronounced acute
increase in MT, as observed by the ultrasound images, while
lactate levels were not statistically different between them. It is
possible that local muscle metabolic stress can be higher without
significant differences in circulating markers, such as lactate. For
example, skeletal muscle is capable of producing local factors
following resistance exercise, such as inlerleukin-6 and tumor
necrosis factor-alpha, without significant modifications of these
biochemical signaling molecules in the blood stream, which
alter muscle environment to favor beneficial adaptations to
training (Steensberg et al., 2002). Of note is the fact that there
is an association of acute muscle pump with the activation of
integrin, a membrane protein, responsible for the triggering of
intracellular anabolic mechanisms, and the reduction of catabolic
processes, accompanied by increased muscle protein synthesis
(Wackerhage et al., 2019).

Marshall et al. (2012) examined well-trained subjects in
performing the squat exercise at an intensity of 80% 1-RM with
5 sets of 4 repetitions and 3 min rest intervals between sets versus
5 sets of 4 repetitions with 20 s inter-set rest intervals or a rest-
pause method with the first set to failure, and subsequent sets
performed with a 20 s inter-set rest interval up to 20 repetitions.
The rest-pause method resulted in greater electromyographic
activity of several lower limb muscles versus the other training
sessions. It is very difficult to compare previous studies with our
results, as the proposed SST method is widely different from other
traditional methods, while it seems that even trained subjects
unaccustomed to performing a specific training approach with
very short rest intervals will experience higher local metabolic
stress, an increase in MT, and possible limited tissue oxygenation,
as observed with rest-pause and 3/7 methods.

Total training volume, time under tension, and metabolic
stress seem to be important variables to alter acute and chronic
physiological responses to RT, albeit it is impossible to determine
the most important of them. Valamatos et al. (2018) examined
untrained subjects in performing leg extension training for
15 weeks; three sessions/week with partial (0-60° of knee
flexion) and full range of motion (ROM) (0-100° of knee
flexion), and time under tension equated for both groups. The
authors reported that the group performing the partial ROM
training displayed joint angle-specific strength gains, with greater
increases around the trained joint angles, and also similar gains
in muscle hypertrophy. Moreover, during the sessions, torque
and total mechanical work were greater in the full ROM group,
despite having the same time allocation under tension. In the
present study, training sessions had a different TTV, which
preserves their practical use, while MT responses were higher for
the SST sessions, especially the SST-CT session. These results may
confirm the original name and idea of the method proposed by
Patrick Tuor, as SST.

Untrained subjects were examined in performing three sets of
bilateral 45° leg press, and three sets of bilateral leg extension
with 9-12RM, and 90 s rest between sets over 10 weeks, three
sessions per week (Damas et al., 2016). The results confirmed
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that during the first 5 weeks of training the increase in the vastus
lateralis cross-sectional area was associated with edema-induced
muscle swelling, while this effect was not present after 10 weeks,
even with increased muscle hypertrophy. Thus, the results of
the present study indicate that the SST methods induced more
pronounced effects on BB and TB MT. Moreover, metabolic stress
induced by RT involves an increase in intracellular hydration,
and the raising of water content of the muscle cells (cell
swelling), which has been suggested as an important stimulus for
muscle growth in a condition of higher metabolic accumulation
(Loenneke et al., 2012; Schoenfeld, 2013). Some limitations of
the present study include the lack of measures from muscle
activation, muscle oxygenation, and muscle strength before and
after the training sessions that could supply valuable information
about the physiological stress imposed by the SST method.

CONCLUSION

The well-trained characteristic of the studied subjects, the
adequate sample power, and the strong control of training
variables increase the validity of the present results. Highly
trained subjects may benefit from changing their RT routines
by using the SST method, as this method may offer a superior
MT stimulus, even with a lower TTV versus a more traditional
approach. However, the chronic effects of the SST method
on muscle hypertrophy and muscle strength remain to be
determined. This is the first study ever to offer some interesting
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