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Abstract
This study aimed to measure the acute effects of resistance training (RT) protocols with a different number
of sets and non-equalized volume on muscle thickness, peak force, and physical performance in recreation-
ally trained participants. Fifteen participants performed the unilateral biceps curl exercise in four different
RT protocols (G4: 4 sets of 10RM, G8: 8 sets of 10RM, G12: 12 sets of 10RM, and G16: 16 sets of 10RM).
The average number of repetitions (ANR), the total number of repetitions (TNR), time under tension (TUT),
muscle thickness (MT), peak force (PF), and rating of perceived exertion (sRPE) were measured pre-test
and post-test. ANOVAs were used to test differences between all dependent variables. For ANR, there were
differences between G4xG8, G4xG12, and G4xG16. For TNR, there were differences between all RT proto-
cols. For TUT, there were differences between the first and last set for all RT protocols and between RT
protocols for the last set. For PF, there were differences between the pre- and post-test for all RT protocols
and between RT protocols for Post-0 (G4 x G12, G4 x G16, and G8 x G16). For MT, there were differences
between the pre- and post-test for all RT protocols. In conclusion, G8, G12, and G16 showed lower ANR
than G4, TNR increased with increasing sets, and TUT increased in all RT protocols. PF decreased with
an increasing number of sets, and all RT protocols increased MT. The sRPE was similar to RT protocols.
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1 Introduction

Resistance training (RT) is an effective tool to in-
duce acute muscle responses (e.g., cell swelling
and neuromuscular fatigue) and chronic muscle
adaptations (e.g., muscle hypertrophy, endurance,
power, or strength) (Scarpelli et al., 2022). The ma-
nipulation of the acute RT variables, such as the
total number of sets per RT session and muscle
group is associated with increases in strength and
cross-sectional area (Mangine et al., 2015); how-
ever, the upper and lower limit of sets is under de-
bate in the scientific literature (Aube et al., 2020;
Barbalho et al., 2020; Figueiredo et al., 2018;
Krieger, 2010; Schoenfeld et al., 2019; Schoen-
feld et al., 2016; Smilios et al., 2003). Most

studies have assessed the weekly number of sets
in chronic designs; however, understanding the
acute responses from an RT session is fundamen-
tal to determining the effective volume and then the
weekly sets. To the author’s knowledge, no study
has been conducted to assess the effective number
of sets per RT session on mechanical and metabolic
stress. Understanding the limits of the number of
sets is essential to increase efficiency in prescrib-
ing and controlling each RT session, optimizing the
time for each RT session, and inducing favorable
levels of metabolic stress and mechanical tension
(Lim et al., 2022; Marchetti, 2022; Medicine, 2021;
Schoenfeld, 2013; Schoenfeld & Contreras, 2014).

The level of cell swelling can indirectly character-
ize metabolic stress after an RT exercise or work-
out. After an RT session, metabolic stress prod-
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ucts such as growth hormone, lactate, and reactive
oxygen species are produced simultaneously. They
are important in activating the mammalian target
of the rapamycin pathway (mTOR) and muscle pro-
tein synthesis (Hirono et al., 2020). Therefore, cell
swelling immediately after an RT session may be
involved in the hypertrophic metabolic stress re-
sponse, resulting from increased phosphocreatine,
increased lactate production and nitric oxide, ac-
cumulation of hydrogen ions, inorganic phosphate,
and increase in the production of growth hormone
and cortisol (Hirono et al., 2020). Specific ultra-
sound images can evaluate acute cell swelling via
muscle thickness (MT) based on the distance from
the subcutaneous adipose tissue muscle to the
muscle-bone interface. MT is an image evalua-
tion technique widely used in RT to assess the de-
gree of cell swelling due to the workout performed
(Wong et al., 2020; Yitzchaki et al., 2019). In com-
bination with MT, the force production measured
after an RT session complements the metabolic
analysis as it indirectly indicates an increase in
the production of lactate and hydrogen ions (neu-
romuscular fatigue) and may influence water up-
take into muscle cells according to cell permeability
(Behrens et al., 2023; Chen et al., 1996; Hirono et
al., 2020; Schoenfeld & Contreras, 2014; Sjøgaard
et al., 1985; Usher-Smith et al., 2009). Addition-
ally, mechanical tension induced by an RT session
causes mechanochemically transduced molecular
and cellular responses in myofibers and satellite
cells (Lim et al., 2022; Schoenfeld, 2010), which
are fundamental to inducing acute responses and
chronic adaptations such as muscle growth (Lim et
al., 2022).

Additionally, studies have reported similar chronic
adaptations when the total volume was equated
(Figueiredo et al., 2018; Schoenfeld et al., 2014);
however, in many cases, the total volume cannot
be equalized for practical training reasons. So, in
the present study, the total volume was not equal-
ized, aiming to assess the acute responses between
RT protocols with a different number of sets but
the same external load (10RM). This study can help
practitioners and strength athletes who aim to plan
their training volume but do not necessarily man-
age to equalize the total volume. To the author’s
knowledge, no study has been conducted to as-
sess the acute metabolic stress and mechanical
tension induced by a different number of sets with-
out equalizing volume in recreationally trained par-
ticipants. This study intended to assess the differ-
ence between RT protocols and provide useful in-
formation to practitioners regarding the effects of

more or fewer sets in an RT session. Therefore,
the main purpose of this study was to measure the
acute effects of RT protocols with a different num-
ber of sets and non-equalized volume on muscle
thickness, peak force, and physical performance
in recreationally-trained participants. The first hy-
pothesis was that more sets per RT protocol will
induce a greater reduction in the average number
of repetitions and increase the time under tension
and the total number of repetitions; however, sRPE
will remain constant for all RT protocols. The sec-
ond hypothesis considers that more sets per RT
protocol will induce a greater reduction in peak
force and increase muscle thickness (Damas et al.,
2018; Schoenfeld, 2010, 2013; Schoenfeld & Con-
treras, 2014; Schoenfeld et al., 2016). The results
of this study will help coaches and trainers under-
stand and prescribe better acute RT sessions based
on the number of sets, avoiding excessive volume.

2 Methods

2.1 Participants
A pilot study determined the number of partici-
pants conducted previously based on an effect size
difference of 0.95, a significance level of 5%, and a
power of 80% derived from the muscle thickness of
individuals with the same characteristics used in
the present study. Fifteen resistance-trained men
were assigned to this study [age 25.8 ± 2.5 years,
total body mass 84.7 ± 11.8 kg, height 176.7 ± 4.9
cm, dominant biceps curl exercise (10RM) 12.3 ±
2.9 kg, non-dominant biceps curl exercise (10RM)
11.5 ± 2.6 kg]. All participants were familiar with
hypertrophy-type training and had regularly en-
gaged in an RT routine for more than a year. Addi-
tionally, they were familiar with the standing uni-
lateral biceps curl exercise. They had 3±1 years
of resistance training experience (at least 3 times
a week), with no previous surgery or history of
injury with residual symptoms (pain) in the up-
per limbs or spine within the last year. The In-
stitutional Review Board (IRB) approved this study
(00001788/2018). The participants were informed
of the risks and benefits of the study before any
data collection and then read and signed an insti-
tutionally approved informed consent document.

2.2 Procedures
This study used a randomized and counterbal-
anced design. Participants attended three labora-
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tory sessions and refrained from performing upper-
body exercises other than activities of daily liv-
ing for at least 48 hours before testing. A within-
participant approach was used in which each par-
ticipant performed all RT protocols. Each RT pro-
tocol was performed unilaterally, and all sets were
performed until concentric muscular failure (RM).
The RT protocols were defined as follows: G4: 4
sets of 10RM, G8: 8 sets of 10RM, G12: 12 sets of
10RM, and G16: 16 sets of 10RM.

For the first session, participants were asked to
identify their preferred arm for writing, which was
considered their dominant arm (Maulder & Cronin,
2005). Then, anthropometric data (height, weight,
and upper limb length) were evaluated. Next, all
participants performed a familiarization and spe-
cific warm-up for the unilateral biceps curl exer-
cise. The warm-up followed the following proce-
dure: 1 set of 15 repetitions without external load,
followed by 1 set of 10 repetitions with 5kg for each
exercise, and 5-minute rest intervals were given be-
tween sets. To perform the unilateral biceps curl
exercise, all participants stood before the cable pul-
ley machine with a supinated grip on a handle. Any
trunk movement was avoided during the protocols
by the researcher in charge. They lifted the weight
stack from complete elbow extension to complete el-
bow flexion (concentric phase) and then returned
to a full elbow extension (eccentric phase). Then, a
10RM (repetitions maximum) testing was applied to
both upper limbs in random order. The 10RM test-
ing was based on the National Strength and Condi-
tioning Association (NSCA) guidelines to determine
individual initial training loads (Haff & Triplett,
2016). Attempts were performed to progressively
increase the external loads until they reached the
maximal capacity to perform 10RM with the cor-
rect technique. The movement velocity was self-
selected.

For the second and third sessions, the participant’s
arms were randomly allocated within one specific
RT protocol and sequence (RT protocol vs. domi-
nant or non-dominant arm). Each participant per-
formed two RT protocols per session, one for each
arm. A specific warm-up (unilateral biceps curl
exercise) was conducted during each session with
10 repetitions at 50% of their 10RM testing load.
Then, as a pre-test, an ultrasound imaging of the
elbow flexors was carried out followed by the maxi-
mal voluntary isometric force testing at 90 degrees
of elbow flexion. Then, participants performed one
of four RT protocols in random order (G4: 4 sets
of 10RM/2-min rest, G8: 8 sets of 10RM/2-min

rest, G12: 12 sets of 10RM/2-min rest, and G16: 16
sets of 10RM/2-min rest). After each RT protocol,
the ultrasound image of the elbow flexors and the
maximal voluntary isometric force were retested
immediately after (post-0), 15-min after (post-15),
and 30-min after (post-30) the end of each session
(Aleais et al., 2022; Marchetti et al., 2020; Smith
et al., 2021). All participants reported a rating of
perceived exertion (RPE) 30-min after each RT pro-
tocol and session. The cadence (velocity) was self-
selected. In the same session, 60-min after the
first RT protocol with one arm, all measures were
carried out on the contralateral arm and the par-
ticipants performed another RT protocol. All four
RT protocols were performed at the end of the two
sessions, with two RT protocols for each arm. So,
two RT protocols were performed in the same ses-
sion because there was no influence between arms
for all variables analyzed as observed in the pilot
study and other studies carried out by the same
laboratory (Marchetti et al., 2020). All tests were
directly supervised by a research assistant (CSCS
certified) to ensure proper performance and cor-
rect technique. All participants received similar
verbal encouragement during all RT protocols, and
all measures were performed at the same hour of
the day (between 1 PM and 4 PM) by the same re-
searcher.

2.3 Measurements
2.3.1 Total Number of Repetitions (TNR)

The TNR was defined by the sum of the number of
repetitions in each set for each RT protocol.

2.3.2 Average Number of Repetitions (ANR)

The ANR was calculated by dividing TNR per num-
ber of sets for each RT protocol.

2.3.3 Time Under Tension (TUT)

A chronometer measured the TUT during each set
for all RT protocols. Then, to define the TUT, the
set duration in seconds was divided by the maximal
number of repetitions. TUT was calculated for the
first and last set for further analysis.

2.3.4 Session Rating of Perceived Exertion
(sRPE)

The session RPE was assessed with a CR-10 scale
using the recommendations of Sweet et al., (Sweet
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et al., 2004). Participants were asked to use an ar-
bitrary unit (A.U.) on the scale to rate their overall
effort after all RT protocols. A rating of 0 was asso-
ciated with no effort, and a rating of 10 was asso-
ciated with maximal effort and the most stressful
exercise ever performed. All participants answered
the following question based on CR-10 scale: "How
was your workout?" The sRPE was asked 15-min
after the end of each RT protocol.

2.3.5 Peak Force (PF)

The PF was measured by a digital load cell ac-
quisition system (FM-204-1000K, Shenzhen Aer-
manda Technology Co. Ltd., Shenzhen, Guang-
dong, China / Capacity: 1000Kgf / Resolution:
0.01kgf). To perform the maximal isometric force
testing, all participants stood before the cable-
pulley machine with a supinated grip on a han-
dle. All participants performed 3 maximal volun-
tary isometric contractions (MVIC) at 90 degrees
of elbow flexion before (pre-test), immediately after
(post-0), 15-min after (post-15), and 30-min (post-
30) each RT protocol (Marchetti et al., 2020; Smith
et al., 2021). Each MVIC was performed for 5-sec
and 10-sec rest intervals. The peak force (PF) of
each MVIC was defined, and the average of the 3
MVICs was used for further analysis. The test-
retest ICC (PF) was 0.95.

2.3.6 Muscle Thickness (MT)

Ultrasound imaging was used to obtain mea-
surements of MT. A trained technician performed
all testing using an ultrasound imaging portable
unit (Hitachi Noblus; Hitachi Medical Corporation,
Tokyo, Japan). Following a generous application
of a water-soluble transmission gel (Cskin, Medics
Medical Products LLC., NY, USA) to the measured
site, a 7.5-MHz linear array probe (L55 Probe) was
placed perpendicular to the tissue interface with-
out depressing the skin. Equipment settings were
optimized for image quality according to the manu-
facturer’s user manual and held constant in all ses-
sions. When the quality of the image was deemed
to be satisfactory, the image was saved to the hard
drive. The MT dimensions were obtained by mea-
suring the distance from the subcutaneous adi-
pose tissue–muscle interface to the muscle-bone
interface per methods (Abe et al., 2014). Measure-
ments were taken on both sides of the body at
the elbow flexors. The upper arm measurements
were conducted while participants were in a stand-
ing position. For the elbow flexors, measurements

were taken at 60% distal between the humerus’s
lateral epicondyle and the scapula’s acromion pro-
cess. To maintain consistency between pre- and
post-test, each site was marked with ink. To fur-
ther ensure the accuracy of measurements, at least
3 images were obtained for each side. A fourth im-
age was obtained and averaged if measurements
were more than 1mm from one another. MT was
measured before (pre-test), immediately after (post-
0), 15-min after (post-15), and 30-min (post-30)
each RT protocol. The test-retest ICC (MT) was
0.96-0.98, and the intra-rater reliability was 0.96-
0.97.

2.4 Statistical Analyses
The normality and homogeneity of variances were
confirmed by the Shapiro-Wilk and Levene’s tests,
respectively. The mean, standard deviation (SD),
and delta percentage (∆%) were calculated. An
independent sample t-test was used to compare
the maximal intensity (10RM) between arms (dom-
inant vs. non-dominant). One-way ANOVAs were
used to test differences between RT protocols for
ANR and sRPE. Repeated measures ANOVA (4x2)
was used to test differences between RT protocols
(G4, G8, G12, and G16) and time (first set and last
set) for TUT. Repeated measures ANOVA (4x4) were
used to test differences between RT protocols (G4,
G8, G12, and G16) and time (pre-test, post-0, post-
15, and post-30) for MT and PF. Post-hoc com-
parisons were performed with the Bonferroni test
when necessary. Furthermore, the magnitudes of
the difference were examined using the standard-
ized difference based on Cohen’s d units using ef-
fect sizes (d) (14). The d results were qualitatively
interpreted using the following thresholds: <0.35 -
trivial; 0.35-0.8 - small; 0.8-1.5 - moderate; >1.5 -
large for recreationally trained (Cohen, 1988). An
alpha of 5% was used to determine statistical sig-
nificance.

3 Results

For the 10RM testing, there was no significant
difference between dominant and non-dominant
arms (12.3 ± 2.9 kg x 11.5 ± 2.6 kg, respectively,
∆%=6.5, p>0.05).

For the average number of repetitions (ANR) (Fig-
ure 1a), there were observed statistical differences
between RT protocols: G4 x G8 (p=0.030, d=1.17
(moderate), and ∆%=18.3), G4 x G12 (p<0.001,
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d=2.26 (large), and ∆%=30.5), G4 x G16 (p<0.001,
d=2.13 (large), and ∆%=31.7). The total num-
ber of repetitions (TNR) (Figure 1b), there were
observed statistical differences between RT pro-
tocols: G4 x G8 (p=0.001, d=2.39 (large), and
∆%=39.6), G4 x G12 (p<0.001, d=3.58 (large), and
∆%=53.3), G4 x G16 (p<0.001, d=3.50 (large), and
∆%=63.7), G8 x G12 (p=0.030, d=1.12 (moderate),
and ∆%=22.7), G8 x G16 (p<0.001, d=1.97 (large),
and ∆%=39.9), G12 x G16 (p<0.001, d=1.06 (mod-
erate), and ∆%=22.3).

For time under tension (TUT) (Figure 1c), there was
a significant main effect for RT protocol (p<0.001)
and time (p<0.001). There was a significant in-
teraction between RT protocol and time (p=0.035).
There were significant differences between the
first and last set for G4 (p<0.001, d=2.10 (large),
∆%=32.2), G8 (p<0.001, d=2.60 (large), ∆%=41.2),
G12 (p=0.008, d=1.41 (large), ∆%=20.8), and G16
(p<0.001, d=2.16 (large), ∆%=43.2). There were
significant differences between RT protocols for
the last set: G4 x G12 (p=0.003, d=1.68 (large),
∆%=25.0), G8 x G12 (p=0.010, d=1.85 (large),
∆%=29.4), G12 x G16 (p=0.020, d=1.76 (large)
∆%=8.1). For Session RPE (sRPE), there was ob-
served no statistical difference between RT pro-
tocols: G4 (8.3±1.5A.U.), G8 (9.0±1.0A.U.), G12
(9.1±1.0A.U.), and G16 (9.4±1.1A.U.).

For Peak Force (PF) (Figure 2a), there were signif-
icant main effects for RT protocol (p<0.001) and
time (p<0.001). There was a significant interac-
tion between RT protocol and time (p<0.001). There
were observed statistical differences for RT proto-
cols: G4: Pre-test x Post-0 (p<0.001, d=0.89 (mod-
erate), and ∆%=19.4), Pre-test x Post-30 (p=0.001,
d=0.45 (small), and ∆%=10.3); G8: Pre-test x Post-
0 (p<0.001, d=0.95 (moderate), and ∆%=22.9),
and Pre-test x Post-15 (p=0.008, d=0.93 (moder-
ate), and ∆%=11); G12: Pre-test x Post-0 (p<0.001,
d=1.32 (moderate), and ∆%=30.7), Pre-test x Post-
15 (p=0.014, d=0.71 (small), and ∆%=17.7); G16:
Pre-test x Post-0 (p<0.001, d=2.21 (large), and
∆%=40.0), Pre-test x Post-15 (p=0.001, d=1.03
(moderate), and ∆%=20.7), and Pre-test x Post-
30 (p=0.001, d=0.93 (moderate), and ∆%=18.8).
There were observed statistical differences for Post-
0 between RT protocols: G4 x G12 (p=0.026, d=0.81
(moderate), and ∆%=18.8), and G4 x G16 (p=0.003,
d=1.45 (moderate), and ∆%=29.0), and G8 x G16
(p=0.050, d=0.95 (moderate), and ∆%=21.3).

For muscle thickness (MT) (Figure 2b), there was
a significant main effect only for time (p=0.015).
There was no significant interaction between RT

protocol and time (p=0.053). There were ob-
served statistical differences for RT protocols:
G4: Pre-test x Post-0 (p<0.001, d=1.42 (moder-
ate), and ∆%=12.5), Pre-test x Post-15 (p=0.001,
d=0.81 (moderate), and ∆%=8.1), and Pre-test x
Post-30 (p=0.007, d=0.57 (small), and ∆%=5.8);
G8: Pre-test x Post-0 (p<0.001, d=1.63 (large),
and ∆%=13.1), and Pre-test x Post-15 (p<0.001,
d=1.06 (moderate), and ∆%=10.2); G12: Pre-test
x Post-0 (p<0.001, d=1.62 (large), and ∆%=14.3),
Pre-test x Post-15 (p<0.001, d=1.12 (moderate),
and ∆%=11.4); and Pre-test x Post-30 (p<0.001,
d=0.82 (moderate), ∆%=8.2); G16: Pre-test x Post-0
(p<0.001, d=1.47 (moderate), and ∆%=14.7), Pre-
test x Post-15 (p<0.001, d=1.15 (moderate), and
∆%=11.8), and Pre-test x Post-30 (p<0.001, d=0.90
(moderate), and ∆%=9.95).

4 Discussion

This study aimed to evaluate the acute effects of
RT protocols with a different number of sets and
non-equalized volume on muscle thickness, peak
force, and physical performance in recreationally-
trained participants. The main findings include: 1)
RT protocols (G8, G12, and G16) presented a simi-
lar average number of repetitions (ANR); 2) TNR in-
creased with an increasing number of sets; 3) TUT
increased between the first and last set for all RT
protocols; 4) G12 presented a greater increase in
TUT compared to G4, G8, and G16; 5) sRPE was
similar between RT protocols; 6) The increase in
the number of sets induced greater PF reduction;
7) All RT protocols induced similar increases in MT.

Regarding the acute variables analyzed (MNR,
ANR, and TUT), the results of this study showed
that the TNR increased with an increasing num-
ber of sets (G16>G12>G8>G4); however, the ANR was
similar between RT protocols (G8, G12, and G16)
with exception of G4. The TUT increased between
the first and last set for all RT protocols, however,
G12 presented a greater increase in TUT compared
to G4, G8, and G16. It was hypothesized that more
sets per RT protocol will induce a greater reduction
in ANR and increase in TUT and TNR; the results
of this study partially corroborated the hypothesis
because ANR was not affected by the number of
sets in each RT protocol with the exception of G4.

It is well known that the total number of sets and
repetitions associated with the external load are
important components of the RT program to in-
duce acute responses and, possibly, chronic adap-
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Figure 1: Mean ± standard deviation of (a) the average number of repetitions, (b) the total number of
repetitions, and (b) time under tension for all RT protocols.

Note: @Significant difference with G4, p<0.05. *Significant difference between RT protocols, p<0.05.
&Significant difference between first and last set for all RT protocols, p<0.001. #Significant difference
between G12 vs. G4, G8, G16, p<0.001.

Figure 2: Mean ± standard deviation of (a) peak force and (b) muscle thickness of elbow flexors for all
RT protocols

Note: $Significant difference with Pre-test, p<0.001. +Significant difference with pre-test for G8, G12,
and G16, p<0.05. #Significant difference with pre-test for G4 and G16, p<0.001. @Significant difference
between G4 x G12, G4 x G16, G8 x G16, p<0.001. *Significant difference with Pre-test, p<0.001.

tations such as hypertrophy. In this study, the in-
tensity was defined by 10RM and was kept con-
stant during all sets and RT protocols, therefore,
all variations in the acute variables were related
to RT volume represented by the TNR, ANR, and
TUT. In this study, the TNR for G16 presented the
highest value when compared to G12, G8, and G4
(22.3%, 39.9%, and 63.7%, respectively). However,
the TUT for G12 presented the highest variation be-
tween pre- and post-test when compared to G16,
G8, and G4 (8.1%, 29.4, and 25%, respectively),

representing a greater time in contraction for G12.
TUT has been shown to alter neurophysiological,
hormonal, and metabolic responses (Burd et al.,
2012; Cintineo et al., 2018; Lacerda et al., 2016;
Marchetti & Lopes, 2018) and could interfere with
the metabolic stress induced by each RT protocol.
Extrapolating these results to chronic adaptations,
TUT ranging from 0.5- to 8-sec seems to maximize
muscle hypertrophy (Schoenfeld et al., 2015). So,
TNR, ANR, and TUT were affected by the number
of sets and it is known that high volumes might in-
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fluence the dose-response relationship resulting in
additional improvements in muscle mass (Schoen-
feld et al., 2016). Finally, the ANR was similar be-
tween G16, G12, and G8 (5.6 repetitions, 5.8 repeti-
tions, and 6.7 repetitions, respectively).

It is well known that different RT protocols have
been shown to induce different acute cell swelling,
the extent of which relies on the type of exercise,
level of fatigue, volume, and intensity (Schoen-
feld, 2013). RT exercises with momentary muscle
failure reduce the intramuscular ATP and CP lev-
els (and Pi, ADP, and AMP accumulation) and in-
crease the glycolytic flux (production of H+ leads
to metabolite accumulation), hypoxia (via muscle
contraction), and venous pooling leading to cell
swelling (Chen et al., 1996; Schoenfeld & Contr-
eras, 2014; Sjøgaard et al., 1985; Usher-Smith et
al., 2009). In this study, both neuromuscular fa-
tigue and cell swelling were assessed via PF and
MT, respectively.

The peak force (PF) was measured before and after
(0-min, 15-min, and 30-min) aiming to determine
the level of neuromuscular fatigue induced by each
RT protocol. Neuromuscular fatigue is defined as
a reduction in maximal force or power production
in response to contractile activity (Behrens et al.,
2023). Considering the increase in the number of
sets in each RT protocol, it was hypothesized that
more sets per RT protocol will induce a greater re-
duction in PF and the results of this study partially
corroborate the main hypothesis. The reduction
in PF was different for all RT protocols immedi-
ately after (post-0) the training and with protocols
with more sets inducing more neuromuscular fa-
tigue [G16 (40%) > G12 (30.7%) > G8 (22.9%) < G16
(19.4%)].

Ultrasound images can evaluate acute cell swelling
via muscle thickness (MT) which is based on defin-
ing the distance from the subcutaneous adipose
tissue-muscle to muscle-bone interface for a spe-
cific muscle (Abe et al., 2014). In the present study,
MT was used to measure acute cell swelling before
and after (0-min, 15-min, and 30-min) all RT pro-
tocols. It was hypothesized that RT protocols with
more sets per RT session will induce a greater in-
crease in the MT response, however, the results did
not corroborate the main hypothesis. All RT proto-
cols showed a similar increase in MT immediately
after training (post-0) and MT did not return to the
baseline (pre-test) after 30-min rest for all RT pro-
tocols. However, it was observed that RT protocols
with more sets induced small and non-significant
statistical increases in MT [G4 (12.5%) < G8 (13.1%)

< G12 (14.3%) < G16 (14.7%)]. Comparing the PF
and MT results, it is possible to observe that the re-
ductions in force production did not directly repre-
sent the increases in MT. For example, after 4 sets
there was a 19.4% reduction in PF with a 12.5% in-
crease in MT, on the other hand, after 16 sets the
PF reduction was 40% with a 14.7% increase in MT.
So, based on these results, it is possible to hypoth-
esize two scenarios: 1. there is a non-linear rela-
tionship between cell swelling and neuromuscular
fatigue, or 2. there may be a limit of cell swelling af-
ter a certain number of sets/repetitions associated
with concentric muscle failure.

Finally, the rating of perceived exertion (sRPE) is
frequently used to indirectly quantify the level of ef-
fort after sets, exercises, and RT sessions (Halperin
& Emanuel, 2019; Marchetti, 2022). The sRPE
represents a relationship between the physiological
and performance measures and assists in quanti-
fying the overall load (Halperin & Emanuel, 2019).
In this study, it was hypothesized that all RT pro-
tocols induce similar sRPE corroborating the main
hypothesis. It is well known that sRPE is affected
by the level of neuromuscular fatigue after RT pro-
tocols for recreationally-trained participants, how-
ever, in this study, all RT protocols presented high
sRPEs (8.3-9.4 A.U.). Probably, the lack of signif-
icant difference for the sRPE scores was that the
sets in all RT protocols were performed until con-
centric muscle failure. Therefore, even with a small
(and non-significant) trend between RT protocols
(G16>G12>G8>G4), thus, it is possible that when the
intensity is similar and close to muscular failure,
the total number of sets does not affect the per-
ceived exertion. Finally, the RT protocols (G8, G12,
and G16) showed lower ANR values when compared
to G4, however, TNR showed increases directly re-
lated to the number of sets. The TUT increased in
all RT protocols, however, G12 had the most signif-
icant increase when compared to G4, G8, and G16.
PF was directly affected by progression in the num-
ber of sets, however, all RT protocols induced sim-
ilar increases in MT. The sRPE was high and sim-
ilar across all RT protocols. It is well known that
certain levels of metabolic stress and mechanical
tension are required to induce chronic adaptations
such as hypertrophy. On this matter, Brigatto et
al., (Brigatto et al., 2022) investigated the chronic
effects (8 weeks) of 16, 24, and 32 weekly sets
per muscle group on muscular strength and hy-
pertrophy in trained men. Each muscle group was
trained twice a week with 8, 12, and 16 sets per
RT session per muscle group. The weekly total load
lifted was higher for 32 weekly sets when compared
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with 24 (38.0%) and 16 (57.1%). Muscle thickness
of the biceps brachii, triceps brachii, and vastus
lateralis was evaluated after 8 weeks. The results
showed that 32 weekly sets per muscle group pre-
sented higher values compared to 24 and 16 weekly
sets per muscle group.

This study has some limitations that should be
considered when interpreting the current results.
First, we measured neuromuscular fatigue via
force production, maybe measurements of lactate
or by-products from the metabolism could improve
the understanding of the metabolic stress induced
by several sets. Second, the findings of this study
cannot, necessarily, be generalized to other mus-
cle groups, RT exercises, RT protocols, or different
populations including adolescents, athletes, and
the elderly.

5 Conclusion

In the present study, the highest mechanical stress
was observed in the RT protocol with 16 sets since
more sets and repetitions were performed with
10RM (the same external load used in all RT proto-
cols); however, the TUT was higher in the RT pro-
tocols with 16 and 12 sets. Regarding metabolic
stress, all RT protocols induced high cell swelling
and reduced force production. Thus, summarizing
the results, RT protocols between 12 and 16 sets
may be a better option to induce high and simi-
lar levels of metabolic stress and high levels of me-
chanical tension.
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