
The Effects of Active Versus Passive Interset Rest Intervals
in the Bench-Press Exercise in Resistance-Trained Men:

A Randomized Crossover Study
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Purpose: Interset rest (ISR) is a variable of resistance training (RT) that has received limited attention and focused mainly on the
length of the ISR rather than examining the effects of different stimuli when using the same ISR duration. The aim of this study was to
compare the effects of 2-minute passive (PAS) or active ISR (ACT) on intraset velocity loss, blood lactate concentrations, and rating
of perceived exertion during bench press in resistance-trained men.Methods: Fourteen participants (23.64 [2.02] y, 82.79 [10.74] kg,
181.50 [7.02] m,maximal power in bench press 660 [113]W) completed 2RT sessions of 5 × 8 repetitions at maximal velocity using
individual optimal load for maximal power output with 2-minute PAS or ACT ISR. During the ACT, participants completed
repetitions of vertical chest press at 5% to 10%1-repetitionmaximum at a controlled velocity. The intraset velocity loss wasmeasured
using a lineal encoder, and blood lactate concentrations and rating of perceived exertion before and after each set were registered.
Results: Intraset velocity loss was lower in ACT compared with the PAS protocol, without statistically significant differences
(P = .571). Blood lactate concentrations increased across the session for both ISR protocols, but this increase was diminished in ACT
compared with PAS, without statistical meaning (P > .05). Conclusions: Continuing to perform the same activation during rest
intervals was well-tolerated and may reduce the loss of performance due to accumulated workload throughout an RT session,
suggesting that ACT may trigger a metabolic advantage in exercise performance for consecutive sets during an RT bout.
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Resistance training (RT) has become an integral part of almost
all guidelines for physical activity recommendations of the principal
international health and fitness organizations.1RT is widely practiced
by athletes in various fields of sport and by the general population,
and extensive research has been conducted into its many health
benefits.2 Specifically, RT is known to be particularly beneficial in
improving skeletal-muscle mass, strength, power, and endurance at
all stages of life.3However, to achieve the desired objectives from an
RT program, each variable should be designed properly.

When designing RT sessions, coaches and fitness trainers must
define and adjust key variables, as those proposed by the American
College of Sports Medicine’s FITT-VP model (ie, frequency,
intensity, time, type, volume, and progression), as these determine
individual physiological responses to training. A 1988 study by
Fleck and Kraemer4 noted that interset rest (ISR) is an aspect that
has received scant attention in research into optimal RT methods.4

Later on, other authors have called for greater research into ISR5

given its importance for hormonal and metabolic response and the

intensity of output during RT sessions.6 In addition, most studies in
this area have focused on the length of the ISR period7 rather than
the effects of different modes of exercise and/or methods when
using the same interval length.

A systematic review by Latella et al8 of 26 controlled clinical
trials investigating different rest strategies between sets in RT
concluded that active ISR (ACT; eg, dynamic stretching, aerobic
exercise, vibration) can improve acutely strength performance. ISR
period should not be viewed as a period of passive rest but as a time
of recovery, and then, athletes and coaches should apply activities
that maximize recovery between work bouts for a given purpose.9 In
particular, ISR should allow the maximum restoration of phospha-
gen system (adenosine triphosphate [ATP] and phosphocreatine
[PCr], ATP-PCr) to increase strength performance during successive
sets in a RT session,10 and oxygen is required to resynthesize PCr11;
thus, ACT may improve this metabolic pathway.

In this vein, one of the approaches to the problem when using
ACT could be to use the same movement as the evaluated exercise.
Valenzuela et al12 compared the effects of 2 ACT protocols with the
same duration (2 min) on performance in several sets of indoor
climbing, finding that continuing to climb at a lower intensity
during ISR allowed maintaining performance in successive sets of
ascents compared with walking during ISR. Scudese et al13,14

analyzed the effects of ACT and passive ISR (PAS), both 2minutes,
in upper- and lower-body exercises (bench press and squat, respec-
tively), using the same movements in the ACT protocol as those
assessed during the RT session, but with low load (arms weight for
bench press exercise and body weight when exercising squats). The

López-Chicharro https://orcid.org/0000-0002-0259-4741

Martínez-Guardado is now with LFE Research Group, Department of Health and

Human Performance, Faculty of Physical Activity and Sport Science (INEF), Uni-

versidad Politécnica deMadrid, Madrid, Spain, https://orcid.org/0000-0002-3557-

9767

Ceniza-Villacastín https://orcid.org/0000-0002-8115-927X

Matos-Duarte https://orcid.org/0000-0001-6381-6021

Berlanga (lberlanga@ceu.es) is corresponding author, https://orcid.org/0000-

0002-0309-6568

1

International Journal of Sports Physiology and Performance, (Ahead of Print)
https://doi.org/10.1123/ijspp.2024-0498

© 2025 Human Kinetics, Inc. ORIGINAL INVESTIGATION

First Published Online: May 13, 2025

https://orcid.org/0000-0002-0259-4741
https://orcid.org/0000-0002-3557-9767
https://orcid.org/0000-0002-3557-9767
https://orcid.org/0000-0002-8115-927X
https://orcid.org/0000-0001-6381-6021
mailto:lberlanga@ceu.es
https://orcid.org/0000-0002-0309-6568
https://orcid.org/0000-0002-0309-6568
https://doi.org/10.1123/ijspp.2024-0498


authors found no significant differences between ACT and PAS
strategies in the maximal number of repetitions completed to
muscle failure, and a greater rate of perceived exertion (RPE) for
the ACT protocol.13,14However, Berlanga et al10,15 found that ACT
using the same exercise reduces intraset power loss compared with
PAS of equal length interval (2 min), without finding significant
changes in RPE. However, the heterogeneity of both the training
protocols and the measured outcomes makes it difficult to extract
practical applications.

Thus, the aim of this study was to compare the acute effects of
ACT versus PAS ISR on intraset velocity loss, blood lactate con-
centrations, and RPE during bench press exercise in resistance-
trained males. Thus, we hypothesized that ACT will decrease the
loss of performance across the sets when exercising in bench press.

Methods

Subjects

Fourteen advanced resistance-trained males16 participated in this
study (age: 23.64 [2.02] y, body mass: 82.79 [10.74] kg, height:
181.50 [7.02] m, 5.54 [0.32] y of RT experience, 1-repetition
maximum [1RM] in bench press: 95.26 [18.77] kg, and maximal
power in bench press: 660 [113] W). All volunteers had at least
5 years of RT experience, performing RT sessions at least 3 times per
week. Their 1RM in bench press was at least equal to their bodymass,
and none had any injuries or contraindications to perform physical
exertions. All participants were informed of the benefits and risks of
the investigation prior to signing an institutionally approved informed
consent document to participate in the study, and all procedures were
in accordance with the Code of Ethics of the World Medical
Association and the Declaration of Helsinki. All data was processed
and handled in accordance with the Data Protection Act, and the
studywas approved by our research ethics committee (UFV42/2018).

Design

A randomized crossover study was developed to compare the effects
of ACT versus PAS ISR during bench-press exercise, both lasting the
same interval duration (2min). This ISR interval was selected to avoid
that duration on its own could allow the restoring metabolic substrates
used during consecutive sets, as has been previously demonstrated.17

All participants were instructed to maintain their usual lifestyle habits
in terms of physical exercise, hydration, and diet. Theywere, however,
instructed to avoid caffeine or any other stimulants or ergogenic aids at
least 12 hours before measurements as well as any upper-limb training
72 hours prior to each session in our laboratory.

Methodology

Each volunteer visited our laboratory 3 times. In the first visit, we
conducted a mean maximal power (Pmax) test for bench press on a
Smith machine (Evolution Deluxe Smith Machine and Rack, Tita-
nium Strength) following the protocol described in other studies.15,18

Briefly, incremental Pmax test included sets of 1 × 3 at maximal
velocity for the concentric phase startingwith a load equivalent to the
30% of 1RM estimated by each participant for the bench press
exercise (24.23 [4.25] kg), increasing the load by 10% in each of the
sets performed until we obtained Pmax value confirmed with lower
power values in, at least, the next 2 sets, with 5-minute passive
rest between each set. After the Pmax test, we measured a 1RM in
vertical chest press after 5 minutes of passive rest (Compact C01,
Bodytone) to determine the load to be used during the ACT

protocol, where all subjects were able to complete between 2 and
6 repetitions until muscle failure; we then calculated 1RM using
the Brzycki equation.19 These evaluations began with a 5-minute
warm-up of moderate cardiovascular activity followed by joint
mobility exercises for upper limbs and a 5-minute passive rest. As
specific warm-up before the Pmax test, participants completed
1 × 10 in bench press using the Smith machine without any added
load (bar weight was 21 kg) at a 2-second velocity of execution in
the concentric phase and 2 seconds in the eccentric, followed by
5-minute passive rest, and 1 × 3 at 20% of 1RM estimated at
maximal velocity for the concentric phase.

The next 2 sessions were held less than 72 hours apart. During
each session, the warm-up was the same as the first day. For the
PAS protocol, participants completed 5 × 8 at maximal velocity
using the individual optimal load for Pmax (OptLoad Pmax, range
between 40–60 kg), with a 2-minute passive rest between each set
remaining seated on the bench (Figure 1). For ACT, the protocol
was the same but with a 2-minute active rest (30 s of transition after
each set and before starting the next set and 60 s of exercise),
performing 15 repetitions in vertical chest press with 5% to 10%
1RM at a velocity marked by a metronome (2 s for the concentric
phase and 2 s for the eccentric phase; Metronome Beats 5.0.1;
Figure 1). Eight repetitions for each set was selected to be able to
analyze more clearly intraset velocity loss, and 2 minutes between
each set was defined following others similar trials.10,15

The mean propulsive velocity (MPV) for each repetition was
measured using a lineal encoder (Chronojump), with a sampling
rate of 1000 Hz, and using data analysis software (Chronojump
1.9.0). This device was previously validated as a tool to measure
load displacement velocity on a Smith machine.20 MPV intraset
loss was calculated as the difference between the mean values for
the first 2 repetitions and the mean values for the last 2 repetitions in
each set.21 A linear relationship was assumed for the MPV across
all repetitions within a set.

Blood lactate concentrations (Lact) were obtained from finger-
prick test using a portable analyzer (Lactate Pro 2, Busimedic)
before and after each set (Lact Pre- and Lact Postsets 1, 2, 3, 4, and
5, respectively) and 1, 3, and 5 minutes after the last set (Lact Post
1, 3, and 5, respectively).

An OMNI-RES scale from 0 to 10 points was used to register
RPE.22 The RPE was registered at the end of each set (RPE 1–5,
respectively) and 1, 3, and 5 minutes after the last set (RPE Post 1,
3, and 5, respectively).

Statistical Analysis

An a priori sample size was calculated with G*Power software
(3.1.9.2) using F test family for repeated measures considering
within-between subjects differences and interaction (5 sets × 2 ISR
protocols).23 In addition, an alpha error probability of .05, a power
(1−β error probability) of 0.80, and a large effect size24 were
considered. Thus, a total sample size of 10 participants was
necessary, and considering a possible loss in follow-up, a sample
size of 14 participants was recruited. Normality was confirmed for
each outcome using a Shapiro–Wilk test, and a Levene’s test was
conducted to verify homoscedasticity. A 2-way analysis of vari-
ance for repeated measures and Bonferroni post hoc was used to
compare related changes to each ISR protocol (ACT vs PAS) and
interaction between sets for MPV, MPV intraset loss, Lact, and
RPE. To examine the magnitude of such differences, effects sizes
between mean scores with both ISR protocols were calculated.
Effects sizes in strength training research proposed by Rhea25 for
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highly trained individuals (training for at least 5 y) were consid-
ered: trivial < 0.25, small 0.25–0.50, moderate 0.50–1.00, and
large > 1.00. Statically significance was fixed at P ≤ .05 with a
CI of 95%. All data were analyzed using SPSS (version 20), and all
values are expressed as mean (SD) in the text, tables, and figures.

Results

ACT protocol showed a higher MPV from the second set onward,
with no statistically significant differences between protocols
(P = .511). In addition, MPV intraset loss was lower in ACT than
the PAS protocol without statistically significant differences
(P = .571; Table 1). A supplementary table (Supplementary
Table S1 [available online]) has been included to offer a more
detailed perspective on interindividual variability.

The intragroup analysis of blood lactate during ISR, that is,
blood lactate concentrations at the end of each set and before
starting the subsequent set (ie, Lact Postset 1 vs Lact Preset 2; Lact
Postset 2 vs Lact Preset 3; and so on), showed a statistically

significant difference for both protocols but always with a lower

increase (percentage of change) for ACT protocol compared with

PAS, and a larger effect size was also observed for PAS protocol

compared with ACT (PAS vs ACT: moderate vs large for ISR 1,

large vs small for ISR 2, moderate vs small for ISR 3, and small vs

trivial for ISR 4; Table 2).
From the second set onward, all sets began with lower blood

lactate concentrations for the ACT protocol compared with PAS.

However, there were no statistically significant differences between

protocols (Figure 2).
Regarding RPE, comparison between protocols did not show

statistically significant differences neither at the end of each set

(PAS vs ACT: 3.71 [1.78] vs 3.21 [1.83], 4.14 [1.76] vs 3.93

Table 2 Comparison of BLa (mmol/L) in Both Protocols

Passive ISR Active ISR

BLa Change, % d BLa Change, % d

Preset 1 2.329 (0.603) — — 2.386 (0.257) — —

ISR 1

Postset 1 2.600 (0.879) 30.50 0.93 2.514 (0.565) 28.12 1.11

Preset 2 3.393 (0.825)* 3.221 (0.707)*

ISR 2

Postset 2 3.207 (0.827) 30.96 1.15 3.329 (0.808) 12.02 0.48

Preset 3 4.200 (0.901)* 3.729 (0.848)*

ISR 3

Postset 3 3.979 (1.127) 17.23 0.60 3.700 (0.712) 10.62 0.48

Preset 4 4.664 (1.151)* 4.093 (0.933)*

ISR 4

Postset 4 4.593 (1.210) 9.64 0.34 4.314 (1.299) −0.17 −0.01

Preset 5 5.036 (1.378)* 4.307 (0.936)

Postset 5 4.793 (1.513) — — 4.700 (1.508) — —

Post 1 min 5.500 (1.590) — — 5.343 (1.613) — —

Post 3 min 5.286 (1.855) — — 4.786 (1.466) — —

Post 5 min 4.736 (1.583) — — 4.343 (1.151) — —

Abbreviations: BLa, blood lactate concentration; ISR, interset rest.
*P < .05 (intragroup comparison).

Table 1 MPV (m/s) and MPV Loss (%) for Each Set
in Both Protocols

Set

MPV, m/s MPV intraset loss, %

Passive Active Passive Active

1 1.191 (0.089) 1.181 (0.111) 11.11 (3.96) 14.15 (8.26)

2 1.165 (0.107) 1.189 (0.094) 17.93 (10.25) 11.10 (3.97)

3 1.174 (0.111) 1.180 (0.099) 16.41 (7.10) 13.75 (5.26)

4 1.178 (0.111) 1.187 (0.105) 14.27 (6.18) 13.79 (6.58)

5 1.161 (0.128) 1.191 (0.103) 13.44 (5.36) 12.37 (4.79)

Abbreviation: MPV, mean propulsive velocity.

Figure 2 — Blood lactate concentrations before starting each set for
both protocols. ACT indicates active; PAS, passive.
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[2.03], 4.59 [1.80] vs 4.61 [2.04], 5.07 [1.81] vs 5.25 [1.81], and
5.68 [1.66] vs 5.57 [2.06]; for sets 1, 2, 3, 4, and 5 respectively;
P = .693) nor during the recovery period (PAS vs ACT: 4.14 [1.39]
vs 3.89 [1.87], 2.54 [1.29] vs 2.50 [1.47], and 1.29 [0.96] vs 1.57
[1.22]; after 1, 3, and 5 min, respectively; P = .722).

Discussion

The purpose of this study was to compare the effects of maintaining
the same exercise during ISR versus PAS on MPV for each set,
MPV intraset loss, blood lactate concentrations, and RPE in
advanced resistance-trained males. Our study found that an ACT
protocol induced a lower increase in blood lactate concentrations
compared with PAS and that within the ACT protocol, participants
achieved a moderately greater MPV and a lower MPV intraset loss
compared with PAS. However, these differences were not statisti-
cally significant.

Previous studies have shown that different ACT strategies
during RT exercises may offer greater metabolic and biomechani-
cal advantages in increasing strength performance.8,12–15,26–32 A
systematic review by Latella et al8 showed that active stimulus
during ISR may improve strength performance; however, the
authors cautioned that drawing conclusions on the effect of differ-
ent ISR strategies is difficult given the heterogeneity of the design
and methodologies of the studies analyzed.

Other researchers have examined different ACT strategies,
including aerobic exercise,12,26–28 whole-body vibration,31,32

stretching,29,30,33 and resistance exercises.12–15 In our study, parti-
cipants performed the same activity during ACT as the RT session.
This type of experimental approach has not received a great deal of
study. Scudese et al14 analyzed the effects of continuing to perform
the same exercise, bench press, during the ISR but using no
additional load (arms weight) while training at 4 × 10RM, and
they found that ACT induced more fatigue than PAS with the same
duration, but it did not decrease strength endurance performance
measured as the maximum number of repetitions performed in the
training session. Similar results have been observed in analyzing
the effects of ACT during squat exercises and continuing to
perform squats with body weight during ISR, finding that active
stimulus induced more fatigue but did not decrease strength
performance.13 However, it should be noted, the experimental
approaches of both studies differed considerably from our own,
as they focused on RT until muscle failure using moderate to high
loads (∼75% 1RM), and without measuring the velocity of execu-
tion during ACT, nor during the exercise session. Furthermore,
these studies did not individually quantify the training load corre-
sponding to ACT as we did in the present study, which may entail a
different internal load for each participant possibly impairing
recovery between sets.

In the same vein, continuing to perform the same exercise,
Berlanga et al10,15 have shown that ACT is effective in increasing
MPV of the set and decreasing the percentage of intraset MPV
loss in bench press exercise, although the experimental design
that these researchers performed (2 × 8 and the third set until
muscle failure) prevents an exhaustive comparison between ACT
and PAS since it only presents 2 ISR intervals. In addition,
antagonist muscle activation has recently been highlighted as a
viable strategy for enhancing acute performance in throwing and
other explosive tasks. In line with Pisz et al,34 exercises targeting
antagonist musculature (eg, bent-over row for upper back when
the primary action involves the pectoral region) may induce
comparable postactivation performance enhancement effects to

those observed with agonist-based conditioning. These findings
suggest that performing antagonist exercises during active rest
intervals may be equally effective as focusing on the agonist
thereby alleviating metabolic fatigue while still preserving neu-
romuscular function.

It has been demonstrated that one of the most important factors
in athletic performance is the rate of force development, that is, the
ability of the neuromuscular system to increase contractile force as
rapidly as possible.35 From a physiological point of view, maximal
power output (P), determined by high values of force (F) and
velocity (V; ie, P = F ×V), depends primarily on the metabolic
pathways in the cell cytoplasm of skeletal muscle, classically
known as anaerobic, where we can distinguish the phosphagen
system (ATP-PCr) and glycolysis; ATP-PCr being capable of
synthesizing ATPmost rapidly.36 Therefore, ISR during RT should
allow maximum resynthesis of PCr for greater performance during
successive sets. PCr synthesis takes place through aerobic meta-
bolic pathways; thus oxygen is required to restore the phosphagen
system during intense physical effort,11 such as 1 set of RT
exercise. Therefore, the use of active rest strategies between sets
may facilitate the irrigation of the musculoskeletal tissue, improv-
ing the supply of oxygen to muscle cells, leading to the restoration
of the phosphagen system and thus enhancing performance in
successive sets.12,26,28,32 Our analysis of blood lactate concentra-
tions suggests that ACT may promote greater PCr resynthesis after
each exercise set than passive rest in the same interval time due to
lower lactate concentrations found with ACT versus PAS protocol;
thus, it may facilitate the use of the faster ATP pathway (phospha-
gen system vs glycolysis) during RT exercises.

Golas et al17 compared the effects of different ISR intervals (2, 4,
and 6 min) among the maximum number of repetitions performed
during 10 sets of the bench press exercise until concentric failure with
a load of 60%1RM, demonstrating that 2 minutes reduce volume
workload and increase blood lactate concentrations, which may be
beneficial to improve strength endurance and glycolytic metabolism.
However, this conclusion may not fit with our hypothesis since we
were not focused on improving volume workload, but, rather on
decreasing intraset loss of velocity. It seems very unlikely that
activating the same muscle groups during a short rest interval
(ie, 2 min) can enhance neuromuscular performance; nevertheless,
we have shown that when using very low load and slow velocity of
execution, continuing with the same exercise during ISR may
enhance lactate clearance without impairing fatigue as shown by
the same values in RPE for both ISR protocols.

Other possible mechanism to decrease intraset MPV loss with
an ACT protocol during ISR may be the increase and maintenance
of muscle temperature that has been shown to enhance neural
transmission and muscle compliance, which may influence on
mechanical efficiency during successive sets in a RT exercise;
as highlighted by Mohamad et al,9 who analyzed the effects of
90 seconds of cardiovascular exercise versus PAS to improve force
and power during an RT session with different training loads (70%
1RM or 35%1RM), demonstrating that ACT may enhance neuro-
muscular performance when using high loads (ie, 70%1RM).

There were no significant differences in RPE between protocols,
despite the greater blood lactate concentrations for PAS compared
with ACT. This is in line with the findings of Hiscock et al,37 which
suggest that RPE may not be related to blood lactate concentrations.
However, our findings are contrary to those of Scudese et al13,14 who
reported an increase in levels of fatigue in ACT.

Nowadays, most RT programs include passive rest periods
between sets. However, there is solid evidence that corroborates the
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benefits of including active stimuli during the ISR. Some of the
benefits that have been demonstrated with this type of strategy are
greater efficiency in neural transmission and muscle compliance,
maintenance of muscle temperature, greater metabolic efficiency
for ATP synthesis, and increased energy expenditure during a RT
session. However, the heterogeneity of the studies in this vein, and
the wide range of possibilities for including active stimuli during
ISR (ie, type of exercise, intensity, etc.), make it difficult to extract
practical approaches that athletes and coaches can include in their
training programs.

While this study provides valuable insights, it is not without
certain limitations that should be considered. First of all, it is related
to our acute design, which only captures immediate effects of ACT
versus PAS intervals, and does not address potential long-term, or
chronic adaptations. Furthermore, because muscle temperature was
not measured, any influence of this parameter on velocity loss,
fatigue, or recovery remains unknown. Lacking these data may
limit a more comprehensive understanding of the physiological
mechanisms underlying the performance outcomes observed in this
research. In addition, since the differences between PAS and ACT
were not statistically significant, further research is needed to
determine the optimal training load that should be used during
ACT ISR to enhance recovery between successive sets in an RT
session. Finally, although we have calculated the sample size a
priori, future studies may consider investigating the effects of ACT
intervals based on the same movement in larger and different
samples (ie, women, untrained, etc).

Conclusions

According to our findings, continuing with the same exercise during
interset rest intervals in resistance training was feasible and did not
elevate perceived fatigue among participants. While active rest
showed a slight tendency to reduce velocity loss within each set
compared with passive rest, these differences were not statistically
significant. These findings imply that a low-intensity active interset-
rest protocol can be adopted without compromising overall perfor-
mance or perceived exertion, although it offers no decisive advantage
in mitigating performance decline. Nonetheless, it may help maintain
muscle activation and could enable a higher training volume to be
achieved when repetitions are prescribed to be completed up to a
certain percentage of intraset velocity loss. Coaches could therefore
consider including such protocols as an alternative component of
resistance-training programs.
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