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Abstract
Lack of time is among the more commonly reported barriers for abstention from exercise programs. The aim of this review
was to determine how strength training can be most effectively carried out in a time-efficient manner by critically evaluating
research on acute training variables, advanced training techniques, and the need for warm-up and stretching. When programming strength training for optimum time-efficiency we recommend prioritizing bilateral, multi-joint exercises that include
full dynamic movements (i.e. both eccentric and concentric muscle actions), and to perform a minimum of one leg pressing exercise (e.g. squats), one upper-body pulling exercise (e.g. pull-up) and one upper-body pushing exercise (e.g. bench
press). Exercises can be performed with machines and/or free weights based on training goals, availability, and personal
preferences. Weekly training volume is more important than training frequency and we recommend performing a minimum
of 4 weekly sets per muscle group using a 6–15 RM loading range (15–40 repetitions can be used if training is performed to
volitional failure). Advanced training techniques, such as supersets, drop sets and rest-pause training roughly halves training
time compared to traditional training, while maintaining training volume. However, these methods are probably better at
inducing hypertrophy than muscular strength, and more research is needed on longitudinal training effects. Finally, we advise
restricting the warm-up to exercise-specific warm-ups, and only prioritize stretching if the goal of training is to increase
flexibility. This review shows how acute training variables can be manipulated, and how specific training techniques can be
used to optimize the training response: time ratio in regard to improvements in strength and hypertrophy.

Key Points
Strength training is good for health, but lack of time is a
barrier for many individuals.
Strength training can be made more time-efficient by prioritizing bilateral, multijoint movements through a full
range of motion with ≥ 4 weekly sets per muscle group
using a 6–15 RM loading range.
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Supersets, drop sets and rest-pause training roughly
halves training time compared to traditional training,
while maintaining training volume.
Restrict the warm-up to exercise-specific warm-ups.
Only prioritize stretching if the goal of training is to
increase flexibility.

Vol.:(0123456789)

V. M. Iversen et al.

1 Introduction
Strength training increases muscular strength and hypertrophy,
and provides numerous other positive health benefits, including improved functional ability, cardio-metabolic risk profile
and well-being [1, 2]. Strength training is therefore recommended as an interventional strategy for the general population
[1, 3]. However, a majority of people refrain from performing
strength training and other forms of exercise, and as much as
a quarter of the world’s population are at risk for developing
health-related problems and diseases linked to inactivity [4].
Therefore, it is necessary to find ways to engage more people
in both daily-life physical activities and regimented forms of
exercise such as strength training, which is one of the most
popular forms of exercise globally [5]. Lack of time is a common self-reported barrier to engagement in structured exercise
[6, 7]. Thus, understanding how strength training programs can
be designed in ways that reduce training time without meaningfully compromising results could encourage more people
to engage in this form of exercise.
A typical strength and hypertrophy program for untrained
or intermediately trained healthy adults involves training all
major muscle groups with 2–4 sets of 8–10 exercises for 3–12
repetitions with 2–5 min rest between sets, carried out 2–4
times per week [1, 8]. Including a warm-up and stretching,
traditional strength training programs often exceed an hour in
length over several sessions per week. The aim of this narrative
review is to synthesize the evidence as to how strength training
can be programmed for optimum time-efficiency. Our primary
focus is upon manipulation of training variables—i.e. frequency, volume, load, exercise selection, muscle action, repetition velocity and rest periods [9]. We also cover the efficacy
of several popular time-saving advanced training techniques
(i.e. supersets-, dropsets-, and rest-pause training), whether
warm-ups and stretching should be included, and how much
training is required to maintain strength and muscle mass. We
emphasize that this narrative review is intended for those in the
general public that have limited time for training, and not for
those who are seeking to optimize training adaptations without regard to a time commitment (e.g. athletes). While these
time saving methods are relevant to everyone looking to limit
training time, most studies referred to in this review included
samples of untrained or recreationally active individuals.
Where applicable, we have specified when resistance-trained
individuals were included in the study samples.

2 Training Frequency and Volume
Training frequency and training volume are arguably the
most important variables related to training time. General
guidelines recommend that people train 2–3 times per week

[1]; unfortunately, this recommendation may cause those
who find it challenging to train several times a week to not
train at all. However, emerging evidence indicates that it is
possible to achieve similar training effects by training once
a week compared to a higher frequency when total weekly
volume is equated [10, 11]. In a meta-analysis from 2018,
Ralston et al. compared strength gains from low training frequency (1 day per week), medium training frequency (2 days
per week), and high training frequency (≥ 3 days per week)
for each muscle group [10]. The authors reported only negligibly greater increases in strength gains from higher frequencies for a mixed population. Also, when training volume
was matched, i.e. total number of repetitions (sets × repetitions) or as total volume loading (sets × repetitions × loads),
no significant effect of training frequency was observed
for strength gains. Thus, training a muscle 1 day per week
appears to induce similar strength gains as training ≥ 3 times
per week if the total training volume is the same. Still, in
real-life situations, a higher training frequency allows for a
higher training volume and therefore often results in greater
strength gains as demonstrated in a meta-analysis by Grgic
et al. [12]. A recently published meta-analysis by Schoenfeld
et al. found no compelling evidence that training frequency
confers a meaningful impact on muscle hypertrophy when
training volume is matched [11]. However, as higher training
volumes can be expected from higher training frequencies in
real-life situations, a higher training frequency is likely preferable for those seeking to maximize muscle strength and
hypertrophy regardless of the time commitment. Alternatively, for those seeking to minimize training time, it appears
more important to focus on acquiring a sufficient weekly
training volume than to focus on a given training frequency.
So-called “micro dosing”, i.e. frequent training sessions
of very short duration (e.g. 15 min), could be a viable alternative to traditional programs. There are few studies and
results should be interpreted with caution, but in line with
the notion that the total weekly volume is the primary determinant of gains in muscle mass and strength, they generally
show similar adaptations to traditional programs [13, 14].
Thus, very short and frequent workout sessions can be a
viable alternative for individuals reluctant to schedule longer
training sessions.
Regarding weekly training volume, current guidelines
recommend performing 2–4 sets per muscle group for 2–3
times a week [1], which corresponds to a weekly training
volume of 4–12 sets per muscle group. Thus, there is a wide
gap in recommended sets, and while higher training volumes
may be more beneficial for gains in strength and muscle
mass [15], evidence shows that significant muscular gains
can be obtained from a low training volume as well [16–18].
Several studies have demonstrated that performing only a
single set three times per week is effective for increasing
strength and hypertrophy [16, 17], and the American College
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of Sports Medicine (ACSM) states that performing a single
set 2–3 times per week can be beneficial especially for older
individuals and novice trainees. The results from a recent
meta-analysis by Androulakis–Korakis et al. indicated that
single-set training also can have a positive impact on trained
individuals [18]. Although the effect was suboptimal, performing a single set of 6–12 repetitions, using 70–85% of
1 RM loading, for two to three times per week was identified as the minimum effective training dose to increase 1
RM strength in resistance-trained men (defined as having a
minimum of one year of resistance training experience) [18].
It also is possible that different muscle groups require
different stimuli. Ronnestad et al. [19] demonstrated that
untrained individuals achieved similar improvements in
strength and hypertrophy in upper-body muscles from training with one vs. three sets over three times per week while
three sets per session were superior for improvements in the
leg muscles. This is consistent with a 2019 meta-analysis
of resistance training for astronauts that demonstrated performing a single-set per session resulted in similar strength
improvements in upper-body exercises as three-sets per session, while three sets per muscle were superior for muscles
in the lower body [20]. Thus, when time is of the essence,
untrained individuals should consider performing more
weekly sets for the lower body musculature and restrict time
spent on upper-body training. However, the required stimuli
for upper-body muscles increases when people become more
experienced, and trained individuals appear to achieve superior adaptations from three vs one set of training for both
the upper and lower body muscles [20]. Thus, the trade-off
must be considered between time-efficiency and maximizing gains.
Some studies have tried to differentiate and quantify the
effects on strength and hypertrophy of varying numbers of
training sets [21–23]. Early meta-analytic data from Krieger
reported that the magnitude of gains in strength and hypertrophy are respectively 46% and 40% higher when performing multiple sets per exercise per training session compared
to single sets [21, 22]. However, a moderate effect was
shown for performing single sets as well, with effect sizes
of 0.54 and 0.25 for strength and hypertrophy, respectively.
Importantly, the effect of increasing from 1 set to 2–3 sets
was greater than increasing from 2–3 to 4–6 sets. La Scala
et al. also found that performing a relatively low number of
sets (< 3) twice per week significantly increased upper-body
muscle mass, and that performing additional sets only provided small incremental benefits [24]. However, the optimal
number of sets is still a controversial topic, and some authors
advocate the necessity of high volume (> 10 weekly sets)
to optimize the hypertrophic response [15]. A 2017 metaanalysis by Schoenfeld et al. stratified hypertrophic gains
across the pooled literature for < 5 weekly sets, 5–9 weekly
sets, and 10 + weekly sets, reporting increases of ~ 5%, ~ 7%,

and ~ 10%, respectively [23]. These findings indicate that
although a high training volume appears superior to maximize muscular adaptations, it is possible to improve both
strength and hypertrophy when training with a relatively
low number of weekly sets (< 5 sets). However, < 5 weekly
sets can refer to anything from 1 to 4 sets and considering
that there still is a lack of consensus regarding this metric,
we advise to perform at least 4 weekly sets per muscle; the
inclusion of higher training volumes should be determined
based on individual response, taking into account whether
the additional time expenditure is worth the potential additive increases in muscular adaptations. These sets can be distributed throughout the week as desired. This has important
implications for those who are time-pressed as lower volume
routines represent a viable option to balance efficiency with
results.

3 Training Load and Repetitions
A 2005 review by Bird et al. suggested that training load—
usually defined as target repetition number to muscular failure (e.g. 12 RM) or as a percentage of the one repetition
maximum (% of 1 RM)—is the most important variable
in strength training [9]. A traditional belief has been that
adaptations following strength training are load dependent,
with heavy loads, moderate loads and low loads used for
increasing maximum strength, hypertrophy and muscular
endurance, respectively [9]. The ACSM guidelines recommend people in general train within a 1–12 RM loading range with emphasis on the 6–12 RM range to improve
muscle strength and hypertrophy, with lighter loads (15–25
RM) suggested for increasing muscular endurance [1, 8].
However, emerging evidence indicates that similar hypertrophic responses occur across a wide spectrum of repetition ranges (even when using very light weights) as long as
the training is performed with a high level of effort and the
number of sets is equated [25]. In their 2017 meta-analysis
of 21 studies, Schoenfeld et al. investigated the effects of
training with high loads (i.e. ≥ 60% of 1 RM or ≤ 15 RM)
compared to low-loads (i.e. < 60% of 1 RM or > 15 RM
with most studies utilizing a 15–40 repetitions range) and
found similar increases in hypertrophy, irrespective of the
magnitude of load. Furthermore, although the use of heavyloads was superior for inducing strength gains, considerable
strength increases were shown for low-load training as well
(increases in 1RM of 35% and 28%, respectively) [25]. Most
studies on the topic involved untrained individuals; that
said, similar results have been found in resistance-trained
individuals with respect to muscle hypertrophy, but heavy
loads appear to be more important for strength gains in this
population [26, 27].
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With respect to time-efficiency it can be argued that
heavy-load training is preferable as fewer repetitions means
less training time. Performing a high number of repetitions
is also metabolically taxing, and accordingly a higher perceived discomfort has been reported with high-repetition
training (using 50% of 1RM) compared to low repetition
training (using 80% of 1RM) [28]. It also is worth mentioning that regularly training to muscular failure is not essential to increase muscular growth and strength gains when
heavy-loads are used [29]. Thus, heavier loads may be preferable when training time is limited, and it seems reasonable
to emphasize the 6–12 RM range as recommended by the
ACSM as a vast body of evidence indicates that this loading
zone is very effective for increasing maximal strength and
hypertrophy. However, low-load training provides a timeefficient alternative for home-based training, discussed in
Sect. 9, and also represents a viable alternative to heavy-load
training for those with joint-related issues (e.g. osteoarthritis, etc.).

4 Exercise Selection
4.1 Multi‑Joint and Single Joint Exercises
There are a myriad of exercises to choose from when designing a strength training program. On a basic level, strength
training exercises can be divided into single-joint exercises (or isolation exercises) and multi-joint exercises (or
compound exercises). Single-joint exercises are designed
to target specific muscles; examples include the biceps
curl, shoulder abduction, and leg extension. Alternatively,
multi-joint exercises activate several groups of muscles
synchronously, which allows lifting of heavier weights;
examples include the squat, bench press and barbell row.
ACSM guidelines state that the strength training programs
should include both single- and multi-joint exercises, but
recommend emphasizing multi-joint exercises as they are
considered more effective in increasing overall strength and
daily-life function [1]. Some studies have suggested that
hypertrophy occurs earlier following single-joint exercises as
these exercises generally are easier to learn and thus require
less neural adaptation than multi-joint exercises [30, 31].
However, strength improvements in multi-joint exercises
appear to be higher and more rapid than in single-joint exercises [32]. Thus, single-joint exercises could provide little
added benefit from a strength standpoint. A review from
2017 that encompassed 23 original articles concluded that,
at least for upper-body training, it appears unlikely that the
inclusion of single-joint exercises will meaningfully contribute to additional short- or long-term benefits over training
solely with multi-joint exercises [33].

The role of single-joint exercises remains equivocal and
further research is needed to better understand their impact
on long-term hypertrophic responses, whether response varies between muscles (even portions of the muscles) and individuals with different training status, and the extent to which
they provide functional and/or sport-specific enhancements
[34, 35]. Despite the current gaps in the literature, it seems
unlikely that the use of single joint exercises would provide substantial additional training benefits for the general
public compared to training only with multi-joint exercises,
especially for individuals with limited training experience.
Thus, for those seeking time-efficiency in their workouts, we
recommend prioritizing multi-joint exercises as the greater
amount of muscle mass trained allows for shorter training
sessions, despite the somewhat longer recovery needed
between sets to accommodate the higher levels of exertion.

4.2 Free‑Weight and Machine Exercises
External loading in resistance training can be provided by
a variety of different exercise equipment, with free-weights
(i.e. barbells and dumbbells) and strength training machines
being among the most popular. Both modalities can be used
effectively to increase strength and hypertrophy, and there is
no strong scientific evidence indicating either of the modalities being superior to the other [36]. The main difference
between modalities is that it is easier to simulate real-life
movements and sport-specific movements with free-weights
compared to most machines, which usually have limited
adaptability of the movement pattern. However, the variety
of machines is vast, with some allowing for training in a
manner very similar to free-weights.
Free-weights are very versatile, allowing for a great variety of multi-joint exercises, which again can facilitate timeefficient training sessions. Additionally, free-weights can be
used regardless of body-type while machines may not be
well-suited to certain body-types. However, free-weights
can be more intimidating for novice users than machines
[37]. Both modalities are considered safe if proper technique is used, but machine exercises are often perceived as
safer than free-weight exercises, which require more knowledge of proper technique and sometimes may necessitate a
spotter. However, while free-weight training is associated
with higher reported injury rates, most of these injuries are
related to weights falling on people and not the modality
per se [38]. Still, training with machines facilitates the use
of very heavy loads and training to muscular failure without
the need for a spotter, which may be especially beneficial for
inexperienced lifters.
Free-weight exercises can be performed using a barbell
(e.g. bench press) or with dumbbells (e.g. dumbbell press),
with both modalities proving effective for stimulating
strength and hypertrophy. However, due to lower stability
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requirements, heavier weights can be lifted with a barbell
than with dumbbells [39, 40]. In a cross-over study by
Saeterbakken et al. [40], resistance-trained participants were
able to perform a 1RM lift with approximately 20% heavier
loads during the barbell bench press compared to the dumbbell bench press. During the 1RM lift, comparable pectoralis and deltoideus activation was observed, but synergistic
activation of the triceps brachii was considerably higher during the barbell bench press than with dumbbells. The lower
triceps activation during dumbbell presses are likely due to
the dumbbells not being connected to each other, and thus
the triceps have a reduced capacity to actively contribute to
the pushing movement. This was also shown for barbell vs.
dumbbell shoulder presses [39]. When synthesizing the body
of literature, training with a barbell allows for a higher total
muscle activation and an ability to lift heavier weights compared to dumbbells. While dumbbell exercises can be good
for targeting specific muscles, and provide a freer range of
motion which in some cases can be desirable, it would seem
that training with a barbell is the more time-efficient option.
In our opinion, the decision as to whether barbells should be
prioritized over machines would need to take several factors
into account (e.g. available equipment, lifting experience or
the availability of competent instructors).

4.3 Bilateral and Unilateral Exercises
Strength training exercises can be performed unilaterally
(training one side of the body at the time, e.g. split squat
or dumbbell curl) or bilaterally (training both sides of the
body at the same time, e.g. squat or barbell curl). Due
to higher stability, and more total muscle mass involved,
training can be performed with heavier weights and higher
force-output during many bilateral exercises [41]. However, this would not be an issue during relatively simple
exercises such as the arm-curl or machine leg extension.
During such simple exercises, some studies have in fact
reported a bilateral deficit, operationally defined as an
inability of the neuromuscular system to produce maximal
force during simultaneous limb movements compared to
the force developed when the limbs function separately.
However, this effect is not observed in individuals habituated to bilateral training, where in fact bilateral facilitation has been observed [42]. Comparable increases in
strength, power and hypertrophy following both unilateral and bilateral training have been demonstrated for
both trained [43] and untrained individuals [41, 43, 44].
The ACSM, as well as an updated review from 2018 by
Suchomel et al., recommends performing both variations,
but emphasizing bilateral exercises [1, 41]. Some authors
have noted that unilateral exercises provide the benefit of
higher core-activation due to greater stability requirements
[39, 45]. It should be noted that there is limited evidence

on the difference between unilateral and bilateral training. Considering the current evidence, we propose that
bilateral exercises are more time-efficient (since both sides
of the body are trained simultaneously) and thus should
be prioritized unless core-activation is central to a person’s training goal. That said, unilateral training is a viable
option to increase the difficulty of an exercise in situations
where less weight is available, such as during home-based
training.

4.4 Elastic Resistance Bands
Elastic resistance bands can be a time-efficient alternative when traditional training equipment is not available.
Resistance bands are versatile, relatively inexpensive,
and require very little space, which makes them useful for
home-based training and during travels. Several studies
have demonstrated that when resistance is matched (i.e.
both groups training with for instance 8 RM loading),
training with resistance bands produces similar muscle
activation to free-weights and machines during performance of single-joint exercises [46, 47]. Some studies
also suggest resistance bands may provide a viable alternative to multi-joint exercises [48–50], although traditional
equipment should be preferred, if available, for exercises
where very heavy loads can be lifted [48]. A 2019 review
by Lopes et al. concluded that for individuals with previous strength training experience, resistance training with
elastic bands provides similar strength gains as training
with traditional equipment for both upper- and lower body
muscles [51]. However, the review only identified 8 longitudinal studies on the topic—three of which included
participants with coronary disease or chronic obstructive
pulmonary disease—and did not discriminate between
single- and multi-joint exercises; in fact, only two of the
studies compared strength gains in multi-joint exercises.
In one of the studies, Colado et al. found similar improvements in maximal isometric squat-, row-, and back extension strength for physically fit females when training with
elastic bands versus traditional equipment following an
8-week full body training program [52]. In the other study,
Lubans et al. observed comparable improvements in leg
press strength for adolescent boys and girls following eight
weeks of full body training using free-weights or elastic
bands [53]. Contrarily, Iversen et al. found that leg-muscle activation was significantly lower during squats when
training with elastic bands alone compared to using freeweights in a cohort of 30 healthy young men and women
with mixed training experience [48]. Thus, we recommend
the use of conventional equipment when available for performing heavy multiple-joint exercises for the lower body;
otherwise, resistance bands can be a viable training option.
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4.5 Bodyweight Training
Body weight training provides a time-efficient alternative to
traditional resistance exercise, as this form of training can be
performed almost anywhere at any time. Although research
has repeatedly demonstrated beneficial effects of bodyweight
training for health and cardiovascular function [54, 55], the
evidence supporting it as an effective modality for stimulating muscular strength and hypertrophy remains much scarcer
than for lifting weights. There is compelling evidence that
a small number of upper-body bodyweight exercises can be
effective strength training alternatives, such as the pull-up/
chin-up [56] and push-up [57]. However, little research has
been carried out on bodyweight exercise for the lower limbs.
In theory, bodyweight training could be effective for
gaining strength and muscle mass, as these adaptations are
obtained by progressively overloading the neuromuscular
system irrespective of the type of external resistance. However, bodyweight training presents some practical challenges
with respect to altering acute training variables. When using
external weights, it is easy to incrementally increase resistance, whereas bodyweight resistance usually requires changing the initial form of the exercise to achieve greater resistances (e.g. changing from push-ups on the knees to push-ups
on the toes). Thus, one variation of the exercise may be too
easy, while the other may be too difficult. Increasing repetitions is therefore generally required to alter the training
stimulus until the individual is strong enough to change
the form of the exercise progression. Bodyweight training
also requires more knowledge about training to progress by
changing the biomechanics of an exercise rather than simply
adding more weight. As previously mentioned, if training is
performed to muscular failure, using a low load-high repetition approach can be effective for strength and especially
hypertrophy. Therefore, a well-planned bodyweight program
conceivably could be an effective strategy to improve muscular adaptations.

5 Other Variables to Consider
5.1 Muscle Action
Muscle actions can be categorized into concentric (shortening of the muscle), eccentric (lengthening of the muscle),
and isometric (no change in muscle length). There are some
advantages of isolating each of the muscle actions, such as
the ability to exert higher power in eccentric movements
and potentially elicit greater hypertrophic adaptations; the
ability to work with higher rates of force development in
concentric movements; and applying force in pain-free joint
angles in rehabilitation settings and focusing on weak points
at specific joint angles through isometric movements [58,

59]. However, most strength training exercises, and human
motion in general, consist of coupling of concentric and
eccentric muscle actions, and optimal training responses
rely on training both [60]. Thus, manipulation of muscle
action in strength training can be useful in given situations,
but generally, dynamic muscle actions coupling concentriceccentric movements should be employed for time-efficiency
[60].

5.2 Repetition Velocity
Repetition velocity (or repetition tempo) is operationally
defined as the time it takes to perform the concentric and
eccentric muscle actions. The ACSM recommends novices
and intermediately trained lifters utilize relatively slow
(2 s concentric: 4 s eccentric) to moderate (1–2 s: 1–2 s)
repetition velocities, while differing velocities are recommended for experienced lifters. It has been suggested that
increasing time under tension by utilizing very slow (10 s:
4 s) movements can result in higher hypertrophic responses
when training with submaximal loadings [61], and several
popular science articles and internet forums advocate training with increased time under tension for hypertrophy. One
of the proposed rationales for slow velocity training is that
it may increase time under tension and stimulate muscle
growth even when using low loadings. However, a 2015
meta-analysis found that when training is performed to failure, it is unlikely that one particular repetition velocity will
result in greater hypertrophic gains than another, as it was
found that repetition durations (combined concentric and
eccentric) ranging from 0.5 to 8 s resulted in similar muscle
growth [62]. Regarding time-efficiency, this information is
of interest for people who train at home and do not have
heavy weights at their disposal, as using a somewhat slower
velocity with lighter loads seemingly can be a viable alternative to increasing number of repetitions. However, there
appears to be a threshold for velocity, and utilizing superslow velocities (≥ 10 s) may actually result in an inferior
hypertrophic response compared to using faster velocities,
likely due to suboptimal muscle fiber stimulation [62]. It
should also be noted that there may be unique differences in
the hypertrophic response between muscle-groups, and some
muscles may benefit more from faster velocities while other
muscles may benefit more from more moderate-to-slower
velocities [63].
For strength gains, it appears that both fast (< 1 s:1 s)
and moderate-slow (> 1 s:1 s) velocities are effective
across different loading ranges, but that fast velocities may
be somewhat more effective when training with moderate
loads (60–79% of 1RM) [64]. In contrast to when training
is performed at or close to failure, some studies suggest that
training velocity is more essential when training is not performed to failure. González–Badillo et al. [65] examined
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the effects of training with maximal intended velocity compared to half-maximal velocity in the bench press for students with strength training experience. After 6 weeks of
training—using loads corresponding to 60–80% of 1RM and
performing 2–8 repetitions (i.e. training was not taken to
failure)—maximal strength (1RM) in the bench press had
increased by 18.2% and 9.7% in the maximal intended and
half-maximal velocity groups, respectively. In another study,
Padulo et al. [66] randomized 20 resistance-trained subjects
divided to perform bench press with either a fixed pushing velocity (80–100% of maximal intended velocity) or a
self-selected velocity. Both groups trained twice per week
for 3 weeks at 85% of 1RM. The group performing repetitions with a fast velocity stopped each set when the velocity dropped > 20% and did not perform more sets when the
velocity of the first repetition of a new set fell > 20%, while
the other group continued until failure (i.e. each set was performed to muscular failure, and training was ended when
participants were unable to perform any more repetitions).
Despite performing 62% fewer repetitions, the maximal
velocity group improved 1RM-strength by 10.2% compared
to < 1% in the self-selected velocity group.
In summary, a wide range of repetition velocities can be
utilized to induce muscular adaptations, and manipulation
of this variable is unlikely to markedly influence changes
in muscle growth. As a general rule, a somewhat faster
repetition cadence should be employed when time is of the
essence since faster velocities tend to be more time-efficient
than slower velocities. Moreover, volitional fast velocities
may be preferable for improving strength and power, and
super-slow velocities (≥ 10 s) should generally be avoided
for either strength, power or hypertrophy.

5.3 Rest Periods
The need to rest between sets is often a frustrating requirement for people with limited time to train. However, adequate rest between sets is considered a crucial program
variable for optimizing gains in strength and hypertrophy.
The interset rest period allows the body to remove lactic
acid, and replenish adenosine triphosphate and phosphocreatine—i.e. organic chemicals important for muscular contraction. Insufficient rest can result in a reduced capacity to
maintain high muscular force throughout multiple sets and
a lowered training volume load (load × repetitions × sets),
which is considered important for improving both hypertrophy and strength [67]. Common guidelines recommend
a 3–5 min rest interval when training to maximize strength,
a 1–2 min rest interval when the goal is hypertrophy, and a
30–60 s rest interval when the goal is muscular endurance
[1, 9]. This advice is reflected in recent reviews, where it
was concluded that rest intervals should vary from 2–5 min
depending on whether the goal is hypertrophy or strength

and power [41]. However, a 2017 systematic review by Grgic
et al. encompassing 23 RCTs found evidence that short rest
intervals (< 1 min) produced robust strength gains in both
untrained and trained individuals (10 of the studies included
trained populations) although less so than longer rest intervals [67]. The review also found that 1–2 min rest is sufficient for maximizing muscular strength gains in untrained
individuals. It also is interesting to note that some studies
have found that trained individuals can build up tolerance for
short rest intervals. Two RCTs utilizing 8 weeks of training
with 8–12 RM suggested that, compared to using a constant
rest period of 2 min, training with a progressively decreasing
rest time (2 min reduced to 30 s) produced a similar increase
in 1RM strength in both the bench press and squat, as well
as isokinetic peak torque in the knee extensors and flexors
[68, 69]. However, more research is needed to make clear
recommendations regarding building tolerance for short
rest intervals. Based on most evidence, we advise untrained
individuals to schedule 1–2 min rest intervals and trained
individuals ≥ 2 min rest intervals. In the following section,
we present training techniques that provide the ability to
limit the amount of passive rest without significantly compromising results.

6 Advanced Time‑Saving Training Methods
6.1 Superset Training
Superset training has grown in popularity despite limited
supporting scientific evidence on the topic. Superset training (also known as paired-sets training or compound sets)
refers to the performance of two or more exercises in succession with limited or no rest between them [70] (see Fig. 1
for an example). Since this method substantially limits the
time spent at rest, it allows for a greater training density
(i.e. performing more exercise in a shorter amount of time)
compared to traditional strength training. Supersets can be
performed by pairing exercises for the same muscle group
(e.g. bench press and flies), or by pairing exercises for different muscle groups (e.g. biceps curl and triceps push-down).
Supersetting exercises for the same muscle is primarily a
bodybuilding approach where more time can be spent on
working individual muscles and hence is generally not relevant from a time-efficiency standpoint. Thus, we will focus
on superset training for different muscle groups.
A 2010 review suggested supersetting exercises for agonist and antagonist muscles is a time-efficient alternative to
traditional strength training [71]. However, these conclusions can be considered speculative due to the paucity of
scientific evidence on the topic at the time. To date, only one
longitudinal study has been carried out on superset training
using traditional training modalities. In this RCT, Robbins
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Fig. 1  Example of rest intervals in a superset, and b traditional sets

et al. included 15 trained males who performed high-intensity loaded (i.e. 3–6 repetitions) bench press and bench pulls
for eight weeks in a superset versus traditional manner [72].
Both groups showed similar improvements in 1-RM bench
pull (superset: 2.2 ± 1.1% vs traditional: 1.2 ± 1.7%) and
bench press (superset: 2.4 ± 1.8% vs traditional: 2.3 ± 1.9%),
bench press throw height using 40% of 1RM (superset:
5.0 ± 16.5% vs traditional: 10.8 ± 10.7%), bench press peak
velocity (superset: 4.2 ± 6.3% vs traditional: 3.0 ± 4.0%), and
bench press peak power (superset: 9.7 ± 9.2% vs traditional:
9.4 ± 5.4%). However, training time for the superset group
was roughly half that for the traditional training group.
Acute cross-over studies support the notion that, when
training to failure at an 8-12RM loading scheme, superset
training can be performed in approximately half the time as
traditional training without compromising training volume
[73–76]. All these studies involved supersets that paired
exercises for agonists and antagonist muscles. It has been
suggested that antagonist preloading potentially can facilitate increased neural activation, which acutely increases
strength performance and thereby allows for a higher training volume [74, 75]. Findings from cross-over studies also
indicate that superset training induces higher lactate production and higher levels of fatigue than traditional strength
training [73, 75–79]. This can substantially reduce the
training time, but at the same time decrease neuromuscular
performance and force generating capacity during training,
particularly for strenuous multi-joint exercises. This hypothesis lacks experimental verification and further research is
warranted to better understand the phenomenon.

6.2 Drop Set Training
In drop-set training, training time is reduced by minimizing rest between sets. The strategy involves performing a
traditional set, reducing the load, and then immediately

performing another set (or multiple sets). Typically, 1–3
drops are used with a 20–25% reduction in weight, with
all sets performed to muscular failure [80]. A proposed
rationale behind this method is that drop-sets elicit a larger
metabolic stress and potentially heightened muscle damage,
which in turn could increase the hypertrophic response [80,
81].
Longitudinal studies comparing drop set training to traditional training have generally been unable to detect differences in hypertrophic responses from the strategy [82,
83], but the evidence is both limited and somewhat conflicting. One RCT by Fink et al. suggested that drop set training
may be superior for hypertrophy, but inferior for strength
[81]. In this study, 16 men (20–23 years with less than one
year’s participation in regular strength training) engaged in
6 weeks of triceps-push-down training using either drop-set
or traditional sets. The traditional group performed three
sets to failure at a 12RM load, while the drop-set group performed one set with an initial 12RM load and then reduced
the load 20% each time failure was reached for three times
with no rest between drops. The cross-sectional area of the
triceps increased by 10 ± 4% and 5 ± 2% favoring the dropset group (not statistically different), while 12RM in triceps
push-down increased by 16 ± 12% vs 25 ± 18% favoring the
traditional group (not statistically different). While the study
sample was small and thus vulnerable to type II errors, the
findings indicate that drop-set training can induce increases
in both strength and hypertrophy in about half the training
time of a traditional training protocol. The average training
volume per session (repetitions x load) was similar for the
two groups. In another RCT that employed a within-subject
design, Ozaki et al. randomized the arms of 9 untrained men
to: (1) one set of dumbbell curls (using 80% of 1RM load)
followed by four drop-sets using 65%, 50%, 40% and 30% of
1RM, or (2) three “traditional” sets using 80% of 1RM loading, or 3) three sets of “traditional” sets using 30% of 1RM
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loading [82]. All sets were performed to repetition failure
and training was performed 2–3 days per week for 8 weeks.
Total training time per session was significantly shorter for
the drop-set protocol (~ 2 min) compared to the high-load
(~ 7 min) and the low-load protocol (~ 11–12 min). Similar
increases in muscle cross-sectional area of the biceps brachii
and the brachialis muscles were observed across all groups.
Both the high-load and the drop-set protocols increased
1RM strength, but the gains were somewhat higher for the
high-load group (not statistically significant—likely due to
the study being underpowered).
Despite the limited evidence, drop-set training seems to
allow for shorter duration workouts with little or no reductions in training volume or training responses (especially
hypertrophy), thus making it a viable training method for
those who are time-pressed to train. It should also be noted
that most of the studies on the topic were carried out using
single joint, upper-body exercises. A recent review stated
that while drop sets can be used for both single-joint and
multi-joint exercises, the strategy is most suited to singlejoint training from a practical perspective [80]. Due to safety
concerns, it might not be advisable to include drop-sets in
certain compound, free-weight exercises such as squats.

6.3 Rest‑Pause Training
The rest-pause method is a method of structuring sets where
normal interset rest periods are accompanied by preplanned
rest within the training sets [84]. During rest-pause training, sets are segmented into smaller sets with short breaks
in between, which are commonly performed in one of two
ways. The first approach involves performing 4–6 sets of
single repetitions using a load close to 1RM, while the second approach involves performing one set to failure interset
rest (often 20 s), new set to failure interset rest, etc., until
the preplanned number of repetitions are performed [84].
While reductions in load are necessary during drop-sets,
the rationale behind rest-pause training is that the short
breaks allow for maintenance of high loads, high concentric velocities, and high power outputs. Thus, rest-pause
training conceivably could be a time-efficient strategy for
stimulating both muscular strength and hypertrophy (especially the second approach). The acute training effects from
rest-pause training have been investigated by Marshal et al.,
who instructed 14 resistance-trained men to perform 20 repetitions of the back squat using 80% of 1 RM, in three different conditions: (1) 5 × 4 repetitions with 3 min rest and
a protocol duration of 780 s; (2) 5 × 4 repetitions with 20 s
rest and a protocol duration of 140 s, and; 3) rest-pause:
one set to failure with subsequent sets performed to failure
with 20 s interset rest and a protocol duration of 103 s [85].
All groups demonstrated comparable decreases in rate of
force development immediately after protocol completion

with full recovery 5 min after protocol completion, despite
a higher muscular activation during the rest-pause condition.
The findings strengthen the theory that rest-pause training
helps to maintain high concentric force throughout a series
of repetitions.
In the only longitudinal study on the topic, Prestes et al.
found similar strength gains from rest-pause training and
traditional strength training with heavy loading and few repetitions [86]. In this study, 18 trained men performed a twosplit training program (i.e. two weekly sessions targeting
chest-, shoulder- and arm extensor muscles, and two weekly
sessions targeting the leg-, back and arm flexor muscles),
including both multi-joint and single-joint exercises. One
group performed the exercises in a traditional manner (3 sets
of 6 repetitions with 80% of 1 RM loading, with 2–3 min
rest between sets) while the other group performed the
exercises in a rest-pause manner (i.e. one set to failure with
80% of 1RM loading with a 20 s interset rest interval until a
total of 18 repetitions was performed). Total mean time for
completing a training session was 57 min for the traditional
training group and 35 min for the rest-pause group. After
six weeks, strength gains were similar between groups, but
the rest-pause group achieved greater gains in hypertrophy
in the thigh muscles (rest-pause: 11 ± 14% vs. traditional
sets: 1 ± 7%). However, the authors noted that the traditional training group performed 6 repetitions, but training
to muscular failure with 80% of 1RM loading would have
corresponded to approximately 8–12 repetitions. Thus, the
difference in hypertrophy may be due to the higher degree
of effort expended in the rest-pause group.
The level of evidence for the rest-pause method remains
equivocal, and more research is needed to draw firm conclusions as to its effects on muscular adaptations. Still, when
time is a barrier to training, the rest-pause method appears
to be an efficient method for improving both strength and
especially hypertrophy. It should though be mentioned that
the rest-pause method of training is very intense, and some
training experience is probably required to train this way in
a safe manner, especially when performing complex multijoint, free-weight exercises.

7 Maintenance—How Much Training
is Needed to Maintain Strength
and Muscle Mass?
For most people, life gets in the way of training at some point
(e.g. due to work, family obligations, etc.) and it may be tempting to abandon training completely during these periods. When
training is discontinued, muscular gains are preserved for a
relatively short period of time (i.e. < 3 weeks), but prolonged
periods of detraining ultimately result in both strength loss
and atrophy [87, 88]. However, it can be motivating to know
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that strength and muscle mass appears to be maintained by
even small doses of training. In a study by Graves et al. [89],
52 men and women engaged in leg-extension training two or
three times per week for 10 weeks. After 10 weeks, there was a
mean relative increase in dynamic training load and isometric
knee extension strength of 50% and 21% respectively. Next,
participants training three times per week were randomized to
reduce training levels to two or one time per week, and those
initially training twice per week were randomized to training one or zero times per week. After 12 weeks, the group
that had refrained from training decreased their isometric
knee extension strength by 68% while the groups reducing to
two and one time per week had maintained or even slightly
increased both their isometric knee extension strength and
their training weight. In another study, Bickel et al. asked 70
young (20–35 years) or old (60–75 years) males to perform
three sets of three different exercises for the legs, with training carried out three times per week [90]. After 16 weeks,
subjects demonstrated considerable increases in both strength
and hypertrophy. The subjects were then split into three groups
and continued training for 32 weeks with the first group performing no strength training at all, the second group training
once every week (three sets of all exercises), and the third
group training once every week (one set for all exercises). Participants in both maintenance protocols maintained (or slightly
increased) their 1 RM strength during the 32 week period.
However, only the young individuals maintained their hypertrophic gains throughout the maintenance period, while the
hypertrophic gains acquired by the older individuals returned
to baseline levels in both maintenance protocols. This indicates
that younger adults can probably maintain muscle mass and
strength by training with as little as one brief session per week,
while older adults probably need somewhat more weekly volume. These findings correspond with findings in other studies
showing that one training session of 3–4 sets for each exercise
may be sufficient to maintain muscular strength, at least for
some period of time [91, 92]. It should be noted that the studies
investigating maintenance lasted only up to 32 weeks; whether
strength and hypertrophy can be maintained for an even longer
period of a very low training volume is currently not known.
Also, the ability to maintain strength and hypertrophy probably
differs between individuals and some people could probably
manage with even less training, while others may have to train
more.

8 Warm‑up and Stretching—Is It Necessary?
8.1 Warm‑up
A warm-up is often recommended at the start of a training
session [70]. The warm-up is intended to prepare the body

both physiologically and psychologically for training, in
the belief, this will enhance performance and reduce the
risk of injury [93]. Warm-ups fall into two categories: (a)
a general warm-up intended to increase the muscles` and
the body’s core temperature (e.g. 5–15 min of low impact
exercise such as light-moderate intensity stationary biking), and (b) a specific warm-up intended to increase muscular activation and provide neuromuscular rehearsal of
the exercise to be performed (e.g. performing squats with
light weights before progressing to heavier squats) [70,
94, 95]. Although a general warm-up is often employed,
evidence is limited as to its contribution to strength training. It has been suggested that a combination of general
and specific warm-up can enhance 1RM performance [96].
However, most strength training sessions are conducted
using submaximal loads. Ribeiro et al. found that neither a
general (10 min on an ergometer bike) nor specific warmup (10 repetitions with 50% of the test loading) provided
any benefits regarding fatigue or total repetitions for exercises such as bench press, squats, and arm curl during
submaximal strength training (3 sets of 80% of 1RM to
failure), compared to no warm-up in young, recreationally-trained men [94]. Thus, from a repetition performance
standpoint, a warm-up appears to have limited benefit.
Another recent study found that an exercise-specific warmup resulted in a greater enhancement in peak power output
for 1 RM in the high pull compared to a general warm-up
[93]. In fact, the general warm-up resulted in only trivial
improvements in peak power output compared to no warmup, and there were no additional benefits obtained from
combining both specific and general warm-ups compared
to specific warm-up only. Thus, for short duration, powerrelated performances, a specific warm-up may be sufficient
preparation. Support for this hypothesis can be found in a
systematic review by McCrary et al., who concluded that
strong evidence exists for the use of dynamic warm-ups
(performed with greater than 20% of maximal effort) to
enhance strength and power in upper-body exercises [97].
The authors further noted that they were unable to find
any literature on the effects of warm-up for injury prevention. However, there is some evidence suggesting that
specific warm-ups can have a beneficial effect on strength
and power, and we would therefore recommend including
a specific warm-up for each exercise when time is of the
essence. Finally, it is likely that the need for a warm-up is
more important when training in the low repetition range
using heavy weights, as the initial repetitions could be
considered a specific warm-up when training with higher
repetitions. There is little support for including general
warm-ups when time is of the essence, but some specific
warm-ups can be useful, particularly for heavy loads
(> 80% 1 RM).
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8.2 Stretching
Regular stretching is effective for increasing joint-mobility [8], but it is also frequently promoted by trainers and
in the media as an integral part of any training session to
improve performance, prevent injuries and reduce delayed
onset muscle soreness. However, the scientific evidence does
not promote stretching either for improving performance or
for reducing injuries and delayed onset muscle soreness.
In fact, it has been established that static stretching leads
to an acute loss of strength and power, so-called stretchinduced strength loss [8, 98–100], and should therefore
probably not be performed before strength training. More
specifically, 30–60 min of stretching has been found to cause
a 22% (range 14–28%) acute strength loss, while shorter
durations of static stretching result in an approximately 8%
(range 2–19%) strength loss [98]. Moreover, recent research
indicates that regular static stretching may impair chronic
measures of strength and power [101]. However, the impairment in strength and power primarily applies to longer sessions and not to short bouts (< 60 s per muscle group) of
static stretching [102]. It should be mentioned that dynamic
stretching does not appear to reduce strength.
Regarding delayed onset muscle soreness, a 2011
Cochrane review concluded that stretching does not reduce
soreness in healthy adults, regardless of whether the stretching is performed before or after the training bout [103].
This finding was supported in a 2018 review that concluded
active cool-down after exercise, including stretching, neither
appeared to increase recovery nor reduce delayed onset muscle soreness, and likely does not reduce the risk of long-term
injury [104]. It also should be noted that resistance training
functions as an active form of flexibility training, with evidence indicating similar increases in range of motion when
compared to performing a static stretching protocol [105].
Thus, with respect to time-efficiency, stretching should not
be prioritized unless an important goal of the training is to
increase mobility.

9 Practical Applications
Gains in muscle mass can be achieved through a wide spectrum of intensities (loadings), but if low loads (> 15 repetitions) are utilized, training should be performed at or close
to muscular failure. This could be particularly relevant in situations where conventional training equipment is not easily
available, such as home-based training. However, heavy load
and low repetitions are more effective for improving maximal strength capacity, and when heavy loads are employed
training to failure appears to be less important. The practical
meaningfulness of the strength-related differences between
conditions remains questionable; for the general population,

the strength gains achieved with low-loads may be sufficient
to carry out required activities of daily living.
Each muscle group should be trained with at least four
sets per week, and preferably more if additional muscle mass
is desired and the necessary additional time can be expended
(≥ 10 sets). Considering that less training is needed to maintain, as opposed to gain, strength and hypertrophy, a feasible
option could be a form of periodization based on available
time, whereby blocks of higher training volume (for increasing strength and hypertrophy) are followed by blocks of
lower volume training (primarily for maintenance).
Regarding rest intervals, untrained individuals can flourish with resting 1–2 min between sets while trained individuals probably require ≥ 2 min to maximize muscular gains.
The shorter rest intervals should be used when performing
exercises for small muscle groups while longer breaks are
advised when performing more demanding exercises such
as heavy multiple multiple-joint exercises with free-weights.
It is noteworthy that weekly training volume appears to
be a more crucial factor than training frequency. While general guidelines recommend training a given muscle group
two to three times per week [1], recent reviews and metaanalyses indicate that training frequency appears to be of
limited importance when weekly training volume is matched
[11]. This is of practical relevance as it allows individuals to
choose a weekly training frequency based on their schedule.
For instance, some people may have time for several short
training sessions spread throughout the week, while others
may need to perform a single weekly training session with
a longer duration. Alternatively, one can choose a strategy
somewhere in between.
While training volume can be quantified in several
ways, we recommend defining it as the number of sets performed (close) to failure provided training is carried out
within a 6–20 repetition range [106]. Utilizing drop-sets,
rest-pause training, and supersets can also be viable methods for increasing training volume and hence stimulating
hypertrophy while minimizing training time. Compared to
training with traditional sets, drop-sets, rest-pause training,
and superset training can induce higher levels of fatigue.
Thus, from a practical standpoint, we advise inexperienced
lifters to opt for exercise machines over free-weights when
performing these advanced time-saving methods with multijoint exercises as this could be safer and less demanding.
Regarding training equipment, time-efficiency arguments can be made for both machines and free-weights.
Machines are arguably more time-efficient for inexperienced lifters as the fixed movement pattern requires fewer
coordination/technique skills—allowing people to focus
on effort more than form, and changing the resistance is
quick and easy. On the other hand, performing different
exercises usually requires shifting between machines,
which in crowded fitness centers can mean waiting for the
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machines to become available. Conversely, free-weights
provide the ability to perform multiple exercises with the
same equipment, which can reduce time spent waiting for
equipment. As they are versatile and the space requirements are relatively low, free-weights are also preferable
when investing in home-gyms. The choice between freeweights and machines ultimately comes down to preference, availability of equipment, training experience, and
training goal; importantly, one does not necessarily have
to choose one modality over the other.
Bodyweight- and elastic band training also provide timeefficient options but establishing the appropriate training
intensity and maintaining progression over time, as well as
achieving high muscle activation in muscles in the lower
body, are more challenging with these modalities. It is, however, possible to modify bodyweight exercises to maintain
progressive overload over time. For instance, Kotarsky et al.
proposed a 10-level progression model for the push-up exercise, starting with wall-push-ups and ending with one-arm
push-ups [57]. Still, progressing from one level to the next
can be challenging, such as from half push-ups (level 4; e.g.,
medicine ball under hips) to regular push-ups (level 5). Thus,
we recommend performing at least some of the training with
free-weights and/or machines and to use bodyweight- and
elastic band training as a supplement (e.g. performing one
weekly session at a gym using conventional equipment and
one home-based session using bodyweight and/or elastic
bands). In periods when conventional equipment is not

available (e.g. during traveling), bodyweight and elastic
band training are viable options. To help quantify the intensity when performing bodyweight- or elastic band training,
we advise using a rating of perceived exertion scale such
as the BORG-CR10 [48], or the repetitions in reserve scale
[107].
When programming strength training for time-efficiency
it appears important to primarily focus on bilateral, multijoint exercises that include the full extent of dynamic
movements (i.e. both eccentric and concentric muscle
actions). We also advise keeping warm-ups restricted to
those that are exercise-specific; stretching should not be
prioritized unless a primary goal of training is to increase
flexibility. A potential solution for people with both
strength- and mobility-oriented goals could be to adopt a
superset approach, where strength- and stretching exercises
of different muscle groups are performed successively in
an alternating manner.
While the focus of this review has primarily focused on
alterations in acute training variables, we emphasize that to
maximize the effects of training over time, programs should
adhere to the principles of specificity and progressive overload [1]. These principles are arguably even more crucial
when designing a time-efficient training program as limited training availability requires optimization of all training variables, including how the program is structured over
time. For a summary of the practical applications, please
see Table 1.

Table 1  Summary of practical applications for time-efficient strength- and hypertrophy programs
How much and heavy should you train?
Perform ≥ 4 weekly set per muscle group
Increase volume when possible (up to 10 + weekly sets), depending on time constraints
Use 6–15 RM load for strength and hypertrophy
Lighter loads (15–40 RM) can be used if training is performed close to failure (very relevant for home-based training)
What should you train?
Perform at least one lower body exercise, and one pulling-, and one pushing exercise for the upper body (preferably bilateral, multi-joint exercises)
E.g. leg press, seated row, and bench press
Use machines and/or free weights based on training goals, availability and personal preference
Elastic bands and bodyweight are viable for home-based training
Time saving training strategies: Drop-sets, rest-pause training and supersets
Roughly halves training time compared to traditional training
Primarily beneficial for hypertrophy
Due to safety concerns, we do not advise these methods for heavy compound, free-weight exercises such as the squat and bench press
Warm-up and stretching
Stretching should only be prioritized if an important goal is to increase mobility as resistance training in itself promotes improvements in this
outcome
General warm-up should not be prioritized when time is of an essence
Specific warm-up can be useful when training with heavy loads (> 80% of 1RM)
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10 Conclusion
In this narrative review, we have provided an overview of
how acute training variables can be manipulated, and how
specific training techniques can be used to optimize the
training response: time ratio. This knowledge is important
for people with limited time for training and for fitness and
health professionals. Those with limited time for training
should aim to train with ≥ 4 weekly sets per muscle group
using a 6–15 RM loading range; if training is performed
to volitional failure, a 15–40 repetitions range can also be
employed. By performing bilateral, multi-joint exercises, all
major muscle-groups can be targeted with as few as three
exercises (i.e. a leg pressing exercise, an upper-body pushing
exercise, and an upper-body pulling exercise: e.g. leg press,
bench press and seated rows). Training can be performed in
one, or several shorter sessions—whatever suits the individual. Additionally, advanced training techniques such as
drop-sets, rest-pause training and supersets can be used to
increase training volume in a more time-efficient fashion.
To further reduce training time, individuals could abstain
from stretching and a general warm-up, and limit the specific
warm-up to the first exercise for each muscle group.
Acknowledgements We thank Adam Virgile for creating the infographic associated with this paper.
Declarations
Funding Open access funding provided by NTNU Norwegian University of Science and Technology (incl St. Olavs Hospital - Trondheim
University Hospital). No external sources of funding were used to assist
in the preparation of this article.
Conflict of interest Vegard M Iversen, Martin Norum, Brad J Schoenfeld and Marius S Fimland declare that they have no conflicts of interest relevant to the content of this review.
Author contributions VMI and MSF were responsible for the original
idea of the manuscript. VMI wrote the first draft. All authors critically
read, revised and approved of the final manuscript.
Ethics approval Ethical approval for publication of this review was not
required. However, the authors declare that the findings of this review
are presented honestly and without any fabrication, falsification, or
inappropriate data manipulation. The findings and recommendations
of the review are not endorsed by the American College of Sports
Medicine.
Data availability statement Data sharing is not applicable to this article
as no datasets were generated or analysed during the current review.
Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated

otherwise in a credit line to the material. If material is not included in
the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References
1. Ratamess NA, Alvar BA, Evetoch TK, Housh TJ, Kibbler WB,
Kraemer WJ, et al. ACSM: Progression models in resistance
training for healthy adults. Med Sci Sport Exer. 2009;41(3):687–
708. https://doi.org/10.1249/MSS.0b013e3181915670.
2. Williams MA, Haskell WL, Ades PA, Amsterdam EA, Bittner V,
Franklin BA, et al. Resistance exercise in individuals with and
without cardiovascular disease: 2007 update: a scientific statement from the American Heart Association Council on Clinical Cardiology and Council on Nutrition, Physical Activity, and
Metabolism. Circulation. 2007;116(5):572–84. https://doi.org/
10.1161/circulationaha.107.185214.
3. WHO guidelines approved by the guidelines review committee.
Global recommendations on physical activity for health. Geneva:
World Health Organization. Copyright (c) World Health Organization 2010.; 2010.
4. Guthold R, Stevens GA, Riley LM, Bull FC. Worldwide trends in
insufficient physical activity from 2001 to 2016: a pooled analysis of 358 population-based surveys with 1·9 million participants.
Lancet Glob Health. 2018;6(10):e1077–86. https://doi.org/10.
1016/S2214-109X(18)30357-7.
5. Thompson WR. Worldwide survey of fitness trends for 2021.
ACSM’s Health Fit J. 2021;25(1):10–9. https://doi.org/10.1249/
fit.0000000000000631.
6. Hurley KS, Flippin KJ, Blom LC, Bolin JE, Hoover DL, Judge
LW. Practices, Perceived benefits, and barriers to resistance
training among women enrolled in college. Int J Exer Sci.
2018;11(5):226–38.
7. Hoare E, Stavreski B, Jennings GL, Kingwell BA. Exploring motivation and barriers to physical activity among active
and inactive australian adults. Sports (Basel, Switzerland).
2017;5(3):47. https://doi.org/10.3390/sports5030047.
8. Garber CE, Blissmer B, Deschenes MR, Franklin BA, Lamonte
MJ, Lee IM, et al. American College of Sports Medicine position stand. Quantity and quality of exercise for developing and
maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults: guidance for prescribing
exercise. Med Sci Sport Exer. 2011;43(7):1334–59. https://doi.
org/10.1249/MSS.0b013e318213fefb.
9. Bird SP, Tarpenning KM, Marino FE. Designing resistance
training programmes to enhance muscular fitness: a review of
the acute programme variables. Sports Med (Auckland, NZ).
2005;35(10):841–51.
10. Ralston GW, Kilgore L, Wyatt FB, Buchan D, Baker JS. Weekly
training frequency effects on strength gain: A meta-analysis. Sports
Med. 2018;4(1):36. https://doi.org/10.1186/s40798-018-0149-9.
11. Schoenfeld BJ, Grgic J, Krieger J. How many times per week
should a muscle be trained to maximize muscle hypertrophy?
A systematic review and meta-analysis of studies examining
the effects of resistance training frequency. J Sports Sci. 2018.
https://doi.org/10.1080/02640414.2018.1555906.
12. Grgic J, Schoenfeld BJ, Davies TB, Lazinica B, Krieger JW,
Pedisic Z. Effect of resistance training frequency on gains in
muscular strength: a systematic review and meta-analysis.
Sports Med. 2018;48(5):1207–20. https://d oi.o rg/1 0.1 007/
s40279-018-0872-x.

V. M. Iversen et al.
13. Kilen A, Hjelvang LB, Dall N, Kruse NL, Nordsborg NB. Adaptations to short, frequent sessions of endurance and strength training are similar to longer, less frequent exercise sessions when the
total volume is the same. J Strength Cond Res. 2015;29(Suppl
11):S46-51. https://doi.org/10.1519/jsc.0000000000001110.
14. Kilen A, Bay J, Bejder J, Breenfeldt Andersen A, Bonne TC, Larsen
PD, et al. Impact of low-volume concurrent strength training distribution on muscular adaptation. J Sci Med Sport. 2020;23(10):999–
1004. https://doi.org/10.1016/j.jsams.2020.03.013.
15. Figueiredo VC, de Salles BF, Trajano GS. Volume for muscle
hypertrophy and health outcomes: The most effective variable in
resistance training. Sports Med (Auckland, NZ). 2018;48(3):499–
505. https://doi.org/10.1007/s40279-017-0793-0.
16. Hass CJ, Garzarella L, de Hoyos D, Pollock ML. Single versus
multiple sets in long-term recreational weightlifters. Med Sci
Sports Exerc. 2000;32(1):235–42.
17. Carpinelli RN, Otto RM. Strength training. Single versus multiple sets. Sports Med (Auckland, NZ). 1998;26(2):73–84. https://
doi.org/10.2165/00007256-199826020-00002.
18. Androulakis-Korakakis P, Fisher JP, Steele J. The minimum
effective training dose required to increase 1RM strength in
resistance-trained men: A systematic review and meta-analysis.
Sport Med (Auckland, NZ). 2020;50(4):751–65. https://doi.org/
10.1007/s40279-019-01236-0.
19. Ronnestad BR, Egeland W, Kvamme NH, Refsnes PE, Kadi F,
Raastad T. Dissimilar effects of one- and three-set strength training on strength and muscle mass gains in upper and lower body
in untrained subjects. J Strength Cond Res. 2007;21(1):157–63.
https://doi.org/10.1519/00124278-200702000-00028.
20. Ralston GW, Kilgore L, Wyatt FB, Dutheil F, Jaekel P, Buchan
DS, et al. Re-examination of 1- vs. 3-sets of resistance exercise
for pre-spaceflight muscle conditioning: a systematic review and
meta-analysis. Front Physiol. 2019;10:864. https://doi.org/10.
3389/fphys.2019.00864.
21. Krieger JW. Single vs. multiple sets of resistance exercise for
muscle hypertrophy: a meta-analysis. J Strength Cond Res.
2010;24(4):1150–9. https://doi.org/10.1519/JSC.0b013e3181
d4d436.
22. Krieger JW. Single versus multiple sets of resistance exercise:
a meta-regression. J Strength Cond Res. 2009;23(6):1890–901.
https://doi.org/10.1519/JSC.0b013e3181b370be.
23. Schoenfeld BJ, Ogborn D, Krieger JW. Dose-response relationship between weekly resistance training volume and increases
in muscle mass: a systematic review and meta-analysis. J Sports
Sci. 2017;35(11):1073–82. https://doi.org/10.1080/02640414.
2016.1210197.
24. La Scala Teixeira CV, Motoyama Y, de Azevedo P, Evangelista
AL, Steele J, Bocalini DS. Effect of resistance training set volume on upper body muscle hypertrophy: are more sets really
better than less? Clin Physiol Funct Imaging. 2018;38(5):727–32.
https://doi.org/10.1111/cpf.12476.
25. Schoenfeld BJ, Grgic J, Ogborn D, Krieger JW. Strength and
hypertrophy adaptations between low- vs. high-load resistance
training: a systematic review and meta-analysis. J Strength Cond
Res. 2017;31(12):3508–23. https://doi.org/10.1519/jsc.00000
00000002200.
26. Lopes CR, Aoki MS, Crisp AH, de Mattos RS, Lins MA, da Mota
GR, et al. The effect of different resistance training load schemes
on strength and body composition in trained men. J Hum Kinet.
2017;58:177–86. https://doi.org/10.1515/hukin-2017-0081.
27. Schoenfeld BJ, Peterson MD, Ogborn D, Contreras B, Sonmez
GT. Effects of low- vs. high-load resistance training on muscle
strength and hypertrophy in well-trained men. J Strength Cond
Res. 2015;29(10):2954–63. https://doi.org/10.1519/JSC.00000
00000000958.

28. Fisher JP, Steele J. Heavier and lighter load resistance training
to momentary failure produce similar increases in strength with
differing degrees of discomfort. Muscle Nerve. 2017;56(4):797–
803. https://doi.org/10.1002/mus.25537.
29. Nóbrega SR, Libardi CA. Is resistance training to muscular failure necessary? Front Physiol. 2016;7:10. https://d oi.o rg/1 0.3 389/
fphys.2016.00010.
30. Rutherford OM, Jones DA. The role of learning and coordination in strength training. Eur J Appl Physiol Occup Physiol.
1986;55(1):100–5.
31. Chilibeck PD, Calder AW, Sale DG, Webber CE. A comparison of strength and muscle mass increases during resistance
training in young women. Eur J Appl Physiol Occup Physiol.
1998;77(1–2):170–5.
32. Paoli A, Gentil P, Moro T, Marcolin G, Bianco A. Resistance
training with single vs. multi-joint exercises at equal total load
volume: effects on body composition, cardiorespiratory fitness,
and muscle strength. Front Physiol. 2017;8:1105. https://d oi.o rg/
10.3389/fphys.2017.01105.
33. Gentil P, Fisher J, Steele J. A review of the acute effects
and long-term adaptations of single- and multi-joint exercises during resistance training. Sports Med (Auckland, NZ).
2017;47(5):843–55. https://d oi.o rg/1 0.1 007/s 40279-0 16-0 627-5.
34. Schoenfeld B, Contreras B. Do single-joint exercises enhance
functional fitness? Strength Cond J. 2012;34(1):63–5. https://
doi.org/10.1519/SSC.0b013e31823e82d7.
35. Schoenfeld BJ, Grgic J, Haun C, Itagaki T, Helms ER. Calculating set-volume for the limb muscles with the performance of
multi-joint exercises: implications for resistance training prescription. Sports. 2019;7(7):177.
36. Carpinelli R. A critical analysis of the strength and conditioning
association`s opinion that free weights are superior to machines
for increasing muscular strength and power. Med Sport Pract.
2017;18:21–39.
37. Haff GG. Roundtable discussion: machines versus free weights.
Strength Cond J. 2000;22(6):18.
38. Kerr ZY, Collins CL, Dawn CR. Epidemiology of weight training-related injuries presenting to united states emergency departments, 1990 to 2007. Am J Sports Med. 2010;38(4):765–71.
https://doi.org/10.1177/0363546509351560.
39. Saeterbakken AH, Fimland MS. Effects of body position and
loading modality on muscle activity and strength in shoulder
presses. J Strength Cond Res. 2013;27(7):1824–31. https://doi.
org/10.1519/JSC.0b013e318276b873.
40. Saeterbakken AH, van den Tillaar R, Fimland MS. A comparison of muscle activity and 1-RM strength of three chest-press
exercises with different stability requirements. J Sports Sci.
2011;29(5):533–8. https://doi.org/10.1080/02640414.2010.
543916.
41. Suchomel TJ, Nimphius S, Bellon CR, Stone MH. The importance of muscular strength: training considerations. Sports Med.
2018;48(4):765–85. https://d oi.o rg/1 0.1 007/s 40279-0 18-0 862-z.
42. Škarabot J, Cronin N, Strojnik V, Avela J. Bilateral deficit in maximal force production. Eur J Appl Physiol. 2016;116(11):2057–
84. https://doi.org/10.1007/s00421-016-3458-z.
43. Costa E, Moreira A, Cavalcanti B, Krinski K, Aoki M. Effect of
unilateral and bilateral resistance exercise on maximal voluntary
strength, total volume of load lifted, and perceptual and metabolic responses. Biol Sport. 2015;32(1):35–40. https://doi.org/
10.5604/20831862.1126326.
44. McCurdy KW, Langford GA, Doscher MW, Wiley LP, Mallard
KG. The effects of short-term unilateral and bilateral lower-body
resistance training on measures of strength and power. J Strength
Cond Res. 2005;19(1):9–15. https://doi.org/10.1519/14173.1.

Time-Efficient Strength and Hypertrophy Training
45. Behm DG, Anderson KG. The role of instability with resistance
training. J Strength Cond Res. 2006;20(3):716–22. https://doi.
org/10.1519/r-18475.1.
46. Bergquist R, Iversen VM, Mork PJ, Fimland MS. Muscle activity
in upper-body single-joint resistance exercises with elastic resistance bands vs. free weights. J Hum Kinet. 2018;61:5–13. https://
doi.org/10.1515/hukin-2017-0137.
47. Aboodarda SJ, Page PA, Behm DG. Muscle activation comparisons between elastic and isoinertial resistance: A meta-analysis.
Clin Biomech (Bristol, Avon). 2016;39:52–61. https://doi.org/
10.1016/j.clinbiomech.2016.09.008.
48. Iversen VM, Mork PJ, Vasseljen O, Bergquist R, Fimland MS.
Multiple-joint exercises using elastic resistance bands vs. conventional resistance-training equipment: a cross-over study. Eur
J Sport Sci. 2017. https://doi.org/10.1080/17461391.2017.13372
29.
49. Calatayud J, Borreani S, Colado JC, Martin F, Tella V, Andersen
LL. Bench press and push-up at comparable levels of muscle
activity results in similar strength gains. J Strength Cond Res.
2015;29(1):246–53.
50. Sundstrup E, Jakobsen MD, Andersen CH, Bandholm T, Thorborg K, Zebis MK, et al. Evaluation of elastic bands for lower
extremity resistance training in adults with and without musculoskeletal pain. Scand J Med Sci Sports. 2014;24:353–9. https://
doi.org/10.1111/sms.12187.
51. Lopes JSS, Machado AF, Micheletti JK, de Almeida AC,
Cavina AP, Pastre CM. Effects of training with elastic resistance versus conventional resistance on muscular strength:
a systematic review and meta-analysis. SAGE Open Med.
2019;7:2050312119831116. https://d oi.o rg/1 0.1 177/2 05031 2119
831116.
52. Colado JC, Garcia-Masso X, Pellicer M, Alakhdar Y, Benavent
J, Cabeza-Ruiz R. A comparison of elastic tubing and isotonic
resistance exercises. Int J Sports Med. 2010;31(11):810–7.
https://doi.org/10.1055/s-0030-1262808.
53. Lubans DR, Sheaman C, Callister R. Exercise adherence and
intervention effects of two school-based resistance training programs for adolescents. Prev Med. 2010;50(1–2):56–62. https://
doi.org/10.1016/j.ypmed.2009.12.003.
54. Klika B, Jordan C. High-intensity circuit training using body
weight: maximum results with minimal investment. ACSM’s
Health Fit J. 2013;17(3):8–13. https://d oi.o rg/1 0.1 249/F
 IT.0 b013
e31828cb1e8.
55. Micielska K, Gmiat A, Zychowska M, Kozlowska M, Walentukiewicz A, Lysak-Radomska A, et al. The beneficial effects of 15
units of high-intensity circuit training in women is modified by
age, baseline insulin resistance and physical capacity. Diabetes
Res Clin Pract. 2019;152:156–65. https://d oi.o rg/1 0.1 016/j.d iabr
es.2019.05.009.
56. Doma K, Deakin GB, Ness KF. Kinematic and electromyographic comparisons between chin-ups and lat-pull down exercises. Sports Biomech. 2013;12(3):302–13. https://doi.org/10.
1080/14763141.2012.760204.
57. Kotarsky CJ, Christensen BK, Miller JS, Hackney KJ. Effect of
progressive calisthenic push-up training on muscle strength and
thickness. J Strength Cond Res. 2018;32(3):651–9. https://doi.
org/10.1519/JSC.0000000000002345.
58. Oranchuk DJ, Storey AG, Nelson AR, Cronin JB. Isometric training and long-term adaptations; effects of muscle length, intensity
and intent: a systematic review. Scand J Med Sci Sports. 2018.
https://doi.org/10.1111/sms.13375.
59. Duchateau J, Enoka RM. Neural control of lengthening contractions. J Exp Biol. 2016;219(Pt 2):197–204. https://doi.org/10.
1242/jeb.123158.
60. Schoenfeld BJ, Ogborn DI, Vigotsky AD, Franchi MV, Krieger
JW. Hypertrophic effects of concentric vs. eccentric muscle

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.
71.

72.

73.

74.

actions: a systematic review and meta-analysis. J Strength Cond
Res. 2017;31(9):2599–608. https://doi.org/10.1519/jsc.00000
00000001983.
Westcott WL, Winett RA, Anderson ES, Wojcik JR, Loud
RL, Cleggett E, et al. Effects of regular and slow speed resistance training on muscle strength. J Sport Med Phys Fit.
2001;41(2):154–8.
Schoenfeld BJ, Ogborn DI, Krieger JW. Effect of repetition duration during resistance training on muscle hypertrophy: a systematic review and meta-analysis. Sports Med (Auckland, NZ).
2015;45(4):577–85. https://d oi.o rg/1 0.1 007/s 40279-0 15-0 304-0.
Hackett DA, Davies TB, Orr R, Kuang K, Halaki M. Effect
of movement velocity during resistance training on musclespecific hypertrophy: a systematic review. Eur J Sport Sci.
2018;18(4):473–82. https://doi.org/10.1080/17461391.2018.
1434563.
Davies TB, Kuang K, Orr R, Halaki M, Hackett D. Effect of
movement velocity during resistance training on dynamic muscular strength: A systematic review and meta-analysis. Sports
Med (Auckland, NZ). 2017;47(8):1603–17. https://doi.org/10.
1007/s40279-017-0676-4.
Gonzalez-Badillo JJ, Rodriguez-Rosell D, Sanchez-Medina
L, Gorostiaga EM, Pareja-Blanco F. Maximal intended velocity training induces greater gains in bench press performance
than deliberately slower half-velocity training. Eur J Sport Sci.
2014;14(8):772–81. https://doi.org/10.1080/17461391.2014.
905987.
Padulo J, Mignogna P, Mignardi S, Tonni F, D’Ottavio S.
Effect of different pushing speeds on bench press. Int J Sports
Med. 2012;33(5):376–80. https://d oi.o rg/1 0.1 055/s-0 031-
1299702.
Grgic J, Schoenfeld BJ, Skrepnik M, Davies TB, Mikulic P.
Effects of rest interval duration in resistance training on measures of muscular strength: a systematic review. Sports Med.
2018;48(1):137–51. https://d oi.o rg/1 0.1 007/s 40279-0 17-0 788-x.
de Souza TP, Jr., Fleck SJ, Simão R, Dubas JP, Pereira B, de Brito
Pacheco EM, , et al. Comparison between constant and decreasing rest intervals: influence on maximal strength and hypertrophy. J Strength Cond Res. 2010;24(7):1843–50. https://doi.org/
10.1519/JSC.0b013e3181ddae4a.
Souza-Junior TP, Willardson JM, Bloomer R, Leite RD, Fleck
SJ, Oliveira PR, et al. Strength and hypertrophy responses to constant and decreasing rest intervals in trained men using creatine
supplementation. J Int Soc Sports Nutr. 2011;8(1):17. https://d oi.
org/10.1186/1550-2783-8-17.
Haff GG, Triplett NT. Essentials of strength training and conditioning. 4th ed. NSCA -National Strength & Conditioning Association; 2016.
Robbins DW, Young WB, Behm DG, Payne WR. Agonist-antagonist paired set resistance training: a brief review. J Strength
Cond Res. 2010;24(10):2873–82. https://doi.org/10.1519/JSC.
0b013e3181f00bfc.
Robbins DW, Young WB, Behm DG, Payne WR. Effects
of agonist-antagonist complex resistance training on
upper body strength and power development. J Sports Sci.
2009;27(14):1617–25. https://d oi.o rg/1 0.1 080/0 26404 1090
3365677.
Antunes L, Bezerra EDS, Sakugawa RL, Dal Pupo J. Effect of
cadence on volume and myoelectric activity during agonistantagonist paired sets (supersets) in the lower body. Sports Biomech. 2018;17(4):502. https://doi.org/10.1080/14763141.2017.
1413130.
Maia MF, Willardson JM, Paz GA, Miranda H. Effects of different rest intervals between antagonist paired sets on repetition performance and muscle activation. J Strength Cond Res.

V. M. Iversen et al.

75.

76.

77.

78.

79.

80.
81.

82.

83.

84.

85.

86.

87.

88.

2014;28(9):2529–35. https://doi.org/10.1519/jsc.0000000000
000451.
Paz GA, Robbins DW, de Oliveira CG, Bottaro M, Miranda H.
Volume load and neuromuscular fatigue during an acute bout
of agonist-antagonist paired-set vs. traditional-set training. J
Strength Cond Res. 2017;31(10):2777–84. https://doi.org/10.
1519/jsc.0000000000001059.
de Freitas MM, Paz GA, Miranda H, Lima V, Bentes CM,
da Silva NJ, et al. Maximal repetition performance, rating of
perceived exertion, and muscle fatigue during paired set training performed with different rest intervals. J Exerc Sci Fit.
2015;13(2):104–10. https://doi.org/10.1016/j.jesf.2015.08.002.
Miranda H, Scudese E, Paz GA, Salerno VP, Vigario PDS, de
Souza J, et al. Acute hormone responses subsequent to agonistantagonist paired set vs. traditional straight set resistance training. J Strength Cond Res. 2018;34(6):1591–9. https://d oi.o rg/1 0.
1519/jsc.0000000000002633.
Weakley JJ, Till K, Read DB, Phibbs PJ, Roe G, Darrall-Jones J,
et al. The effects of superset configuration on kinetic, kinematic,
and perceived exertion in the barbell bench press. J Strength
Cond Res. 2017;34(1):65–72. https://doi.org/10.1519/jsc.00000
00000002179.
Weakley JJS, Till K, Read DB, Roe GAB, Darrall-Jones J, Phibbs
PJ, et al. The effects of traditional, superset, and tri-set resistance training structures on perceived intensity and physiological
responses. Eur J Appl Physiol. 2017;117(9):1877–89. https://d oi.
org/10.1007/s00421-017-3680-3.
Schoenfeld B, Grgic J. Can drop set training enhance muscle
growth? Strength Cond J. 2018;40(6):95–8. https://doi.org/10.
1519/ssc.0000000000000366.
Fink J, Schoenfeld BJ, Kikuchi N, Nakazato K. Effects of drop
set resistance training on acute stress indicators and longterm muscle hypertrophy and strength. J Sport Med Phys Fit.
2018;58(5):597–605. https://doi.org/10.23736/s0022-4707.17.
06838-4.
Ozaki H, Kubota A, Natsume T, Loenneke JP, Abe T, Machida
S, et al. Effects of drop sets with resistance training on increases
in muscle CSA, strength, and endurance: a pilot study. J Sports
Sci. 2018;36(6):691–6. https://doi.org/10.1080/02640414.2017.
1331042.
Angleri V, Ugrinowitsch C, Libardi CA. Crescent pyramid and
drop-set systems do not promote greater strength gains, muscle hypertrophy, and changes on muscle architecture compared
with traditional resistance training in well-trained men. Eur J
Appl Physiol. 2017;117(2):359–69. https://doi.org/10.1007/
s00421-016-3529-1.
Tufano JJ, Brown LE, Haff GG. Theoretical and practical aspects
of different cluster set structures: a systematic review. J Strength
Cond Res. 2017;31(3):848–67. https://d oi.o rg/1 0.1 519/j sc.0 0000
00000001581.
Marshall PW, Robbins DA, Wrightson AW, Siegler JC. Acute
neuromuscular and fatigue responses to the rest-pause method. J
Sci Med Sport/Sports Med Aust. 2012;15(2):153–8. https://doi.
org/10.1016/j.jsams.2011.08.003.
Prestes J, Tibana RA, de Araujo SE, da Cunha ND, de Oliveira
RP, Camarco NF, et al. Strength and muscular adaptations following 6 weeks of rest-pause versus traditional multiple-sets
resistance training in trained subjects. J Strength Cond Res. 2017.
https://doi.org/10.1519/jsc.0000000000001923.
Hakkinen K, Alen M, Kallinen M, Newton RU, Kraemer WJ.
Neuromuscular adaptation during prolonged strength training,
detraining and re-strength-training in middle-aged and elderly
people. Eur J Appl Physiol. 2000;83(1):51–62. https://doi.org/
10.1007/s004210000248.
Ogasawara R, Yasuda T, Ishii N, Abe T. Comparison of muscle hypertrophy following 6-month of continuous and periodic

89.

90.

91.

92.

93.

94.

95.

96.

97.

98.

99.

100.

101.

102.

103.

strength training. Eur J Appl Physiol. 2013;113(4):975–85.
https://doi.org/10.1007/s00421-012-2511-9.
Graves JE, Pollock ML, Leggett SH, Braith RW, Carpenter DM,
Bishop LE. Effect of reduced training frequency on muscular
strength. Int J Sports Med. 1988;9(5):316–9. https://doi.org/10.
1055/s-2007-1025031.
Bickel CS, Cross JM, Bamman MM. Exercise dosing to retain
resistance training adaptations in young and older adults. Med
Sci Sports Exerc. 2011;43(7):1177–87. https://doi.org/10.1249/
MSS.0b013e318207c15d.
Ronnestad BR, Nymark BS, Raastad T. Effects of in-season
strength maintenance training frequency in professional soccer
players. J Strength Cond Res. 2011;25(10):2653–60. https://doi.
org/10.1519/JSC.0b013e31822dcd96.
Tavares LD, de Souza EO, Ugrinowitsch C, Laurentino GC,
Roschel H, Aihara AY, et al. Effects of different strength training frequencies during reduced training period on strength and
muscle cross-sectional area. Eur J Sport Sci. 2017;17(6):665–72.
https://doi.org/10.1080/17461391.2017.1298673.
Barnes MJ, Petterson A, Cochrane DJ. Effects of different warmup modalities on power output during the high pull. J Sports Sci.
2017;35(10):976–81. https://doi.org/10.1080/02640414.2016.
1206665.
Ribeiro AS, Romanzini M, Schoenfeld BJ, Souza MF, Avelar
A, Cyrino ES. Effect of different warm-up procedures on the
performance of resistance training exercises. Percept Mot Skills.
2014;119(1):133–45. https://doi.org/10.2466/25.29.PMS.119c1
7z7.
Stewart D, Macaluso A, De Vito G. The effect of an active warmup on surface EMG and muscle performance in healthy humans.
Eur J Appl Physiol. 2003;89(6):509–13. https://doi.org/10.1007/
s00421-003-0798-2.
Abad CC, Prado ML, Ugrinowitsch C, Tricoli V, Barroso R.
Combination of general and specific warm-ups improves legpress one repetition maximum compared with specific warm-up
in trained individuals. J Strength Cond Res. 2011;25(8):2242–5.
https://doi.org/10.1519/JSC.0b013e3181e8611b.
McCrary JM, Ackermann BJ, Halaki M. A systematic review of
the effects of upper body warm-up on performance and injury.
Br J Sports Med. 2015;49(14):935–42. https://doi.org/10.1136/
bjsports-2014-094228.
McHugh MP, Cosgrave CH. To stretch or not to stretch: the role
of stretching in injury prevention and performance. Scand J Med
Sci Sports. 2010;20(2):169–81. https://doi.org/10.1111/j.1600-
0838.2009.01058.x.
Winchester JB, Nelson AG, Kokkonen J. A single 30-s stretch
is sufficient to inhibit maximal voluntary strength. Res Q Exerc
Sport. 2009;80(2):257–61. https://doi.org/10.1080/02701367.
2009.10599560.
Balle SS, Magnusson SP, McHugh MP. Effects of contract-relax
vs static stretching on stretch-induced strength loss and lengthtension relationship. Scand J Med Sci Sports. 2015;25(6):764–9.
https://doi.org/10.1111/sms.12399.
Barbosa GM, Trajano GS, Dantas GAF, Silva BR, Vieira WHB.
Chronic effects of static and dynamic stretching on hamstrings
eccentric strength and functional performance: a randomized
controlled trial. J Strength Cond Res. 2019;34(7):2031–9. https://
doi.org/10.1519/jsc.0000000000003080.
Chaabene H, Behm DG, Negra Y, Granacher U. Acute effects
of static stretching on muscle strength and power: an attempt to
clarify previous caveats. Front Physiol. 2019. https://doi.org/10.
3389/fphys.2019.01468.
Herbert RD, de Noronha M, Kamper SJ. Stretching to prevent
or reduce muscle soreness after exercise. Cochrane Database
Syst Rev. 2011;7:Cd004577. https://doi.org/10.1002/14651858.
CD004577.pub3.

Time-Efficient Strength and Hypertrophy Training
104. Van Hooren B, Peake JM. Do we need a cool-down after exercise? A narrative review of the psychophysiological effects and
the effects on performance, injuries and the long-term adaptive
response. Sports Med (Auckland, NZ). 2018;48(7):1575–95.
https://doi.org/10.1007/s40279-018-0916-2.
105. Morton SK, Whitehead JR, Brinkert RH, Caine DJ. Resistance
training vs. static stretching: effects on flexibility and strength.
J Strength Cond Res. 2011;25(12):3391–8. https://doi.org/1 0.
1519/JSC.0b013e31821624aa.

106. Baz-Valle E, Fontes-Villalba M, Santos-Concejero J. Total number of sets as a training volume quantification method for muscle
hypertrophy: a systematic review. J Strength Cond Res. 2018.
https://doi.org/10.1519/JSC.0000000000002776.
107. Helms ER, Cronin J, Storey A, Zourdos MC. Application of the
repetitions in reserve-based rating of perceived exertion scale for
resistance training. Strength Cond J. 2016;38(4):42–9. https://
doi.org/10.1519/SSC.0000000000000218.

