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Abstract

Hypertrophy and strength are two common long-term goals of resistance training that are mediated by the manipulation
of numerous variables. One training variable that is often neglected but is essential to consider for achieving strength and
hypertrophy gains is the movement tempo of particular repetitions. Although research has extensively investigated the
effects of different intensities, volumes, and rest intervals on muscle growth, many of the present hypertrophy guidelines do
not account for different movement tempos, likely only applying to volitional movement tempos. Changing the movement
tempo during the eccentric and concentric phases can influence acute exercise variables, which form the basis for chronic
adaptive changes to resistance training. To further elaborate on the already unclear anecdotal evidence of different movement
tempos on muscle hypertrophy and strength development, one must acknowledge that the related scientific research does
not provide equivocal evidence. Furthermore, there has been no assessment of the impact of duration of particular move-
ment phases (eccentric vs. concentric) on chronic adaptations, making it difficult to draw definitive conclusions in terms of
resistance-training recommendations. Therefore, the purpose of this review is to explain how variations in movement tempo
can affect chronic adaptive changes. This article provides an overview of the available scientific data describing the impact
of movement tempo on hypertrophy and strength development with a thorough analysis of changes in duration of particular
phases of movement. Additionally, the review provides movement tempo-specific recommendations as well real training
solutions for strength and conditioning coaches and athletes, depending on their goals.

1 Introduction movement (i.e., increased duration of the repetition) [5].
Conversely, an intentional slow tempo can be purposefully
used when the load is light enough to control and fatigue
does not influence one’s ability to control the velocity of
movement. Therefore, conscious and intentional control of
the movement tempo is only possible to a certain extent [6,
7] during concentric actions where strength is a limiting
factor, but is possible to a greater extent during eccentric
actions where loads even above 100% of 1RM can be regu-
lated to some degree. Regardless of whether the movement
tempo is intentional or unintentional, tempo is often commu-
nicated using a sequence of digits (e.g., 2/0/3/0), where each
digit defines the duration of a particular phase of the move-
ment. According to the recommendations of a recent review
on the topic, four-digit combination should be used, which
describes the eccentric, isometric/transition, concentric, and
isometric/transition phases [8]. For example, 2/0/3/0 denotes
a 2-s eccentric phase, no intentional isometric pause during

Hypertrophy and strength are two common long-term goals
of resistance training, which are mediated by the manipula-
tion of numerous variables including load, volume, exercise
order, exercise selection, and the rest intervals between sets
among others [1-4]. However, one training variable that is
often neglected but is essential to consider for achieving
these goals is the movement tempo of particular repetitions.
Loosely speaking, there are two types of movement tempo
during resistance training: unintentional and intentional. To
elaborate, an unintentionally slow tempo can inadvertently
occur during resistance training whereby a heavy load or the
manifestation of fatigue is primarily responsible for a slower
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In addition to training loads, training volume, and rest
intervals, movement tempo should be controlled and
considered when planning and executing resistance-
training programs.

Neither isolated slow nor fast movement tempos are
more effective for muscle hypertrophy, but it seems that
the most favorable is a combination of slower eccentric
movements, paired with faster concentric movements.

Slower movement tempos require decreased external
load, yet when paired with a greater time under tension,
can create an adequate stimulus to induce hypertrophy
and strength gains.

Faster concentric speeds are often thought to provide

a better stimulus for neural adaptations and greater
strength gains, but increasing the eccentric time under
tension may help promote muscular hypertrophy,
indirectly affecting strength without adversely affecting
neural adaptations.

example, the movement tempo is intentional, as both the
eccentric and concentric phases are performed at a certain
cadence. However, if the digits were 2/0/X/0, the X repre-
sents a voluntary explosive action whereby the actual veloc-
ity and duration of the concentric phase is not controlled
and may be involuntarily extended as fatigue manifests.
Therefore, it is important to understand not only the pre-
scription of different movement tempos, but also how intent
and fatigue can result in different unintentional velocities.
Along these lines, acute changes in movement tempo
affect the number of performed repetitions in a single set
[9], the time under tension (TUT) [10], and the maximum
possible load lifted during a resistance exercise [11-13].
Some studies have demonstrated that the number of pos-
sible repetitions decreases as the total intentional duration
of each repetition increases when using the same load [10,
14]. Considering the relationship between movement tempo,
the number of repetitions, and the TUT, they are not mutu-
ally exclusive, as they all affect each other [15, 16]. Thus,
changing the movement tempo can indirectly cause the train-
ing load to be changed during a single training session, a
training microcycle, or even a training mesocycle [13]. As
a result, previous research has considered different move-
ment tempos, loads, and number of repetitions, showing that
changes in these variables affect physiological responses
such as hormone and blood lactate concentrations [14,
17-19]. Furthermore, it has been suggested that increasing
the duration of a given number of repetitions could increase

the metabolic response during and after resistance training
[19, 20], which is thought to be one of the driving factors
for increasing strength and muscle hypertrophy [21]. Addi-
tionally, it has been postulated that intentionally slowing
down the movement tempo reduces the momentum in a lift,
thereby increasing the muscle activity which could posi-
tively mediate intracellular anabolic signaling, also promot-
ing a greater hypertrophic response [22]. Therefore, it is
critical to understand how changing movement tempo not
only directly affects individual repetitions but also whether
these minor changes can amount to greater chronic strength
and hypertrophy adaptations.

Although a recent review has helped to shed light on
the effects of movement tempo on acute exercise variables,
the direct impact of movement tempo on acute responses
forms the basis for chronic adaptive changes, which were
not addressed in that review [8]. According to the Ameri-
can College of Sports Medicine [23], untrained individuals
should use slow and moderate movement tempos [24-29].
For intermediate training, it is recommended that moderate
tempos should be used [24-29], and for advanced athletes,
a variety of tempos from slow to fast velocities is recom-
mended. Although many would agree with these general
training guidelines, those recommendations did not account
for the duration of particular movement phases (eccentric
vs. concentric), thus making it difficult to draw definitive
conclusions in terms of resistance-training recommenda-
tions. Therefore, the purpose of this review is to explain how
variations in movement tempo can affect chronic strength
and hypertrophy adaptations in response to isotonic (i.e.,
dynamic constant external resistance) resistance training
(Table 1).

2 Literature Search

Google Scholar, MEDLINE, SCOPUS, ADONIS, ERIC,
SPORTDiscus, EBSCOhost, and PubMed databases were
searched for all studies investigating the tempo of movement.
The search was performed using the following keyword
combinations: (‘tempo of movement’ OR ‘velocity of move-
ment” OR ‘repetition duration’ OR ‘speed of movement’” OR
‘time under tension’ OR ‘eccentric duration’ OR ‘concentric
duration’ OR ‘number of repetitions’) AND (‘hypertrophy’
OR ‘muscle mass’ OR ‘strength’ OR ‘resistance exercise’
OR ‘performance’). The present review includes studies that
[1] presented original research data on healthy adult par-
ticipants, [2] precise determination of movement tempo was
used, [3] were published in peer-reviewed journals, [4] were
published in the English language, and [5] used isotonic
resistance exercises during the experimental procedures. The
literature search was conducted in March 2020 and included
articles that were published from 1985 to March 2020.
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3 Influence of Movement Tempo on Muscle
Hypertrophy

It has been well established that regular resistance training
is an effective means to increase skeletal muscle mass, and
findings from previous research suggest that a wide range of
movement tempos can be used during resistance training to
stimulate muscular hypertrophy [22]. Evidence suggests that
intentionally slowing down the movement tempo of a single
repetition increases the TUT and can increase muscle acti-
vation for a given number of repetitions [8, 30]. Hypotheti-
cally, increasing the activity of the muscle combined with
longer TUT could positively mediate intracellular anabolic
signaling, promoting a greater hypertrophic response [22].
However, the anabolic process is a complex phenomenon,
and a change in one variable (e.g., tempo) can directly or
indirectly affect other variables that also play a significant
role in anabolic processes (e.g., load, number of performed
repetitions, TUT, fatigue, etc.) [8]. Thus, increasing the
TUT, combined with other neuromuscular and metabolic
factors, could reduce not only the total number of possi-
ble repetitions, but also the dynamic inertia during a lift.
Subsequently, less dynamic inertia likely requires less force
output during the eccentric—concentric transition and during
the concentric phase [8, 22, 31, 32]. As a result, performing
fewer repetitions with lower force requirements may dimin-
ish any positive effects that increasing individual TUT and
muscular activity may provide. Therefore, skeletal muscle
growth could be positively or negatively affected by chang-
ing the movement tempo, depending on a myriad of other
interrelated factors.

Although research has extensively investigated the effects
of different intensities, volumes, and rest intervals on muscle
growth [1-4], many of the present hypertrophy guidelines
do not account for different movement tempos, likely only
applying to volitional movement tempo. To further elabo-
rate on the already unclear anecdotal evidence of different
movement tempos on muscle hypertrophy, the research on
the topic does not provide equivocal evidence. As previ-
ously mentioned, the ACSM [23] recommends a moderate
or slower tempo of movement for novice- and intermediate-
trained individuals, but a combination of slow, moderate,
and fast tempos for advanced training, depending on the load
and the repetition number [23, 28, 33]. Regarding hyper-
trophy, these guidelines generally concur with one fairly
recent meta-analysis [22] which indicates that similar hyper-
trophic responses occur when the repetition duration ranges
from 0.5 to 8 s, which is a very wide range, whereby acute
exercise stress could largely vary [8]. However, it must be
noted that neither the meta-analysis [22] nor the ACSM [23]
recommendations accounted for the duration of particular
movement phases (eccentric vs. concentric), thus making

it difficult to draw definitive conclusions in terms of resist-
ance-training recommendations. Considering the favorable
hypertrophic effects of traditional eccentric exercise [6, 7,
34-37] compared against the favorable hypertrophic find-
ings of traditional concentric exercise [38, 39] (i.e., normal
dynamic constant external resistance training, not accom-
panied by blood flow restriction, etc.), it is important to
differentiate concentric and eccentric durations during dif-
ferent movement tempos under standard resistance-training
conditions.

To determine the impact of movement tempo with
changes in the duration of both the eccentric and concentric
phases on muscular hypertrophy, Tanimoto and Ishii [18]
compared training programs with medium tempo (MED)
with a light load (3/1/3/0; 50%1RM), fast tempo (FAS) with
a heavy load (1/1/1/0; 80%1RM), and FAS tempo with a
lighter load (1/1/1/0; 50%1RM) [18]. All three protocols
included 3 sets of knee extensions performed to muscular
fatigue with 60-s rest intervals for a period of 12 weeks.
When using the same load (50%1RM), the MED tempo
resulted in significantly greater hypertrophy based on cross-
sectional area (CSA) than the FAS tempo. Since the intensity
and the amount of total work were the same for the MED
and FAS tempos, the slower tempo during MED can be
considered as the primary factor responsible for the greater
hypertrophic effect of the MED tempo. However, when
comparing the effect of training with a MED tempo with
a lighter load (50%1RM) to the FAS tempo with a heavier
load (80%1RM), there was no difference in the hypertrophic
response. Therefore, the study by Tanimoto and Ishii [18]
indicates that slowing down the tempo may compensate for
decreasing the load used when the training goal is hyper-
trophy. However, it should be noted that event if the same
tempo is used, lighter loads can still induce similar hyper-
trophic responses as heavier loads as long as there is suf-
ficient muscle fatigue [2]. Nevertheless, the results of Tani-
moto and Ishii [18] showed that a constant load of 50%1RM
with MED tempo resulted in greater hypertrophy than the
FAS tempo. However, this study compared the effect of a
single resistance exercise, which may not necessarily trans-
late into a whole-body training program. To determine the
effects of movement tempo during a whole-body resistance-
training program (squat, chest press, latissimus dorsi pull-
down, abdominal crunches, and back extensions), Tanimoto
et al. [40] investigated MED (3/0/3/0; 55-60%1RM) and
FAS (1/0/1/1; 80-90%1RM) tempos over 13 weeks using
3 sets of repetitions performed to muscular fatigue and
60-s rest intervals. They showed that despite using a lighter
load with a MED tempo, similar hypertrophic effects were
observed compared to the FAS tempo with a heavier load,
which is consistent with the single-joint individual exercise
results presented previously [18].
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Although the load, or the mechanical stimulus, has been
suggested to be of critical importance for inducing hyper-
trophic adaptations [36, 41, 42], most studies use different
external loads for the faster and slower tempos [18, 25, 40,
43], which results in different mechanical stimuli. Fur-
thermore, the meta-analysis made by Schoenfeld et al. [2]
showed that not only the external load but also the point of
muscle failure during the set is an important factor affect-
ing hypertrophy. Therefore, the results of the two previously
described studies [18, 40] indicate that movement tempo is
an important variable that also plays a significant role in
the anabolic process, and slower movements can be useful
to compensate for any decreases in the load used as long as
the exercises are performed to muscular failure. Although
the data of Tanimoto and Ishii [18] and Tanimoto et al. [40]
indicate that hypertrophy can be similar, or greater, with a
MED movement tempo at 50-60%1RM compared to a FAS
one at (80-90%1RM), not only differences in the load used,
but also the volume of exercise should also be considered.
Exercise volume is most often determined using the load
and the number of repetitions, which can, at times, be overly
simplistic [10, 30, 44].

When calculating training volume using sets*repetitions
with the same load and exercise, a slower movement tempo
decreases the maximum number of repetitions one is able
to perform compared to a faster tempo [8, 9, 14, 45]. Thus,
in these cases, a greater number of performed repetitions in
a faster protocol, and thus volume, is not synonymous with
greater TUT (i.e., the product of the number of repetitions
and the TUT of each repetition). This becomes even more
important to consider when factoring in the load used, as a
single 3/0/3/0 repetition at 40%1RM may not result in the
same stimulus as a 1.5/0/1.5/0 repetition at 80%1RM. In
fact, multiple studies have shown that performing exercises
using a slower tempo consisting of 5- or 6-s eccentric and
concentric phases results in a significantly longer total TUT
compared to a faster movement tempo [10, 14, 30, 46], but
these studies did not consider the load, volume, and TUT
all together. Since heavier loads result in greater motor unit
recruitment and tension is one of the major stimulants of
muscular hypertrophy and changes in muscle architecture
[28], if the TUT is extended, greater hypertrophy adaptations
could be achieved [22, 30]. Therefore, it can be assumed that
the greater [40] or comparable [18] hypertrophy effect after
a MED tempo with lighter load compared to a FAS tempo
with heavier load in the aforementioned studies could have
been partially associated with a greater total TUT.

Although longer TUT seems to play an important role
in the hypertrophic responses, Schuenke et al. [43] reached
partially contradictory findings. Schuenke et al. [43] found
a statistically significant increase in total mean fiber area
(CSA) after training (6—10RM; 3 sets; repetitions performed
to muscular fatigue; 2-min rest interval; exercises: squat, leg

press, leg extension; 2-3 times per week; 6 weeks) with a
FAS (2/0/1/0; 80-85%1RM) when compared to slow (SLO)
(4/0/10/0; 40-60%1RM) movement tempo (38.8% vs 10.6%;
ES=1.54 vs 0.65, respectively). The result of this study is
contrary to others who suggest that a longer TUT may be
beneficial for inducing muscle hypertrophy [30, 47]. How-
ever, according to Schoenfeld [48], hypertrophy occurs
preferentially when the duration of the eccentric phase is
increased; while in the study of Schuenke et al. [43], the
duration of the concentric contraction was significantly
extended.

It should be noted that limited evidence suggests that
training at volitionally very slow durations (10 s per repeti-
tion) is superior or inferior from a hypertrophy standpoint,
although a lack of controlled studies on the topic makes it
difficult to draw definitive conclusions. One train of thought
is that extremely slow tempos require lighter loads whereby
the athlete can voluntarily control the tempo, which may be
suboptimal for maximizing gains in muscle hypertrophy pre-
sumably as a result of inadequate motor unit recruitment and
stimulation [22]. Furthermore, consideration should be given
to determining not only the TUT for the entire movement
but also independently for particular phases of the move-
ment: TUT concentric (TUT-C) and TUT eccentric (TUT-
E). Specifically, a slower eccentric movement increases the
TUT-E, the level of metabolic stress, the hormonal responses
[14, 46], and muscle fiber damage and protein degradation
[49-51], inducing a stronger anabolic signal with the muscle
and connective tissue. In contrast to a slower eccentric con-
traction, it seems beneficial to use faster concentric contrac-
tions for muscle hypertrophy by increasing muscle activation
[52] and the rate of fatigue [53], which is more effective for
stimulating the highest threshold motor units associated with
type II fibers [43]. Folland and Williams [54] have suggested
that these muscle fibers have a greater potential for muscle
growth, even though this suggestion remains controversial
[2, 55, 56]. This leads to the conclusion that not only is
the TUT of the entire movement important to consider, but
the relationship between the duration of the eccentric and
concentric phases could also impact hypertrophy responses
following resistance exercise.

Only one study compared resistance training using two
conditions that were matched for total TUT (6/0/2/0 vs.
2/0/6/0), but with each condition including different TUT-C
and TUT-E (9 weeks; 6-8RM repetitions performed to mus-
cular fatigue; 2.5-min rest interval; lower body exercise:
bilateral incline leg press, parallel squat, bilateral leg exten-
sion and leg extension; upper body exercise: bench press
and one of three—bilateral bicep curl, lateral pull-down or
seated row) [57]. The muscle biopsy analyses demonstrated
that both type I and IIA vastus lateralis fiber areas signifi-
cantly increased following the slower concentric contraction,
while only type I fiber area increased following the slower
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eccentric contraction, but differences between groups were
not significant. However, in a study by Gillies et al. [57], a
simultaneous change in the duration of both the eccentric
and concentric phases was induced. Under such conditions,
it was impossible to accurately determine whether the ben-
eficial effects of hypertrophy occurred as a result of changes
in only the concentric duration, only the eccentric duration,
or a combination of changes in both phases of movement.

The effects of extending only the duration of the con-
centric contraction on muscle hypertrophy were examined
by Nogueira et al. [58] who showed that faster concentric
contractions (3/0/1/0) resulted in greater muscle hyper-
trophy (CSA) compared to slower concentric contractions
(3/0/3/0), but only in the biceps brachii, as there was no
such effect in the rectus femoris (10 weeks; 20 training ses-
sions; load: 40%1RM for the first two sessions, 50%1RM
for the third and fourth sessions, and 60%1RM for the
subsequent sessions; 8—10 repetitions; 90-s rest inter-
val; exercise: horizontal leg press, knee extension, knee
flexion, chest press, seated row, elbow extension, elbow
flexion). The lack of hypertrophic benefits by extending
the duration of the concentric phase has also been demon-
strated in a study by Keeler et al. [25], where the authors
compared resistance training (1 set; 8—12 repetitions to
muscular fatigue; 60-90-s rest interval; exercises: leg
press, leg curl, leg extension, anterior lateral pull-down,
bench press, seated row, biceps curl, triceps extension)
with a 5/0/10/0 tempo with 50%1RM, to 4/0/2/0 tempo
performed at 80%1RM. However, their assessments were
made in relation to fat-free mass (FFM), and although FFM
measures provide a general estimate of hypertrophic gains
over the course of a resistance-training program, they lack
the sensitivity to evaluate subtle changes in muscle mass
[59]. Compared to lengthening the concentric phase, a
contrary effect was observed when the eccentric duration
was extended in the study of Pereira et al. [60], where the
participants performed 2 training sessions per week of the
arm curl exercise, for 12 weeks with MED (4/0/1/0) or FAS
(1/0/1/0) movement tempo. During each training session, 3
sets of 8RM were performed to muscular fatigue. The CSA
in the biceps brachii was greater after training with the
slower eccentric tempo compared to the faster one, which
suggested that the extension of only the eccentric phase can
be beneficial in the development of hypertrophy. However,
more research should isolate the effects of eccentric dura-
tions to determine that these findings hold true in other
exercises, populations, and eccentric durations.

Although this review focuses on the effects of differ-
ent tempos during training, it is important to not overlook
the fact that the 1RM procedures for the studies discussed
above used volitional movement tempos. In fact, research
has shown that slower tempos decrease the load lifted dur-
ing 1RM tests when compared to faster tempos [11-13],

meaning that if the same load is used during different
tempos during training (based on a volitional tempo 1RM
test), the intensity of the effort will not be the same and
slower tempos increase the intensity of effort for a given
load. Thus, the movement tempo used during training also
impacts the rating of perceived exertion (RPE). Diniz et al.
[61] demonstrated that strength training protocols matched
for the number of sets and repetitions, load, and rest inter-
val (3 sets; 6 repetitions; 60%1RM; 3-min rest intervals)
but with different tempos (4/0/2/0, 2/0/2/0, V/0/V/0) (V
represents volitional tempo of movement) produced dif-
ferent responses in RPE. Resistance training with a tempo
of 4/0/2/0 yielded greater RPE compared to 2/0/2/0 and
V/I0/V/0. Tt is likely that due to the constrictive nature of
muscle contractions, the physiological effect of slower
movement tempo during resistance exercise can be simi-
lar to what occurs during resistance exercise with external
occlusion in which the manipulation of blood flow restric-
tion results in greater ratings of perceived exertion [62, 63].
Therefore, researchers and practitioners should consider
how the tempo of the 1RM test can affect the subsequent
program choices, as the principle of (testing) specificity
reigns supreme when considering one’s relative maximum
compared to their maximal performance abilities.

Another factor to consider when interpreting research is
how changes in muscle tissue are assessed. Some authors
assess regional specific hypertrophy and changes in fiber-
type distribution via muscle biopsy [43, 64], while oth-
ers have assessed changes in muscle CSA or thickness
by either MRI or ultrasound [18, 40, 65]. Additionally,
some studies indirectly assess site-specific changes in mus-
cle growth and employ measures of overall fat-free mass
(FFM) (i.e., DXA and densitometry) [25, 29, 66]. Although
FFM measures provide a general estimate of hypertrophic
gains over the course of a resistance-training program, they
lack the sensitivity to assess subtle changes in muscle tis-
sue [59]. In addition to skeletal muscle, FFM also includes
such components as body fluids, bone, collagen, and other
non-fatty tissues. Thus, it cannot be concluded that changes
in FFM are specific to muscle hypertrophy.

Considering the data discussed throughout this section,
movement tempo should be taken into consideration when
planning and executing resistance-training programs to
increase hypertrophy. Specifically, the results of studies
indicate that neither isolated slow nor isolated fast move-
ment tempos are effective for muscle hypertrophy, but it
seems that the most favorable is a combination of slower
movement in the eccentric phase with a faster movement
during the concentric phase. However, the optimal use of
variable movement tempos to increase muscle hypertrophy
cannot be analyzed independently of other training vari-
ables (especially load, number of repetitions, TUT, etc.).
Using a slower tempo during resistance exercises requires
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decreasing the external load compared to using a faster
tempo [10—12], but can simultaneously increase the TUT
during particular sets [3], possibly providing an adequate
stimulus to induce hypertrophy [18, 40, 67], especially if
the exercise is performed to muscle failure [2]. Therefore,
if low-load resistance training is not carried out to muscu-
lar failure, high-load training appears to provide a superior
hypertrophic stimulus, and thus greater growth of all mus-
cle fibers [2]. However, exercise carried out to concentric
failure with a longer TUT but a lighter load can be more
effective in the development of hypertrophy than heavier
loads with shorter TUT [40].

4 Influence of Movement Tempo
on Maximal Strength

Among other variables, movement tempo is an acute resist-
ance-training variable that can be manipulated to poten-
tially optimize maximal strength development. Strength
improvements following resistance training tend to be
most pronounced when the method of assessment is spe-
cific to the type of muscle action mode used in training
[67], when heavier loads are used during training [68], and
when the test is specific to the muscle actions trained [2,
69-72]. Compared to changes in muscle size, changes in
strength appear to be largely dependent on the principle
of specificity [71, 73]. For example, although one study
showed that low-load (30%1RM) and high-load (80%1RM)
resistance training resulted in similar changes in muscle
growth, the heavier load resulted in greater changes in iso-
tonic strength [55]. However, although the load used dur-
ing training seems to affect strength adaptations, it is still
exactly how faster or slower movement tempos influence
strength gains. The possible advantages of faster tempos
on strength were mentioned in a meta-analysis by Davies
et al. [74], but the differences between strength gains fol-
lowing faster and slower tempos were not statistically sig-
nificant. However, this meta-analysis, only compared fast
or explosive movements to slower ones, and did not allow
for accurate comparison between the concentric or eccen-
tric phases of movement as well as between MED, SLO, or
extremely slow (ESLO) tempos. Furthermore, the effects
of movement tempo on strength, due to variations in the
duration of the eccentric and concentric phases evaluated
together may not give precise information about the impact
of particular phases of movement (eccentric or concentric)
on strength gains. Under such conditions, it is impossible
to determine whether the potential benefits of varied tempo
result from the changes in the duration of the eccentric or
concentric contractions. Therefore, there is a need for a
more accurate analysis of the impact of movement tempo
on muscular strength.

Most of the research investigating the impact of different
movement tempos on strength gains compared simultane-
ous changes in the duration of eccentric and concentric
contractions, and most often in the range of 2-3-s varia-
tions [18, 19, 27, 28, 57, 75-77]. Although the duration of
changes within 2-3 s is relatively small, it is particularly
significant because even such differences may affect acute
changes in the results of the 1RM test [12, 13], maximal
number of repetitions performed [9, 10, 14], total TUT
[10], and consequently, strength gains. Among the studies
that compared the impact of movement tempo with 2-3-s
changes of duration of particular phases, only one study by
Munn et al. [28] showed that strength gains were greater
after training (7 weeks, 1 set, 6—8RM performed to muscu-
lar fatigue, biceps curl; 2-min rest interval) with a 1/0/1/0
tempo compared to 2/0/2/0. However, during this study,
single-joint resistance exercises were compared, and the
strength increases were close to 2 kg, which is not prac-
tically relevant especially for experienced athletes. The
remaining studies comparing the impact of simultaneous
changes in duration (2-3 s) of the eccentric and concentric
phases of movement did not show significant differences in
strength gains between particular movement tempos [18,
19, 27, 28, 57, 75-77].

The lack of differences concerned trained and untrained
subjects, training programs ranging from 3 to 13 weeks,
and programs that consisted of single resistance exercises
as well whole-body training programs. This led to the con-
clusion that relatively small changes in movement tempo do
not affect strength gains. Furthermore, no significant differ-
ences in strength gains were observed despite some of these
studies showing greater hypertrophy responses for MED
compared to FAS tempos [19, 77]. However, it should be
noted that all of these training programs contained a fairly
high number of performed repetitions per set (from 6 to the
maximal number of possible repetitions until failure) as well
as load in the range from 30%1RM to 80%1RM, which does
not necessarily represent optimal resistance-training prac-
tices for improving maximal dynamic strength [23, 78].

As most strength and conditioning professionals consider
low-volume, heavy-load protocols to be ideal for developing
maximal dynamic strength, it is again important to consider
that such recommendations are primarily based on voli-
tional movement tempos. As anecdotal evidence suggests
that increasing the TUT can increase maximal strength,
some researchers have investigated the effects of slow mus-
cle actions and their effect on muscular strength. To begin,
Schuenke et al. [43] did not show differences in strength
gains after six weeks of resistance training (6—10RM per-
formed to muscular fatigue; 3 sets; 2-min rest interval;
exercises: squat, leg press, leg extension; 2—3 times per
week; 6 weeks) with FAS (2/0/1/0 at 80-85%1RM) and
SLO tempos (4/0/10/0 at 40-60%1RM). Similarly, a lack
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of significant differences in strength gains was observed by
Neils et al. [29] who compared resistance training (1 set;
6-8 repetitions; exercise: bench press, biceps curl, triceps
extension, leg extensions, leg curl, squat, upper right) with
a MED movement tempo (4/0/2/0 at 80%1RM) to an ESL
one (5/0/10/0 at 50%1RM). Both studies showed that large
increases in the duration of movement tempo (9 s) did not
impact strength gains. Surprisingly, the studies of Keeler
et al. [25] and Neils et al. [29] used the same movement
tempos, but reached contradictory results. Keeler et al. [25]
showed that 10 weeks of resistance training (1 set, 8—12 rep-
etitions performed to muscular fatigue; 60-90-s rest interval;
exercises: leg press, leg curl, leg extension, anterior lateral
pull-down, bench press, seated row, biceps curl, triceps
extension) with a MED tempo (4/0/2/0) was more effective
at improving strength compared to an ESL tempo (5/0/10/0).
However, greater strength gains for ESL compared to MED
movement tempo in the study of Keeler et al. [25] were not
observed in each exercise. Therefore, the impact of move-
ment tempo on strength may be related to the type of exer-
cise used. Furthermore, untrained females were included in
the study of Keeler et al. [25], while Neils et al. [29] used
a mixed group of men and women with 3 months of resist-
ance-training experience. The differences in both sex and
training experience may have caused the conflicting results
between the studies of Keeler et al. [25] and Neils et al. [29].
Additionally, the exercise protocols included differences not
only in movement tempo, but also in the load used, which
limits the possibility of assessing only the impact of move-
ment tempo on muscular strength. Previous studies indicate
that heavier loads (80—-100%1RM) used during resistance
training result in superior strength gains when compared
to lower loads [24, 40]. Therefore, the differences not only
in the tempo of movement but also in the load used can
significantly affect the level of strength gains. Furthermore,
the superior strength gains with the MED tempo compared
to ESL in the study of Keeler et al. [25] occurred despite
a significantly greater total TUT, especially the concentric
TUT (~ 150 vs 60 s) in the group training with the ESL
tempo, in each exercise and in all training sessions. How-
ever, it should be noted that ~ 150 s of resistance effort for
a set is not optimal for strength gains, but may be prefer-
able when developing strength endurance. For maximum
strength gains, the ACSM [23] recommends that novice to
intermediate individuals should use loads corresponding to
60-70%1RM for 8-12 repetitions (which translates to a total
TUT of 24-60 s per set), for advanced individuals loads
of 80-100%1RM for 1-6 repetitions (which translates to a
total TUT of 3-25 s per set) to maximize muscular strength
[23, 79-86]. This recommendation was not met in the study
of Keeler et al. [25] in the group that used the ESL move-
ment tempo, but was far surpassed (8—12 repetitions; tempo
5/0/10/0; TUT 120-180 s per set; 50%1RM).

Furthermore, much like the hypertrophy section of this
review, the discrepancy in results of studies evaluating
the impact of movement tempo on strength can be related
to the fact that most of them consider simultaneous vari-
ations in the duration of both, the concentric and eccen-
tric phases of movement. Under such circumstances, it
is impossible to determine whether the potential strength
gains occur as a result of changes in the duration of the
eccentric or concentric phases of movement. Only four
previous studies have compared the effects of changes in
duration of only one phase of the movement on strength
gains. Three of them compared the effect of changes in
duration of the concentric contraction [31, 58, 87] and
only one with changes in duration of the eccentric phase
[60]. A study by Nogueira et al. [58] showed compara-
ble strength gains after resistance training (10 weeks;
20 training sessions; load: 40%1RM for the first two
sessions, 50%1RM for the third and fourth sessions,
and 60%1RM for the subsequent sessions; 8—10 repeti-
tions; 90-s rest interval; exercise: horizontal leg press,
knee extension, knee flexion, chest press, seated row,
elbow extension, elbow flexion) with faster and slower
concentric tempos (3/0/1/0 vs. 3/0/3/0). Similar results
were presented by Fielding et al. [8§7] who compared 2
training protocols (16 weeks, 3 sets, 8 reps; exercise: leg
press, leg extension) with a 2/1/X/0 and 2/1/2/0 move-
ment tempo (X represents maximum possible movement
speed). However, in both of these studies, there were
relatively small changes in the duration of concentric
contractions which may not be sufficient to induce the
differences in strength gains. The comparison of the
impact of longer difference in the duration of concentric
contractions was made by Westcott et al. [31] and it was
shown that the slower concentric movement resulted in
a greater increase in strength after 8—10 weeks of resist-
ance training (1 set; exercise: leg extension, leg curl,
leg press, neck flexion, neck extension, pullover, chest
press, chest cross, lateral raise, bicep curl, triceps exten-
sion, abdominal crunch, low back) compared to the faster
concentric movement (4—6 rep; 4/0/10/0 vs. 8—12 rep;
4/0/2/1). This result suggested that to induce significant
strength gains between particular tempos, the differences
in the duration of concentric contractions should be rela-
tively high. However, it should be noted that in the study
of Westcott et al. [31], increases in strength after resist-
ance training with slower movement tempo were higher
only by 3-4 kg, which may not be practically relevant,
especially for experienced athletes. Further, from a prac-
tical point of view, the use of slower concentric move-
ment and heavy external load (optimal for strength gains)
seems impossible to implement especially in the training
of advanced athletes and multi-joint exercises such as the
squat. This is especially important when using high loads
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(90-100% of volitional 1RM), during which it is impos-
sible to control and intentionally slow down the velocity
during the concentric phase of movement. In addition,
it should also be taken into account that increasing the
duration of the repetitions also extends the duration of
the training session. Considering the fact that most peo-
ple who train consider the lack of time as a significant
obstacle to training, the longer training duration may be
unwarranted in certain situations [88].

Currently, only one previous study assessed the impact
of changes in only the eccentric phase of movement
during resistance exercise on strength gains [60]. This
study showed that training (12 weeks, 2 times a week; 3
sets of 8 repetitions maximum, Scott curl exercise) with
slower eccentric movement (4/0/1/0) was more effective
at improving strength gains when compared to faster
eccentric movement (1/0/1/0) [60]. The result of that
study suggests that slower eccentric contractions with
a simultaneous short duration of the concentric move-
ment may be optimal for the development of muscular
strength. The greater strength gains after training with
slower eccentric contractions observed by Pereira et al.
[60] can be related to prolonging TUT-E during each
set [14]. The longer TUT-E increases metabolic stress
and hormonal responses and muscle tension, which are
thought to be important factors implicated in the promo-
tion of muscular hypertrophy [30, 89], which can indi-
rectly effect strength gains. Although increasing skeletal
muscle size can serve as the basis for subsequent strength
development, the study by Dankel et al. [72] showed that
muscle hypertrophy did not contribute to the increase in
strength and supports the notion that changes in strength
are driven largely through the principle of specificity and
neural adaptations. Further Mattocks et al. [71] showed
that practicing the 1RM during training (i.e., high-load,
low-volume training) increases strength to a similar
degree as performing high-volume training whereby the
high-volume training resulted in greater hypertrophy,
while no changes were observed after the low-volume
IRM training. Furthermore, the strength improvement
can by related to increases in muscle tension and altered
fiber recruitment during longer eccentric duration of
a resistance exercise [90]. Simultaneously the longer
eccentric duration may actually limit the magnitude of
eccentric force production, limiting the power output
during the concentric contraction [31, 32], and decreas-
ing the maximal load lifted [10-13] which could poten-
tially limit the strength stimulus. Furthermore, the study
by Pereira et al. [60] evaluated the effect of changing
the duration of the eccentric contraction using only one
single-joint exercise, which does not necessarily trans-
late into multiple-joint exercises such as the squat or
bench press. Therefore, the impact of manipulating the

duration of only the eccentric contraction on strength
gains requires further research.

Although interesting and scientifically sound studies
have been done on the topic of movement tempo and
changes in maximal strength, the current body of litera-
ture does not clearly indicate which tempo of movement
is most effective for developing muscular strength. How-
ever, considering that to maximize muscular strength,
loads of 80-100% of volitional 1RM are recommended,
the concentric movement tempo not only depends on the
athlete’s intent but mostly on the external load used. With
greater loads decreasing maximal velocity in the concen-
tric phase [91], the use of heavy loads over 85%1RM will
necessitate a near-maximal or maximal effort to concen-
trically move the load, yet the actual concentric velocity
of the lift will be relatively slow. Therefore, it seems that
to maximize muscular strength, controlled slower move-
ment tempos should be used only in the eccentric phase,
which is possible even when the external load is more
than 100%1RM [6, 7].

Faster resistance training is thought to provide a bet-
ter stimulus for neural adaptations that lead to greater
strength gains. On the other hand, some studies have
demonstrated increased muscle activation with slower
eccentric actions [30, 90], while others have shown the
opposite, favoring faster eccentric actions (<3 s) or no
difference between the two phases of movement [90, 92,
93]. When looking beyond EMG studies to dynamic task-
specific outcomes, the literature has shown that inten-
tionally lengthening the eccentric duration may result
in suboptimal strength adaptations when compared with
faster eccentric actions [6, 7]. However, the increase in
TUT-E by extending the duration of the eccentric con-
traction is thought to be an important factor for promot-
ing muscular hypertrophy [30, 89] and indirectly affect-
ing strength. Furthermore, in all of the aforementioned
studies, the subjects that took part in the research had
no experience in resistance training. Thus, the initial
increase in strength is thought to be primarily from neu-
ral adaptations followed by larger contributions from
muscle hypertrophy after the first few weeks of training
[94]. In fact, Loenneke et al. [95] observed, using within
subject correlational analysis, that changes in muscle size
can explain up to 35% of the variance in muscle strength
following an eight-week resistance-training program,
which means that these results do not translate to athletes
or people advanced in resistance training. Therefore, the
impact of movement tempo on strength gains requires
further studies, especially on athletes with heavy training
loads, low number of repetitions, as well as short TUT.
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Table 2 Classification of scope of duration in particular movement
phases for single contraction

Table 4 The impact of different movement tempo on total time under
tension

Duration of a single Description Abbreviation

contraction for contrac-
tion

X-maximal speed Explosive contraction EX

1-29s Fast contraction F

3-59s Medium contraction M

6-99s Slow contraction S

10 s and above Extremely slow contraction ES

5 Conclusions

The results presented in this review indicate that changing
the tempo of movement during resistance training may have
an impact on the level of muscle hypertrophy and strength,
however the results are not conclusive. The differences in
the size of the muscles examined, the structure of the train-
ing programs, and the experimental approach used may all
partially explain the discrepancy in results between the faster
and slower tempos. Considering the data discussed through-
out this review, movement tempo should be taken into con-
sideration when planning and executing resistance-training
programs to increase hypertrophy and strength. The results
of studies indicate that neither isolated slow nor isolated
fast movement tempos are more or less effective for muscle
hypertrophy, but it seems that the most favorable is a com-
bination of slower movement in the eccentric phase with a
faster movement during the concentric phase. To increase
strength, it is not clear whether any specific tempo is more

Exercise Sets (n) Reps (n) Movement tempo
M/F S/F
3/0/2/0 8/0/2/0
TUT for  TUT for
exercise  exercise
(s) (s)

Barbell squat 5 3 75 150

Barbell dead lift 4 3 60 120

One-leg barbell squat 4 6 120 240

Lying leg curls 4 6 120 240

Dumbbell lunges 2 8 80 160

Training time under tension 455 910

These examples show how the tempo of movement impacts training
volume

F fast contraction, M medium contraction, S slow contraction, ES
extremely slow contraction, tempo of movement (3/0/2/0) eccentric/
isometric/concentric/isometric phase of each repetition

effective than another. However, faster resistance training is
thought to provide a better stimulus for neural adaptations,
which could lead to greater strength gains. Lastly, it should
be noted that there is a need for additional tempo-related
investigation over longer training periods. Specifically,
research should analyze the effects of changing individual
phases (concentric or eccentric) of the movements. In doing
s0, it would be possible to better identify the importance of
extending, or reducing, the eccentric or concentric phases.

Table 3 Optimal time under
tension for specific training
goals

Training goal

Number of
repetitions (1)

Preferred duration in contraction
(eccentric/concentric)

Optimal time under
tension for set (s)

Strength 1-5

Strength and hypertrophy 5-8

Hypertrophy

8-12

2-20 Fast/fast (F/F)
Fast/explosive (F/EX)
Medium/fast (M/F)

Medium/explosive (M/EX)

Fast/fast (F/F)
Fast/explosive (F/EX)
Medium/fast (M/F)
Medium/medium (M/M)
Slow/fast (S/F)
Slow/medium (S/M)

Fast/fast (F/F)

Fast/explosive (F/EX)

Medium/fast (M/F)
Medium/medium (M/M)

Slow/fast (S/F)

Slow/medium (S/M)

Extreme slow/fast (ES/F)

Extreme slow/medium (ES/M)
Extreme slow/slow (ES/S)

Extreme slow/extreme slow (ES/ES)

20-40

40-70
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Table 5 The real 13-week

o Set(n) Rep (n) Load (kg) %IRM (%) Tempo Volume TUT TUT-E TUT-C
strength training program of

the bench press exercise with (rep X set)

different movement tempos of a Session 1

Eﬁfg;‘;ﬁj‘l powerlifter (World g, o press 6 6 140 61 20/VI0 36 108 72 ~36
Training volume 36 108 72 ~36
Session 2
Bench Press 4 6 150 65 2/0/VI0 24 ~72 48 ~24
Bench Press 1 5 150 65 2/0/VI0 5 ~15 10 ~5
Training volume 31 ~87 58 ~29
Session 3
Bench Press 6 6 140 65 6/0/2/0 36 288 216 72
Training volume 36 288 216 72
Session 4
Bench Press 1 6 150 65 2/0/VI0 6 ~18 12 ~6
Bench Press 3 6 160 70 2/0/vI0 18 ~54 36 ~18
Bench Press 2 5 140 70 6/0/2/0 10 80 60 20
Training volume 34 ~152 108 ~44
Session 5
Bench Press 3 6 160 70 2/0/2/0 18 72 36 36
Bench Press 3 4 160 70 5/0/5/0 12 120 60 60
Training volume 30 192 96 96
Session 6
Bench Press 3 6 160 70 3/0/2/0 18 108 54 36
Training volume 18 108 54 36
Session 7
Bench Press 3 5 170 74 2/0/v/I0 15 ~45 30 ~15
Bench Press 2 4 170 74 2/0/vVI0 8 ~24 16 ~8
Training volume 23 ~69 46 ~23
Session 8
Bench Press 6 6 160 70 4/0/X/0 36 ~162 144 ~18
Training volume 36 ~162 144 ~18
Session 9
Bench Press 1 6 160 70 2/0/VI0 6 ~18 12 ~6
Bench Press 1 5 170 74 2/0/vVI0 5 ~15 10 ~5
Bench Press 1 4 180 78 2/0/VI0 4 ~12 8 ~4
Bench Press 1 6 160 70 3/0/X/0 6 ~21 18 ~3
Bench Press 1 5 170 74 3/0/X/0 5 ~18 15 ~3
Bench Press 1 4 180 78 3/0/X/0 4 ~14 12 ~2
Training volume 30 ~98 75 ~23
Session 10
Bench Press 6 4 160 70 2/3/2/0 24 168 48 48
Training volume 24 168 48 48
Session 11
Bench Press 2 6 160 70 Vi/vio 12 ~36  ~12 ~12
Training volume 12 ~36 ~12 ~12
Session 12
Bench Press 4 6 170 74 2/0/VI0 24 ~72 48 ~24
Bench Press 2 5 170 74 2/0/vI0 10 ~30 20 ~10
Training volume 34 ~102 68 ~34
Session 13
Bench Press 2 5 170 74 2/0/X/0 10 ~25 20 ~5

Bench Press 2 5 180 78 2/0/X/0 10 ~25 20 ~5
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Table 5 (continued)

Set(n) Rep (n) Load (kg) %IRM (%) Tempo Volume TUT TUT-E TUT-C
(rep X set)

Bench Press 2 5 170 74 3/0/vi0 10 ~40 30 ~10
Bench Press 2 4 180 78 3/0/viI0 8 ~32 24 ~8
Training volume 38 ~122 94 ~28
Session 14
Bench Press 4 4 150 65 512/5/0 16 192 80 80
Training volume 16 192 80 80
Session 15
Bench Press 4 5 180 78 VIO/VIO 20 ~40  ~20 ~20
Training volume 20 ~40  ~20 ~20
Session 16
Bench Press 6 4 180 78 VIOIVIO 24 ~48  ~24 ~24
Training volume 24 ~48  ~24 ~24
Session 17
Bench Press 6 5 180 78 2/0/2/0 30 120 60 60
Training volume 30 120 60 60
Session 18
Bench Press 6 6 180 78 4/0/2/0 36 216 144 72
Training volume 36 216 144 72
Session 19
Bench Press 4 4 190 83 VIO/VIO 16 ~32  ~16 ~16
Training volume 16 ~32  ~16 ~16
Session 20
Bench Press 4 4 150 65 5/2/5/1 16 208 90 90
Training volume 16 208 90 90
Session 21
Bench Press 3 5 190 83 VIO/VIO 15 ~30 ~15 ~15
Bench Press 1 4 190 83 VIO/IX/I0 4 ~6 ~4 ~2
Training volume 19 ~36 ~19 ~17
Session 22
Bench Press 4 3 200 87 VIOIvVIo 12 ~24  ~12 ~12
Training volume 12 ~24 ~12 ~12
Session 23
Bench Press 2 4 140 61 2/2/vI0 8 ~40 16 ~8
Bench Press 2 3 160 70 2/2/VI0 6 ~30 12 ~6
Bench Press 1 1 180 78 2/2/vI0 1 ~5 2 ~1
Bench Press 1 1 200 87 2/2/vI0 1 ~5 2 1
Training volume 16 ~80 32 ~16
Session 24
Bench Press 1 2 190 83 VIOIVIO 2 ~4 ~1 ~1
Bench Press 2 2 200 87 VIOIvVIO 4 ~8 ~4 ~4
Bench Press 2 2 210 91 VIOIvVIO 4 ~8 ~4 ~4
Bench Press 1 2 220 96 VIOIvVIO 2 ~4 ~2 ~2
Bench Press 2 2 180 87 6/0/5/0 4 44 24 20
Training volume 16 ~68 ~35 ~29
Session 25
Bench Press 4 4 200 87 3/0/VI0 16 ~64 39 ~16
Bench Press 1 1 210 91 Viorvio 1 ~2 ~1 ~1
Training volume 17 ~66  ~40 ~17
Session 26
Bench Press 1 4 180 78 VIOIvIo 4 ~8 ~4 ~4
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Table 5 (continued) Set(n) Rep(n) Load(kg) %IRM (%) Tempo Volume TUT TUT-E TUT-C
(rep X set)

Bench Press 1 3 190 83 \Z(VAZ(VI] ~6 ~3 ~3
Bench Press 1 2 200 87 \Z(VAZ(V) ~4 ~2 ~2
Bench Press 1 1 210 91 VIO/vVIO 1 ~2 ~1 ~1
Bench Press 1 1 220 96 VIO/vVIO 1 ~2 ~1 ~1
Bench Press 3 5 170 74 5/0/5/0 15 150 75 75
Training volume 26 ~172 ~86 ~86
Session 27

Bench Press 4 6 140 61 8/0/5/0 24 312 192 120
Training volume 24 312 192 120
Session 28

Bench Press 2 4 180 78 \Z(VAZ(VIY ~16 ~8 ~8
Bench Press 3 3 200 87 VIO/VIO 9 ~18 ~9 ~9
Training volume 17 ~34  ~17 ~17
Session 29

Bench Press 1 3 180 78 \Z(VA7Z(VI] ~6 ~3 ~3
Bench Press 1 2 200 87 2/0/VI0 2 ~6 4 ~2
Bench Press 1 1 210 91 \ZVAZ[V ~2 ~1 ~1
Bench Press 1 1 220 96 \ZVAZ[V ~2 ~1 ~1
Bench Press 1 1 230 100 Vio/vio 1 ~2 ~1 ~1
Bench Press 1 1 210 91 8/0/X/0 1 ~9 8 ~1
Training volume 9 ~27  ~18 ~9
Session 30

Bench Press 3 4 140 61 5/0/5/0 12 120 60 60
Training volume 12 120 60 60
Session 31

Bench Press 6 4 140 61 5/0/5/0 24 240 120 120
Training volume 24 240 120 120
Session 32

Bench Press 6 2 200 87 2/12/1 12 72 24 24
Training volume 12 72 24 24
Session 33

Bench Press 2 3 180 78 Viivilt 9 ~36 ~9 ~9
Bench Press 2 2 200 87 VIIvIil 4 ~16 ~4 ~4
Bench Press 2 3 180 78 VIIvilt 6 ~24  ~6 ~6
Bench Press 2 2 200 87 VII/vVIl 4 ~16 ~4 ~4
Training volume 23 ~92 ~23 ~23
Session 34

Bench Press 6 4 140 61 8/1/2/1 24 264 192 48
Training volume 24 264 192 48
Session 35

Bench Press 2 2 200 87 VIIIVIT 4 ~16 ~4 ~4
Bench Press 2 2 210 91 VIIVI1 4 ~16 ~4 ~4
Bench Press 2 1 220 96 VIivil 2 ~8 ~2 ~2
Bench Press 1 2 230 100 VIiivil 2 ~8 ~2 ~2
Bench Press 2 2 240 104 VIIIVI1 4 ~16 ~4 ~4
Training volume 16 ~64 ~16 ~16
Session 36

Bench Press 2 4 200 87 VIVl ~32  ~8 ~8
Bench Press 3 3 200 87 VIVl ~36 ~9 ~9
Training volume 17 ~68 ~17 ~17
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Table 5 (continued)

Set(n) Rep (n) Load (kg) %IRM (%) Tempo Volume TUT TUT-E TUT-C
(rep X set)

Session 37

Bench Press 6 4 140 61 6/1/X/1 24 ~204 144 ~12
Training volume 24 ~204 144 ~12
Session 38

Bench Press 1 2 200 87 VIiLvit 2 ~8 ~2 ~2
Bench Press 2 2 210 91 VIL/VIlT 4 ~16 ~4 ~4
Bench Press 2 2 220 96 VILvVIlT 4 ~16 ~4 ~4
Bench Press 1 1 230 100 viuvit 1 ~4 ~1 ~1
Bench Press 1 2 240 104 ViLvit 2 ~8 ~2 ~2
Bench Press 1 1 245 106 vitvit 1 ~4 ~1 ~1
Training volume 14 ~56 ~14 ~14
Session 39

Bench Press 1 2 200 87 Vilvit 2 ~8 ~2 ~2
Bench Press 1 1 210 91 Viivit 1 ~4 ~1 ~1
Bench Press 1 1 220 96 Viivit 1 ~4 ~1 ~1
Bench Press 1 1 230 100 viuvit 1 ~4 ~1 ~1
Training volume 5 ~20  ~5 ~5
Session 40

Bench Press 4 4 110 48 X/1/X/1 16 ~48 ~8 ~8
Training volume 16 ~48 ~8 ~8

Competition at the World Bench Press Championships

Tempo of movement =eccentric/isometric/concentric/isometric. The assumption that X~0.5s; V~1s

TUT time under tension, TUT-E time under tension of eccentric contraction, TUT-C time under tension of

concentric contraction

6 Limitations

While the total number of studies included in this review
was relatively high, there is a lack of research represent-
ing particular populations such as the elderly, recreationally
trained people, and competitive athletes. Specifically, only a
small number of studies included highly trained participants,
who would be the most likely candidates for advanced resist-
ance-training methods like using different movement tem-
pos. Considering the impact of movement tempo on muscu-
lar strength, there is no scientific data to clearly indicate the
optimal training regimens for strength gains in heavy loaded
multi-joint exercises, with a small number of repetitions, and
relatively short TUT. Furthermore, deliberate manipulation
of movement tempo may not be possible when exercises
are performed with heavy loads or to muscular failure with
fast concentric contractions. Furthermore, according to Wilk
et al. [12, 13] during research or training, when a controlled
movement tempo is used, the I1RM testing should be per-
formed independently for particular movement tempos and
the %1RM value should be determined upon the 1RM test
trial at a specific movement tempo, what was not done in any
of the studies presented in this review, which seems to be a
significant limitation.

7 Practical Implications

Considering that movement tempo is an important variable
of resistance training, it should be precisely defined, espe-
cially within the scientific literature. Furthermore, training
programs with variable movement tempos should determine
the load (%RM) upon the 1RM test at a specific movement
tempo [12, 13]. Additionally, TUT should be controlled.
Furthermore, deliberate manipulation of movement tempo,
may not be possible when an exercise is performed with
heavy loads or to muscular failure with fast or extremely
slow concentric contractions. Additionally, excessive atten-
tion at maintaining a certain movement tempo can negatively
affect the quality of the exercise. Therefore, in practice, ath-
letes should strive to maintain the optimal scope of dura-
tion of the eccentric and concentric contraction separately.
Below, we propose a new classification related with the
duration of particular phases of the movement (Table 2).
Although TUT is an indicator of training volume [10, 30,
96], and it is more and more often considered, currently there
are no recommendations as to what value of TUT is optimal
for the development of strength or muscle hypertrophy. The
recommendations for strength development include a low
number of repetitions 1-5 [23, 78] with volitional movement
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tempo, which translates approximately to 2—5 s of TUT for
one repetition. Therefore, according to the collective consen-
sus, the optimal TUT for strength gains should be between 2
and 20 s per set. For hypertrophy training, the optimal TUT
for a set should be between 20 and 70 s (Table 3). However,
the optimal TUT for specific training goals can also depend
on the resistance-training experience, the type of exercise
used, range of motion, as well as the level of fatigue during
the sets and the entire training session.

The changes in movement tempo impact the TUT in
a single set as well as the TUT during a training session
(exercise*set*rep* TUT; Table 4) [13]. However, there are
currently no data available that determines the optimal TUT
in a set for the development of muscle strength or hypertro-
phy; thus, this topic requires further research.

Furthermore, it must be stated that controlled movement
tempos (e.g., 6/0/1/0) do not have to be used in every set or
in every repetition [97], (Table 5). It can be speculated that
alternating one set with a slower tempo (e.g., 5/0/5/0) and
one with a faster one (e.g., 1/0/X/0) or performing “SLO/
FAS super-sets” could combine the benefits of both, faster
and slower movement tempos. Similarly, a variable tempo
of movement can be used during a particular set of a resist-
ance exercise, in which the first repetitions (e.g., reps 1-4)
are performed at a faster tempo and then the following ones
(e.g., reps 5-8) at a slower tempo. However, in doing so,
the principle of specificity comes into play, and it should
be acknowledged that alternating between faster and slower
tempos may result in less focused adaptations. Furthermore,
the tempo of movement is applicable not only in the pro-
gramming of strength training, but also in relation to diag-
nostic tests that use external loads. Additionally, a variable
tempo of movement can be favorable for youth and injured
athletes, which for various health reasons are unable to use
heavy loads, or perform explosive movements [8]. Further-
more, during slower movement tempos, it is easier to control
particular phases of movement, which may be particularly
beneficial in the recovery process of injured athletes [8].
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