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Abstract

Background Velocity loss (VL) experienced in a set during resistance training is often monitored to control training volume
and quantify acute fatigue responses. Accordingly, various VL thresholds are used to prescribe resistance training and target
different training adaptations. However, there are inconsistencies in the current body of evidence regarding the magnitude
of the acute and chronic responses to the amount of VL experienced during resistance training.

Objective The aim of this systematic review was to (1) evaluate the acute training volume, neuromuscular, metabolic, and
perceptual responses to the amount of VL experienced during resistance training; (2) synthesize the available evidence on
the chronic effects of different VL thresholds on training adaptations; and (3) provide an overview of the factors that might
differentially influence the magnitude of specific acute and chronic responses to VL during resistance training.

Methods This review was performed using the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines. Five databases were searched, and studies were included if they were written in English, prescribed
resistance training using VL, and evaluated at least one (1) acute training volume, neuromuscular, metabolic, or perceptual
response or (2) training adaptation. Risk of bias was assessed using a modified Cochrane Collaboration’s tool for assessing
the risk of bias in randomized trials. Multilevel and multivariate meta-regressions were performed where possible.

Results Eighteen acute and 19 longitudinal studies met the inclusion criteria, of which only one had more than one risk of
bias item assessed as high risk. Based on the included acute studies, it seems that the number of repetitions per set, blood
lactate concentration, and rating of perceived exertion generally increase, while countermovement jump height, running
sprint times, and velocity against fixed loads generally decrease as VL increases. However, the magnitude of these effects
seems to be influenced, among other factors, by the exercise and load used. Regarding training adaptations, VL experienced
during resistance training did not influence muscle strength and endurance gains. Increases in VL were associated with
increases in hypertrophy (b=0.006; 95% confidence interval [CI] 0.001, 0.012), but negatively affected countermovement
jump (b=-10.040; 95% CI—-0.079,—0.001), sprint (b=0.001; 95% C1 0.001, 0.002), and velocity against submaximal load
performance (b=—0.018; 95% CI—0.029, —0.006).

Conclusions A graded relationship exists between VL experienced during a set and acute training volume, neuromuscular,
metabolic, and perceptual responses to resistance training. However, choice of exercise, load, and individual trainee char-
acteristics (e.g., training history) seem to modulate these relationships. The choice of VL threshold does not seem to affect
strength and muscle endurance gains whereas higher VL thresholds are superior for enhancing hypertrophy, and lower VL
thresholds are superior for jumping, sprinting, and velocity against submaximal loads performance.

Clinical Trial Registration The original protocol was prospectively registered (https://osf.io/q4acs/) with the Open Science
Framework.
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A graded relationship exists between velocity loss (VL)
experienced during a set and acute training volume,
neuromuscular, metabolic, and perceptual responses to
resistance training with factors such as type of exercise,
loads used, and individual characteristics of a trainee
seeming to modulate these relationships.

Factors that can specifically affect the consistency of
VL determination include reference repetitions, velocity
variables (e.g., mean or peak), and criteria for set termi-
nation after VL has been exceeded, all of which should
be considered when implementing VL in practice.

The amount of VL experienced during resistance train-
ing does not seem to affect strength and muscle endur-
ance gains whereas higher VL may be superior when
the aim is to induce hypertrophy. Allowing only low to
moderate VL during resistance training seems to be a
viable strategy for optimizing jumping, sprinting, and
velocity against submaximal loads performance.

As higher VL experienced during resistance training
could interfere with the ability to rapidly produce force,
cause a reduction in the expression of fast-twitch muscle
fibers, and prolong recovery from resistance training,
low to moderate VL could be recommended to optimize
strength and power training adaptations as well as the
performance of sport-specific tasks. However, if hyper-
trophy is also the goal, more of the prescribed sets could
utilize moderate VLs, or more total sets with low to
moderate VL could be performed.

1 Introduction

Resistance training (RT) can produce many adaptations
including strength, power, hypertrophy, and endurance,
and for this reason plays an integral role in many long-
term athlete development programs. While these adapta-
tions may improve performance of athletic tasks such as
jumping, sprinting, and change of direction [1, 2], resist-
ance training also plays an important role in injury preven-
tion and rehabilitation and has numerous beneficial effects
on health and quality of life [3—6]. Designing an effective
RT program requires careful consideration of many train-
ing variables such as the choice and order of the exercises,
load, repetition range, volume, rest, intended velocity, and
set structure configuration. Among these, training load and
volume appear to be the most important training variables
dictating the type and extent of acute and chronic adapta-
tions to RT [7-9]. Traditionally, load is prescribed relative

to a one-repetition maximum (%1RM) while RT volume
is manipulated by modifying the total number of sets per-
formed and/or the number of repetitions performed per set.
Although this approach is relatively simple and efficient, it
does not account for physiological and psychological stress-
ors that might affect an individual’s day-to-day RT perfor-
mance as well as inter-individual variability in RT perfor-
mance [10]. For instance, load prescription based on %1RM
might be less accurate as maximal strength can fluctuate
daily [11] when an individual is fatigued or significantly
increase within a few weeks because of training adaptations
[12]. Further, the number of repetitions that can be com-
pleted with a given %1RM is highly variable as it is both
individual and exercise specific [13, 14]. In this regard, sport
scientists have explored velocity-based training approaches
to load and volume prescription as an alternative method that
may circumvent some of these limitations [10].

Load and volume prescription with velocity-based train-
ing rests on the premise that there is an inverse linear rela-
tionship between barbell velocity and %1RM; heavier loads
cannot be lifted with the same velocity as lighter loads
[10]. Furthermore, if an exercise is performed with maxi-
mal concentric effort and fatigue ensues, barbell velocity
inevitably decreases [14]. Indeed, very strong correlations
exist between intra-set velocity loss (VL) and mechanical,
perceptual, and metabolic markers of fatigue [14-16], as
well as between VL and the number of completed repetitions
relative to the maximum number of repetitions possible in
a set [15, 17]. For instance, in the squat, terminating a set
after reaching 20% VL would typically result in 50% of the
possible repetitions being completed [14], whereas a 40 or
50% VL would result in repetitions performed to, or very
near, muscle failure [18]. Therefore, VL may be used as
an indicator of fatigue during RT, and thus, may be used to
regulate volume and proximity to failure with reasonable
precision [14-17, 19].

Indeed, several studies have been conducted to investi-
gate the acute effects of different VL thresholds on various
correlates and markers of fatigue and generally reported
nearly linear increases in fatigue as VL increased across the
sets [14—-16, 20]. For instance, Rodriguez-Rosell et al. [16]
observed a gradual increase in blood lactate accumulation
as VL thresholds increased from 10 to 45% and from 15
to 55% during sets of back squat and bench press, respec-
tively. Weakley et al. [21] observed the same trend with 10,
20, and 30% VL, while also reporting a gradual decline in
countermovement jump height and gradual increases in per-
ceived exertion of the lower limbs and breathlessness after
each set. Finally, Pareja-Blanco et al. [22] reported that for
a given %1RM, a higher magnitude of VL in a set results in
greater impairment of neuromuscular performance imme-
diately after the training session and slower post-exercise
recovery 24 and 48 h later. While these findings illustrate the
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utility of monitoring VL for RT prescription, some research-
ers suggested that the effects of different VL experienced
during a set on the magnitude of neuromuscular, metabolic,
and perceptual fatigue accumulation might depend upon the
exercise and load used [16, 23]. In addition, the magnitude
of VL itself could be affected by the reference repetition for
determining VL (i.e., first vs fastest) [24] and the criteria for
set termination (e.g., terminating a set after one or more rep-
etitions passed below a certain VL threshold) [24]. Finally,
although VL is frequently used to prescribe RT volume, the
exact number of repetitions performed before reaching cer-
tain VL thresholds is also likely affected by the load and
exercise used, as well as inter-individual variability and per-
haps the reliability of velocity monitoring devices. Despite
these limitations, different VL thresholds are often used with
the aim of creating more homogeneous RT stimuli among
individuals, which in turn are thought to lead to more con-
sistent and enhanced long-term adaptations [10], although
more research is needed to confirm these speculations.

Considerable evidence is accumulating from longitudi-
nal studies (>4 weeks in duration) comparing the effective-
ness of different VL thresholds to one another on muscular
strength, hypertrophy, and endurance as well as the perfor-
mance of athletic tasks. In this regard, it has been suggested
that the selected VL threshold can modulate adaptations
to training in a dose-response manner [18, 25-27]. For
instance, Pareja-Blanco et al. [26] recently showed that there
might be an upper and lower VL threshold that should be
prescribed during RT to induce optimal training adaptations,
indicating that the dose-response relationship might follow
an inverted U shape. Thus, it was concluded that low to
moderate VL thresholds (i.e., 10 and 20%) should be chosen
to optimize adaptations to RT because VL thresholds lower
than 10% induced levels of fatigue that were too low to max-
imize adaptations, whereas high VL thresholds (i.e.,>40%)
did not promote further strength or hypertrophy, and nega-
tively affected the improvement of athletic tasks compared
with moderate VL thresholds [26]. However, not all studies
support this as similar improvements in maximal strength
[28, 29], hypertrophy [29], and sprinting and jumping per-
formance [28] were observed between lower and higher VL
thresholds. To further confound matters, other factors such
as training duration, choice of exercise, load, and participant
strength levels likely moderate the effects of VL thresholds
on various training adaptations.

In light of these considerations and inconsistencies in the
scientific literature, there is a clear need for a comprehensive
review and synthesis of the available evidence. Therefore,
the aim of this systematic review and meta-analysis was to
synthesize the available evidence on (1) the acute effects of
different VL thresholds on markers of fatigue and number of
repetitions per set during RT and (2) the chronic effects of
different VL thresholds on training adaptations. This review

also aimed to provide an overview of the factors that might
differentially influence the magnitude of acute and chronic
responses to different VL thresholds, thus providing a more
nuanced assessment of the dose-response relationship
between VL, acute fatigue accumulation, and various train-
ing adaptations. Such information is important to inform RT
prescription strategies based on VL thresholds, ultimately
allowing for better fatigue management and attainment of
intended training adaptations.

2 Methods
2.1 Registration of Systematic Review Protocol

A systematic review of the literature was performed accord-
ing to the guidelines in the Cochrane Handbook for System-
atic Reviews of Interventions (version 6.0) and following the
2020 checklist for the Preferred Reporting Items for Sys-
tematic Reviews and Meta-Analyses (PRISMA) [30]. The
original protocol was prospectively registered at the Open
Science Framework (https://osf.io/q4acs/). The protocol reg-
istration occurred after searches were conducted, but before
screening was completed and data extraction started.

2.2 Eligibility Criteria

All studies included met the following inclusion criteria:
(1) the study was published in English; (2) evaluated the
acute effects of one or more VL thresholds during RT on
neuromuscular, metabolic and perceptual markers of fatigue,
and/or examined their chronic effects on muscular strength,
hypertrophy, endurance or power adaptations; (3) RT
was prescribed using VL thresholds; (4) intensity of load
(%1RM) and frequency were matched between conditions;
(5) participants had no known medical condition or injury;
(6) in acute studies, neuromuscular, metabolic, or perceptual
responses (and variability thereof) to these thresholds were
considered; (7) in longitudinal studies, the outcomes were
assessed pre-intervention and post-intervention for mus-
cular strength with a repetition maximum component, or
maximum voluntary contraction test, hypertrophy (lean body
mass changes or changes at the muscle level), endurance
(total repetitions performed or mechanical work), and power
adaptations (jump height, sprint and change of direction
times, or velocity at a fixed load); and (8) training interven-
tions in longitudinal studies lasted a minimum of 4 weeks.

2.3 Information Sources and Search Strategy
A PICO strategy consisting of terms for different VL thresh-

olds, RT, and neuromuscular, perceptual, and metabolic out-
comes as well as muscular strength, endurance, hypertrophy,
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and power adaptations was used to build search criteria for
electronic databases. To ensure the inclusiveness of the
search terms, the Word Frequency Analyser tool (http://sr-
accelerator.com/#/help/wordfreq) was used to suggest poten-
tially relevant search terms [31]. In addition, the Research
refiner tool (https://ielab-sysrev2.uqcloud.net/) was used
to optimize the sensitivity and specificity of the search for
PubMed, while the Polyglot Search Translator Tool (https://
sr-accelerator.com/#/polyglot) was used to adapt the search
to other databases [31, 32]. The search string used for MED-
LINE/PubMed is reported in the Electronic Supplementary
Material (ESM). The following bibliographic databases
were searched from inception to 6 December, 2020: Pub-
Med/MEDLINE, SCOPUS, CINAHL (Cumulative Index to
Nursing and Allied Health), SPORTDiscus, and Web of Sci-
ence. No year restrictions were applied. Secondary searches
included: (a) screening the reference lists of all included
studies and relevant review papers; (b) examining the studies
that cited the included studies (i.e., forward citation track-
ing) through Google Scholar; and (c) search alerts to monitor
any new search results after the date of the last search up to
21 June, 2022.

2.4 Study Selection

Duplicate references were first removed using the EndNote
reference manager (version X9.0.3; Clarivate Analytics,
Philadelphia, PA, USA). Two authors (IJ and AGR) then
independently screened titles and abstracts to determine ini-
tial eligibility using the systematic review software Rayyan.
Authors were blinded to avoid bias during this process.
Thereafter, the authors (IJ and AGR) independently screened
the full texts to determine inclusion eligibility. Disagree-
ments over eligibility at any stage were resolved through
discussion, or with a third reviewer (BVH) when required.

2.5 Data Extraction

The following data were extracted from the included stud-
ies into an Excel spreadsheet: (1) study design and identi-
fication information; (2) adherence and study duration; (3)
sample size; (4) participants’ age, body mass, height, sex,
strength levels, and training experience; (5) relevant infor-
mation regarding VL thresholds used, including various
methodological factors (e.g., reference repetition, velocity
variable, prescription method); and (6) means and standard
deviations as well as raw mean changes and standard devia-
tions of changes for pre-intervention and post-intervention
assessments of the relevant outcome measures. If insufficient
data were reported, the authors of those studies were con-
tacted by e-mail. Web Plot Digitizer software (Version 4.1;
https://automeris.io/WebPlotDigitizer/) was used to extract
data from figures when the authors did not report or provide

the data. Data extraction was completed independently by
three authors (IJ, AGR, and APC) using two pilot-tested
forms (one for acute and one for longitudinal studies) on five
randomly selected studies that were then modified accord-
ingly. Coding files were cross-checked between the authors,
and any differences were resolved via discussion and agree-
ment, or with a fourth reviewer (BVH).

2.6 Risk of Bias Assessment

Risk of bias assessment was performed using a modified
Cochrane Collaboration tool for assessing the risk of bias
in randomized trials [33]. Modifications included removal
of the performance bias and blinding of outcome assess-
ment bias criteria and adding effort bias, feedback bias,
training prescription bias (for longitudinal studies only),
outcome assessment bias, and familiarization bias. Blind-
ing of outcome assessment bias was excluded as visual and
verbal velocity feedback were used in the reviewed studies
to ensure participants’ maximal intent, which improves the
reliability of performance. Similar to previous systematic
reviews and meta-analyses on exercise intervention stud-
ies [34, 35], the performance bias criterion was removed
because it is impossible to blind participants and personnel
in supervised exercise intervention studies. Assessments
were completed independently by two reviewers (IJ and
ERH) while any observed differences were resolved via
discussion and agreement before merging the scores into a
single spreadsheet.

2.7 Statistical Analysis
2.7.1 Acute Effects of Velocity Loss Thresholds

While we a priori planned to examine the acute effects of
different VL thresholds during RT on repetition volume,
neuromuscular, metabolic, and perceptual responses, and
potential moderating effects of exercise, training prescrip-
tion method, reference repetition for VL calculation, load,
and strength levels of individuals, this was not done because
of one or more of the following reasons: (1) a low number
of studies reporting these outcomes; (2) a large amount of
missing data; and (3) authors’ non-responsiveness to data
request e-mails or refusal to provide data necessary for cal-
culating effect sizes (usually baseline means and standard
deviations, standard deviations of difference scores, or pre-
post correlations). Attempts were made to circumvent these
issues while making assumptions about baseline data based
on other studies and estimating missing data using the data
that were available following the procedures outlined by
Elbourne et al. [36] and Borenstein et al. [37]. However,
these procedures often resulted in spurious calculations (e.g.,
r> 1) that discouraged us from pursuing the meta-analysis.
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Nevertheless, to aid the interpretation of the findings, we
used the data reported in the original studies and created
visualisations that could be used to observe potential trends
and interactions between the variables. Importantly, this was
done only when a whole range of VL thresholds were inves-
tigated for a given outcome.

2.7.2 Chronic Effects of Velocity Loss Thresholds

The nature of our research question with regard to chronic
effects of different VL thresholds on muscle strength, hyper-
trophy, and endurance, as well as sprint, countermovement
jump, and velocity against submaximal load performance
required the inclusion of a VL threshold, as a continuous
moderator, in all meta-analytic models. This was needed as
each study compared different VL thresholds to one another,
rather than to no training at all (i.e., no control groups were
included in the studies).

2.7.2.1 Calculation of Effect Size and Variance Standard-
ized mean changes were computed to quantify the effect of
the intervention using different VL thresholds relative to the
baseline, thereby permitting synthesis of the same outcome
variable (e.g., strength, hypertrophy) from different proce-
dures or scales. However, raw mean changes were computed
and used as a summary measure of effect size when a given
outcome was assessed using the same procedure or scale
to aid the interpretation of the findings. Standardized mean
changes for each group was calculated as the difference
between post-test and pre-test scores, divided by the pre-
test standard deviation with an adjustment (C) for a small
sample bias [38—40]:

SMC=C<—EﬂjﬂE>'(1=1————é———.
S A

The standardized mean change magnitude was inter-
preted as: small (0.20-0.49), moderate (0.50-0.79), and
large (> 0.80) [41].

No studies reported the pre-intervention to post-interven-
tion correlations required to determine the variance. There-
fore, when the authors did not provide correlations upon
our request, standard deviations of the pre-intervention to
post-intervention change were used to calculate pre-to-post
correlations using the following formula:

SDjz,pre + SDjz,post - SDjZ,change

’i 2xSD, % SD,

Jopre Jopost

The corresponding authors were contacted when
the standard deviations of the pre-intervention to post-
intervention change were not reported. Of all the corre-
sponding authors, one did not respond [42], whereas the

corresponding author of the following studies included in
this review [43—45] declined to provide the requested data.
The other authors provided the necessary data to calculate
the variance. For the missing standard deviation of the pre-
intervention to post-intervention change, the median cor-
relation using all other studies for a given outcome was
imputed. This ensured that the maximum number of studies
were included. The variability in designs among eligible
studies required several decisions to ensure the data could
be appropriately combined for the calculation of effect sizes.
These decisions are detailed in the ESM.

2.7.2.2 Statistical Synthesis of Effect Sizes Most studies in
the quantitative part of the synthesis (81.2%) provided two
or more effect sizes while comparing the effects of different
VL thresholds. Effect sizes from the same study are likely
more similar than effect sizes from different studies [46].
Thus, the inclusion of multiple effect sizes from a single
study violates the assumption of independence in effect
sizes in traditional meta-analyses (e.g., [47, 48]). As such,
a three-level meta-analysis (i.e., a multilevel model) was
used to account for dependencies among effect sizes from
the same study [49]. A multilevel meta-analysis accounts for
the hierarchical nature of the data (e.g., effect sizes nested
within studies) and, in so doing, the extraction of multiple
effects from each study preserves information improving
statistical power [46]. This approach also decomposes the
variance components of the pooled effect into sampling
variance of the observed effect sizes (level 1), and variance
within (level 2) and between studies (level 3) [47]. A multi-
level meta-analysis was conducted for every outcome sepa-
rately except for velocity at submaximal loads. For velocity
against submaximal (low and moderate) load outcomes, a
multivariate mixed-effects meta-regression was performed.
In addition, cluster-robust variance estimation methods [50]
with small-sample adjustments [51] were implemented to
calculate standard errors of the overall effect size estimates,
with clustering at the study level. This was done because
(1) most studies reported changes in velocity against low
and moderate loads and (2) all these studies reported mul-
tiple effect sizes for both sub-outcomes (i.e., moderate and
low loads), and different VL thresholds. Therefore, these
two sub-outcomes were highly correlated as the data from
the same participants were analyzed multiple times for both
sub-outcomes, giving rise to both hierarchical and correlated
effects for this outcome. The correlation (p) between mod-
erate and low loads was assumed to be 0.6. Observations
were weighted by the inverse of the sampling variance, and
all (final) model parameters were estimated by the restricted
maximum likelihood estimation method. Tests of individual
coefficients in all models, and their corresponding confi-
dence intervals, were based on a t-distribution. Multilevel
and multivariate models were fitted in R language and envi-
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ronment for statistical computing (version 4.0.5; R Core
Team, Vienna, Austria) using the metafor package [52],
while the cluster-robust variance estimation method was
implemented using the clubSandwich package [53].

2.7.2.3 Moderator and Sensitivity Analyses All meta-ana-
lytic models (i.e., multilevel and multivariate mixed-effects
meta-regressions) included VL as a continuous modera-
tor. Further, other theoretically relevant moderators were
included when (1) the number of effect sizes was sufficient
(at least eight to ten per moderator) and (2) the range of obser-
vations (or levels in case of categorical predictors) was not
very narrow or identical among the studies. These modera-
tors included study duration (continuous predictor), exercise
(upper or lower body exercise), loads (higher and lower than
70% of 1RM), and strength levels (continuous predictor). The
exercise moderator was categorized because back squat and
bench press were the most prevalent exercises among the
studies. In addition, the loads moderator was categorized as
the majority of primary studies used progressive overloads
across the weeks and averaging these loads to a single number
might not accurately represent the loads used in a given study.
Because of the inclusion of both fixed and random effects,
restricted maximum likelihood estimation was used to evalu-
ate the final models for each outcome. Furthermore, their
contribution—and the contribution of modeled interactions
among predictors—to the explanatory power of any of the
explored models was examined using a likelihood ratio test,
deviance statistic, and Akaike information criterion score for
small sample sizes before selecting the final model to obtain
the best fit while maintaining model parsimony. During this
process, models were fitted—and subsequently compared—
using the maximum likelihood method as likelihood ratio
tests cannot be used to compare models with nested fixed
effects using restricted maximum likelihood estimation esti-
mates [54]. Finally, a dose—response relationship considering
(1) individual study effect sizes; (2) average effect sizes of
individual VL thresholds; and (3) average effect sizes of low
(15% VL), moderate (>15%<30% VL), and high (>30%
VL) grouped VL thresholds was also evaluated for each out-
come to aid interpretation of the findings.

For all meta-analytic models, Leverage, outlier, and influen-
tial case diagnostics were performed by calculating hat, Cook’s
distance, and studentized residuals, respectively [55-57].
Cases were red flagged with their hat and Cook’s distance’s
values greater than three times their respective mean, and with
a studentized residual’s value greater than 3, in absolute val-
ues. For the multivariate model investigating the effects of VL
thresholds on velocity against submaximal loads, a range of
correlations between the outcomes were imputed (p=0.4-0.8)
to ensure the robustness of the estimates.

Publication bias was not assessed as we were not inter-
ested in the effects of training interventions in individual

studies, but rather as a moderator effect of VL thresholds
examined within those studies. In addition, there was no
reason to expect that a certain training intervention would
not result in a significant improvement over time in at least
some of the outcomes given the absence of control groups
(interpreted here as groups who would not train at all).

2.7.2.4 Statistical Heterogeneity As all multilevel models
included moderators (i.e., VL), statistical indices of hetero-
geneity were evaluated using /? and 7%, which represented
relative and absolute values of residual heterogeneity or
the amount of the unaccounted for variability that is due
to residual heterogeneity [58]. This heterogeneity was then
partitioned across two levels (i.e., within-study and between-
study heterogeneity). Importantly, for all multilevel models,
the estimated proportional reduction in the total variance
was computed using the variance accounted for, a pseudo
R? value (i.e., the amount of heterogeneity accounted for
by the moderators) [59]. For the cluster-robust multivariate
meta-regression, the amount of heterogeneity (%) for each
outcome was calculated as well as the correlation between
the outcomes (p).

3 Results
3.1 Search Results

The primary search yielded 545 results, of which 22 met
the inclusion criteria. Forward citation tracking as well as
monitoring the newly published relevant literature yielded an
additional 15 studies, resulting in 37 studies included in this
review. The stages of the search and study selection process
are presented in Fig. 1.

3.2 Study Characteristics

Out of 37 studies included, 18 were randomized cross-over
acute studies, and 19 were training intervention studies. The
total number of participants pooled across studies was 846
(767 were male and 69 were female). However, upon inspec-
tion, it was clear data from the same participants were used in
multiple studies [20, 60—62]. This reduced the total number
of participants to 735 (656 were male and 69 were female).
Only five studies [29, 63-66] included male and female par-
ticipants, two of them only female [67, 68] while the rest
included only male participants. Back squat was the most
frequently used exercise (26 studies), followed by bench press
(12 studies), deadlift (two studies), bench pull, overhead
press, leg press, loaded countermovement jump, and pull-up
(one study each). Eleven studies used free-weight exercises,
while the remaining used a Smith machine. A large range
of VL thresholds were examined (0-55%) with 10, 20, 30,
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and 40% VL thresholds being the most frequent (ten or more
studies each). In addition, participants with a large range of
strength levels (1RM/body mass) were examined with the
average lower and upper body maximal strength of partici-
pants being 1.48 (range 0.7-2.2) and 1.15 (range 0.65-1.56)
times body mass, respectively. Velocity loss thresholds were
prescribed using the first repetition (14 studies), and the fast-
est repetition (23 studies) of the set as the reference point.
Load was prescribed with percentage of 1RM (12 studies),
generalized load-velocity profiles (22 studies), and individu-
alized load-velocity profiles (four studies). For longitudinal
studies, the median study duration was 8 weeks (range 4—12).
A more comprehensive description of the participants and the
included studies can be found in Tables 1, 2, and 3.

3.3 Risk of Bias Assessment

Only three studies [64, 66, 69] provided sufficient information
regarding the method of randomization and were therefore
at a low risk of an order effect bias. The remaining studies
were classified as an unclear risk as they did not provide suf-
ficient information regarding the method of randomization.

No studies provided information regarding allocation con-
cealment. One study [65] was at a high risk of attrition bias,
excluding randomized participants (or their data) from the
analysis without sufficient reason. Six studies [16, 20, 21,
43, 62, 70] did not provide sufficient information on the
number of participants assessed and included in the analysis
after reporting that some of them did not complete the entire
intervention or all procedures and hence, had an unclear risk
of attrition bias. No studies pre-registered their protocols on
a publicly available registry platform, thus it was unclear
whether selective reporting bias was present. Two studies [63,
67] had an unclear risk of effort bias as they did not provide
information regarding the instructions to perform the concen-
tric actions as fast as possible. The remaining studies had a
low risk of effort bias as the instruction to perform concentric
actions as fast as possible was given. Ten studies [63—66, 68,
70-74] did not provide any information on the provision of
velocity feedback and hence, had an unclear risk of feedback
bias. The rest of the studies either provided feedback to all
groups or standardized the conditions between groups by not
providing any feedback. Seven studies [28, 29, 66, 67, 74-76]
were at a high risk of training prescription bias because the
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Table 1 (continued)

Sex: M/F Age (years) Height (cm) Mass (kg) Training experience (subjective descrip-

Participants

Study design

Study

tion; years of RT experience; relative
strength levels BM/1RM; exercise)

Team sport athletes from a British

87+12

179+6

23+3

12/0

VL10; n=12

Acute: randomized crossover design

Weakley et al. (2020) [21]

University and Colleges Super Rugby
Club; > 2; unclear; free weight back-

squat

VL20; n=12

VL30; n=12

Team sport athletes from a British

89+13

180+7

23+2

16/0

VL10; n=12

Acute: randomized crossover design

Weakley et al. (2020) [62]

University and Colleges Super Rugby
Club; > 2; unclear; free weight back-

12

VL30; n=12

VL20; n

s Z

squat

BM body mass, n number of participants, RT resistance training, VG velocity training group, VL## whereby ## refers to the velocity loss threshold used (e.g., VL20 is 20% velocity loss thresh-

old). Subscripts after VL## (e.g., VL20gy,ry) refer to the following: BP protocol performed with the bench press exercise, CP constant programming model, F female, FS fixed number of

sets, LP linear programming model, M male, OL optimal load that maximized power production, ##%RM whereby ## refers to the percentage of repetition maximum, RP reverse programming

model, SQ protocol performed with the back-squat exercise, UP undulating programming model, VS variable number of sets

#Sex distribution of participants included in statistical analysis was not specified

PPercussion therapy

participants performed other forms of training (additional
non-standardized RT, endurance training, or playing sports),
or because not all exercises used VL thresholds, but rather a
combination of training prescriptions. Two studies [64, 65]
used a linear encoder that was not, to our knowledge, vali-
dated in the peer-reviewed literature whereas all other studies
used valid and reliable methods, equipment, or instruments to
evaluate their outcomes of interest. Fourteen studies [18, 25,
26, 4245, 60, 61, 70, 73, 77-79] were at a high risk of bias
for not having a familiarization session. Four studies [69, 75,
76, 80] did not provide sufficient information regarding their
familiarization sessions and hence, had an unclear risk of bias
The rest of the studies provided sufficient information about
familiarization session procedures or specifically stated that
all participants were accustomed to the study protocols (i.e.,
performed them in the past). The risk of bias assessment is
also illustrated in Fig. 2.

3.4 Acute Studies

The following variables were visualized: (1) the mean and
standard deviation of the number of repetitions performed
in the set; (2) changes in countermovement jump height per-
formance; (3) velocity against the load that can be lifted at
1 m-s! in a rested state (V1); and (4) blood lactate concen-
tration after training sets or the entire session (Figs. 3, 4). In
addition, to examine the discrepancy between the VL thresh-
old prescribed and the actual VL experienced by the partici-
pants in each study, standard deviations of the actual VL expe-
rienced were visually represented using density plots (Fig. 3).

3.5 Longitudinal Studies

For all multilevel models, significant moderators and sensi-
tivity analyses are described in the text, whereas their out-
put is presented in Table 4 and visualized in Figs. 5, 6 and
7. For the multivariate model, all information is described
in the text, and model estimates are visualized in Fig. 6b.
Dose-response relationships, as quantified by effect sizes,
between VL and outcomes of interest are also illustrated in
Figs. 5,6 and 7.

3.5.1 Muscle Strength

The final multilevel model investigating the effects of different
VL thresholds on maximal strength gains revealed exercise,
strength levels, and study duration to be significant modera-
tors (Table 4; Fig. 5a). Two individual groups from two dif-
ferent studies were identified as influential. Excluding these
influential groups from the analysis affected the interpreta-
tion of the model, with exercise (b=—0.163 [—0.416, 0.094];
p=0.206) and strength levels (b=—-0.181 [-0.655, 0.293];
p=0.444) no longer being significant moderators.
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Acute and Chronic Responses to Resistance Training Using Velocity Loss Thresholds

3.5.2 Muscle Hypertrophy

The final multilevel model investigating the effects of dif-
ferent VL thresholds on muscle hypertrophy revealed VL
to be a significant moderator (Table 4; Fig. 5c). Two indi-
vidual groups from two studies were identified as influential.
Excluding these influential groups from the analysis affected
the interpretation of the model, with VL no longer being a
significant moderator (b=0.005 [-0.002, 0.013]; p=0.144).

lactate analyser); CMJ (force plate);
average number of repetitions per

set; differential-RPE of the lower
(verbal anchors on the CR100 scale)

Outcomes (methods of assessment)
peripheries and the breathlessness
Free-weight parallel back-squat; gen- Mean velocity; velocity reference of Mean velocity (linear position trans-
ducer); average number of repeti-
tions per set

3.5.3 Muscle Endurance

The final multilevel model investigating the effects of dif-
ferent VL thresholds on muscle endurance did not reveal
VL to be a significant moderator (Table 4; Fig. 7a). Two
individual groups from two different studies were identified
as influential. However, the overall results were robust to
their exclusion from the model as the interpretation of the
model did not change.

Mean velocity; velocity reference of  Blood lactate concentration (portable

below the threshold before termina-
0.70 m-s™1;1

number of repetitions performed
tion of the set

tion for velocity loss calculation;

0.70 m-s~!:1

3.5.4 Countermovement Jump Height

The final multilevel model investigating the effects of differ-
ent VL thresholds on the countermovement jump revealed
VL and study duration to be significant moderators (Table 4;
Fig. 6a). Three individual groups from three different studies
were identified as influential. However, the overall results
were robust to their exclusion from the model as the inter-
pretation of the model did not change. In fact, the confidence
in the estimate for both VL (b=-0.048 [—0.073,—0.023];
p=0.001) and study duration (b=0.400 [0.105, 0.695];
p=0.010) increased after their removal.

eralized load-velocity relationshi

generalized load-velocity relation-
-based

Free-weight parallel back-squat;
ship based

3.5.5 SprintTime

The final multilevel model investigating the effects of dif-
ferent VL thresholds on sprint time revealed VL and study
duration as significant moderators (Table 4; Fig. 6¢). Three
individual groups from three different studies were identified
as influential. Excluding these influential groups from the
analysis affected the interpretation of the model, with study
duration no longer being a significant moderator (b =—0.005
[-0.031, 0.021]; p=0.696).

Velocity loss threshold used; number Exercises; load prescription method  Velocity variable; reference repeti-

of sets; load; inter-set rest
10%; 5; ~ 70%1RM; 3
20%; 5; ~ 710%1RM; 3
30%; 5; ~70%1RM; 3
10%; 5; ~70%1RM; 3
20%; 5; ~ 70%1RM; 3
30%; 5; ~ 70%1RM; 3

3.5.6 Velocity Against Submaximal (Low and Moderate)

Note: only outcomes of interest were reported in this table; for a more extended version, see ESM

1RM one-repetition maximum, CMJ countermovement jump, RPE rate of perceived effort

#Endurance training followed by resistance training
PResistance training followed by endurance training

— _ Loads

8 <
- S S For the final multivariate model investigating the effects of
é ) ) different VL thresholds on velocity against low and moder-
g Tj § ate loads, seven groups from five studies were identified as
‘:’ % % influential. Because of the high number of influential groups,
2 .§* % % these were excluded, and estimates of the model without
c 3 = = these influential groups were retained (Fig. 7¢). This model
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Table 3 (continued)

IRM one-repetition maximum, a slope of the force—velocity relationship, a/F,,, curvature of the force—velocity relationship, AV average velocity attained against all absolute loads common to

pre-test and post-test, AV> 0.8 average velocity attained against absolute loads that were lifted faster than 0.8 m-s~!, AV<0.8 average velocity attained against absolute loads that were lifted

slower than 0.8 m-s™!,

ge velocity attained for absolute loads moved at velocities equal to or faster than 1 m-s~!, AV < I the average velocity attained for absolute loads moved slower

AV > 1 avera,

than 1 m-s~!, CP constant programming, CSA cross-sectional area, F, maximal force, FL fascicle length, FT-AV average velocity attained against the same number of repetitions during the
fatigue test, FT-MNR maximum number of repetitions during the fatigue test, L, maximal load, LP linear programming, M/F maximal isometric force, MPV mean propulsive velocity, MPV,,,

the fastest MPV attained without additional weight, MVC maximal voluntary contraction, PA pennation angle, PM pectoralis major, P,,,, maximal force, QF quadriceps femoris, RF rectus femo-

ris, RFD,,,. maximal rate of force development, RIR reps in reserve, RP reverse programming, T, ;, 10-sprint time, T;,_,, 20-sprint time, T;,_3, 30-sprint time, T _,, time to cover 1020 m, T, ;5

15-sprint time, UP undulating programming, v, maximal velocity, VL vastus lateralis, VL## whereby ## refers to the velocity loss threshold used (e.g., VL20 is a 20% velocity loss threshold),
VL + VI vastus lateralis and vastus intermedius, VM vastus medialis, YIRT total distance covered in the Yo-Yo Intermittent Recovery Test level 1, 1 reflects an improvement in performance, «—

no significant change, and | a decrease in performance. Andersen et al. [29] did not provide statistical inferences for pre-post changes per group. Therefore, «— reflects a < moderate effect size
and 1 reflects a>moderate effect size. Held et al. [66], Fernandez Ortega et al. [67], and Dorrell et al. [75] evaluated only one VL threshold. Therefore, group differences column for these stud-

ies represents pre-post changes

Note: only outcomes of interest were reported in this table; for a more extended version, see ESM

revealed VL (b=-0.018 [-0.029,—-0.006]; t=—13.69;
p=0.010) and load (b=1.182 [0.342, 2.022]; t=3.12;
p=0.011) as significant moderators (note that low load was
a reference outcome). The interaction between the VL and
outcome was not significant (b=0.014 [-0.007, 0.035];
t=1.73; p=0.146). Heterogeneity for the low load outcome
was considerably lower (7% =0.235) compared with the mod-
erate load outcome (72 =2.034) with the model-estimated
correlation between the outcomes being high (p =0.844).
Imputing a range of different correlations between the low
and moderate loads (p =0.4-0.8) did not affect the inter-
pretation of the model, confirming the robustness of the
estimates.

4 Discussion

The present systematic review evaluated the acute effects
of different VL thresholds on volume and fatigue during
RT and meta-analyzed their chronic effects on training
adaptations while considering several factors that might
differentially influence the magnitude of these acute and
chronic responses. Several interpretations stem from our
findings: (1) while the number of repetitions per set gener-
ally increases as the VL increases, the variability in repeti-
tions performed is modulated by exercise choice and load
and (2) because of these increases in repetitions per set,
blood lactate concentration and rating of perceived exertion
increase whereas countermovement jump, sprinting, and V1
performance decrease proportionally as VL increases. How-
ever, the magnitude of these effects is highly influenced by
exercise and load; (3) the specific VL threshold used does
not have a profound effect on gains in strength and mus-
cle endurance; however, (4) selecting moderate to high VL
thresholds for hypertrophy, and low to moderate thresholds
for enhancing countermovement jump, sprint, and veloc-
ity against submaximal loads may be a viable strategy to
induce superior training adaptations. Therefore, many fac-
tors should be considered when prescribing RT using VL
thresholds to create more homogeneous stimuli among
individuals, thereby optimizing fatigue management and
intended training adaptations.

4.1 Effects of Velocity Loss Thresholds
on the Number of Repetitions Completed Per
Set

Researchers have recommended RT prescription with VL
thresholds over traditional methods owing to the strong
relationship between the magnitude of VL and the number
of repetitions performed with respect to the total number
that can be completed before reaching failure [15, 17]. The
argument is strengthened by the fact that the number of



. Jukic et al.

(109 @ouIe)ar) APOq IOMOT,

189 snqruwQ,

[BAIOIUI SOUIPYUOD [)

1€0°0 0€TC— (200'0—"0v0'0—) 120°0— LT 6 uonemp Apmg
2000 sse (2000 “100°0) 100°0 LT 6 §S0[ AI1D0[oA
6L98 £€6'C SLEE €69L 798 =T V4 Y00 90¢'1 (6£T°0 ‘¥SO'0—) €600 LT 6 1deororug udg
10’0 CILe (0£9°0 °L80°0) 8S€°0 6¢ ¢l uonemp Apmg
6100 €0SCT— (L00'0— "0L0°0—) 8€0°0— 6¢ 4! $SO[ AJI90[oA dwnf
0 Y8 1S £€6°¢l 001  11'9=(9C A 1vS0 90 (68L°C ‘86%'1 =) 9¥9°0 6¢ Cl 1deorou]  JuSWLAOULISNUNOD
90 Seso (2900 *LE0'0—) TI0°0 L1 9 $S0[ AID0[OA
IS°SL IL'8 0 0 6T0=(S1DA 100°0 [4¥4 (868°L €960 11+°S L1 9 1doorelu]  @ouUBIMPUD J[OSNA
S¥0'0 L8I'C (170°0 ‘100°0) LSOO L1 9 $S0[ AI1D0[oA
S8 0 9L'LT 6666 6L =(ST DA ¥20°0 Cl19cC (809°0 050°0) 6TE€°0 L1 9 ydoosayuy  AydomnsedAy sposny
€00 LSTT (S12°0 ‘0€0°0) €1T°0 84 LT uonemp Apmg
8100 oLV’ C— (O1T°0—"€01'T—) 909°0— 4 LT S[oAS] pSuang
S100  9YST— (9200— °L99°0-) 1LE0— |84 L1 Apoq 1oddpy
L60°0 LOL'T— (100°0 ‘800°0—) ¥000— 84 L1 ss0[ AI190[A
8¢°¢9 0 8T 6V 001  ¥1'9=(9¢ ‘YA 0 SOE'T (900°C ‘S€¥'0—) S8L'0 84 Ll Qdedraul  yiSuans [eWIXEN
(€ (€ () &)
[OAR]) I (TTOARD) 1 (E€T1RAJ)) .y Toad]) Y LI[eIAQ onrea d aN[eA 7 D %S6) ¢ QZIS JoOoPH  SAIpmS JOJRIOPOIN AWo2INQ

(s[opows [oA9[nNW JO) SIsA[eue JOJRISPOIN ¥ d|qel



Acute and Chronic Responses to Resistance Training Using Velocity Loss Thresholds

Alcazar et al. (2021) [60]
Andersen et al. (2021) [29]
Banyard et al. (2019) [77]

Dorrell et al. (2020) [75]
Fernandez Ortega et al. (2020) [67]
Gailiano et al. (2020) [78]
Garcia—Sillero et al. (2021) [69]
Gonzélez—Garcia et al. (2020) [63]
Held et al. (2021) [66]
Krzysztofik et al. (2021) [68]
Martinez—Canton et al. (2020) [61]
Muiioz—Loépez et al. (2021) [80]
Najera—Ferrer et al. (2021) [94]
Nilo Dos Santos et al. (2021) [70]
Pareja—Blanco et al. (2017) [18]
Pareja—Blanco et al. (2017) [76]
Pareja—Blanco et al. (2019) [22]
Pareja—Blanco et al. (2020) [25]
Pareja—Blanco et al. (2020) [26]
Pearson et al. (2020) [81]
Perez—Castilla et al. (2018) [28]
Riscart Lopez et al. (2021) [42]
Rissanen et al. (2022) [72]
Rodiles—Guerrero et al. (2020) [27]
Rodriguez—Rosell et al. (2018) [16]
Rodriguez—Rosell et al. (2020) [20]
Rodriguez—Rosell et al. (2020) [43]
Rodriguez—Rosell et al. (2021) [44]
Rodriguez—Rosell et al. (2021) [45]
Sanchez—Moreno et al. (2020) [79]
Sousa—Fortes et al. (2020) [64]
Tsoukos et al. (2019) [71]
Tsoukos et al. (2021) [72]
Varela—Olalla et al. (2019) [65]
Varela—Olalla et al. (2020) [73]
Weakley et al. (2020) [21]
Weakley et al. (2020) [62]

S

Judgement

® Low

? Unclear
® High
@ Na

SSSSSSCCCSSSOOVOOSCSSOOOOLOCCOSSOOOOSCSS

@@

O

Feedback bias

Incomplete data
Selective reporting
Effort bjag
Famﬂiarisation bias

Random sequence by (IOPERNIBPIFORNRNRNENENENEREBERGIBIERERE
Allocation conceatmen ;. SOPPDERPBERRERERVENFFERREBERERVENERERY

Train:
aining Prescriptiop bias
(0)
utcome assessment pjqg

Fig.2 Risk of bias assessment for all included studies. Na not applicable



. Jukic et al.

repetitions performed to failure with a given %1RM has a
high inter-individual variability [13]. However, this argu-
ment does not discount that the number of repetitions per-
formed before reaching different VL thresholds might also
have a high inter-individual variability. Indeed, this conten-
tion seems to be empirically supported because data from
two recent studies [21, 81] suggest that the number of repeti-
tions performed until reaching 10, 20, and 30% VL in the
free-weight back squat exercise is not only highly variable
between individuals but is also unstable across sessions. In
addition, this inter-individual variability may increase as
the magnitude of VL increases [21]. Based on the studies
included in the present review, it seems that exercise choice
(a)
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<60%

N
o

0 10 20 30 40 50
Velocity loss threshold (%)
(c) Intensity of load
® >80%
- 60-79%
[
75

o <60%
[}
a
(2]
c
o [
=50
"q',' &
% b
o ‘ s
- * >
o )
< e . £
o 25 AR < :
5 -9 & ‘a

® | % )
o s & 4 @ 8o ©
7] 3R y q°

X KB * ¢ %

€Fe

0.0{ =
0 10 20 30 40 50

Velocity loss threshold (%)

Fig.3 Visual representation of the mean number of repetitions per-
formed per set by intensity of load (a) and exercise (b), as well as
standard deviation of the number of repetitions performed per set by
intensity of load (c) and exercise (d) across the velocity loss thresh-
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and load can further influence the actual number of repeti-
tions performed and the variability thereof (Fig. 3). Specifi-
cally, both the actual number of repetitions and its variability
seem to be higher in the back squat compared with the bench
press exercise across VL thresholds. Furthermore, both fac-
tors tend to have a strong inverse relationship with load,
as higher loads allowed for fewer repetitions and produced
lower variability in repetitions across VL thresholds. This
is a previously overlooked outcome as studies often focus
on the ability of VL thresholds to modulate, with accept-
able reliability, the percentages of the completed repetitions
per set with respect to the maximum number of repetitions
possible [15, 17] and kinetic and kinematic outputs [21, 62,
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olds reported in the literature. Note, longitudinal studies were also
included here when they reported number of repetitions per set for
each training session. Note, one study outlier was removed from the
figure as the participants completed more than 25 repetitions in a set
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81]. Although these aspects of VL thresholds present an
advantage over traditional methods for prescribing RT vol-
ume, the effects of the variability of the actual number of
repetitions performed before reaching a certain VL thresh-
old have not yet been empirically investigated. It is possible
that individuals completing different numbers of repetitions
using the same VL threshold might experience different
degrees of neuromuscular, metabolic, and perceptual fatigue,
potentially influencing resultant training adaptations. In this
regard, it is unknown whether the specific VL threshold is
a more important variable than the actual number of rep-
etitions performed, as no studies to date have compared
different VL thresholds matched for volume. Collectively,
based on the studies included in the present review, it seems
the use of VL thresholds for RT prescription could result in
the considerable variability of the actual number of repeti-
tions per set completed, which can further be confounded
by other factors such as the choice of exercise and the load
used. Whether this variability could modulate both the acute
and chronic effects of VL thresholds presents an interesting
avenue for future research.

4.2 Acute Effects of Velocity Loss Thresholds
on Neuromuscular, Metabolic, and Perceptual
Markers of Fatigue

Fatigue is traditionally defined as a loss of force-generating
capacity with the eventual inability to sustain exercise at
the required or expected level [82, 83]. Muscle-shortening
velocity decreases and relaxation time increases as fatigue
ensues [84]. In this regard, velocity against a fixed load
(e.g., V1) before and after RT is often used as a marker
of neuromuscular fatigue in studies investigating the acute
effects of different VL thresholds. Indeed, this marker has
a high correlation (r>0.9) with other markers of fatigue
such as blood lactate and ammonia accumulation as well as
countermovement jump height loss after RT [14-16, 20].
Therefore, it is not surprising that several studies reported
an almost linear decrease in post-session V1, and counter-
movement jump height, as well as an increase in blood lac-
tate accumulation as VL increased [14-16, 21]. However,
the dose—response relationship of VL with these markers of
fatigue seems to be modulated by the exercise and load used
(Fig. 4). For instance, as load decreases while using a given
VL threshold, greater reductions in post-session V1 and
countermovement jump height are observed [16]. Further-
more, Rodriguez-Rosell et al. [16] observed greater declines
in post-session V1 in the bench press compared with the
back squat, independent of load and VL. The authors attrib-
uted these V1 differences between exercises to the smaller
muscles—with more type II fibers and higher fatiguability
index—involved in the bench press than the squat exercise
[85-87]. Rodriguez-Rosell et al. [16] also reported greater

blood lactate accumulation during the back squat compared
with the bench press, regardless of the load used and VL.
experienced. In addition, the rate at which metabolic stress
increased, as the VL increased, was considerably lower with
greater loads (i.e., 80% RM) during the back squat but not
bench press, for which metabolic stress uniformly increased
as the VL increased regardless of the load used. Therefore, it
seems that VL thresholds induce differential neuromuscular
and metabolic responses to RT depending on the exercise
used.

One potential explanation for this phenomenon could lie
in the actual number of repetitions performed before reach-
ing different VL thresholds. Namely, while the RT protocols
employing different exercises used the same VL threshold,
it is plausible that performing more work (i.e., more rep-
etitions) until reaching a given VL led to a greater blood
lactate accumulation [88, 89]. This is supported by the find-
ings of Weakley et al. [90], which showed greater metabolic
responses accompany increases in work completed during
RT. Studies included in this review generally show that a
higher number of repetitions are completed with the back
squat compared with the bench press (Fig. 3). Therefore,
when completing more work with the back squat compared
with the bench press for a given VL threshold, higher meta-
bolic stress is a logical outcome. Thus, the actual training
volume completed in a set with a given VL threshold is an
important consideration when prescribing RT. Considering
the above, it seems that neuromuscular responses are less
sensitive to subtle changes in volume during a set compared
with metabolic responses, whereas greater neuromuscular
fatigue is induced when using exercises involving smaller
muscle groups (greater localized fatigue) with greater
percentages of type II muscle fibers (a higher fatiguabil-
ity index). However, countermovement jump height, also
a valid marker of neuromuscular fatigue [91], seems to be
extremely sensitive to changes in load (Fig. 4d). As higher
loads typically allow for less volume (i.e., repetitions) to
be completed in a set, it is plausible that countermovement
jump height would also be sensitive to subtle changes in
training volume, highlighting that different neuromuscular
fatigue assessments might differ in sensitivity. Nevertheless,
future research should substantiate these contentions.

Based on the available literature, rating of perceived exer-
tion also seems to increase as VL increases. For instance,
Weakley et al. [21] found gradual increases in perceived
exertion of the lower limbs and breathlessness after each
set with 10, 20, and 30% VL. More specifically, the rate of
increase in both perceptual measures seemed to be consist-
ent for the 10% VL threshold, whereas perceived exertion
of the lower limbs increased at a greater rate compared with
breathlessness across sets with higher VL thresholds (20
and 30%), although the overall magnitude of both perceptual
responses was similar. This finding is somewhat supported
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by Emanuel et al. [92] who reported that the most frequent
cause of set termination during sets of back squats to voli-
tional failure was perceived fatigue in the targeted muscles,
whereas cardiovascular factors were not as frequent a cause.
However, this likely depends on the training background
of the individuals. Based on these findings, prescribing
larger velocity loss thresholds (e.g., 20 and 30%) for back
squats might lead to larger increases in perception of leg
muscle exertion than breathlessness across repeated sets.
Similar findings were reported by Dos Santos et al. [70] who
found that both perceived exertion and discomfort linearly

(b)

back squat | I bench press
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at 1 m-s™' (V1) by exercise and intensity of load (c), and pre-post
percent change in countermovement jump (CMJ) height (d) across
velocity loss thresholds reported in the literature

increased as the number of back squat sets increased with
a 30% VL threshold. Although it has not been discussed
in the literature, the intention of continuously performing
repetitions as fast as possible might also impact perceptual
responses, especially leg muscle exertion [21] and perceived
discomfort [70]. Admittedly, this hypothesis is challenging
to investigate as the provision of maximal intent is a prereq-
uisite for reliable velocity outputs.

The time course of fatigue recovery following RT
depends on a myriad of factors including training volume
and load. Despite the proposed benefits of VL thresholds
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in the literature [10, 14, 15], only Pareja-Blanco et al. [22]
examined the time course of recovery after using differ-
ent VL thresholds and loads during RT. For this purpose,
the researchers examined vertical countermovement jump
height, 20-m sprint time, and V1 before RT, and immedi-
ately, 6, 24, and 48 h post-back squat training with a com-
bination of 20 and 40% VL and 60 and 80% of 1RM. Inter-
estingly, with 60% 1RM, regardless of the VL used (20 vs
40%), none of the performance tasks fully returned to pre-
exercise values at 48 h post-RT. In contrast, the RT protocol
using higher loads (80% 1RM) and lower VL (20%) resulted
in lower performance impairment immediately after RT, and
greater sprint performance at 48 h post-RT compared with
baseline. Interestingly, sprint time generally recovered faster
compared to countermovement jump height and V1, sug-
gesting their superior sensitivity for detecting RT-induced
neuromuscular fatigue, and the fact that recovery may be
exercise dependent. Nevertheless, prescribing higher VL
(e.g., 40%) and lower relative loads (e.g., 60% 1RM) could
result in greater fatigue immediately after RT and a slower
rate of recovery than lower VL (e.g., 20%) and higher rela-
tive loads (e.g., 80% 1RM). This finding is especially rel-
evant for sports where RT precedes sport-specific training,
in which case an appropriate VL may decrease interference
with subsequent sports training.

4.3 Methodological Considerations When
Implementing Velocity Loss Thresholds
and Future Research Directions

Several research groups have suggested that implementing
VL thresholds may allow for better fatigue management
compared with traditional RT training prescription meth-
ods [14, 15]. It also has been suggested VL can serve as a
valid indicator of fatigue because of its high correlation with
other frequently used neuromuscular and metabolic mark-
ers of fatigue [14—17]. While this presents a considerable
advancement for RT monitoring and prescription, there are
a few methodological factors that could compromise their
utility both in research and practice. First, it is not clearly
understood when exactly one should terminate a set after
reaching a pre-determined VL threshold. In the literature,
set termination after either one or two repetitions exceed-
ing a VL threshold is common. The rationale for two rep-
etitions is based on the fact that individuals can in some
cases produce a velocity above a certain VL threshold, even
after this threshold was exceeded for the first time [24]. On
this note, some of the studies included in this review—all
of which used VL to prescribe RT—reported considerable
variability in the VL achieved at the end of a set (Fig. 4a).
The magnitude of this variability reported in several studies
[70, 80, 93, 94] ranged from 5 to 13%. At the extreme end
of this range, one could theoretically expect an individual to

reach 40% VL in a set when only 30 or 35% was intended.
These limitations should be considered in practice and future
research should investigate ways of reducing this variability.
Second, the reference repetition from which the VL is cal-
culated (i.e., the first or the fastest in the set) is an important
consideration as it affects the VL achieved and subsequently
the number of repetitions performed [24]. As the first rep-
etition is not always the fastest [24, 95, 96], it is important
to use the fastest repetition as the reference for VL calcula-
tions to ensure more precise RT monitoring and prescription.
Third, a reduction in the ability to accelerate the load at the
beginning of the concentric phase will likely affect mean
velocity more than peak velocity [97, 98]. In this regard,
mean velocity should be used rather than peak velocity when
implementing VL in training because of its higher sensitivity
in detecting the fatigue progression during a set [24]. Fourth,
while studies established a close relationship between VL
and the percentage of the repetitions completed out of the
maximum possible, these percentages may have a high inter-
individual variability [24]. In this regard, future research
should investigate whether prescribing individualized VL
thresholds could circumvent these uncertainties associated
with prescribing the same VL for all individuals in a train-
ing session. Finally, while the effects of load and exercise
selection were thoroughly discussed in the present review,
there are other potentially relevant factors such as strength
and height of the individual that might affect the utility of
VL in practice [99]. Therefore, future research should con-
tinue exploring factors that could affect the precision of VL
thresholds and subsequent acute and chronic effects of their
implementation.

At least some of the limitations already described could
be potentially alleviated by establishing the repetitions in
reserve (i.e., the specific number of repetitions that remain
uncompleted at set termination) velocity relationship. The
rationale for establishing the repetitions in reserve velocity
relationship is that despite the strong relationship between
the percentage of repetitions completed out of the maximum
possible with VL, the post-set repetitions in reserve remains
unknown when using VL [19]. This is important because
the last repetitions of a set contribute more to the altera-
tion of muscle energy balance and the abrupt increase in
metabolites such as ammonia [14, 100, 101]. In this regard,
two studies attempted to establish the relationship between
repetitions in reserve and velocity [19, 102]. Moran-Nav-
arro et al. [19] examined the within-individual variability
for the velocity associated with a given number of repeti-
tions in reserve (i.e., 2, 4, 6, and 8) in the Smith machine
bench press, shoulder press, bench pull, and back squat. The
authors concluded that regardless of the load used, velocity
at a given repetition in reserve is very similar and highly
reliable for a given exercise. However, within-individual
variability was considerably higher for the bench press and
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shoulder press compared with other exercises, but this vari-
ability was lower among more RT-experienced participants.
Garcia-Ramos et al. [102] also examined the repetitions in
the reserve velocity relationship, and while they found a high
correlation for the Smith machine bench press (r=0.88),
they also reported large between-individual variability for
velocity at a given repetition in reserve (from 1 to 10). Based
on these findings, it seems that a repetition in the reserve
velocity relationship, like a load velocity profile, should be
established for each exercise, and for each individual. Doing
so may alleviate many of the shortcomings identified for the
VL prescription method. With that said, the literature on
this relationship is still scarce with no information available
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for free-weight exercises, nor on the potential moderating
effects of strength, training background, or sex. Consider-
ing this, and the conflicting results already reported in the
literature, future studies should be conducted to address the
potential utility of this RT prescription method.

4.4 Effects of Velocity Loss Thresholds on Muscle
Strength, Hypertrophy, and Endurance Training
Adaptations

Based on the results of the present meta-regression, the
choice of VL during RT does not seem to affect the magni-
tude of strength gains when controlling for other factors such
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as choice of exercise, strength levels, and training duration
(Table 4; Fig. 5). This is despite the fact that most studies
reported considerable differences in training volume that
linearly increased as the VL increased. These findings are
somewhat in accordance with the meta-analysis by Ralston
et al. [103] who found only trivial to small effects (effect size
differences: 0.14—0.23) of higher (5+ sets) versus lower (14
sets) weekly set volumes on strength gains. However, it must
be noted that participants in the majority of studies included
in that meta-analysis performed sets to muscle failure. In
contrast, different VL groups included in the present review
differed not only in training volume, but also proximity to
failure in each set. For instance, performing repetitions until
10% VL would result in not only lower training volume, but
also more repetitions left in reserve compared with perform-
ing repetitions until 30% VL with the same load and exer-
cise. Therefore, the findings of the present review might be
used to support both the notion of avoiding training to failure
and also not needing to perform high-volume protocols when
the aim is to optimize strength gains. Indeed, although the
majority of studies included in the present review found no
statistically significant differences in strength gains between
different VL thresholds, the magnitudes of improvement (as
quantified by effect sizes) seem to suggest a slight advan-
tage of low to moderate over high VL thresholds (Fig. 5b).
The authors from the several studies [25-27, 60] suggested
that an inverted U-shaped relationship might exist between
VL experienced in a set and maximal strength gains. For
instance, Pareja-Blanco et al. [25, 26] reported that once a
moderate VL threshold was exceeded (e.g., 20 or 25% VL),
further increases in strength gains were not observed. In
addition, higher VL thresholds can cause a decrease in the
early rate of force development [26] and a reduction in the
expression of fast-twitch muscle fibers [18] following RT.
Further, several researchers [25, 26] reported that a 0% VL,
meaning performing only one repetition during a set, did
not lead to optimal strength gains. Therefore, a minimal VL.
threshold (e.g.,>5%) is needed to induce optimal strength
gains. Considering all the above, low to moderate instead of
high VL thresholds should be prescribed when the goal is to
optimize neuromuscular adaptations to RT.

In contrast to gains in maximal strength, an increase in
VL led to a somewhat linear increase in muscle hypertrophy
(Fig. 5c, d). In this regard, a meta-analysis from Schoenfeld
et al. [8] found a graded dose—response relationship between
training volume and muscle hypertrophy. As training vol-
ume concomitantly increases with VL, it is not surprising
that moderate, and especially high VL thresholds induced
the most muscle hypertrophy. Volume, rather than the VL
threshold itself, seems to be the factor driving differences
in hypertrophy as illustrated by Andersen and colleagues
[29] who observed no significant differences between 15 and
30% VL threshold groups in the only longitudinal VL study

examining muscle hypertrophy with equated volume. How-
ever, this finding is not universal as some studies found mod-
erate VL (e.g., 20-25%) thresholds to be equally effective as
higher (e.g.,>40%) VL thresholds at promoting hypertrophy
[25, 26]. These discrepancies were not discussed in the sci-
entific literature but could at least partially be explained by
the combination of the following factors: (1) training status
of the participants (e.g., slight numerical differences in mus-
cle cross-sectional area at baseline in favour of moderate
thresholds) and (2) relatively low training frequency (~2x/
week), study duration (~ 8 weeks; 16 sessions), and the num-
ber of sets (~ 6/week). Thus, moderate VL thresholds should
be prescribed when the aim is to optimize hypertrophy with-
out sacrificing neuromuscular adaptations.

Traditionally, performing many repetitions per set has
been recommended when the goal is to induce positive mus-
cle endurance adaptations during RT [104, 105]. Similar
conclusions were drawn in a more recent meta-analysis [35].
Contrastingly, the results of the present meta-regression sug-
gest that different VL thresholds, and thus varying number
of repetitions performed per set, do not seem to modulate
gains in muscle endurance during RT (Fig. 7a, b; Table 4). In
fact, higher VL thresholds seemed to be slightly less effec-
tive at inducing muscle endurance gains (Fig. 7b). This is
surprising given the observed differences in training volume
that linearly increased as the VL increased. Moreover, one
study [79] recently reported that the group who performed
bodyweight pull-ups until reaching 25% VL improved mus-
cle endurance in the same exercise (i.e., number of rep-
etitions to failure) slightly more than the 50% VL group
despite the differences in training volume. In this regard,
studies [25, 26, 43, 44] often hypothesize that the superior
gains in maximal strength observed for low to moderate
compared to high VL thresholds might be responsible for
these findings. This is a plausible explanation as the mus-
cle endurance tests used a fixed load both at baseline and
post-intervention, meaning that the group that experienced
greater strength gains would perform the strength endur-
ance test with a lower relative load compared with the group
that experienced lesser strength gains, thus allowing more
repetitions to be performed until failure. Indeed, high corre-
lations (r=0.63-0.71) have been reported between improve-
ments in maximal strength and muscle endurance, which
could support this contention [43, 44]. In addition, similar
dose-response curves for muscle strength and endurance,
but not hypertrophy, were observed in a recent study [106]
investigating the effects of training volume on muscle adap-
tations, which aligns with the results of the present meta-
regression. However, a training program with a repetition
range that mimics the endurance test generally leads to
greater improvements in muscle endurance [107]. In this
regard, it is unclear why higher VL thresholds, which gener-
ally allow for greater repetitions per set and therefore more
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closely mimic muscle endurance tests, did not prove to be
superior for this outcome. Perhaps the fact that most studies
in the present review terminated their muscle endurance tests
when the barbell reached ~0.50 m-s~! could be responsible
for these findings, thus making the test relatively more simi-
lar to low to moderate, but not high VL thresholds. Future
studies are needed to investigate these possibilities.
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4.5 Effects of Velocity Loss Thresholds
on Performance of Athletic Tasks and Velocity
Against Submaximal Loads

Based on the results of the present meta-regression, there is
an inverse relationship between VL and subsequent improve-
ment in countermovement jump and sprint performance. In
addition, study duration also seems to modulate the gains
in jumping and sprinting performance with longer training
interventions leading to greater gains in performance. This
finding was observed despite the fact that only two out of
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ten studies that investigated the effects of VL thresholds
on jumping or sprinting performance incorporated sprint-
ing or jumping in their training programs (either directly or
through playing sport). Jumping and sprinting improvements
were also unrelated to maximal strength gains, which were
more similar between VL thresholds compared to athletic
task performance. Therefore, some authors concluded the
degree of RT transfer to actual physical performance was
more dependent on the magnitude of VL attained in the set
rather than gains in strength [43, 44]. This contention could
be supported by the principle of training specificity [108].
In general, average velocity was higher for low to moderate
than high VL thresholds. In this regard, significant correla-
tions were reported between the velocity of the repetitions
performed and changes in jumping and sprinting perfor-
mance [43, 44], supporting the importance of repetition
velocity for enhancing high-speed actions such as jumping
and sprinting. The inverse could also explain these findings,
as the number of repetitions performed at slower veloci-
ties was progressively greater as VL increased. Therefore,
it could also be argued that the excessive amount of fatigue
from high VL interferes with athletic task performance.
However, more research is needed to determine the causal
factor, as Pérez-Castilla et al. [28] found no significant dif-
ferences in jumping and sprinting improvement between
10 and 20% VL threshold groups with equated volume, the
only study to have controlled for volume. Admittedly, this
study lasted only 4 weeks (below the average in the present
review), compared with only low to moderate VL thresholds,
and included different jumping exercises in their training
interventions, all of which could have affected the results.
The findings of the present meta-regression on the effects
of different VL thresholds on velocity against submaximal
loads might support the importance of actual repetition
velocity during RT that is implemented with the intent of
improving jumping and sprinting performance. Indeed,
improvement in velocity against moderate (< 0.8 m-s~'), and
especially low loads (> 1 m-s~!) progressively increased as
the VL decreased (Fig. 7c, d). As lower VL thresholds allow
for greater velocities and therefore higher velocity adapta-
tions against low loads, these findings collectively support
the training specificity concept in relation to RT transfer to
the performance of athletic tasks such as jumping and sprint-
ing. A large degree of variability in velocity against moder-
ate loads was observed, which could probably be explained
by the large range of loads that fell into the moderate loads
category. Nevertheless, it seems that moderate VL thresh-
olds (Fig. 7d) were slightly more effective compared with
low and high VL thresholds at improving velocity against
moderate loads, further supporting the principle of training
specificity. Collectively, these findings support the idea that
training should be informed by changes in an individual’s
load-velocity profile, as doing so identifies the specific

RT-induced adaptations along the load-velocity curve, thus
providing a more comprehensive analysis of RT-induced
changes compared to maximal strength changes alone.

4.6 Implications for Training and Research Based
on the Findings from Longitudinal Studies

Overall, based on the findings of the present review it can
be concluded that (1) while the differences in strength and
muscle endurance adaptations between VL thresholds are
small, low to moderate VL thresholds may be slightly more
effective for inducing these adaptations compared with
higher VL thresholds; (2) moderate to high thresholds are
likely more effective for muscle hypertrophy compared with
lower thresholds; (3) jumping and sprinting performance
improve the most following lower VL threshold training;
and (4) low to moderate VL thresholds will improve velocity
against low loads, whereas moderate thresholds more effec-
tively improve velocity against moderate loads. Considering
less time is required when training with low to moderate VL
thresholds, potential reductions in early rate of force devel-
opment [26], percentage of fast-twitch muscle fibers [18],
and the likely delayed time course of recovery after RT with
high VL thresholds [22], low to moderate VL thresholds
should generally be prescribed when the goal is to optimize
strength and performance adaptations. These findings are
especially relevant for team sports where frequent matches
throughout the season and extended competition periods
alter the length of the preparatory period and its specific
phases, but also for individual sports where athletes often
train multiple times a day and need to manage RT fatigue for
both event performance and sport-specific training sessions.

It must be noted, however, that it is presently unclear if
differential effects of low to moderate and high VL thresh-
olds are indeed due to differences in VL (and therefore rep-
etition velocity and proximity to failure), training volume,
or a combination of both. In this regard, only two longitu-
dinal studies equated training volume between different VL.
thresholds, both of which found no significant differences
between groups [28, 29]. Therefore, it may be that differ-
ences in training volume are the main drivers of differential
adaptations following the use of different VL thresholds.
In partial support of this, reductions in type IIx fibers and
the rate of force development have been shown to be larger
following higher as compared with lower volume training
[109]. Nevertheless, future studies should equalize train-
ing volume between VL thresholds to isolate their effects
from the influence of total volume load to support or refute
this contention. Furthermore, no studies investigating the
effects of different VL thresholds have manipulated the
number of sets. Manipulating the number of sets could be a
viable strategy to further increase the effectiveness of low
to moderate VL thresholds. Increasing the number of sets
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Fig.7 Multilevel mixed-effects meta-regression illustrating the velocity loss thresholds (red circles); and (3) average effect sizes of

effects of velocity loss thresholds on muscle endurance quantified by
the number of repetitions performed in a fatigue test (a). Multivari-
ate mixed-effects meta-regression illustrating the effects of velocity
loss thresholds on velocity against low (>1 m-s~!; red circles and
lines), and moderate (<0.8 m-s™'; green circles and lines) loads (c).
For a and ¢, larger data points received greater weighting than smaller
data points. Dose-response relationship considering (1) individual
study effect sizes (green circles); (2) average effect sizes of individual

while keeping VL low to moderate might yield additional
muscle hypertrophy, comparable to higher VL thresholds
with fewer sets. Choosing to perform more sets with low to
moderate VL thresholds to increase volume, rather than use
high VL thresholds, might avoid the aforementioned down-
sides of high VL thresholds (neuromuscular fatigue, poorer
strength, and athletic task performance adaptations) while
still producing (or perhaps even amplifying) the observed
adaptations associated with low to moderate VL thresholds.
Another area in need of study is the periodized use of VL

low (<15%), moderate (>15%<30%), and high (>30%) grouped
velocity loss thresholds (purple circles and lines) between velocity
loss and muscle endurance (b) and velocity against submaximal loads
(d) performance improvement. Black, green, and red (solid and dot-
ted) lines represent estimated relationships and corresponding upper
and lower 95% confidence intervals, whereas vertical, dotted, and
black lines represent boundaries between velocity loss thresholds.
MC mean change, SMC standardized mean change

thresholds over time (e.g., low to moderate VL phases fol-
lowing high VL in a linear manner, or used concurrently in
an undulating design). Such a multifaceted approach to train-
ing does have merit, especially in high-performance settings
where multiple training qualities often have to be consid-
ered throughout a microcycle or mesocycle. Importantly, in
a similar manner to VL thresholds for those who do not have
access to velocity-tracking devices, cluster or rest-redistri-
bution set structures may be a viable alternative to maintain
high repetition velocity while minimizing neuromuscular
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fatigue during RT [35, 110, 111]. Indeed, Jukic and Tufano
[96] recently reported that rest redistribution allowed almost
all repetitions (~ 17.5 out of 18) in a clean pull exercise to be
performed above 20% VL regardless of the load used across
three sets and therefore suggested that rest redistribution
could potentially serve as a free ad-hoc alternative to VL
thresholds. However, future research is needed to explore
these alternatives with a range of different exercises, loads,
and athletic populations. Finally, acute responses to different
VL thresholds discussed in the present review should also
be considered when implementing them in RT programs as
they are also likely to affect the magnitude of RT-induced
adaptations.

4.7 Risk of Bias Assessment

Most of the studies included in this review did not provide
sufficient information regarding the method of randomiza-
tion. Further, no studies provided information regarding
allocation concealment and no studies pre-registered their
protocols on a publicly available registry. As a result, these
studies were of unclear risk of order effect, allocation con-
cealment, and selective reporting bias. Therefore, research-
ers should improve their reporting of this information in
future studies. Importantly, some studies also had an unclear
risk of attrition bias due to not providing sufficient informa-
tion as to the number of participants included in the analysis
after reporting that some did not complete the entire inter-
vention or all procedures. Future studies should report the
predefined criteria for participant exclusion from analysis,
and clearly state how many were included. We recommend
the use of the CONSORT flow diagram [112]. Almost half
of the studies included in this review were at high risk of
familiarization bias because the authors did not report or did
not familiarize their participants with the testing procedures.
This is especially important in the context of velocity-based
training where participants need to provide maximal intent
during all repetitions to ensure the reliability of velocity out-
puts. In addition, some studies failed to report details regard-
ing the provision of velocity feedback or encouragement,
both of which can affect the findings of a study. Therefore,
future research should ensure that familiarization sessions
are performed, the procedures are fully reported, and the
provision of velocity feedback or encouragement occurs and
is documented. Most studies were at a low risk of bias for
other factors that could have affected their findings and used
valid and reliable methods, equipment, or instruments to
evaluate their outcomes of interest.

4.8 Limitations and Considerations

Several aspects of this review should be considered when
interpreting the findings. First, the visualizations made from

the acute studies and their interpretation are limited by the
data reported in the original studies. While attempts were
made to perform a meta-analysis of the acute studies, miss-
ing data and subsequently authors’ refusal to provide data
prevented us from doing so. Second, there were consider-
ably fewer female participants in both the acute and longi-
tudinal studies, which reduces the generalizability of our
findings to female participants, and more research on VL
thresholds should include female individuals when possi-
ble. However, Rissanen et al. [74] recently reported robust
and similar increases in strength and power performance in
male and female individuals over 8 weeks while performing
repetitions until 20% or 40% VL. This suggests that male
and female individuals might be responding similarly to
different VL thresholds; although, more research is needed
to substantiate these claims. Third, while we attempted to
consider the moderating effects of study duration, exer-
cise, loads used, and strength levels of the individuals in
all meta-analytic models, the number of studies and effect
sizes per study meant this could only be performed for some
outcomes. For instance, exercises in the vast majority of lon-
gitudinal studies were performed in Smith machines. In this
regard, the effects of exercise mode (i.e., Smith machine vs
free-weight exercises) have not been formally investigated.
Therefore, it is presently unknown to what extent the find-
ings of the present review can be translated to scenarios
when only free-weight exercises are used, and thus, the find-
ings of this review should be interpreted with this in mind.
This also highlights a need for studies that directly compare
the acute and chronic effects of different VL thresholds with
exercises performed using free weights or using both free
weights and Smith machines (while keeping exercises the
same) in a cross-over manner. Fourth, some studies did not
report all information required for meta-regressions; there-
fore, we extracted the required information from figures or
made estimations (e.g., pre-post assessment correlations)
based on other studies. This likely introduced some error
and we therefore urge researchers to report standard devia-
tions of differences (and or pre-post assessment correlations)
in training intervention studies. In addition, we also urge
researchers to respond to data request e-mails and to provide
data when there are no legal barriers to doing so. Fifth, a
few longitudinal studies estimated 1RM rather than testing
1RM as a measure of maximal strength. Although not ideal,
the fact that all these studies were consistent with their pro-
cedures before and after the intervention, used load—veloc-
ity relationships with high loads (up to 80-95% 1RM), and
used Smith machine exercises to predict maximal strength
should minimize the impact on their findings. Finally, as
there is no consensus regarding the actual velocities attained
against low, moderate, and high loads (because these veloci-
ties are highly individual), what is considered a “moderate”
or “low” load is subjective. Therefore, when interpreting
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the velocity against submaximal loads outcome in the pre-
sent review, it should be noted that loads associated with > 1
and <0.8 m-s~! were classified as low and moderate loads,
respectively.

5 Conclusions

Monitoring VL during RT may offer additional insights
about training response not captured by more traditional
methods of prescribing and monitoring RT. However, it is
important to note that the acute neuromuscular, metabolic,
and perceptual responses to different VL thresholds will
likely depend upon the choice of exercise, loads used, num-
ber of sets performed, individual athlete characteristics, and
more. In addition, factors that can specifically affect the con-
sistency of VL determination such as reference repetition,
use of peak or mean velocity, and criteria for set termination
(repetitions allowed after the VL is exceeded) should all be
considered when implementing VL in practice. Prescrib-
ing low to moderate VL thresholds during RT seems to be
more time efficient and a generally advantageous strategy
compared with higher VL thresholds for optimizing muscle
strength and endurance, jumping and sprint performance,
as well as velocity against submaximal loads. In contrast,
higher VL thresholds may be more effective for promoting
muscle hypertrophy. However, prescribing higher VL thresh-
olds during RT can impair rapid force production capabil-
ity, reduce the expression of fast-twitch muscle fibers, and
prolong recovery from RT. In contrast, extremely low VL
thresholds can sometimes lead to suboptimal training adap-
tations. Therefore, low to moderate VL thresholds may be a
viable strategy for ensuring optimal performance improve-
ment while preventing the potentially negative effects of
fatigue. To conclude, the findings of this review indicate that
the specific choice of VL threshold will influence the subse-
quent RT adaptations, highlighting that VL threshold selec-
tion is an important consideration in RT program design.
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