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ABSTRACT 29 

We estimated the effectiveness of using velocity feedback to regulate resistance training load 30 

on changes in muscle strength, power and linear sprint speed in apparently-healthy participants.  31 

Academic and grey literature databases were systematically searched to identify randomised 32 

trials that compared a velocity-based training intervention to a ‘traditional’ resistance training 33 

intervention that did not use velocity feedback. Standardised mean differences (SMDs) were 34 

pooled using a random effects model. Risk of bias was assessed with the Risk of Bias 2 tool 35 

and the quality of evidence was evaluated using the GRADE approach. Four trials met the 36 

eligibility criteria, comprising 27 effect estimates and 88 participants. The main analyses 37 

showed trivial differences and imprecise interval estimates for effects on muscle strength 38 

(SMD 0.06, 95% CI -0.51-0.64; I2=42.9%; 10 effects from 4 studies; low quality evidence), 39 

power (SMD 0.11, 95% CI -0.28-0.49; I2=13.5%; 10 effects from 3 studies; low quality 40 

evidence), and sprint speed (SMD -0.10, 95% CI -0.72-0.53; I2=30.0%; 7 effects from 2 41 

studies; very low quality evidence). The results were robust to various sensitivity analyses. In 42 

conclusion, there is currently no evidence that VBT and traditional resistance training methods 43 

lead to different alterations in muscle strength, power, or linear sprint speed. 44 

Keywords: Resistance exercise, velocity feedback, muscle strength, muscle power, sprint 45 

speed   46 
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INTRODUCTION 47 

Regular resistance training provides a stimulus for improvements in muscle strength and power 48 

[1, 2]. These adaptations are typically considered beneficial for sports performance [3], and 49 

resistance training is often an integral component of long-term athlete development 50 

programmes [4, 5]. Muscle strength and power are also associated with better health outcomes 51 

in non-athlete populations, including reductions in all-cause mortality and increases in physical 52 

function [6, 7]. 53 

Resistance training load is an important variable in resistance training programmes because it 54 

influences adaptations in muscle strength, at least when strength is operationalised as one 55 

repetition maximum (1RM) or maximum voluntary contraction [8, 9]. The most common 56 

method of prescribing resistance training load is to use a percentage of 1RM (%1RM) 57 

combined with a predetermined number of repetitions [10]. Whilst this approach has been 58 

shown to improve muscle function in athlete and non-athlete populations [1, 11–15], it does 59 

not account for daily changes in an individual’s physical performance capabilities [16]. 60 

Maximal strength can subtly fluctuate on a day-to-day basis due to fatigue, consecutive nights 61 

of sleep deprivation, or other life stressors [17, 18]. Strength can also increase throughout the 62 

training block or decrease due to accumulated fatigue from training and competition [19, 20]. 63 

In addition, the ability to complete repetitions at a given %1RM varies considerably between 64 

individuals and between different exercises [21, 22]. As a consequence, prescribing resistance 65 

training load based on %1RM may lead to a suboptimal training stimulus. 66 

Alternative resistance training strategies exist that account for an individual’s perceived 67 

performance capabilities on a given day [23]. For example, training to task failure allows the 68 

number of repetitions to vary with acute performance capability. A similar approach is to 69 

perform repetitions within a set until reaching a target number of repetitions away from 70 

perceived task failure, known as repetitions in reserve (RIR) [24]. Moreover, load can be 71 

adjusted according to a rating of perceived exertion (RPE) associated with a fixed number of 72 

repetitions [25]. These methods are simple to implement, do not require the use of technology, 73 

and can be used in large group settings. However, they rely on an individual’s ability to predict 74 

proximity to task failure, which can be inaccurate and/or unreliable [26, 27].    75 

Velocity-based training (VBT) uses instantaneous velocity feedback to objectively monitor and 76 

adjust resistance training load [28]. Because movement velocity and barbell load are inversely 77 

related [29, 30], changes in velocity attained against a given load are indicative of changes in 78 
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an individual’s performance capabilities. Indeed, a decline in barbell velocity is associated with 79 

neuromuscular fatigue [31], whereas greater velocity attained against a given absolute load 80 

indicates enhanced neuromuscular readiness [29]. Thus, VBT may be used to objectively 81 

manipulate resistance training load according to an individual’s current physiological state. By 82 

doing so, VBT may permit greater movement velocities and power outputs during a resistance 83 

exercise session compared with using a %1RM [28, 32], which has potential to promote 84 

velocity-specific adaptations, such as reduced antagonist coactivation, greater early phase 85 

neural drive, or better coordination [33–35]. Accounting for daily readiness through velocity 86 

feedback may also minimise acute time under tension and perceived training stress [28], which 87 

could ensure preparedness for repeated training exposure. 88 

Whilst various methods exist within the VBT paradigm [36], the two main approaches include 89 

velocity zones and velocity loss thresholds. Velocity zones involve completing a set of 90 

repetitions at a mean concentric velocity that falls within a pre-defined threshold (e.g., 0.60-91 

0.70 m·s-1). The velocity zones can be generic (i.e. all individuals lift within the same velocity 92 

zone) or derived from an individual’s load-velocity profile, with the latter approach considered 93 

optimal. Velocity loss thresholds involve performing repetitions within a set until repetition 94 

velocity drops below a pre-specified cut-off (e.g., 20% velocity loss threshold) [37]. See 95 

references [36, 37] for a more detailed overview of VBT methods.  96 

Several papers have published guidelines on how to implement VBT [36–38], largely based on 97 

the notion that VBT can lead to superior (or different) training adaptations compared with 98 

‘traditional’ resistance training methods (such as %1RM) [36–38]. However, individual studies 99 

directly comparing the effects of VBT to traditional resistance training methods on training 100 

adaptations have reported mixed and imprecise results [28, 39, 40], which may be due to 101 

differences in specific intervention characteristics and/or sampling errors associated with the 102 

small sample sizes. In line with Cochrane guidance, pooling the results of small individual 103 

studies is crucial to increase precision and the chance of detecting an effect, if an effect exists 104 

[41]. Synthesizing the evidence-base is also needed to explore heterogeneity, identify gaps in 105 

knowledge, inform directions for future research, and settle controversies arising from 106 

apparently conflicting studies. Therefore, we systematically reviewed, meta-analysed and 107 

appraised the quality of evidence regarding the effects of VBT vs. traditional resistance training 108 

methods on adaptations in strength, power and linear sprint speed.  109 

METHODS 110 
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This systematic review was prospectively registered Open Science Framework (OSF; 111 

https://osf.io/pz9fs) [42] and followed guidelines by the Preferred Reporting Items for 112 

Systematic Reviews and Meta-Analyses (PRISMA) [43] and Cochrane Handbook [44]. 113 

Deviations to the original protocol are described and justified in Online Resource 1.  114 

Search strategy 115 

Two authors (AH and LP) independently searched PubMed, Embase, SportDiscus, CINAHL 116 

and Cochrane Central Register of Controlled Trials (CENTRAL) electronic databases from 117 

inception to 1st June 2021. We also searched the ClinicalTrials.gov, International Standard 118 

Randomised Controlled Trial Number (ISRCTN), and SportRxiv databases to identify any 119 

ongoing or unpublished trials. Standard Boolean operators (AND, OR) were used to 120 

concatenate the search terms. The search string used in five electronic databases is displayed 121 

in Table 1, and searches used in all other databases are presented in Online Resource 2. We 122 

also manually searched the reference lists and forward citations of included studies and relevant 123 

reviews to identify potentially eligible studies.  124 

Inclusion criteria 125 

Original research articles were included if they met the following inclusion criteria: (1) the 126 

study was a prospective randomised trial (2) full-text was available in English language, (3) 127 

participants were healthy and aged ≥16 years, (4) participants were randomly allocated to a 128 

VBT intervention or a comparison resistance training intervention using a between-group 129 

design, or contralateral limbs were randomised in parallel to the interventions using a within-130 

group design, (5) the VBT intervention used a measurement tool to objectively monitor 131 

movement velocity such as high-speed video capture, linear position/velocity transducer, 132 

inertial measurement unit, or laser optic device, (6) the interventions lasted at least four weeks, 133 

(7) a measure of muscle strength, muscle power, or linear sprint speed was assessed before and 134 

after the intervention. Studies were excluded if: (1) they used a quasi-experimental, crossover, 135 

or observational design, (2) participants were recruited on the basis of any medical condition, 136 

or (3) the article has been retracted. In line with Cochrane guidelines, quasi-experimental trials 137 

were excluded because it is feasible to conduct randomised trials to answer the questions being 138 

addressed by this review [45]. Crossover trials were also considered inappropriate due to the 139 

likelihood of a carry-over effect [46] (for example, muscle strength is maintained >6 months 140 

after resistance training cessation [47]). However, quasi-experimental and cross-over trials 141 

were included in a sensitivity analysis (see Statistical Analysis section). 142 
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We broadly defined resistance training as a sequence of dynamic strength exercises that utilised 143 

concentric and/or eccentric muscle contractions [1]. We defined VBT as a resistance training 144 

intervention that used velocity feedback to manipulate resistance training load or the number 145 

of repetitions/sets performed in at least one resistance exercise. The comparison resistance 146 

training intervention was defined as an intervention that did not use velocity feedback to 147 

manipulate resistance training load/volume, but instead informed resistance training 148 

prescription based on one of the following methods: (1) %1RM, with the 1RM assessed at 149 

baseline (2) RPE, (3) RIR, or (4) task failure (i.e., repetition maximum zones or repetition-150 

failure).  151 

Outcomes 152 

Outcomes included measures of maximal strength, power, and linear sprint speed and were 153 

continuous variables. Maximal strength outcomes included mass lifted in dynamic 1RM tests 154 

in the upper- or lower-body (e.g., back squat, bench press), or force achieved in isometric 155 

assessments (e.g., mid-thigh pull, squat, knee extension). Muscle power outcomes included 156 

power or velocity obtained in the concentric phase of a resistance exercise (e.g., back squat). 157 

Muscle power outcomes also included power produced or height achieved in a 158 

countermovement or depth jump. Sprint speed included a timed, maximal linear sprint between 159 

5 and 100 m in distance.  160 

Study selection 161 

After the literature searches were completed, studies were collected into a single list in a 162 

Microsoft Excel spreadsheet (Microsoft Corporation, Redmond, Washington, USA). Two 163 

authors (AH and LP) independently removed duplicates and screened the titles and abstracts to 164 

identify potentially eligible studies. Full-texts were obtained for all studies that appeared 165 

relevant or where there was any uncertainty. Two authors (AH and LP) then independently 166 

examined each full-text manuscript against the eligibility criteria. Any disagreements were 167 

resolved through discussion and consultation with a third author (STO). If it was necessary to 168 

clarify aspects of the study in relation to the eligibility criteria, or retrieve a full-text manuscript, 169 

we contacted corresponding authors on at least two occasions within a one-month period.  170 

Data extraction 171 

Data items extracted from each eligible study included: (1) authors, (2) title and year of 172 

publication, (3) sample size, (4) participant characteristics, (5) details of the VBT intervention, 173 
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(6) details of the comparison intervention, (7) details of the outcome measures, (8) details of 174 

retention rates and intervention adherence, and (9) baseline, follow-up, and change score data 175 

for each outcome measure (mean and SD). If SDs weren’t reported, we collected other relevant 176 

data that can be converted to an SD, such as 95% confidence intervals (CIs) or p-values. Data 177 

were extracted independently by two authors (AH and LP) and cross-checked by another author 178 

(STO). 179 

Risk of bias 180 

The Cochrane risk of bias tool for randomized trials (RoB 2) was used to judge the risk of bias 181 

for each included outcome within each study [48]. RoB 2 comprises five domains and a series 182 

of signalling questions relating to the: 1) randomisation process, 2) deviations from intended 183 

interventions, 3) missing outcome data, 4) measurement of the outcome, and 5) selection of the 184 

reported result. Judgements for each domain and the overall risk of bias are expressed as ‘low’, 185 

‘high’, or ‘some concerns’. An overall bias judgment was taken as the least favourable 186 

assessment across all the domains [48]. Judgements were made independently by two authors 187 

(TJ and OJ), with any disagreements resolved by discussion and consensus with a third author 188 

(STO).  189 

When a meta-analysis included 10 or more effect sizes, risk of bias due to missing results in a 190 

synthesis was explored with Egger’s test of the intercept [49] and by visually inspecting a 191 

funnel plot of the effect estimates plotted against their corresponding sampling variance.  192 

Quality of evidence 193 

We rated the quality of evidence for each outcome using the Grading of Recommendation, 194 

Assessment, Development, and Evaluation (GRADE) approach [50]. GRADE has four levels 195 

of evidence: very low, low, moderate and high. Randomised trials start with a ‘high quality’ 196 

rating, and we downgraded the certainty evidence for each outcome based on the following 197 

factors: 1) risk of bias, 2) inconsistency of results, 3) indirectness of evidence, 4) imprecision 198 

of results, and 5) publication bias [51]. The evidence was downgraded by one level if we judged 199 

that there was a serious limitation or by two levels if we judged there to be a very serious 200 

limitation. Criteria for downgrading the evidence were decided a priori [42]. Two review 201 

authors (STO and JS) independently graded the certainty of evidence, with any discrepancies 202 

resolved through consensus. An overall GRADE certainty rating was applied to the body of 203 

evidence by taking the lowest certainty of evidence from all of the outcomes [52]. 204 
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Statistical analysis 205 

All studies included in the review are narratively synthesized. Where two or more trials 206 

reported the same outcome, we performed a meta-analysis of standardised mean differences 207 

(SMDs) between conditions. SMDs were calculated by dividing the mean difference (MD) by 208 

the pooled SD at baseline, where the MD was calculated as the mean pre-post change in the 209 

VBT group minus the mean pre-post change in the comparison group [53]. Hedges' g correction 210 

was applied to the SMD to adjust for sample bias. Qualitative descriptors used to interpret the 211 

strength of the SMDs were based on Cohen’s (1988) thresholds (±): trivial (< 0.2), small (0.2 212 

to 0.49), moderate (0.5 to 0.79), and large (≥ 0.8) [54]. For the purposes of interpretation, the 213 

interval estimate around an SMD was considered precise if its width was less than 0.5 SMDs. 214 

An arbitrary threshold of 0.5 SMDs was chosen to indicate (im)precision because this 215 

magnitude is able to span adjacent effect size thresholds according to Cohen’s criteria [54]. 216 

As supplementary analyses, we performed a meta-analysis of MDs when the original units of 217 

measurement were available from two or more studies. Moreover, we determined pre-post 218 

effects of VBT and comparison groups by performing a meta-analysis on the standardised mean 219 

changes (SMCs), which were calculated by dividing the mean pre-post change by the SD of 220 

the change score (SDdiff) in each condition. We then converted the SMC to a percentage and 221 

reported the common language effect size (CLES), which expresses the probability of a 222 

randomly selected individual undergoing an improvement from pre- to post-intervention [55]. 223 

If a study did not report the SDdiff and it could not be retrieved from the corresponding author, 224 

it was estimated using SDs at baseline and post-intervention in addition to the pre-post 225 

correlation coefficient [56]. The pre-post correlation was assumed to be 0.7 in line with 226 

guidelines by Rosenthal [57] and with previous meta-analyses [1, 58, 59].  227 

Meta-analyses were performed with a random effects model using the restricted maximum 228 

likelihood method to estimate between-study variance. A random effects model was chosen to 229 

incorporate potential heterogeneity across studies based on the assumption that different studies 230 

are estimating different, yet related, intervention effects [41]. CIs and test statistics were 231 

calculated via a t-distribution using the Hartung-Knapp-Sidik-Jonkman (HKSJ) approach. The 232 

HKSJ approach for random effects meta-analysis results in superior error rates compared with 233 

the standard DerSimonian-Laird (DL) method when the number of included studies is small 234 

[60]. Studies were weighted according to the inverse of the sampling variance. When a meta-235 
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analysis included more than one outcome measure from the same study, effect estimates were 236 

nested within studies using a multi-level structure to account for correlated effects [61]. 237 

Statistical heterogeneity between studies was evaluated with tau-squared (τ2) and the Chi-238 

squared test (χ2), and the proportion of variability in effect estimates due to heterogeneity rather 239 

than sampling error was estimated using the I2 statistic. Thresholds for the interpretation of I2 240 

were in line with Cochrane recommendations: 0-40% (‘might not be important’), 30-60% 241 

(‘may represent moderate heterogeneity’), 50-90% (‘may represent substantial heterogeneity’), 242 

and 75-100% (‘considerable heterogeneity’) [41]. The importance of the observed I2 value was 243 

interpreted alongside its 95% CI and the p-value from the χ2 test [41].  244 

When a meta-analysis included 10 or more effect estimates, and there was evidence of at least 245 

moderate heterogeneity, we performed meta-regressions to explore sources of heterogeneity. 246 

Covariates included: (1) mean age of participants (continuous variable), (2) whether the 247 

interventions involved weekly fluctuations in training load (i.e. periodisation; yes vs. no), (3) 248 

the number of resistance exercises in the VBT intervention that were manipulated using 249 

velocity feedback (≤1 vs. >1 exercise), and (4) mean score at baseline (continuous variable). 250 

An additional meta-regression for strength outcomes included the muscle group tested (lower-251 

body vs upper-body). Apart from age, meta-regressions were not specified in the pre-registered 252 

protocol and were exploratory.   253 

We performed various sensitivity analyses on the main meta-analysis models to examine 254 

whether decisions made in the review process influenced the overall findings. Sensitivity 255 

analyses included: (1) computing test statistics and 95% CIs based on a normal (z) distribution 256 

rather than a t-distribution, (2) including quasi-experimental and crossover studies in the meta-257 

analyses, and (3) using SDdiff to calculate effect estimates rather than the SD at baseline. We 258 

also examined meta-analyses for influential cases by calculating Cook’s distance and hat values 259 

[62]. Cook’s distance values of greater than 
4

𝑘
 or hat values of more than 3

1

𝑘
 were considered 260 

influential cases, where 𝑘 is the number of observations in the model. We then performed a 261 

Leave-One-Out sensitivity analysis to assess whether removing an individual effect estimate 262 

from a meta-analysis influenced the model parameters. 263 

Statistical analyses were conducted using package metafor in R version 4.0.2 (R Foundation 264 

for Statistical Computing, Vienna, Austria). Statistical significance was set at p<0.05. Data are 265 

presented as point estimates with their corresponding 95% CIs. Effects in the positive direction 266 

favour the VBT condition whereas effects in a negative direction favour the comparison 267 
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interventions. One author (STO) performed the statistical analyses, with another author (JS) 268 

checking the code and reproducing the results. The search results, dataset, and code are 269 

available on OSF [63]. 270 

RESULTS 271 

Study identification and selection 272 

A total of 572 records were identified through the database searches, of which 317 were 273 

duplicates (Figure 1). One additional record was identified through forward citation tracing. 274 

After deduplication and screening of 256 abstracts, 22 full-texts were assessed for eligibility. 275 

A total of four trials met the eligibility criteria and were included in this review and meta-276 

analysis.  277 

Study characteristics 278 

An overview of the included studies is presented in Table 2. Two out of the four studies were 279 

based in the UK [28, 64], with one study based in Germany [40], and one study based in Spain 280 

[39]. All studies recruited participants with at least two years of resistance training experience. 281 

Three out of the four studies exclusively recruited males, whereas one study recruited males 282 

and females [40]. Two studies recruited sports players that were engaged in sports-specific 283 

training alongside the resistance training interventions [28, 40]. The median sample size was 284 

23 (range: 16 to 27). Only one study intervention used individual velocity zones to manipulate 285 

resistance training [28]; one study used general velocity zones [39], one study used velocity 286 

loss thresholds [40], and one study combined general velocity zones with velocity loss 287 

thresholds [64]. Studies used either a linear position transducer or linear velocity transducer to 288 

monitor barbell velocity. The comparison intervention in all studies involved using a %1RM 289 

to prescribe resistance training load, and one of the interventions combined %1RM prescription 290 

with repetition failure [40]. All interventions involved two exercise sessions per week and 291 

lasted between six and eight weeks.   292 

‘Near misses’ 293 

Three studies were judged to meet many, but not all, of the eligibility criteria (i.e. ‘near misses’) 294 

[65–67]. Justifications for excluding these studies are presented in Online Resource 3.  295 

Risk of bias 296 



11 
 

We evaluated the risk of bias for all outcomes included in the review (strength, power, and 297 

sprint speed). The principal risk of bias assessment is based on muscle strength because this 298 

was assessed in all included trials, although bias assessments for other outcomes are presented 299 

in Online Resource 4. Three trials were judged to raise some concerns overall, and one trial 300 

was judged to have a high overall risk of bias. Common concerns were bias due to the 301 

randomisation process, measurement of the outcome, and selection of the reported result. 302 

Judgements for each study in each RoB2 domain are illustrated in Figure 2, and justifications 303 

are available on OSF [63].  304 

Outcomes 305 

Muscle strength 306 

The main model on strength outcomes comprised of 10 effect estimates from 4 trials (88 307 

participants in total). All effect estimates related to tests of 1RM strength; six effects related to 308 

lower-body strength (back squat and deadlift 1RM) and the remaining four effects assessed 309 

upper-body strength (bench press, overhead press, and bench row). The meta-analysis revealed 310 

a trivial SMD between VBT and comparison groups with an imprecise interval estimate (SMD 311 

0.06, 95% CI -0.51 to 0.64; p=0.81; Figure 3). The total amount of heterogeneity across all 312 

levels in the model not attributable to sampling error was moderate (τ2 = 0.16; I2 = 42.9%; p = 313 

0.42). Visual inspection of the funnel plot showed that the treatment effects were symmetrically 314 

distributed around the overall pooled effect size (Figure 4) and Egger’s test of the intercept 315 

showed that sampling variance did not significantly mediate the overall effect (β 6.5, 95% CI 316 

-11.1 to 24.3; p=0.42).  317 

We also performed a meta-analysis of MDs in original measurement units, which included the 318 

same effect estimates as the main model (10 effect estimates across four trials). The pooled 319 

analysis in raw units showed a non-significant difference of 0.46 kg with an imprecise interval 320 

estimate (MD 0.46 kg, 95% CI -8.3 to 9.2 kg; p=0.91). 321 

Muscle power 322 

The main model for power included three trials, consisting of 10 effect estimates and 67 323 

participants. Four effect estimates from three trials related to jump height, and six effects from 324 

two trials related to velocity attained obtained in the concentric phase of a resistance exercise. 325 

The meta-analysis showed a trivial SMD between VBT and comparison groups with an 326 

imprecise interval estimate (SMD 0.11, 95% CI -0.28 to 0.49; p=0.55; Figure 5). The 327 
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magnitude heterogeneity across all levels in the model not attributable to sampling error might 328 

not be important (τ2 = 0.03; I2 13.5%; p=0.75). Funnel plot analysis showed treatment effects 329 

were symmetrically distributed around the overall pooled effect size (Figure 4) and Egger’s 330 

test of the intercept was non-significant (β 1.45, 95% CI –13.5 to 16.4; p=0.83).  331 

To provide the pooled effect in original measurement units, we performed separate meta-332 

analyses of MDs for jump height (4 effects across 3 trials) and barbell velocity (6 effects across 333 

2 trials). The meta-analyses revealed a non-significant difference of 0.39 cm in jump height 334 

favouring the comparison intervention (MD -0.39 cm, 95% -3.8 to 3.0 cm; p=0.74) and a non-335 

significant difference of 0.21 m·s-1 in barbell velocity favouring the VBT condition (MD 0.21 336 

m·s-1, 95% CI -0.01 to 0.06 m·s-1; p=0.18).  337 

Sprint time 338 

The main model for sprint time comprised of two trials, involving seven effect estimates and 339 

46 participants. Three effect estimates related to sprint times of ≤10 meters, whereas four 340 

effects related to sprint times of 20 or 30 meters. The meta-analysis revealed a trivial SMD 341 

with an imprecise interval estimate (SMD -0.10, 95% CI -0.72 to 0.53; p=0.72; Figure 6). The 342 

magnitude of heterogeneity might not be important (τ2 = 0.08; I2 30.0%; p=0.49). Funnel plot 343 

analysis nor Egger’s test of the intercept were undertaken because the meta-analysis included 344 

less than 10 effect estimates. However, none of the individual effect estimates included in the 345 

meta-analysis reached the conventional threshold for statistical significance (i.e. p<0.05), and 346 

therefore we considered publication bias to be unlikely.    347 

A secondary meta-analysis of MDs in original measurement units showed a point estimate of 348 

zero seconds between VBT and comparison conditions (0.00 s, 95% CI -0.04 to 0.04; p=0.94).  349 

Meta-regressions 350 

Meta-regressions for strength effects are presented in Table 3. Including the number of VBT 351 

exercises as a categorical covariate in the model reduced the magnitude of heterogeneity from 352 

I2=40.9% (i.e. ‘moderate’) to I2 = 13.7% (i.e. ‘might not be important’) and increased the point 353 

estimate in favour of VBT. All other covariates had a negligible influence on model parameters. 354 

Meta-regressions were not undertaken for muscle power or sprint speed effects because of the 355 

negligible amount of heterogeneity in the model and because the meta-analysis included less 356 

than 10 effect estimates, respectively.   357 

Pre-post effects 358 
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Meta-analyses of pre-post effects are presented in Online Resource 5. The CLES indicates that 359 

the probability of a randomly selected individual increasing their muscle strength, power, and 360 

speed after a VBT intervention is 97%, 84% and 25%, respectively. Similarly, the probability 361 

of a randomly selected person’s muscle strength, power and linear sprint speed increasing after 362 

an traditional resistance training intervention is 90%, 78%, and 39%, respectively. SDdiffs were 363 

unavailable for three effect estimates from one study (10-20 m sprint time, squat velocity 364 

attained against loads that were moved faster than 1 m·s-1, and slower than 1 m·s-1) [39] and 365 

were therefore imputed using the baseline and post-intervention SDs and assuming a pre-post 366 

correlation of 0.7. 367 

Quality of evidence 368 

GRADE assessments showed that the quality of evidence for strength and power effects was 369 

low, and the quality of evidence for linear sprint speed effects was very low. Thus, the overall 370 

quality of evidence for the body of evidence was judged to be very low. This was mainly due 371 

to risk of bias within individual studies and low precision of estimates (i.e. small total sample 372 

size and/or wide interval estimates). A summary of findings table is presented in Table 4.  373 

Sensitivity analyses  374 

The sensitivity analyses did not change the results in such a way that the interval estimate 375 

excluded zero. However, including quasi-experimental and crossover trials in the meta-376 

analyses (leading to the inclusion of two additional studies consisting of 17 effect estimates 377 

and 40 participants) reduced heterogeneity and increased the precision of the interval estimates 378 

for all outcomes (see Online Resource 6).   379 

Influential case analyses are graphically presented in Online Resource 7. One effect estimate 380 

[39] was identified as having a strong influence on the main model for strength effects. 381 

Removing this observation reduced the magnitude of heterogeneity and increased the point 382 

estimate in favour of VBT, but the interval estimate still crossed the line of no effect. All results 383 

from the Leave-One-Out analysis are detailed in Online Resource 8.    384 

DISCUSSION 385 

This is the first prospectively registered systematic review and meta-analysis to compare the 386 

effects of VBT to traditional resistance training methods on adaptations in muscle strength, 387 

power, and linear sprint speed. The main results showed no evidence of a difference between 388 
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VBT and traditional methods for any of these outcomes. Further, GRADE assessments suggest 389 

the overall body of evidence is of very low quality.  390 

Several papers have encouraged the integration of velocity feedback into strength and 391 

conditioning programmes, highlighting the purported benefits of VBT over traditional 392 

resistance training methods [36–38].  However, our findings showed a trivial difference and an 393 

imprecise interval estimate for effects on strength, which aligns with a systematic review 394 

published recently [68]. The interval estimate indicates that adjusting training load based on 395 

velocity feedback, instead of traditional resistance training methods, may lead to a moderately 396 

positive effect or a moderately negative effect on 1RM strength. The raw unit meta-analysis 397 

suggests the mean difference lies somewhere between -8.3 and 9.2 kg, reinforcing that a 398 

meaningful effect of VBT in either direction cannot be ruled out [69]. These wide range of 399 

possible effects highlight the uncertainty of the current evidence.  400 

The meta-analysis on strength did show moderate heterogeneity, leading us to explore potential 401 

effect moderators. Including the number of VBT exercises as a covariate in the model reduced 402 

heterogeneity and increased the point estimate in favour of VBT. That is, studies that used 403 

velocity feedback to adjust training load across multiple exercises [40, 64] appeared to report 404 

larger effects in favour of VBT than studies that only used velocity feedback in one exercise 405 

[28, 39]. Studies with more VBT exercises also measured more strength outcomes, which may 406 

have led to better estimates of the effect than studies with fewer VBT exercises and outcomes. 407 

It seems intuitive that applying the VBT paradigm across several exercises would lead to 408 

greater adaptations than only applying it to one exercise, if velocity feedback is indeed 409 

beneficial for changes in strength or power. However, the exploratory nature of the meta-410 

regression and the low number of included studies limit any inferences that can be made. Future 411 

research evaluating the comparative effects of VBT should consider applying velocity feedback 412 

to all (or most) prescribed exercises within a resistance training programme, at least in multi-413 

joint exercises that have been validated with velocity measurement tools. 414 

There is evidence that velocity feedback may facilitate the completion of resistance exercises 415 

at faster concentric velocities compared with using a %1RM [28, 32], ostensibly by adjusting 416 

load according to daily readiness to train. Orange and colleagues [28] reported that VBT based 417 

on individual velocity zones increased sessional movement velocity in the back squat compared 418 

with prescribing load based on %1RM, even though the average relative load across the 7-week 419 

interventions was slightly higher in the VBT group (62% vs 60% 1RM, respectively). Studies 420 
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have shown that faster movement velocities can translate into greater velocity-specific 421 

adaptations through reduced antagonist coactivation, greater early phase neural drive, or better 422 

coordination [33–35]. Notwithstanding the physiological plausibility, similar to the effect on 423 

strength, our meta-analysis showed trivial differences and imprecise interval estimates between 424 

VBT and traditional resistance training methods on changes in muscle power and linear sprint 425 

speed. Moreover, both models showed negligible heterogeneity over and above that attributable 426 

to sampling error, showing that, despite some differences in intervention characteristics, the 427 

effect estimate was reasonably consistent across studies.   428 

There is some evidence that prescribing a modifiable load based on individualised velocity 429 

zones reduces concentric time under tension in the back squat compared with using a %1RM 430 

[28, 32]. Terminating a set of repetitions when concentric velocity drops below a prespecified 431 

threshold (e.g., 20%) may also reduce the overall number of repetitions performed in a given 432 

session [32, 70]. For example, Pareja-Blanco and colleagues [70] showed that performing sets 433 

of back squats with a 20% velocity loss threshold almost halved the number of repetitions 434 

performed across an 8-week intervention compared with using a 40% velocity loss threshold. 435 

A lower volume-load may be detrimental if muscle hypertrophy is the main desired outcome 436 

[70, 71], but may lead to comparable strength gains as higher-load resistance training [70, 71]. 437 

A lower resistance training volume may ensure preparedness for other aspects of training and 438 

allow for greater training frequency due to a faster recovery of neuromuscular function [72]. 439 

Thus, achieving similar strength gains as traditional resistance training methods with a lower 440 

overall training volume would be an advantage of VBT. However, the evidence base is 441 

currently too uncertain to rule of the possibility of positive or negative effects of VBT on 442 

training-related adaptations. 443 

LIMITATIONS 444 

The overall quality of evidence included in the review is very low. This was mostly due to the 445 

imprecision of pooled effect estimates and a risk of bias within individual studies. Common 446 

issues relating to risk of bias included a lack of information about the randomisation process 447 

and outcome assessor blinding, and not prospectively registering the study protocol and 448 

analysis plan. In addition, the length of the interventions (six to eight weeks) may be 449 

insufficient to tease out meaningful differences between VBT and traditional resistance training 450 

methods, particularly in trained individuals. However, adaptations to resistance training 451 

typically manifest in a log-linear fashion [73], meaning longer interventions may not augment 452 
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differences between conditions because trained individuals will be closer to the asymptote of 453 

adaptation over time.   454 

Future studies may address the imprecision of effects by using larger sample sizes and/or by 455 

sharing their data in such a way that it contributes to a future meta-analysis. Our meta-analysis 456 

on strength effects included 88 participants in total, comprising 10 effect estimates from 4 457 

studies (median of 11 participants per study arm). A meta-analysis with these parameters has 458 

21% statistical power to detect a small effect size (SMD=0.2), assuming α=0.05 and moderate 459 

between-study heterogeneity [74]. It is likely that any differences between the effectiveness of 460 

VBT and traditional resistance training methods would be small, given that the traditional 461 

training methods, such as using a %1RM, have consistently been shown to be effective for 462 

improving muscle function [1, 11–15]. Indeed, the CLES indicated that the probability of a 463 

randomly selected individual increasing their muscle strength following a non-VBT resistance 464 

training intervention is 90%. Thus, more trials and larger samples are clearly needed to increase 465 

the precision of the effects and to detect a small difference between conditions, if a difference 466 

exists.  467 

Future studies should follow best practise guidelines for trial randomisation procedures [75]. 468 

No study included in this review provided information on the allocation concealment 469 

mechanism. Moreover, although it is extremely difficult to blind participants and intervention 470 

facilitators in sport and exercise science research [76], future studies should endeavour to blind 471 

outcome assessors and data analysts. Furthermore, prospective trial registration in future VBT 472 

research is warranted to align with the Declaration of Helsinki [77] and International 473 

Committee of Medical Journal Editors (ICMJE) recommendations [78]. These practises will 474 

reduce the risk of bias in future studies and thus contribute to a higher overall quality of 475 

evidence.  476 

This review has several strengths. In line with Cochrane guidelines [79], we searched preprint 477 

servers and trial registries, in addition to general and specific bibliographic databases, in order 478 

to reduce the risk of publication bias and identify as much evidence as possible. We performed 479 

various sensitivity analyses on the main meta-analysis models to examine whether decisions 480 

made in the review process influenced the overall findings. We also prospectively registered 481 

the protocol and analysis plan [42], and made the search results, data, statistical code and risk 482 

of bias judgements publicly available on OSF [63]. However, the review does have some 483 

limitations. We restricted the literature search to full-text manuscripts available in English, and 484 
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may therefore have missed some relevant studies written in other languages, although this is 485 

unlikely. In addition, there were some minor deviations from the pre-registered protocol, 486 

although these are fully documented and justified in Online Resource 1. Moreover, the meta-487 

analyses on pre-post changes do not provide true estimations of treatment effects due to the 488 

absence of a non-exercise control condition. Finally, the ‘traditional’ resistance training 489 

intervention in one study combined %1RM with repetition failure [40], whereas no other study 490 

involved failure training, which could have been a source of heterogeneity. However, we chose 491 

a priori to incorporate potential heterogeneity into a random effects model under the 492 

assumption that the studies were estimating different, yet related, intervention effects [41]. 493 

PRACTICAL IMPLICATIONS 494 

The VBT paradigm has a sound theoretical basis. That is, there are plausible physiological 495 

mechanisms as to how velocity feedback may enhance resistance training adaptations, which 496 

have been communicated previously [37]. However, our review shows that this is not reflected 497 

in the current empirical evidence. Further, it should be considered that VBT requires the use of 498 

relatively expensive devices, additional time to set up the equipment, and may be challenging 499 

to implement in large group settings, requiring additional staff members to competently 500 

monitor the velocity data. In contrast, traditional methods of regulating resistance training load, 501 

such as using a %1RM, RPE or RIR, and do not require the additional set up of equipment or 502 

the use of technology. Thus, VBT incurs a greater time and financial burden compared with 503 

traditional training methods, and the evidence is currently uncertain as to whether this translates 504 

into greater training adaptations.  505 

CONCLUSIONS 506 

In conclusion, there is currently no evidence that VBT and traditional resistance training 507 

methods lead to different adaptations in muscle strength, power, or linear sprint speed. 508 

Moreover, the overall body of evidence is of very low quality, mostly due to risk of bias within 509 

individual studies and the imprecision of pooled effect estimates. Further well-designed trials 510 

with larger samples are required to increase the precision of the effect estimates and overall 511 

quality of evidence.  512 
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Figure captions 513 

Figure 1. PRISMA flow diagram of systematic search and included studies 514 

Figure 2. Risk of bias judgements for strength outcomes in each included study, using the 515 

revised Cochrane risk of bias tool for randomised trials (RoB 2)  516 

Figure 3. Forest plot of the results from a multi-level random-effects meta-analysis on muscle 517 

strength effects. Data are presented as standardised mean differences (SMDs) between 518 

velocity-based training (VBT) and comparison interventions with corresponding 95% 519 

confidence intervals (95% CIs). Effects in the positive direction favour the VBT condition 520 

whereas effects in a negative direction favour the comparison interventions.  521 

Figure 4. Funnel plot of the standardized mean differences from individual studies against the 522 

corresponding sampling variances for muscle strength (a) and muscle power (b). 523 

Figure 5. Forest plot of the results from a multi-level random-effects meta-analysis on muscle 524 

power effects. Data are presented as standardised mean differences (SMDs) between velocity-525 

based training (VBT) and comparison interventions with corresponding 95% confidence 526 

intervals (95% CIs). Effects in the positive direction favour the VBT condition whereas effects 527 

in a negative direction favour the comparison interventions.  528 

Figure 6. Forest plot of the results from a multi-level random-effects meta-analysis on sprint 529 

linear speed effects. Data are presented as standardised mean differences (SMDs) between 530 

velocity-based training (VBT) and comparison interventions with corresponding 95% 531 

confidence intervals (95% CIs). Effects in the positive direction favour the VBT condition 532 

whereas effects in a negative direction favour the comparison interventions.  533 

  534 
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Table 1. Search terms used in PubMed, EMBASE, Cochrane CENTRAL, SPORTDiscus, 

and CINAHL 

[All fields] “velocity-based training” OR “velocity training” OR “load velocity profile*” OR 

“velocity loss” OR VBT OR autoregulation 

AND 

[All fields] “resistance training” OR “strength training” OR “weight training” OR 

weightlifting  

AND  

All fields] “one repetition maximum” OR 1RM OR isometric OR isokinetic OR speed OR 

sprint OR jump OR power 

 552 

 553 
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Table 2. Description of included studies 

  
 

  
 

  
Outcomes included in the review 

Study Participants Country VBT intervention Comparison 

intervention 
Velocity 

monitoring 

tool 

Frequency/ 

duration 
Adherence  Strength Power Speed 

Orange 

et al. 

[28] 

N = VBT: 

12, C: 15 
Sex = M 
Age = 17±1 
RT 

experience 

= 2 yr 

UK Type: Individual 

velocity zones 
Exercise(s): Back 

squat 
Load: MV @ 60 & 

80% 1RM  
Reps x sets: 5 x 4 
Intended velocity: 

Max 
Inter-set rest: 2-3 

min 

Type: %1RM 
Exercise(s): Back 

squat 
Load: 60 & 80% 

1RM 
Reps x sets: 5 x 4 
Intended velocity: 

Max 
Inter-set rest: 2-3 

min 

LPT 2x/week for 

7 weeks 
VBT: 90% 
C: 86% 

Back squat 

1RM 
CMJ height  

DJ height 
Back squat 

MV @40-90% 

1RM  

5-30 m 

sprint time 

Dorrell 

et al. 

[64] 

N = VBT: 8, 

C = 8 
Sex = M 
Age = 23±5 
RT 

experience 

= 2 yr 

UK Type: General 

velocity zones & 

20% VL thresholds 
Exercise(s): Back 

squat, bench press, 

OHP, deadlift 
Load: MV @ 70-

95% 1RM 
Reps x sets: 2-8 x 3 
Intended velocity: 

Max 
Inter-set rest: NR 

Type: %1RM 
Exercise(s): Back 

squat, bench press, 

OHP, deadlift 
Load: 70-95% 

1RM 
Reps x sets: 2-8 x 

3 
Intended velocity: 

Max 
Inter-set rest: NR 

LPT 2x/week for 

6 weeks 
VBT: 100% 
C: 100% 

Back squat, 

bench press, 

OHP, & 

deadlift 1RM 

CMJ height 
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Held et 

al. [40] 
N = VBT: 

11, C = 10  

Sex = M & 

F 

Age = 20±2  
RT 

experience 

= 2 yr 

Germany Type: 10% VL 

thresholds 
Exercise(s): Power 

clean, squat, bench 

row, deadlift, bench 

press 
Load: 80% 1RM 
Reps x sets: 4 sets 

(variable reps) 
Intended velocity: 

Max 
Inter-set rest: 2-3 

min 

Type: %1RM & 

RF 
Exercise(s): Power 

clean, squat, bench 

row, deadlift, 

bench press 
Load: ~80% 1RM 
Reps x sets: 4 sets 

(variable reps) 
Intended velocity: 

Max 
Inter-set rest: 2-3 

min 

LPT 2x/week for 

8 weeks 
NR Squat, 

deadlift, 

bench row, 

& bench 

press 1RM  

  

Jiménez-

Reyes et 

al. [39] 

N = VBT: 

13, C = 11 
Sex = M 
Age = 23±4 
RT 

experience 

= 2 yr 

Spain Type: General 

velocity zones 
Exercise(s): Smith 

machine squat 
Load: MV @ 50-80 

%1RM 
Reps x sets: 2-8 x 

3-4 
Intended velocity: 

Max 
Inter-set rest: 4 

min 

Type: %1RM 
Exercise(s): squat 
Load: 50-80 

%1RM 
Reps x sets: 2-8 x 

3-4 
Intended velocity: 

Max 
Inter-set rest: 4 

min 

LVT 2x/week for 

8 weeks 
NR Smith 

machine 

squat 1RM 

CMJ height 

Smith machine 

squat MPV 

10-20 m 

sprint time 

C = comparison intervention; CMJ = countermovement jump; DJ = drop jump; LPT = linear position transducer; LVP = linear velocity transducer; MV = mean velocity; 

MPV = mean propulsive velocity; N = sample size analysed; OHP = overhead press; RF = repetition failure; RT = resistance training; UK = United Kingdom; VBT = 

percentage-based training; VL = velocity loss. 
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Table 3. Meta-regressions for muscle strength effects 

Covariate Coefficient (95% CI) p-value I2 (χ2 p-value) 

Age -0.07 (-0.35, 0.21) 0.61 53.4% (0.43) 

Baseline strength 0.00 (-0.01, 0.01) 0.52 37.6% (0.43) 

Periodisationa    

  Nob - - - 

  Yes -0.50 (-1.7, 0.70) 0.36 45.0% (0.61) 

No. of VBT exercises    

  ≤1 exerciseb - - - 

  >1 exercise 0.74 (-0.13, 1.6) 0.085 13.7% (0.85) 

Muscle group tested    

  Upper-bodyb - - - 

  Lower-body 0.01 (-0.72, 0.74) 0.97 44.6% (0.36) 

aPeriodisation refers to whether the intervention involved weekly fluctuations in 

training load 

bReference category in the model 

95% CI = 95% confidence interval; VBT = velocity-based training; χ2 = Chi-

squared test. 
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Table 4. Summary of findings and GRADE evidence profile 

Summary of findings  Quality assessment 

Outcome No. of 

participants 

(studies) 

Pooled SMD (95% CI) I2  Risk of bias Inconsistency Indirectness Imprecision Publication 

bias 

Quality 

rating 

Strength 88 (4) 0.06 (-0.51, 0.64) 42.9%  Serious 

limitationsa 

No serious 

inconsistency 

No serious 

indirectness 

Serious 

imprecisionb 

Undetected ⨁ ⨁ 

Low 

Power 67 (3) 0.11 (-0.28, 0.49) 13.5%  Serious 

limitationsa 

No serious 

inconsistency 

No serious 

indirectness 

Serious 

imprecisionb 

Undetected ⨁ ⨁ 

Low 

Sprint speed 46 (2) 0.10 (-0.53, 0.72) 30.0%  Serious 

limitationsa 

No serious 

inconsistency 

No serious 

indirectness 

Very serious 

imprecisionc 

Undetectedd ⨁ 

Very low 

95% CI = 95% confidence interval; GRADE = Grading of Recommendations, Assessment, Development and Evaluation; SMD = standardised mean difference. 
aMore than 50% of studies were judged to have some concerns in three or more domains in the Cochrane risk of bias tool for randomized trials (RoB 2). 
bThe total number of participants is less than the number required to have 80% statistical power to detect a standardised mean difference of 0.5 given a two-tailed p-value 

of 0.05 (n=128 for independent groups).  
cThe total number of participants is less than the number required to have 80% statistical power to detect a standardised mean difference of 0.8 given a two-tailed p-value 

of 0.05 (n=52 for independent groups).  
dWe did not perform a funnel plot or Egger’s test of the intercept analysis because the meta-analysis included less than 10 effect estimates. However, none of the 

individual effect estimates included in the meta-analysis reached the conventional threshold for statistical significance (i.e. p<0.05), and therefore publication bias was 

considered unlikely.   

 



25 
 

REFERENCES 

1.  Orange ST, Madden LA, Vince RV (2020) Resistance training leads to large improvements in 
strength and moderate improvements in physical function in adults who are overweight or 
obese: a systematic review. J Physiother 66:214–224. 
https://doi.org/10.1016/j.jphys.2020.09.009 

2.  Folland JP, Williams AG (2007) The adaptations to strength training : morphological and 
neurological contributions to increased strength. Sports Med Auckl NZ 37:145–168. 
https://doi.org/10.2165/00007256-200737020-00004 

3.  Suchomel TJ, Nimphius S, Stone MH (2016) The Importance of Muscular Strength in Athletic 
Performance. Sports Med Auckl NZ 46:1419–1449. https://doi.org/10.1007/s40279-016-0486-
0 

4.  Ryan D, Lewin C, Forsythe S, McCall A (2018) Developing World-Class Soccer Players: An 
Example of the Academy Physical Development Program From an English Premier League 
Team. Strength Cond J 40:2–11. https://doi.org/10.1519/SSC.0000000000000340 

5.  Reid M, Schneiker K (2008) Strength and conditioning in tennis: current research and practice. J 
Sci Med Sport 11:248–256. https://doi.org/10.1016/j.jsams.2007.05.002 

6.  Orange ST, Marshall P, Madden LA, Vince RV (2019) Can sit-to-stand muscle power explain the 
ability to perform functional tasks in adults with severe obesity? J Sports Sci 37:1227–1234. 
https://doi.org/10.1080/02640414.2018.1553500 

7.  Li R, Xia J, Zhang XI, et al (2018) Associations of Muscle Mass and Strength with All-Cause 
Mortality among US Older Adults. Med Sci Sports Exerc 50:458–467. 
https://doi.org/10.1249/MSS.0000000000001448 

8.  Lopez P, Radaelli R, Taaffe DR, et al (2021) Resistance Training Load Effects on Muscle 
Hypertrophy and Strength Gain: Systematic Review and Network Meta-analysis. Med Sci Sports 
Exerc 53:1206–1216. https://doi.org/10.1249/MSS.0000000000002585 

9.  Fink J, Kikuchi N, Yoshida S, et al (2016) Impact of high versus low fixed loads and non-linear 
training loads on muscle hypertrophy, strength and force development. SpringerPlus 5:698. 
https://doi.org/10.1186/s40064-016-2333-z 

10.  Suchomel TJ, Nimphius S, Bellon CR, et al (2021) Training for Muscular Strength: Methods for 
Monitoring and Adjusting Training Intensity. Sports Med Auckl NZ 51:2051–2066. 
https://doi.org/10.1007/s40279-021-01488-9 

11.  Speranza MJA, Gabbett TJ, Johnston RD, Sheppard JM (2016) Effect of Strength and Power 
Training on Tackling Ability in Semiprofessional Rugby League Players. J Strength Cond Res 
30:336–343. https://doi.org/10.1519/JSC.0000000000001058 

12.  Peterson MD, Rhea MR, Sen A, Gordon PM (2010) Resistance Exercise for Muscular Strength in 
Older Adults: A Meta-Analysis. Ageing Res Rev 9:226–237. 
https://doi.org/10.1016/j.arr.2010.03.004 

13.  Lesinski M, Prieske O, Granacher U (2016) Effects and dose–response relationships of 
resistance training on physical performance in youth athletes: a systematic review and meta-
analysis. Br J Sports Med 50:781–795. https://doi.org/10.1136/bjsports-2015-095497 



26 
 

14.  Thiele D, Prieske O, Lesinski M, Granacher U (2020) Effects of Equal Volume Heavy-Resistance 
Strength Training Versus Strength Endurance Training on Physical Fitness and Sport-Specific 
Performance in Young Elite Female Rowers. Front Physiol 11:888. 
https://doi.org/10.3389/fphys.2020.00888 

15.  Comfort P, Haigh A, Matthews MJ (2012) Are changes in maximal squat strength during 
preseason training reflected in changes in sprint performance in rugby league players? J 
Strength Cond Res 26:772–776. https://doi.org/10.1519/JSC.0b013e31822a5cbf 

16.  Scott BR, Duthie GM, Thornton HR, Dascombe BJ (2016) Training Monitoring for Resistance 
Exercise: Theory and Applications. Sports Med Auckl NZ 46:687–698. 
https://doi.org/10.1007/s40279-015-0454-0 

17.  Lopes Dos Santos M, Uftring M, Stahl CA, et al (2020) Stress in Academic and Athletic 
Performance in Collegiate Athletes: A Narrative Review of Sources and Monitoring Strategies. 
Front Sports Act Living 2:42. https://doi.org/10.3389/fspor.2020.00042 

18.  Knowles OE, Drinkwater EJ, Urwin CS, et al (2018) Inadequate sleep and muscle strength: 
Implications for resistance training. J Sci Med Sport 21:959–968. 
https://doi.org/10.1016/j.jsams.2018.01.012 

19.  Dankel SJ, Counts BR, Barnett BE, et al (2017) Muscle adaptations following 21 consecutive 
days of strength test familiarization compared with traditional training. Muscle Nerve 56:307–
314. https://doi.org/10.1002/mus.25488 

20.  Johnston RD, Gabbett TJ, Jenkins DG (2013) Influence of an intensified competition on fatigue 
and match performance in junior rugby league players. J Sci Med Sport 16:460–465. 
https://doi.org/10.1016/j.jsams.2012.10.009 

21.  Richens B, Cleather DJ (2014) The relationship between the number of repetitions performed 
at given intensities is different in endurance and strength trained athletes. Biol Sport 31:157–
161. https://doi.org/10.5604/20831862.1099047 

22.  Shimano T, Kraemer WJ, Spiering BA, et al (2006) Relationship between the number of 
repetitions and selected percentages of one repetition maximum in free weight exercises in 
trained and untrained men. J Strength Cond Res 20:819–823. https://doi.org/10.1519/R-
18195.1 

23.  Greig L, Stephens Hemingway BH, Aspe RR, et al (2020) Autoregulation in Resistance Training: 
Addressing the Inconsistencies. Sports Med Auckl Nz 50:1873–1887. 
https://doi.org/10.1007/s40279-020-01330-8 

24.  Helms ER, Cronin J, Storey A, Zourdos MC (2016) Application of the Repetitions in Reserve-
Based Rating of Perceived Exertion Scale for Resistance Training. Strength Cond J 38:42–49. 
https://doi.org/10.1519/SSC.0000000000000218 

25.  Day ML, McGuigan MR, Brice G, Foster C (2004) Monitoring exercise intensity during resistance 
training using the session RPE scale. J Strength Cond Res 18:353–358. 
https://doi.org/10.1519/R-13113.1 

26.  Halperin I, Malleron T, Har-Nir I, et al (2021) Accuracy in Predicting Repetitions to Task Failure 
in Resistance Exercise: A Scoping Review and Exploratory Meta-analysis. Sports Med Auckl NZ. 
https://doi.org/10.1007/s40279-021-01559-x 



27 
 

27.  Pelland JC, Robinson ZP, Remmert JF, et al (2022) Methods for Controlling and Reporting 
Resistance Training Proximity to Failure: Current Issues and Future Directions. Sports Med 
Auckl NZ. https://doi.org/10.1007/s40279-022-01667-2 

28.  Orange ST, Metcalfe JW, Robinson A, et al (2019) Effects of In-Season Velocity- Versus 
Percentage-Based Training in Academy Rugby League Players. Int J Sports Physiol Perform 1–8. 
https://doi.org/10.1123/ijspp.2019-0058 

29.  Sánchez-Medina L, Pallarés JG, Pérez CE, et al (2017) Estimation of Relative Load From Bar 
Velocity in the Full Back Squat Exercise. Sports Med Int Open 1:E80–E88. 
https://doi.org/10.1055/s-0043-102933 

30.  Orange ST, Metcalfe JW, Marshall P, et al (2020) Test-Retest Reliability of a Commercial Linear 
Position Transducer (GymAware PowerTool) to Measure Velocity and Power in the Back Squat 
and Bench Press. J Strength Cond Res 34:728–737. 
https://doi.org/10.1519/JSC.0000000000002715 

31.  Sánchez-Medina L, González-Badillo JJ (2011) Velocity loss as an indicator of neuromuscular 
fatigue during resistance training. Med Sci Sports Exerc 43:1725–1734. 
https://doi.org/10.1249/MSS.0b013e318213f880 

32.  Banyard HG, Tufano JJ, Delgado J, et al (2019) Comparison of the Effects of Velocity-Based 
Training Methods and Traditional 1RM-Percent-Based Training Prescription on Acute Kinetic 
and Kinematic Variables. Int J Sports Physiol Perform 14:246–255. 
https://doi.org/10.1123/ijspp.2018-0147 

33.  Almåsbakk B, Hoff J (1996) Coordination, the determinant of velocity specificity? J Appl Physiol 
Bethesda Md 1985 81:2046–2052. https://doi.org/10.1152/jappl.1996.81.5.2046 

34.  Pousson M, Amiridis IG, Cometti G, Van Hoecke J (1999) Velocity-specific training in elbow 
flexors. Eur J Appl Physiol 80:367–372. https://doi.org/10.1007/s004210050605 

35.  Balshaw TG, Massey GJ, Maden-Wilkinson TM, et al (2016) Training-specific functional, neural, 
and hypertrophic adaptations to explosive- vs. sustained-contraction strength training. J Appl 
Physiol Bethesda Md 1985 120:1364–1373. https://doi.org/10.1152/japplphysiol.00091.2016 

36.  Balsalobre-Fernández C, Torres-Ronda L (2021) The Implementation of Velocity-Based Training 
Paradigm for Team Sports: Framework, Technologies, Practical Recommendations and 
Challenges. Sports 9:47. https://doi.org/10.3390/sports9040047 

37.  Weakley J, Mann B, Banyard H, et al Velocity-based training: From theory to application. 
Strength Cond J 43:31–49. https://doi.org/doi: 10.1519/SSC.0000000000000560 

38.  Moore J, Dorrell H (2020) Guidelines and Resources for Prescribing Load using Velocity Based 
Training. Int J Strength Cond 1:. https://doi.org/doi.org/10.47206/iuscaj.v1i1.4 

39.  Jiménez-Reyes P, Castaño-Zambudio A, Cuadrado-Peñafiel V, et al (2021) Differences between 
adjusted vs. non-adjusted loads in velocity-based training: consequences for strength training 
control and programming. PeerJ 9:e10942. https://doi.org/10.7717/peerj.10942 

40.  Held S, Hecksteden A, Meyer T, Donath L (2021) Improved Strength and Recovery After 
Velocity-Based Training: A Randomized Controlled Trial. Int J Sports Physiol Perform 16:1185–
1193. https://doi.org/10.1123/ijspp.2020-0451 



28 
 

41.  Deeks JJ, Higgins JPT, Altman DG (2021) Chapter 10: Analysing data and undertaking meta-
analyses. In: Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated 
February 2021). Cochrane, London, UK 

42.  Orange ST, Steele J, Jeffries O, et al (2021) Protocol registration: Effects of velocity-based 
training vs. alternative resistance training on adaptations in maximal strength, power and 
sprint speed: a systematic review and meta-analysis. Open Sci Framew. 
https://doi.org/10.17605/OSF.IO/PZ9FS 

43.  Page MJ, McKenzie J, Bossuyt P, et al (2020) The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews 

44.  Cochrane (2021) Cochrane Handbook for Systematic Reviews of Interventions version 6.2 
(updated February 2021) 

45.  McKenzie J, Brennan SE, Ryan RE, et al Chapter 3: Defining the criteria for including studies and 
how they will be grouped for the synthesis. In: Cochrane Handbook for Systematic Reviews of 
Interventions 

46.  Higgins JPT, Eldridge SM, Li T (2021) Chapter 23: Including variants on randomized trials. In: 
Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated February 
2021) 

47.  Ivey FM, Tracy BL, Lemmer JT, et al (2000) Effects of strength training and detraining on muscle 
quality: age and gender comparisons. J Gerontol A Biol Sci Med Sci 55:B152-157; discussion 
B158-159. https://doi.org/10.1093/gerona/55.3.b152 

48.  Higgins JPT, Savovic J, Page MJ, et al (2019) Chapter 8: Assessing risk of bias in a randomized 
trial. In: Cochrane Handbook for Systematic Reviews of Interventions, 6th ed. Cochrane, 
London, UK 

49.  Egger M, Davey Smith G, Schneider M, Minder C (1997) Bias in meta-analysis detected by a 
simple, graphical test. BMJ 315:629–634. https://doi.org/10.1136/bmj.315.7109.629 

50.  Guyatt GH, Oxman AD, Vist GE, et al (2008) GRADE: an emerging consensus on rating quality of 
evidence and strength of recommendations. BMJ 336:924–926. 
https://doi.org/10.1136/bmj.39489.470347.AD 

51.  Schünemann HJ, Higgins JPT, Vist GE, et al (2019) Chapter 14: Completing ‘Summary of 
findings’ tables and grading the certainty of the evidence. In: Cochrane Handbook for 
Systematic Reviews of Interventions. Cochrane, London, UK 

52.  Guyatt G, Oxman AD, Sultan S, et al (2013) GRADE guidelines: 11. Making an overall rating of 
confidence in effect estimates for a single outcome and for all outcomes. J Clin Epidemiol 
66:151–157. https://doi.org/10.1016/j.jclinepi.2012.01.006 

53.  Morris SB (2007) Estimating Effect Sizes From Pretest-Posttest-Control Group Designs - Scott B. 
Morris, 2008. 11:364–386. https://doi.org/doi.org/10.1177/1094428106291059 

54.  Cohen J (1988) Statistical Power Analysis for the Behavioral Sciences. Routledge Academic, 
New York, NY 



29 
 

55.  McGraw K O, Wong S P A common language effect size statistic. Psychol Bull 111:361–365. 
https://doi.org/10.1037/0033-2909.111.2.361 

56.  Higgins JPT, Li Tianjing, Deeks JJ (2021) Chapter 6: Choosing effect measures and computing 
estimates of effect. In: Cochrane Handbook for Systematic Reviews of Interventions version 6.2 
(updated February 2021), 6th ed. Cochrane, London, UK 

57.  Rosenthal R (1993) Meta-analytic procedures for social research. Sage Publications, Newbury 
Park, CA 

58.  Orange ST, Hicks KM, Saxton JM (2021) Effectiveness of diet and physical activity interventions 
amongst adults attending colorectal and breast cancer screening: a systematic review and 
meta-analysis. Cancer Causes Control CCC 32:13–26. https://doi.org/10.1007/s10552-020-
01362-5 

59.  Orange ST, Jordan AR, Saxton JM (2020) The serological responses to acute exercise in humans 
reduce cancer cell growth in vitro: A systematic review and meta-analysis. Physiol Rep 
8:e14635. https://doi.org/10.14814/phy2.14635 

60.  IntHout J, Ioannidis JPA, Borm GF (2014) The Hartung-Knapp-Sidik-Jonkman method for 
random effects meta-analysis is straightforward and considerably outperforms the standard 
DerSimonian-Laird method. BMC Med Res Methodol 14:25. https://doi.org/10.1186/1471-
2288-14-25 

61.  Van den Noortgate W, López-López JA, Marín-Martínez F, Sánchez-Meca J (2013) Three-level 
meta-analysis of dependent effect sizes. Behav Res Methods 45:576–594. 
https://doi.org/10.3758/s13428-012-0261-6 

62.  Viechtbauer W, Cheung MW-L (2010) Outlier and influence diagnostics for meta-analysis. Res 
Synth Methods 1:112–125. https://doi.org/10.1002/jrsm.11 

63.  Orange ST, Jones T, Jeffries O, et al (2021) Project: Effects of velocity-based training vs. 
alternative resistance training on adaptations in maximal strength, power and sprint speed: a 
systematic review and meta-analysis. Open Sci Framew. 
https://doi.org/10.17605/OSF.IO/86NJF 

64.  Dorrell HF, Smith MF, Gee TI (2020) Comparison of Velocity-Based and Traditional Percentage-
Based Loading Methods on Maximal Strength and Power Adaptations. J Strength Cond Res 
34:46–53. https://doi.org/10.1519/JSC.0000000000003089 

65.  Kilgallon MJ, Johnston MJ, Kilduff LP, Watsford ML (2021) A Comparison of Training With a 
Velocity Loss Threshold or to Repetition Failure on Upper-Body Strength Development in 
Professional Australian Footballers. Int J Sports Physiol Perform 1–6. 
https://doi.org/10.1123/ijspp.2020-0882 

66.  Banyard HG, Tufano JJ, Weakley JJS, et al (2020) Superior Changes in Jump, Sprint, and Change-
of-Direction Performance but Not Maximal Strength Following 6 Weeks of Velocity-Based 
Training Compared With 1-Repetition-Maximum Percentage-Based Training. Int J Sports 
Physiol Perform 16:232–242. https://doi.org/10.1123/ijspp.2019-0999 

67.  Shattock K, Tee JC (2020) Autoregulation in Resistance Training: A Comparison of Subjective 
Versus Objective Methods. J Strength Cond Res. 
https://doi.org/10.1519/JSC.0000000000003530 



30 
 

68.  Liao K-F, Wang X-X, Han M-Y, et al (2021) Effects of velocity based training vs. traditional 1RM 
percentage-based training on improving strength, jump, linear sprint and change of direction 
speed performance: A Systematic review with meta-analysis. PloS One 16:e0259790. 
https://doi.org/10.1371/journal.pone.0259790 

69.  Nascimento MA do, Ribeiro AS, Padilha C de S, et al (2017) Reliability and smallest worthwhile 
difference in 1RM tests according to previous resistance training experience in young women. 
Biol Sport 34:279–285. https://doi.org/10.5114/biolsport.2017.67854 

70.  Pareja-Blanco F, Rodríguez-Rosell D, Sánchez-Medina L, et al (2017) Effects of velocity loss 
during resistance training on athletic performance, strength gains and muscle adaptations. 
Scand J Med Sci Sports 27:724–735. https://doi.org/10.1111/sms.12678 

71.  Schoenfeld BJ, Contreras B, Krieger J, et al (2019) Resistance Training Volume Enhances Muscle 
Hypertrophy but Not Strength in Trained Men. Med Sci Sports Exerc 51:94–103. 
https://doi.org/10.1249/MSS.0000000000001764 

72.  Bartolomei S, Sadres E, Church DD, et al (2017) Comparison of the recovery response from 
high-intensity and high-volume resistance exercise in trained men. Eur J Appl Physiol 
117:1287–1298. https://doi.org/10.1007/s00421-017-3598-9 

73.  Steele J, Fisher J, Giessing J, et al (2021) Long-term time-course of strength adaptation to 
minimal dose resistance training: Retrospective longitudinal growth modelling of a large cohort 
through training records. https://doi.org/10.31236/osf.io/eq485 

74.  Harrer M, Cuijpers P, Furukawa T A, Ebert D D (2021) Chapter 14: Power Analysis. In: Doing 
Meta-Analysis with R: A Hands-On Guide. Chapmann & Hall/CRC Press, Boca Raton, FL and 
London 

75.  Kang M, Ragan BG, Park J-H (2008) Issues in Outcomes Research: An Overview of 
Randomization Techniques for Clinical Trials. J Athl Train 43:215–221 

76.  Hecksteden A, Faude O, Meyer T, Donath L (2018) How to Construct, Conduct and Analyze an 
Exercise Training Study? Front Physiol 9:1007. https://doi.org/10.3389/fphys.2018.01007 

77.  Krleža-Jerić K, Lemmens T (2009) 7th Revision of the Declaration of Helsinki: Good News for the 
Transparency of Clinical Trials. Croat Med J 50:105–110. 
https://doi.org/10.3325/cmj.2009.50.105 

78.  DeAngelis CD, Drazen JM, Frizelle FA, et al (2004) Clinical trial registration: a statement from 
the International Committee of Medical Journal Editors. JAMA 292:1363–1364. 
https://doi.org/10.1001/jama.292.11.1363 

79.  Lefebvre C, Glanville J, Briscoe S, et al Chapter 4: Searching for and selecting studies. In: 
Cochrane Handbook for Systematic Reviews of Interventions version 6.2 (updated February 
2021) 

 


