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ABSTRACT 

The maximal number of repetitions that can be completed at various percentages of the one 

repetition maximum (1RM) (REPS~%1RM relationship) is foundational knowledge in resistance exercise 

programming. The current REPS~%1RM relationship is based on few studies and has not incorporated 

uncertainty into estimations or accounted for between-individual variation. Therefore, we conducted a 

meta-regression analysis to estimate the mean and between-individuals standard deviation of number of 

repetitions that can be completed at various percentages of 1RM. We also explored if the REPS~%1RM 

relationship is moderated by sex, age, training status, and/or exercise. A total of 952 repetitions-to-failure 

tests, completed by 7,270 individuals in 450 groups from 266 studies, were identified. Study groups were 

predominantly male (66%), healthy (97%), <59 years of age (92%), and resistance-trained (60%). The bench 

press (42%) and leg press (14%) were the most commonly studied exercises. The REPS~%1RM relationship 

for mean repetitions and standard deviation of repetitions were best described using natural cubic splines 

and a linear model, respectively, with mean and standard deviation for repetitions decreasing with in-

creasing %1RM. More repetitions were evident in the leg press than bench press across the loading spec-

trum, thus separate REPS~%1RM tables were developed for these two exercises. Analysis of moderators 

suggested little influences of sex, age, or training status on the REPS~%1RM relationship, thus the general 

main model REPS~%1RM table can be applied to all individuals and to all exercises other than the bench 

press and leg press. More data are needed to develop REPS~%1RM tables for other exercises. 
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1.0 Introduction 
The number of repetitions that individuals can be expected to perform to 

volitional failure at various percentages of the one repetition maximum (1RM) (i.e., 

the REPS~%1RM relationship) is foundational knowledge in resistance exercise 

programming. Investigations related to this topic were first conducted in the 1950s 

and 1960s1-4 and eventually followed by two influential studies on the REPS~%1RM 

relationship by Hoeger et al. in 19875 and 1990.6  

For many years, a table of the REPS~%1RM relationship has been published in 

a commonly-assigned strength and conditioning textbook (Table 1).7 This table has 

been presented as a general guideline based on a small number of studies.e.g., 5,6 To 

the best of our knowledge, no attempt has been made to reaffirm the table, update 

it, or consider whether it should be made exercise- and/or population-specific. The 

current REPS~%1RM table provides only point estimates for the number of 

repetitions that individuals might be expected to complete at a given relative load. 

The table does not incorporate the uncertainty of such estimates, nor does it indicate 

the expected variation between individuals. 

 
Table 1. From a commonly assigned textbook,7 the maximal number of repetitions that individuals have 

historically been thought to complete at various percentages of the one repetition maximum (1RM) 

(REPS~%1RM relationship). 
 

%1RM Maximal number of 

repetitions that can 

be completed 

100 1 

95 2 

93 3 

90 4 

87 5 

85 6 

83 7 

80 8 

77 9 

75 10 

70 11 

67 12 

65 15 

 

http://www.storkinesiology.org/annual
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Muscle endurance or “strength-endurance,” the attribute evaluated by a 

repetitions-to-failure test at a submaximal loads, may be impacted by sex,8-11 age,12-

14 and muscle group.15 Thus, potential moderating influences of sex, age, and muscle 

group should be considered when examining the REPS~%1RM relationship. 

Moreover, the current REPS~%1RM table is specific to the concentric 1RM and 

concentric repetitions-to-failure tests at submaximal loads. This has occurred 

because resistance exercise equipment such as free weights and weight stack 

machines involves lifting the same load in the concentric and eccentric phases, and 

concentric phase strength is ~40% less than eccentric phase strength.16 Some 

evidence suggests that more eccentric-only than concentric-only repetitions can be 

completed at equal relative loads.17 Thus, when coupled with the rise in popularity of 

eccentric resistance exercise and emerging technologies that permit eccentric-only 

repetitions to be performed feasibly,11,18,19 the possibility that the REPS~%1RM 

relationships might differ between concentric and eccentric muscle actions, and thus 

require separate REPS~%1RM tables, should also be considered. Examination of the 

above issues seems possible using meta-analytic methods given that numerous 

papers over the past several decades have included data on repetitions-to-failure 

tests at various percentages of the 1RM. 

Therefore, the purpose of the current study was to perform a meta-regression 

to estimate the maximal number of repetitions that can be performed at various 

percentages of the 1RM as well as the variance between individuals in repetitions 

completed. More specifically, we aimed to provide an updated and more 

comprehensive table of the REPS~%1RM relationship incorporating uncertainty of 

estimates from all available data. A secondary aim was to explore whether the 

following factors could be incorporated as moderators of this relationship: exercise, 

sex, age, training status, and muscle action type. Such information has potential 

implications for resistance exercise prescriptions – for example, providing 

practitioners with a more accurate expectation of how many repetitions individuals 

can be expected to complete at given relative loads. Exploration of moderators might 

help to further understand factors that impact muscle endurance performance, as 

measured by repetitions-to-failure tests. 

 

2.0 Methods  
2.1. Literature search 

http://www.storkinesiology.org/annual
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Our literature search was thorough, but not necessarily systematic or 

exhaustive. We used a mixed approach similar to that described by Greenhalgh and 

Peacock.20 The approach relied on the investigators’ personal knowledge from 

previous research,21,22 checking of personal digital files, relevant keyword searches 

in PubMed and Google Scholar, and “snowballing” strategies (i.e., reference and 

citation tracking). Example keyword searches included: “repetitions to failure,” 

“repetitions to fatigue,” “repetitions to exhaustion,” “number of repetitions,” 

“maximal number of repetitions,” “muscular endurance,” “strength endurance,” 

“relative muscle endurance,” “local muscular endurance” and “task failure.” Searches 

were performed in January and February of 2023 but were otherwise not limited by 

publication date. 

 

2.2. Eligibility and data extraction 

A study was eligible for inclusion into the meta-analysis if the following 

conditions were met: (a) published in English; (b) published in a paper in a journal; (c) 

human data; (d) the 1RM was tested rather than estimated; (e) a test of relative 

muscular endurance was performed (i.e., maximal number of repetitions at % 1RM); 

(f) the test was performed in a non-fatigued state and without concurrent 

experimental intervention (e.g., blood flow restriction, acute caffeine 

supplementation, static stretching); and (g) repetitions were reported as unadjusted 

group means with an accompanying estimate of variance. Both cross-sectional and 

exercise training studies were eligible for inclusion. With exercise training studies, 

the extracted data were from baseline / pre-intervention tests. With acute 

intervention studies, the extracted data were from either pre-intervention tests or 

from placebo conditions, depending on the study’s design. In studies in which 

participants performed multiple repetitions-to-failure sets at a given relative load, 

only data from the first set were extracted, because subsequent sets would have 

been impacted by muscle fatigue. 

Data extracted from the papers included sample size, number of study groups 

tested, study type (e.g., training study), sex, age, body mass, resistance training status 

and years, exercise, equipment type, 1RM, relative load tested (% 1RM), test pace 

method (e.g., metronome, self-paced, maximal velocity), repetition duration for the 

eccentric and concentric phases, and the number of repetitions completed. For age, 

body mass, resistance training years, 1RM, and number of repetitions completed, the 

http://www.storkinesiology.org/annual
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means and standard deviations (SD) were extracted. The minimums and maximums 

were also extracted for the number of repetitions completed. Variances reported as 

standard errors were converted to SDs. For papers in which data were presented in 

figures, the data were extracted using a graph digitzer (WebPlotDigitizer, https://au-

tomeris.io). Finally, some researchers did not report age or body mass for all study 

groups, but instead reported data with information for the entire study sample. In 

such instances, if the various study groups were all from the same general demo-

graphic (i.e., sex and age group), then the values representing the entire study sam-

ple were used to represent each study group in that study. 

 

2.3. Statistical analyses 

All extracted data and the analysis code utilized to analyze the data are 

available at the Open Science Framework (https://osf.io/s94gf/). Given the aim of this 

research was descriptive, we opted to take a model-based23 and estimation-based 

approach.24 For all analyses, effect estimates and their precision, along with 

conclusions based upon them, were interpreted continuously and probabilistically, 

considering data quality, and all within the context of each outcome.25 Effect size 

calculation and main modelling was performed using the ‘metafor’ package,26 

‘emmeans’27 used for moderator contrasts, and ‘performance’28 and ‘bayestestR’29 

used for model comparison. All analyses were performed in R (v 4.2.2; R Core Team, 

https://www.r-project.org/) and RStudio (v 2023.03.0+492, Posit Software, 

https://posit.co/). All data visualizations were made using ‘ggplot2’30 and 

‘patchwork.’31 Tables were produced using ‘gt,’32 ‘gtsummary,’33 and ‘kableExtra.’34 

We were interested in modelling the functional form of the relationship 

between the relative load (i.e., %1RM, predictor variable) and the mean number of 

repetitions performed and the between-individuals standard deviation in repetitions 

performed (response variables). As the included studies often had multiple groups 

and reported multiple repetitions to failure tests at different relative loads within 

these, the data had a nested structure. Therefore, multilevel mixed-effects meta-

analyses were performed with random intercepts for study-level, group-level, and 

effect-level included in all models. In each model we allowed for random linear slopes 

within study and group levels. Effects were weighted by inverse sampling variance. 

Our initial approach was to examine a selection of different models and compare 

their fit and performance.  

http://www.storkinesiology.org/annual
https://automeris.io/
https://automeris.io/
https://osf.io/s94gf/
https://www.r-project.org/
https://posit.co/
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We began with comparing models for both the raw mean repetitions as well 

as the log transformed mean repetitions with the predictor taking either linear, log-

transformed, or quadratic functional forms, and also each model was compared with 

either the intercept being estimated or with the predictor recentered to force the 

intercept to take on a value of one repetition at 100% of the 1RM (see visual 

comparison of these models here: https://osf.io/83c62). It was immediately obvious 

that the raw means would not be suitable as they permitted the models to predict 

impossible values (i.e., repetitions <0). However, the mean repetitions followed a log-

normal distribution (see https://osf.io/p8ryh), so we opted to only consider the 

models of log mean repetitions as candidates. From visual comparison of the log 

mean models, the linear model appeared to fit the data well. However, the estimated 

response values at large predictor values of %1RM appeared larger than expected 

(e.g., ~5 repetitions at 95% 1RM). Yet, the recentered models which forced the 

estimates to take on a value of one repetition at 100% 1RM did not appear to fit the 

rest of the data well. As such, we examined a final model employing natural cubic 

splines with knots at 60% and 80% of 1RM (where most data were available; see 

https://osf.io/qa5gb) and boundary knots at 0% and 100% of 1RM hoping this model 

would allow for a good fit to the data available and flexibility to estimate reasonable 

values at higher values of %1RM. We then compared fit statistics for all log mean 

models (see https://osf.io/4v32n) and also compared the models using bayes factors 

calculated with approximate Bayesian information criterion (see 

https://osf.io/432gn35). Fit statistics favoured the natural cubic spline model and 

bayes factors indicated that there was strong evidence favouring the natural cubic 

spline model as being a more probable description of the data generating process 

compared with all other models. Thus, for log mean repetitions we opted to take the 

natural cubic spline model forward (diagnostics for this model can be seen here: 

https://osf.io/e6rqf). 

We followed a similar process for comparing models for the variances 

between people in repetitions performed. In all models, we used the log transformed 

standard deviations for repetitions again with the predictor taking either linear, log-

transformed, quadratic, or the natural cubic spline functional forms as initially 

examined for the mean repetitions (see visual comparison of these models here: 

https://osf.io/wgmrj). Visually the differences between these models were negligible, 

which was also confirmed when we compared fit statistics (see https://osf.io/q9brs). 

http://www.storkinesiology.org/annual
https://osf.io/83c62
https://osf.io/p8ryh
https://osf.io/qa5gb
https://osf.io/4v32n
https://osf.io/432gn
https://osf.io/e6rqf
https://osf.io/wgmrj
https://osf.io/q9brs
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Examining the bayes factors for model comparisons suggested that both the linear 

and natural cubic spline models had higher probabilities than log-transformed or 

quadratic; but evidence favouring the natural cubic spline model over the simpler 

linear model was only marginally positive (see https://osf.io/d87th). As such, for the 

log standard deviation of repetitions we opted to take the simpler linear model 

forward (diagnostics for this model can be seen here: https://osf.io/9kmzg). 

A main model including all effects for both log mean repetitions and log 

standard deviation of repetitions was produced for all groups in each study. From 

this, we exponentiated the model estimates back to the raw repetition scale to aid 

interpretability and present meta-analytic scatterplots showing the relationship of 

both mean repetitions and the standard deviation of repetitions with %1RM with 

both 95% confidence intervals (CIs) and 95% prediction intervals. We also tabulated 

the estimated values and CIs for levels of %1RM ranging from 15% to 95% (i.e., the 

range of the data).  

As a secondary aim, we conducted exploratory interaction models for both log 

mean and log standard deviation of repetitions to explore the moderating effects of 

sex, age, training status, and exercise performed. We also intended to explore a 

potential moderating effect for the muscle action type performed in testing (e.g., 

eccentric-only repetition, traditional eccentric-concentric repetition), but this was not 

possible given that only a small number of studies examined eccentric-only 

repetitions. For sex, we limited this to studies where groups were reported as male 

or female only (i.e., excluded mixed samples). We examined mean age of the samples 

as a continuous predictor, but for ease of interpretation we present predicted values 

from this interaction model for 30, 50, and 70 years of age. For training status, we 

limited this to comparing those with and without prior resistance training experience 

as there was limited data for other populations (e.g., endurance trained) and for 

specific durations of prior resistance training experience. Lastly, we limited our 

examination of exercises to the bench press, chest press, squat, and leg press given 

that for these exercises we had more data available over a wider range of %1RM 

values, allowing comparison between upper- and lower-body exercise and between 

exercises involving similar muscle groups but different equipment (i.e., machines vs 

free weights). In each moderator interaction comparison, we calculated pairwise 

contrasts using ratios with 95% CIs given the use of log means and log standard 

deviations. 

http://www.storkinesiology.org/annual
https://osf.io/d87th
https://osf.io/9kmzg
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Finally, given the potential practical utility of the REPS~%1RM relationship, the 

statistical terminology used herein also warrants brief explanation to facilitate 

interpreation of the results. The number of repetitions performed at a given %1RM 

could be described by two parameters: a mean and SD. The mean refers to the 

central tendency for repetitions performed by individuals, and the SD refers to the 

dispersion of repetitions performed. The point estimate for a given parameter refers 

to the best estimate of the parameter value in the population from which the sample 

was drawn, given the assumptions of the statistical model employed as an estimator 

and the sample data (in this case, the summary data from studies included in the 

meta-analysis described). Thus, when referring to the point estimate for either the 

mean repetitions or SD in repetitions, we are referring to our best estimate of each 

of these parameters. However, we also present the uncertainty in our estimates for 

each of these, both mean and SD, by providing CIs from our estimator for each 

parameter. These are interpreted as being wide enough that a certain percentage of 

the time (95% in the present case), if we took samples (individual studies in this case) 

and employed a particular statistical model (meta-analysis in this case), we would 

expect them to include the true value of the parameter, given that the assumptions 

of the statistical model are met. 

 

3.0 Results 

A total of 266 eligible studies were identified (see https://osf.io/57m2f for list 

of studies). These studies included 450 groups which contributed data from 952 rep-

etitions-to-failure tests completed by 7,270 individuals. The earliest study was pub-

lished in 1961 and the latest in 2023. The descriptive characteristics of the groups in 

the identified studies are reported in the supplementary materials (see 

https://osf.io/r2xs7). The main descriptive results indicated that the samples (k) were 

predominantly male (k = 292; 66%), healthy (k = 433; 97%), <59 years of age (k = 410; 

92%; median of the mean age for samples 23 years), and resistance trained (k = 247; 

60%). Barbells (k = 172; 47%), weight stack and plate-loaded machines (k = 145; 39%), 

and Smith machines (k = 33; 9%) were the most commonly used devices for testing. 

The most common exercises tested were the bench press (k = 189; 42%), leg press (k 

= 65; 14%), squat (k = 52; 12%), knee extension (k = 48; 11%), and chest press (k = 42; 

http://www.storkinesiology.org/annual
https://osf.io/57m2f
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9%). Testing was predominantly bilateral (k = 394; 89%) with repetition duration1 con-

trolled using a metronome (k = 94; 68%) in those studies reporting it (though the 

majority did not report this; k = 311). Most studies involved tests using traditional 

concentric-eccentric dynamic repetitions (k = 439; 98%). 

Not all identified repetitions-to-failure tests were included in the meta-anal-

yses because effect sizes could not be calculated when variances were not reported. 

Further, we opted to only examine tests which had performed traditional concentric-

eccentric dynamic repetitions as there was only very limited data for either concen-

tric only (1.1%) or eccentric only tests (1.3%). It was possible therefore to include the 

results from 425 groups and 898 tests from 6,970 individuals in our analyses. The 

median sample size for any included group was 13 participants with a range from 3 

to 112 participants.   

 

3.1. Main models 

 Both of the main models exploring the relationships between %1RM and both 

mean repetitions and standard deviation of repetitions indicated a negative trend in 

estimates with increasing %1RM. The mean number of repetitions possible 

decreases with increasing %1RM, as does the between-individuals standard 

deviation in repetitions performed. Figure 1 presents the meta-analytic scatter plots 

for both the mean repetitions (natural cubic spline model of log means) and the 

standard deviations of repetitions (linear model of log standard deviations) with 95% 

CIs and 95% prediction intervals, alongside an updated REPS~%1RM table ranging 

15% to 95% of 1RM in 5% intervals. The precision of estimates for both means and 

standard deviations are very tight up to 65% 1RM ranging ~1 repetition. Estimates 

from our models are less precise for lower %1RM values primarily due to the lack of 

data at these loads. 

 

 
1 As repetition duration might impact the REPS~%1RM relationship, we included an exploratory analysis of this in 

studies where the repetition duration was reported. The range for reported total repetitions durations (i.e., both 

concentric and eccentric phases) was 1.4 to 6.0 seconds coming from only 122 of the included studies (46%). Whilst 

there was a tendency for fewer repetitions to be performed when using longer repetition durations, almost all 

interval estimates on contrast ratios included 1 and thus it is uncertain what the exact extent of moderating effects 

for this variable is over this range upon mean repetitions or standard deviations of repetitions (see online 

supplementary materials for figure https://osf.io/e9y7h, estimates table https://osf.io/yjrwz, and contrasts table  

https://osf.io/yje3k).  

http://www.storkinesiology.org/annual
https://osf.io/e9y7h
https://osf.io/yjrwz
https://osf.io/yje3k


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         10 

 

 

 

 
Figure 1: Meta-analytic scatterplots from main models for both the natural cubic spline model used to model log mean repetitions 

(top left panel) and the linear model used to model standard deviation (SD) of repetitions (bottom left panel). Estimates from both 

models have been exponentiated back to the raw repetitions scale. For the mean repetitions plot, the dashed horizontal reference 

line is at one repetition. For the SD of repetitions plot, the dashed horizontal reference line is at zero. The grey band shows the 95% 

confidence interval (CI) and the dashed lines show the 95% prediction interval. A table showing the exact point estimates and 95% 

CIs for both mean repetitions, and SD of repetitions, is presented ranging from 15% to 95% 1RM at 5% 1RM intervals (right panel). 

 

3.2. Moderators 

 The impact of most of the moderators explored was uncertain based upon the 

precision of estimates for our contrasts. Whilst there were slight differences when 

comparing moderators such as sex (sex plot https://osf.io/xcesk, sex table 

https://osf.io/zmd8f), age (age plot https://osf.io/3tfxd, age table 

https://osf.io/mt7cs), training status (training status plot https://osf.io/kupbq, 

training status table https://osf.io/7964a), and exercise (exercise plot 

https://osf.io/kx6gp, exercise table https://osf.io/bxjh9) in point estimates for both 

mean and standard deviation of repetitions, almost all interval estimates on contrast 

ratios included 1 and thus it is uncertain if there are indeed moderating effects for 

these variable in mean repetitions or standard deviations of repetitions (see contrast 

ratio tables for sex https://osf.io/jub3h, age https://osf.io/gavmc, training status 

http://www.storkinesiology.org/annual
https://osf.io/xcesk
https://osf.io/zmd8f
https://osf.io/3tfxd
https://osf.io/mt7cs
https://osf.io/kupbq
https://osf.io/7964a
https://osf.io/kx6gp
https://osf.io/bxjh9
https://osf.io/jub3h
https://osf.io/gavmc
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https://osf.io/9f5ke, and exercise https://osf.io/kfbuh). The only exception was for 

contrasts between the bench press and leg press exercise where up to ~50%1RM 

fewer mean repetitions were possible in the bench press, and up to ~35%1RM there 

was also lower between-individuals standard deviations in the number of repetitions 

possible for the bench press. 

4.0 Discussion 
The purposes of this study were to use meta-regression to estimate the 

number of repetitions that individuals can be expected to complete at various 

percentages of the 1RM and to explore if the REPS~%1RM relationship is moderated 

by sex, age, training status, and/or exercise. From data collected on 7,270 individuals 

from 266 studies, we generated an updated main model table of the REPS~%1RM 

relationship (Figure 1). Because sex, age, and training status did not clearly moderate 

the REPS~%1RM, this main model table can be used when prescribing resistance 

exercise to all individuals and for most exercises. However, differences in the 

REPS~%1RM relationship were observed for the leg press and bench press and thus 

separate tables were created for these two exercises. We were unable to explore 

muscle action type as a moderator due to the relative lack of data available for 

repetitions-to-failure tests with eccentric-only muscle actions. 

Our results update the REPS~%1RM table presented in a commonly-assigned 

strength and conditioning textbook for many years (Table 1).7 Table 1 provides only 

point estimates for the number of repetitions that an individual might be expected 

to complete at various percentages of the 1RM. Our updated table provides both 

mean repetition estimates, and estimates for between-individual variation, and 

incorporates the uncertainty of these estimates by reporting their corresponding 

95% CIs (Figure 1). 

As expected, we found that the estimates for the mean number of repetitions 

decreased with increasing %1RM. Compared to Table 1, estimates in Figure 1 are 

most different at lighter loads, whereas estimates at higher loads are more similar 

between Table 1 and Figure 1. For example, in Table 1, estimates at 90% and 70% 

1RM are 4 and 11 repetitions, respectively. In Figure 1, estimates at 90% and 70% 

1RM are ~5 and ~15 repetitions, respectively. For the bench press, estimates in Figure 

1 are generally similar with Table 1. For example, at 90, 80, and 70% 1RM, the 

estimates in Table 1 are 4, 8, and 11 repetitions, respectively. In Figure 1, the 

http://www.storkinesiology.org/annual
https://osf.io/9f5ke
https://osf.io/kfbuh
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estimates at these same relative loads are ~4, ~9, and ~14 repetitions, respectively. 

However, estimates for the leg press were notably higher in Figure 1 than Table 1. At 

90, 80, and 70% 1RM, point estimates in Figure 1 are ~9, ~13, and ~19 repetitions, 

respectively. 

In addition to the estimates for mean repetitions, Figure 1 provides estimates 

for standard deviations for repetitions between individuals. This advances Table 1, 

which did not account for between-individual variability in test performance. The 

estimates for standard deviations also increased as the %1RM decreases. For 

example, at 80% 1RM, the estimate for the standard deviation about the point 

estimate is 2.51 repetitions, whereas at 60% 1RM the estimate is 4.36 repetitions. 

These results reveal greater between-individual heterogeneity in repetitions 

completed at lighter than heavier relative loads. Why between-individual 

heterogeneity in repetitions completed is greater at lighter loads is not entirely clear. 

This result may reflect the commonly observed mean-variance relationship (i.e., as 

means increase so do their corresponding standard deviations) which has been 

reported for other exercise outcomes such as muscle strength.36 Our exploratory 

meta-regression model confirmed the presence of such a mean-variance 

relationship (see https://osf.io/sknyr). Thus, although the result of greater between-

individual heterogeneity in repetitions completed might be due to a mathematical 

phenomenon, this information is still practically useful, because it illustrates the 

amount of between-individual heterogeneity that can be expected. 

We thought that sex and age might moderate the REPS~%1RM relationship 

because of evidence suggesting that sex8-11 and age12-14 impact muscle fatigability. 

However, the REPS~%1RM relationship was largely similar between men and women 

and also similar between younger and older adults potentially questioning the 

magnitude of the impact of these factors on fatigability. Consequently, we did not 

generate sex- or age-specific REPS~%1RM tables. 

We also examined the exercise performed as a potential moderator of the 

REPS~%1RM relationship. We observed a difference in the REPS~%1RM relationship 

between the leg press and bench press, with greater mean repetitions completed in 

the leg press than bench press across the spectrum of relative loads. For example, 

at 80% and 70% 1RM, the estimated number of repetitions in the leg press were 13.1 

[95% CI: 9.8, 17.5] and 19.0 [95% CI: 14.2, 25.5], respectively, whereas for the bench 

press, the estimated number of repetitions were 8.8 [95% CI: 7.7, 10.1] and 14.1 [95% 
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CI: 12.4, 16.1], respectively. Consequently, we generated separate REPS~%1RM tables 

for the bench press (Figure 2) and leg press (Figure 3). For all other exercises, the 

main model table is likely most applicable (Figure 1). 

 

 
Figure 2: Meta-analytic scatterplots for the bench press for both the natural cubic spline model used to model log mean repetitions 

(top left panel) and the linear model used to model standard deviation (SD) of repetitions (bottom left panel). Estimates from both 

models have been exponentiated back to the raw repetitions scale. For the mean repetitions plot, the dashed horizontal reference 

line is at one repetition. For the SD of repetitions plot, the dashed horizontal reference line is at zero. The grey band shows the 95% 

confidence interval (CI). A table showing the exact point estimates and 95% CIs for both mean repetitions, and SD of repetitions, is 

presented ranging from 15% to 95% 1RM at 5% 1RM intervals (right panel). 
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Figure 3: Meta-analytic scatterplots for the leg press for both the natural cubic spline model used to model log mean repetitions (top 

left panel) and the linear model used to model standard deviation (SD) of repetitions (bottom left panel). Estimates for both models 

have been exponentiated back to the raw repetitions scale. For the mean repetitions plot, the dashed horizontal reference line is at 

one repetition. For the SD of repetitions plot, the dashed horizontal reference line is at zero. The grey band shows the 95% 

confidence interval (CI). A table showing the exact point estimates and 95% CIs for both mean repetitions, and SD of repetitions, is 

presented ranging from 15% to 95% 1RM at 5% 1RM intervals (right panel). 

 

We also intended to explore if the REPS-%1RM relationship differs between 

concentric and eccentric muscle actions. Unfortunately, only 1% of all data were from 

eccentric-only testing. Consequently, we were unable to determine whether different 

REPS~%1RM table should exist for eccentric-only and traditional repetitions. Results 

from a small number of studies suggest that at equal relative loads, more eccentric-

only than concentric-only repetitions can be completed for some exercises and at 

certain %1RM.17,37,38 If these results are replicated in future research, a REPS~%1RM 

table specific to eccentric muscle actions will probably need to be developed, 

particularly as eccentric resistance exercise is growing in popularity and new 

technologies are making its prescription more feasible.11,18,19 

Moving forward, more data will be needed to provide more precise point 

estimates of the number of repetitions that an individual can be expected to 

http://www.storkinesiology.org/annual


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         15 

 

 

 

complete across the full range of the relative loading spectrum. Future research can 

explore the REPS~%1RM relationship for exercises that are commonly prescribed but 

for which we found minimal data: overhead press, lat pulldown, seated row, triceps 

extension, knee flexion, and calf raise. Moreover, most data from the REPS~%1RM 

relationship have been collected on healthy individuals who are 20-40 years old. 

Thus, future research can seek to examine the REPS~%1RM relationship in older 

adults and patient groups. Lastly, only a relatively narrow range of repetition 

durations were reported with the magnitude of their impact being relatively small 

and uncertain. As some resistance training protocols employ long repetitions 

durations and low repetition numbers (e.g., 6 repetitions at 10 second concentric and 

10 second eccentric)39 it is likely that the REPS~%1RM relationship differs at more 

extreme repetition durations and thus further research should explore this topic. 

 

5.0 Perspectives 
The REPS~%1RM relationship is foundational knowledge in resistance exercise 

programming. It gives practitioners a sense of the relative loads that should be pre-

scribed to allow an athlete or patient to complete a certain prescribed number of 

repetitions. Though a general table of the REPS~%1RM relationship has been availa-

ble for many years (Table 1), it has not incorporated uncertainty into point estimates 

or accounted for between-individual variation in performance. We updated this ta-

ble. After using meta-regression to analyse all available literature on repetitions-to-

failure tests, we generated a main model table of estimates for mean repetitions and 

standard deviations and 95% CIs around the point estimates across the relative load-

ing spectrum (Figure 2). This table can be used to guide resistance exercise prescrip-

tions for all individuals and for most exercises. However, because significantly more 

repetitions can be completed in the leg press than the bench press across the relative 

loading spectrum, separate tables should be referenced when prescribing resistance 

exercise for these two exercises (Figures 3, 4). Future research involving hundreds, if 

not thousands, of participants who complete repetitions-to-failure tests across the 

relative loading spectrum, will be necessary to establish precise REPS~%1RM rela-

tionships for other exercises and for specific populations. 

 

http://www.storkinesiology.org/annual


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         16 

 

 

 

Funding information 

MDP received a PhD scholarship from the Australian Government Research Training 

Program. 

 

Data and Supplementary Material Accessibility 

All materials, data, and code are available on the Open Science Framework project page for 

this study https://osf.io/s94gf/  

 

Author contributions 

JLN conceived of the idea for the manuscript. JLN conducted the literature search. JS 

conducted the statistical analysis and developed the tables and figures. JLN wrote the first 

draft of the manuscript. MDP, KN, and JS read and revised multiple drafts of the original 

manuscript. All authors read and approval the final version of the manuscript. 

 

Conflicts of interest 

The authors have no conflicts of interest to report. 

 

REFERENCES 

1. Berger RA, Harris MW. Effects of various repetitive rates in weight training on 

improvements in strength and endurance. J Assoc Phys Ment Rehabil. 

1966;20(6):205-207. 

2. Clarke DH, Irving RN. Objective determination of resistance load for ten 

repetitions maximum for knee flexion exercise. Res Q. 1960;31(2):131-135. 

3. Clarke DH, Herman EL. Objective determination of resistance load for ten 

repetitions maximum for quadriceps development. Res Q. 1955;26(4):385-

390. 

4. Hansen JW. The training effect of repeated isometric muscle contractions. Int 

Z Angew Physiol. 1961;18:474-477. 

5. Hoeger WWK, Barette SL, Hale DF, Hopkins DR. Relationship between 

repetitions and selected percentages of one repetition maximum. J Appl Sport 

Sci Res. 1987;2(1):11-13. 

6. Hoeger WWK, Hopkins DR, Barette SL, Hale DF. Relationship between 

repetitions and selected percentages of one repetition maximum: a 

comparison between untrained and trained males and females. J Appl Sport 

Sci Res. 1990;4(2):47-54. 

http://www.storkinesiology.org/annual
https://osf.io/s94gf/


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         17 

 

 

 

7. Sheppard JM, Triplett NT. Program design for resistance training. In: Haff GG, 

Triplett NT, eds. Essentials of strength training and conditioning. 4th edition ed. 

Champaign, IL: National Strength and Conditioning Association; 2016:452. 

8. Hunter SK. Sex differences in human fatigability: mechanisms and insight to 

physiological responses. Acta Physiol. 2014;210(4):768-789. 

9. Hunter SK. The relevance of sex differences in performance fatigability. Med 

Sci Sports Exerc. 2016;48(11):2247-2256. 

10. Hunter SK. Sex differences in fatigability of dynamic contractions. Exp Physiol. 

2016;101(2):250-255. 

11. Nuzzo JL, Pinto MD, Nosaka K. Muscle fatigue during maximal eccentric-only, 

concentric-only, and eccentric-concentric bicep curl exercise with automated 

drop setting. Scand J Med Sci Sports. 2023. 

12. Hunter SK, Critchlow A, Enoka RM. Muscle endurance is greater for old men 

compared with strength-matched young men. J Appl Physiol. 2005;99(3):890-

897. 

13. Hunter SK, Pereira HM, Keenan KG. The aging neuromuscular system and 

motor performance. J Appl Physiol. 2016;121(4):982-995. 

14. Lanza IR, Russ DW, Kent-Braun JA. Age-related enhancement of fatigue 

resistance is evident in men during both isometric and dynamic tasks. J Appl 

Physiol. 2004;97(3):967-975. 

15. Senefeld J, Yoon T, Bement MH, Hunter SK. Fatigue and recovery from 

dynamic contractions in men and women differ for arm and leg muscles. 

Muscle Nerve. 2013;48(3):436-439. 

16. Nuzzo JL, Pinto MD, Nosaka K, Steele J. The eccentric:concentric strength ratio 

of human skeletal muscle in vivo: meta-analysis of the influences of sex, age, 

joint action, and velocity. Sports Med. In press. 

17. Shibata K, Yamaguchi T, Takizawa K, Nosaka K. Comparison in repetitions to 

failure between concentric-only and eccentric-only dumbbell arm curl 

exercise at four different relative intensities. J Strength Cond Res. 2023. 

18. Nuzzo JL, Pinto MD, Nosaka K. Connective adaptive resistance exercise (CARE) 

machines for accentuated eccentric and eccentric-only exercise: introduction 

to an emerging concept. Sports Med. In press. 

19. Tinwala F, Cronin J, Haemmerle E, Ross A. Eccentric strength training: a 

review of the available technology. Strength Cond J. 2017;39(1):32-47. 

http://www.storkinesiology.org/annual


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         18 

 

 

 

20. Greenhalgh T, Peacock R. Effectiveness and efficiency of search methods in 

systematic reviews of complex evidence: audit of primary sources. BMJ. 

2005;331(7524):1064-1065. 

21. Nuzzo JL. History of strength training research in man: an inventory and 

quantitative overview of studies published in English between 1894 and 

1979. J Strength Cond Res. 2021;35(5):1425-1448. 

22. Nuzzo JL. Narrative review of sex differences in muscle strength, endurance, 

activation, size, fiber type, and strength training participation rates, 

preferences, motivations, injuries, and neuromuscular adaptations. J Strength 

Cond Res. 2023;37(2):494-536. 

23. Sterba SK. Alternative model-based and design-based frameworks for 

inference from samples to populations: from polarization to integration. 

Multivariate Behav Res. 2009;44(6):711-740. 

24. Gardner MJ, Altman DG. Confidence intervals rather than P values: 

estimation rather than hypothesis testing. BMJ. 1986;292(6522):746-750. 

25. McShane BB, Gal D, Gelman A, Robert C, Tackett JL. Abandon statistical 

significance. Am Statistician. 2019;73(Suppl 1):235-245. 

26. Viechtbauer W. Conducting meta-analyses in R with the metafor package. J 

Stat Softw. 2010;36(3):1-48. 

27. Lenth RV. emmeans: Estimated Marginal Means, aka Least-Squares Means. R 

package version 1.6.1. . 2021. 

28. Ludecke D, Ben-Shachar MS, Patil I, Waggoner P, Makowski D. performance: 

an R package for assessment, comparison and testing of statistical odels 

Journal of Open Source Software. 2021;6(60):1-8. 

29. Makowski D, Ben-Shachar MS, Ludecke D. bayestestR: describing effects and 

their uncertainty, existence and significance within the Bayesian framework. 

Journal of Open Source Software. 2019;4(40):1-8. 

30. Wickham H, Chang W. An implementation of the grammar of graphics. 2016. 

31. Pedersen TL. The composer of plots [R package patchwork version 1.1.1]. 

2020. 

32. Iannone R, Cheng J, Schloerke B, Hughes E, Seo J. _gt: Easily Create 

Presentation-Ready Display Table_. R package version 0.8.0. 2022; 

https://CRAN.R-project.org/package=gt. 

http://www.storkinesiology.org/annual
https://cran.r-project.org/package=gt


 

 

DOI: 10.51224/SRXIV.291 SportRxiv is free to access, but not to run. Please consider 

donating at www.storkinesiology.org/annual                         19 

 

 

 

33. Sjoberg DD, Whiting K, Curry M, Lavery JA, Larmarange J. Reproducible 

summary tables with the gtsummary package. The R Journal. 2021;13(1):570-

580. 

34. Zhu H. _kableExtra: Construct Complex Table with 'kable' and Pipe Syntax_. R 

package version 1.3.4. 2021; https://CRAN.R-

project.org/package=kableExtra>. 

35. Wagenmakers EJ. A practical solution to the pervasive problems of p values. 

Psychon Bull Rev. 2007;14(5):779-804. 

36. Steele J, Fisher JP, Smith D, Schoenfeld BJ, Yang Y, Nakagawa S. Meta-analysis 

of variation in sport and exercise science: examples of application within 

resistance training research. SportRxiv. 2022. 

37. Kelly SB, Brown LE, Hooker SP, et al. Comparison of concentric and eccentric 

bench press repetitions to failure. J Strength Cond Res. 2015;29(4):1027-1032. 

38. Cherouveim ED, Margaritelis NV, Koulouvaris P, et al. Skeletal muscle and 

cerebral oxygenation levels during and after submaximal concentric and 

eccentric isokinetic exercise. J Sports Sci. 2022;40(2):195-202. 

39. Steele J, Fisher JP, Giessing J, et al. Long-term time-course of strength adaptation 

to minimal dose resistance training through retrospective longitudinal growth 

modeling. Res Q Exerc Sport. 2022:1-18. 

 

 

http://www.storkinesiology.org/annual
https://cran.r-project.org/package=kableExtra
https://cran.r-project.org/package=kableExtra

