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 Predicting Total Back Squat Repetitions  
from Repetition Velocity and Velocity Loss 

by 
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The purpose of this investigation was to determine if average concentric velocity (ACV) of a single repetition at 
70% of one-repetition maximum (1RM), ACV of the first repetition of a set to failure at 70% of 1RM, or the velocity loss 
during the set could predict the number of repetitions performed in the back squat. Fifty-six resistance-trained individuals 
participated in the study (male = 41, age = 23 ± 3 yrs, 1RM = 162.0 ± 40.0 kg; female = 15, age = 21 ± 2 yrs, 1RM = 81.5 
± 12.5 kg). After 1RM testing, participants performed single repetition sets with 70% of 1RM and a set to failure with 
70% of 1RM. ACV was recorded on all repetitions. Regression model comparisons were performed, and Akaike 
Information Criteria (AIC) and Standard Error of the Estimate (SEE) were calculated to determine the best model. Neither 
single repetition ACV at 70% of 1RM (R² = 0.004, p = 0.637) nor velocity loss (R² = 0.011, p = 0.445) were predictive of 
total repetitions performed in the set to failure. The simple quadratic model using the first repetition of the set to failure 
(𝑌 = 𝛽 + 𝛽 𝑋 + 𝛽 𝑋 + 𝜀) was identified as the best and most parsimonious model (R2 = 0.259, F = 9.247, 
p < 0.001) due to the lowest AIC value (311.086). A SEE of 2.21 repetitions was identified with this model. This average 
error of ~2 repetitions warrants only cautious utilization of this method to predict total repetitions an individual can 
perform in a set, with additional autoregulatory or individualization strategies being necessary to finalize the training 
prescription.   
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Introduction 

Resistance training loads are often 
prescribed as a percentage of one-repetition 
maximum (1RM) or with RM zones using 
repetitions-allowed tables (Haff and Triplett, 2015). 
Despite the universal application, there is 
considerable inter-individual variation in the 
number of repetitions performed at a specific 
relative intensity (% of 1RM) due to factors such as 
body mass, femur length, and body fat content 
(Cooke et al., 2019), along with muscle fiber type 
composition and training history (Hoeger et al., 
1990; Richens and Cleather, 2014; Shimano et al., 
2006). If a percentage prescription is used, for 
example, 4 sets of 8 repetitions at 70% of 1RM, 
some individuals may fail to complete the 
prescribed number of repetitions, while others 

may not receive a sufficient training stimulus. This 
is consequential as training to failure elongates the 
recovery period by at least 24 hours compared to 
non-failure training (Moran-Navarro et al., 2017; 
Pareja-Blanco et al., 2018) and impairs subsequent 
performance compared to non-failure training 
(Vieira et al., 2021), which could in turn harm 
weekly training frequency and volume. The 
repetitions in reserve (RIR)-based rating of 
perceived exertion (RPE) scale (Zourdos et al., 
2016), which aims to control for proximity to 
failure between individuals, could remedy an 
inappropriate universal load prescription. For 
example, a training prescription of 4 (sets) × 8 
(repetitions) to a 6–8 RPE (i.e., 2–4 RIR), stipulates 
that an individual chooses a load in which they will 
have between 2–4 RIR at the end of the set.  
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However, a limitation of the RIR-based RPE scale 
is that ratings are subjective, which is evidenced by 
recent data from Zourdos et al. (2021), showing 
that RPE ratings are not perfectly accurate even for 
well-trained individuals. Additionally, an athlete 
could select a load that is too heavy and could 
inadvertently overshoot the prescribed RPE or 
even train to failure (Helms et al., 2016; Zourdos et 
al., 2016), which could result in more fatigue than 
desired. 

Alternatively, velocity-based training 
(VBT) could be used for the load prescription. An 
example prescription could be 4 sets of 8 
repetitions on the back squat with the final 
repetition being ≥0.35 m.s-1 as this is, on average, 
ending a set at a 2RIR (Zourdos et al., 2016). 
Additionally, a velocity loss prescription could be 
used, such as 4 sets, with each being terminated 
when a specific velocity loss threshold (e.g., 10, 20, 
30, or 40% of the first repetition) has been reached 
(Galiano et al., 2020; Pareja-Blanco et al., 2017; 
Rodiles-Guerrero et al., 2022; Weakley et al., 2020). 
However, VBT programming has limitations of its 
own. Namely, although ending a set around 0.35 
m.s-1 may be 2 RIR for some, this velocity will be 
even closer to failure for some individuals and 
further from failure for others. This concept is 
evidenced by a 95% confidence interval of 0.31–
0.44 m∙s-1 at 0 RIR in trained men in the back squat 
(Hackett et al., 2021). Similarly, if the first 
repetition in a set is 0.60 m.s-1, a 40% velocity loss 
would terminate the set at the first repetition which 
reached ≤0.36 m.s-1, which would result in the same 
between-individual proximity to failure issue as 
using absolute velocities. Therefore, the load 
prescription with VBT is not inherently 
individualized; instead, individual profiles can be 
created (Pelland et al., 2022). 

A potential additional benefit of VBT is to 
use the ACV of a warm-up repetition or the ACV 
of the first repetition of a set to predict 
performance. Indeed, in a study of tactical athletes, 
Beckham et al. (2018) examined if a single 
repetition set or the first repetition in a set to failure 
could predict total repetitions performed. Those 
authors observed that repetitions performed to 
failure during bodyweight pull-ups could be 
predicted with reasonable accuracy (average 
prediction error = 2.07 repetitions; R2 = 0.841) from 
the average concentric velocity (ACV) of a single 
repetition set or the first repetition of a set to failure  
 

 
(Beckham et al., 2018). Similarly, García-Ramos et 
al. (2018) investigated whether the ACV of the 
fastest repetition from sets with 60%, 70%, 80%, 
and 90% of 1RM could accurately predict the 
number of repetitions to failure in the Smith 
machine bench press (García-Ramos et al., 2018). 
Indeed, those authors reported a significant linear 
relationship (R2  = 0.774), but the average prediction 
error of 3.57 repetitions, nominally larger than that 
observed by Beckham et al. (2018), suggests that 
predicting repetitions to failure from ACV may be 
exercise-specific. 

In addition to exercise-specific 
considerations, the relative intensity used in the 
studies by Beckham et al. (2018) and García-Ramos 
et al. (2018) were variable. Therefore, it remains 
unclear if a single repetition set or the first 
repetition of a set to failure at a given relative 
intensity can acutely predict repetitions to failure 
between subjects. If this is the case, researchers and 
practitioners could determine daily training loads 
with a standardized first repetition velocity. Then, 
a predetermined number of repetitions per set 
could be prescribed to all participants. This 
approach would control RIR without the need for 
individualized velocity profiles, which require sets 
taken to failure and potentially additional 
laboratory visits (Pelland et al., 2022). 
Additionally, this would rectify some of the chief 
limitations of velocity loss prescriptions often used 
in the literature; specifically, velocity loss failing to 
control volume and RIR between and even within 
participants (Jukic et al., 2022). Furthermore, 
predicting the number of repetitions performed 
would be potentially useful in a group setting on 
an exercise such as the squat where a large 
interindividual variation of repetitions performed 
(6–28) has been reported at a given relative 
intensity (70% of 1RM) (Cooke et al., 2019). 

Therefore, the purpose of this study was to 
determine if the ACV of a single repetition at 70% 
of 1RM, the ACV of the first repetition of a set to 
failure at 70% of 1RM, or the percentage velocity 
loss over the set could predict the number of 
repetitions performed to failure in the back squat. 
We hypothesized that the ACV of the fastest single 
repetition, the first repetition in the set to failure, 
and the velocity loss during the set would 
accurately predict the number of repetitions 
performed in a positive and linear fashion. 
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Methods 
Participants 

Fifty-eight resistance-trained individuals 
were recruited for participation (male = 43, female 
= 15), and further participant details can be seen 
elsewhere (Haischer et al., 2019). Participants must 
have performed the back squat an average of 
1x/wk for ≥2 yrs and meet minimum strength 
requirements for inclusion (males: 1RM ≥1.5 x 
body mass and females: 1RM ≥body mass). 
Additionally, individuals with contraindications to 
exercise (e.g., heart disease, serious 
musculoskeletal disorders, etc.) were excluded and 
all participants were required to refrain from 
exercise for 48 hours prior to testing. Participants 
abstained from stimulants (e.g., caffeine) on the 
day of testing, but were allowed to eat and drink ad 
libitum throughout the protocol. The Florida 
Atlantic University Institutional Review Board 
approved this investigation. 

Measures 

Body Height, Body Mass, and Body Fat Content 

Body height (cm) was measured using a 
wall-mounted stadiometer (SECA, Hamburg, 
Germany) and body mass (kg) was assessed via a 
calibrated digital scale (Mettler-Toledo, Columbus, 
Ohio, USA). The average sum of two 
measurements of skinfold thickness acquired from 
three sites (males: abdomen, front thigh, and chest; 
females: triceps, suprailiac, and thigh) on the right 
side of the body was used to estimate body fat 
content (Jackson and Pollock, 1978). If any site was 
>2 mm different between measurements, then a 
third measurement was taken and averaged with 
the closer of the first two measurements. 

One-Repetition Maximum (1RM) Testing 

Testing for the back squat 1RM was 
performed in agreement with previously validated 
procedures (Zourdos et al., 2016). To record the 
most accurate 1RM, the investigators used the 
ACV (m.s-1) recorded via an Open Barbell System 
Version 2 (OBS2) (Squats & Science, Brooklyn, NY, 
USA) and each participant reported the RPE 
according to the RIR-based RPE scale to determine 
loads for subsequent attempts. Each participant 
was given five to seven minutes of rest between 
1RM attempts. A 1RM was accepted as valid if one 
of three conditions were met: 1) the participant 
reported ‘10’ on the RPE scale and the investigator  

 
 
determined an additional attempt with an 
increased load would be unsuccessful, 2) the 
participant reported a ‘9.5’ RPE and then 
proceeded to fail the subsequent attempt with a 
load increase of 2.5 kg or less, 3) the participant 
reported an RPE of ≤9 and failed the subsequent 
attempt with a load increase of 5 kg or less. The 
squat was performed under the rules and 
regulations of United States of America 
Powerlifting, which included a depth of the hip 
crease passing below the top of the knee (USA 
Powerlifting, 2021). 

Velocity Profiling 

Participants completed two single 
repetition squat sets (14 single repetition sets total) 
at 30%, 40%, 50%, 60%, 70%, 80%, and 90% of 1RM, 
which were performed as part of a larger study, to 
establish velocity profiles. Participants were 
encouraged to lift with maximal intent and at least 
2 minutes of rest was given in between each trial. 
For the purposes of this investigation, only the 
faster of the two single repetition sets at 70% of 
1RM was used for analysis as a predictor of 
repetitions performed.  

Repetitions to Failure at 70% of 1RM 

Participants were not explicitly instructed 
to lift with a particular repetition tempo; thus, the 
concentric intent can be described as habitual. The 
OBS2 assessed and recorded ACV on all repetitions 
to observe velocity loss. Volitional failure was 
determined as the participant either failing a 
repetition or recording an RPE value of ‘10’ after a 
successful repetition (Zourdos et al., 2021). The 
total number of successful repetitions was 
recorded as the dependent variable. The first 
repetition ACV and velocity loss were used as 
predictor variables. 

Design and Procedures 

The aim of this study was to determine if 
velocity loss or individual repetition ACV could 
predict repetitions performed in the back squat 
among trained lifters. Participants reported to the 
laboratory for one day which began with written 
informed consent and completion of Health 
History and Physical Activity Questionnaires. All 
testing was conducted between the hours of 8 AM 
and 8 PM at a time that was convenient to 
participants and in concordance with their usual  
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training habits. This was done to improve the 
ecological validity of the study because previous  
data have indicated that strength levels are 
diminished when individuals train at a time that 
they are not accustomed to (Sedliak et al., 2008). 
Upon completion of the questionnaires, 
participants underwent anthropometric 
assessments before performing a five-minute 
dynamic warm-up and squat 1RM testing. Squat 
1RM testing was performed in accordance with 
previously validated procedures (Zourdos et al., 
2016). Next, participants had a 10-min rest period 
prior to completing velocity profiling sets. Finally, 
participants then rested additional 10 minutes 
before completing one set to volitional failure with 
70% of 1RM on the back squat. The completed 
study procedures can be seen in Figure 1. 

Statistical Analysis 

The independent variables used for 
analysis in this study were sex, the ACV of the best 
(faster) single repetition effort at 70% of 1RM 
during velocity profiling (XACVBest), the ACV of the 
first repetition during the set to failure (XACVFirst), 
and the velocity loss from the first-to-last 
repetitions of the set to failure expressed as a 
percentage (XVeloLoss). First, descriptions of all 
continuous variables of interest were produced. To 
assess normality, Kolmogorov-Smirnov and 
Shapiro-Wilk tests were conducted. Additionally, 
the Breusch-Pagan test was performed for all three 
X-variables to investigate violations of the 
homogeneity of the variances assumption. Total 
repetitions performed were discovered to be 
abnormally distributed, thus bootstrapped 
Spearman’s rho correlations with 1000 replicate 
samples were produced between ACV 
independent variables (XACVBest, XACVFirst, and 
XVeloLoss) and total repetitions. A variety of model 
comparisons were then used to elucidate the best 
and most parsimonious predictive model of the 
number of successful repetitions that a participant 
could perform. 

Initially, linear regression models were 
run for each of the ACV variables with total 
repetitions serving as the outcome variable (𝑌 =𝛽 + 𝛽 𝑋 + 𝜀). Models for XACVBest and XVeloLoss were 
performed with ordinary least squares estimation, 
while the model for XACVFirst was done using 
weighted least squares estimation as the 
homogeneity of variances assumption was 
violated. Of those three models, the most  

 
promising variable (XACVFirst) was identified using  
R2 values and used for additional analysis. Next, 
additional exploratory models were created to 
adjust for sex (Z variable; 𝑌 = 𝛽 + 𝛽 𝑋 +𝛽 𝑍 + 𝜀) and the sex-ACV variable interaction 
effect (𝑌 = 𝛽 + 𝛽 𝑋 + 𝛽 𝑍 + 𝛽 𝑋 𝑍 +𝜀). As the appearance of the scatter plot suggested 
a linear model might not be sufficient to represent 
the data, a quadratic trend analysis was also 
conducted on the simple (𝑌 = 𝛽 + 𝛽 𝑋 +𝛽 𝑋 + 𝜀), adjusted (𝑌 = 𝛽 + 𝛽 𝑋 +𝛽 𝑋 + 𝛽 𝑍 + 𝜀), and multiplicative models 
(𝑌 = 𝛽 + 𝛽 𝑋 + 𝛽 𝑋 + 𝛽 𝑍 +𝛽 𝑋 𝑍 + 𝜀). In the end, to allow for selection 
of the most parsimonious model of repetitions 
performed, Akaike Information Criteria (AIC) 
were hand-calculated for each model using the 
formula 𝐴𝐼𝐶 = −2𝐿𝑜𝑔𝐿𝑖𝑘𝑒𝑙𝑖ℎ𝑜𝑜𝑑 ×  2𝑝, with 𝑝 as 
the number of predictor variables (Akaike, 1974). 
With the exception of AIC, all analyses were 
performed with SPSS version 25.0 (IBM Corp., 
Armonk, NY, USA) and the level of significance 
was set at p ≤ 0.05. 

Results 
Participants’ Characteristics and Evaluation of 
Model Assumptions 

Of the 58 participants that volunteered for 
the study, 56 completed the back squat set to 
volitional failure at 70% of 1RM in which velocity 
analysis could be successfully conducted. 
Descriptive statistics of the participants and mean 
data for repetitions performed, first and best 
repetition ACV, and velocity loss are presented in 
Table 1. Scatter plots of total repetitions performed 
and individual repetition velocity variables, 
XACVBest and XACVFirst, are presented in Figure 1.  

Results of the tests of normality and for 
heteroscedasticity are shown in Table 2. The total 
number of repetitions performed was not normally 
distributed. Additionally, the Breusch-Pagan test 
of the velocity of the first repetition in the set to 
failure (XACVFirst) indicated a violation of the 
homogeneity of variances assumption, dictating 
weighted least squares estimation of regression 
models. 

Due to the violation of normality, 
Spearman’s rho correlations were used to evaluate 
the association between repetitions performed and 
independent variables. Bootstrapping with 1000 
replicate samples was also implemented to 
increase the robustness of the analyses and allow  
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for reporting of bias corrected and accelerated  
 
 

 
(BCa) 95% confidence intervals. The values of these 
correlations are shown in Table 3. 

 
 

 
Table 1. Descriptive Statistics. 

N = 56 Age (yrs) 1RM (kg) BMI Height (cm) Body Mass (kg) Body Fat (%) 

Mean ± SD 23 ± 3 140 ± 50 26.67 ± 3.75 172.6 ± 8.8 80.25 ± 16.6 10.94 ± 3.44 

 Mean ± SD Minimum Maximum 

Total Repetitions Performed at 70% of 1RM 14 ± 4 6 28 

ACV of the Best Single Repetition at 70% of 1RM  

(XACVBest) 
0.667 ± 0.078 0.53 0.84 

ACV of the First Repetition of the Set to Failure at 70% of 1RM 
(XACVFirst) 

0.579 ± 0.076 0.41 0.73 

Percent Velocity Loss During the Set to Failure at 70% of 1RM 
(XVeloLoss) 

46.5 ± 13.3 12 73 

1RM = One Repetition Maximum; ACV = Average Concentric Velocity; BMI = Body Mass Index 
 
 

Table 2. Tests of Normality and Heteroscedasticity. 

 
Kolmogorov-Smirnov Shapiro-Wilk Breusch-Pagan 

Statistic df Sig. Statistic df Sig. Chi-Square df Sig. 

Total Repetitions 
Performed at 70% of 1RM 

0.13 56 0.02 0.959 56 0.056  

ACV of the Best Single 
Repetition at 70% of 1RM 
(XACVBest) 

0.104 56 0.2 0.971 56 0.198 0.038 1 0.846 

ACV of First Repetition of 
the Set to Failure at 70% of 
1RM (XACVFirst) 

0.089 56 0.2 0.983 56 0.623 4.116 1 0.042 

Percent Velocity Loss 
During the Set to Failure 
at 70% of 1RM (XVeloLoss) 

0.08 56 0.2 0.982 56 0.576 0.227 1 0.599 

1RM = One Repetition Maximum; ACV = Average Concentric Velocity 
 
 

Table 3. Correlations Between Total Repetitions Performed and Velocity Variables. 

 
Correlation 

Rho Sig. Bias 
Std. 

Error 
BCa 95% Confidence Interval 

Lower Upper 

ACV of the Best Single 
Repetition at 70% of 1RM 
(XACVBest) 

0.145 0.286 0.001 0.142 −0.123 0.403 

ACV of the First Repetition 
of the Set to Failure at 70% 
of 1RM (XACVFirst) 

0.173 0.203 0.003 0.155 −0.141 0.476 

Percent Velocity Loss 
During the Set to Failure at 
70% of 1RM (XVeloLoss) 

0.148 0.276 −0.003 0.143 −0.14 0.406 

* Based on 1000 Bootstrap Samples; 1RM = One Repetition Maximum; ACV = Average Concentric Velocity;  
BCa = Bias Corrected and Accelerated 
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Table 4. Linear Model Comparison Between Velocity Independent Variables. 
Model R2 S.E.E. SSreg SSres F Sig. 𝑌 = 𝛽 + 𝛽 𝑋 + 𝜀 0.004 4.386 4.333 1038.649 0.225 0.637 𝑌 = 𝛽 + 𝛽 𝑋 + 𝜀 0.086 2.434 30.2 319.893 5.098 0.028 𝑌 = 𝛽 + 𝛽 𝑋 + 𝜀 0.011 4.371 11.303 1031.679 0.592 0.445 

S.E.E. = Standard Error of the Estimate 
 
 

Table 5. Weighted Least Squares Comparison Between XACVFirst Models. 
Model R2 S.E.E. F Sig. AIC 

Simple 0.086 2.434 5.098 0.028 320.75 

Adjusted 0.095 2.444 2.795 0.07 322.332 

Multiplicative 0.149 3.123 3.032 0.037 319.556 

Simple Quadratic 0.259 2.213 9.247 <0.001 311.086 

Adjusted Quadratic 0.267 2.222 6.304 0.001 312.544 

Multiplicative Quadratic 0.278 2.226 4.915 0.002 313.744 

AIC = Akaike Information Criterion 
 
 

Table 6. Parameterization of Repetitions Performed and XACVFirst Models. 
Model Parameter Estimate Std. Error Sig. 

Simple 
𝛽  4.33 4.5737 0.344 𝛽  17.002 7.53 0.028 

Adjusted 

𝛽  3.747 4.625 0.421 𝛽  19.355 8.217 0.022 𝛽  −1.065 1.454 0.467 

Multiplicative 

𝛽  28.089 10.902 0.013 𝛽  −25.361 20.131 0.213 𝛽  −28.074 12.109 0.024 𝛽  49.064 21.911 0.029 

Simple Quadratic 

𝛽  102.408 28.238 0.001 𝛽  −317.943 95.645 0.002 𝛽  281.533 80.187 0.001 

Adjusted 
Quadratic 

𝛽  101.545 28.377 0.001 𝛽  −314.658 96.137 0.002 𝛽  280.662 80.525 0.001 𝛽  −0.996 1.322 0.455 

Multiplicative 
Quadratic 

𝛽  100.585 28.447 0.001 𝛽  −296.503 98.384 0.004 𝛽  250.821 87.159 0.006 𝛽  −12.317 12.608 0.333 𝛽  20.392 22.585 0.371 

 
 
 
 



 by Michael H. Haischer et al. 173 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
 
 

 
Figure 1. Study Design. 

1RM = One-repetition maximum 
 
 
 
 

 
Figure 2. Relationship Between Total Repetitions Performed at 70% of 1RM and the 

Average Concentric Velocity. 
The associations between repetitions performed and the velocity of a separate, single repetition at 70%1RM 

(A), and the velocity of the first repetition of the set to failure (B) were not significant (p > 0.05) 
 
 
 
 
Regression Model Comparisons 

Despite the absence of significant 
correlations (Table 3), variables were analyzed in 
regression models to more accurately assess their 
predictive capabilities. As can be seen in Table 4, 
an initial linear model comparison to identify the 
most promising X-variable was performed, with 
models specified as 𝑌 = 𝛽 + 𝛽 𝑋 + 𝜀. While the 
single repetition during velocity profiling (XACVBest)  
and velocity loss (XVeloLoss) were not significant  
 

 
predictors of repetitions performed, the first 
repetition of the set to failure (XACVFirst) was 
identified as a significant predictor and was used 
as the primary independent variable in all models  
moving forward. 

Additional model comparisons were then 
performed between the simple (𝑌 = 𝛽 +𝛽 𝑋 + 𝜀), adjusted (for sex; Z variable; 𝑌 =𝛽 + 𝛽 𝑋 + 𝛽 𝑍 + 𝜀), and multiplicative  
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(XACVFirst and sex interaction; 𝑌 = 𝛽 + 𝛽 𝑋 +𝛽 𝑍 + 𝛽 𝑋 𝑍 + 𝜀) models, with quadratic 
trends also analyzed. Quadratic trend analysis 
with the additional component (X2ACVFirst) was 
performed as the scatter plots (Figure 1) suggested 
that a linear trend might not sufficiently represent 
the data. The complete model comparison can be 
seen in Table 5, with parameter estimates of these 
models shown in Table 6. Overall, the simple 
quadratic model (𝑌 = 𝛽 + 𝛽 𝑋 +𝛽 𝑋 + 𝜀) was identified as the best and most 
parsimonious model due to the lowest AIC value 
(311.086). 

Discussion 
The initial findings of this study were 

contrary to the hypothesis, in that bootstrapped 
Spearman’s rho correlations did not find a 
significant linear relationship between ACV of the 
faster single repetition, the first repetition in the 
set, or velocity loss with repetitions performed. 
However, the regression models did show that first 
repetition ACV significantly predicted repetitions 
performed, while single repetition ACV and 
velocity loss did not (Table 4). To that end, XACVFirst 
was used in the adjusted and multiplicative 
models (Tables 5 and 6). Since the Breusch-Pagan 
test indicated that the relation between XACVFirst and 
total repetitions was heteroscedastic, weighted 
least squares estimation was used for regression 
analyses using this independent variable. The 
adjusted model accounted for the addition of sex, 
and the multiplicative model included sex and the 
interaction between sex and ACVFirst. Furthermore, 
the Akaike Information Criterion and standard 
error of the estimate suggested that the simple 
model with a quadratic trend was the most 
plausible (Table 5). This model showed a 
prediction error of 2.21 repetitions (SEE = 2.21), 
which is similar to the prediction error of 2.07 
reported by Beckham et al. (2018). Thus, the results 
of this study suggest that exploratory non-linear 
prediction models using first repetition velocity 
may be able to accurately predict the number of 
repetitions to failure at the same relative intensity 
across individuals. 

 The prediction error of ~2 repetitions in 
the present study is nominally lower than the 
prediction error of ~3.6 repetitions reported in both 
the Smith Machine bench press by Garcia-Ramos et 
al. (2018) and the Smith Machine prone bench pull  
 

 
by Miras-Moreno et al. (2022). Discrepancies in the 
study design may contribute to this difference in 
prediction error, but the most likely contributions 
are differences in the prediction model used. 
Specifically, the mentioned studies used simple 
linear models with the predictor variable as the 
fastest repetition velocity of the set (often the first 
repetition). In the present study, linear models 
were also conducted, but the first repetition 
velocity was considerably less associated with 
repetition performance in comparison to these 
studies (R2 = 0.086 vs. R2  = 0.700−0.774). Thus, it 
may be that the prediction errors reported by 
Garcia-Ramos et al. (2018) and Miras-Moreno et al. 
(2022) could be improved by utilizing non-linear 
regression models as in the present study. 

Interestingly, Beckham et al. (2018) 
reported ACVFirst  to predict repetitions performed 
to a similar degree of accuracy as the present study, 
despite using a linear regression like Garcia-Ramos 
et al. (2018) and Miras-Moreno et al. (2022). We 
postulate two reasons for the similar degree of 
prediction accuracy in Beckham et al. (2018) 
despite different prediction models. First, Beckham 
et al. (2018) instructed subjects to use maximal 
concentric intent on the first repetition, which has 
been reported to improve the ability of velocity to 
predict 1RM (Macarilla et al., 2022). Secondly, 
Beckham et al. (2018) had subjects begin each 
pullup repetition from a “dead hang” position; 
thus, each repetition began with the concentric 
phase rather than the eccentric phase as in a back 
squat. In an exercise, such as the pullup with 
minimal skill requirement, which begins with the 
concentric phase, it is likely that velocity will 
decline linearly each repetition, especially when 
using maximal intent on each repetition. For these 
reasons, a linear regression was likely an 
appropriate prediction model in Beckham et al. 
(2018). However, in the present study, the use of an 
exercise with greater technical skill that began with 
the eccentric phase coupled with the lack of a 
maximal intent cue, likely led to the lack of a linear 
decline in velocity. Therefore, the appropriate 
method to predict total repetitions from ACVFirst 

may be both exercise- and intent-specific. 
Due to the lack of a maximal concentric 

intent cue in the present study, it seems that 
different pacing strategies were used (Halperin et 
al., 2014), as evidenced by a wide range of velocity 
loss (12–73%) during the set to failure at 70% of  
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1RM. Individuals that experienced minimal 
velocity loss during the set may have paced 
themselves from the beginning, trying to conserve 
their energy to complete as many repetitions as 
possible. This hypothesis of less than maximal 
effort during the first repetition of the set to failure 
is supported by the difference in ACV between the 
best single repetition at 70% of 1RM (0.667 m.s-1) 
and the ACV of the first repetition on the failure 
set, also at 70% of 1RM (0.579 m.s-1). On the other 
hand, participants with greater velocity loss may 
have focused on moving the barbell as fast as 
possible on each repetition. Even so, it appears that 
the number of total repetitions performed was not 
impacted by the strategy used, as velocity loss was 
not a significant predictor of repetition 
performance. While the lack of a maximal 
concentric intent cue may enhance the ecological 
validity of our analysis, it may have harmed 
predictive ability and explain the discrepant 
findings. It is also possible that first repetition ACV 
was slower on the failure set then the single 
repetition sets at 70% of 1RM due to potential 
fatigue accumulation from the 14 single repetition 
sets performed between 30–90% of 1RM prior to 
the failure set. However, as previously reported 
(Cooke et al., 2019), subjects performed 14 ± 4 
repetitions during the 70% to failure set in this 
study, which is considerably higher than the 
typically reported (Haff et al., 2016) number of 
repetitions to failure. Ultimately, it cannot be fully 
ascertained whether accumulated fatigue or a lack 
of a maximal intent cue is responsible for the 
slower first repetition velocity during the failure 
set, and the potential impact of the 14 single 
repetition sets on the first repetition velocity of the 
failure set is a limitation of this study. However, 
since the number of repetitions to failure are higher 
than previously reported, it seems that the lack of 
a maximal intent cue was at least partially 
responsible. 

Finally, the relative intensity used in the 
study by Beckham et al. (2018), in comparison to 
our study, is undoubtedly more variable. To 
explain, the back squat exercise in the current 
study was standardized to 70% of a tested 1RM, 
while subjects in Beckham et al. (2018) performed  

 
bodyweight pull-ups, which likely resulted in a 
wide range of relative pull-up intensities. In other 
words, although each subject was lifting their own 
bodyweight, the load relative to their 1RM lifted 
was not standardized across the sample. This range 
of relative intensities in and of itself likely 
contributed to the prediction accuracy, ultimately 
leading to similar prediction accuracy as the 
present study despite the use of a linear model. 

Future work in this area should draw on 
the strengths of the current study and previous 
studies using a maximal concentric intent cue, a 
consistent relative intensity, and various non-
linear prediction models. If the velocity of a single 
repetition is reliably related to total repetitions 
performed at a given relative intensity across 
individuals, it could be used as a load prescription 
tool to control RIR and ensure an appropriate 
training stimulus for each session. This would 
avoid the necessity of individual-level velocity 
profiles and be of high practical utility, especially 
in group settings such as teams. However, whether 
a robust relationship exists across individuals 
requires further investigation. 

Conclusions 
The current study indicates that ACVFirst 

during a set to failure at 70% of 1RM in the back 
squat can predict the total number of repetitions 
performed to failure with reasonable accuracy 
(within ~2 repetitions). Thus, non-linear prediction 
models have the potential to provide high 
prediction accuracies of repetition performance 
from first repetition velocity. However, from a 
practical application perspective, additional 
research should first explore these models and 
whether they are reliable with different concentric 
cueing (i.e., maximal intent and habitual intent), in 
exercises beyond the back squat, at different 
relative intensities, and across time (e.g., beginning 
and end of a training program). Additionally, we 
suggest that future studies utilize multiple 
regression models using other variables which 
may affect the velocity-repetition relationship to 
predict acute repetitions performed.  

 

 

Author Contributions: Conceptualization: M.H.H., D.M.C. and M.C.Z.; methodology: M.H.H., D.M.C. and 
M.C.Z.; software: M.H.H., J.P.C., D.M.C., J.P.C., J.F.R. and M.C.Z.; validation: M.H.H., J.P.C., D.M.C. and 
M.C.Z.; formal analysis: M.H.H., J.P.C., J.C.P., J.F.R. and M.C.Z.; investigation: M.H.H., J.P.C., D.M.C., and  
 



176  Velocity Prediction of Repetitions Performed 

Journal of Human Kinetics, volume 87/2023 http://www.johk.pl 

 
M.C.Z.; resources: M.H.H. and M.C.Z.; data curation: M.H.H., J.C.P., J.F.R., and M.C.Z.; writing: M.H.H.,  
J.C.P., J.F.R. and M.C.Z.; writing—review & editing: M.H.H., J.P.C., D.M.C., J.P.C., J.F.R. and M.C.Z.; 
visualization: M.H.H., D.M.C., J.P.C., J.C.P., J.F.R. and M.C.Z.; supervision: M.C.Z.; project administration: 
M.H.H., D.M.C. and M.C.Z. All authors have read and agreed to the published version of the manuscript. 

Funding Information: No funding was received for this project. 

Institutional Review Board Statement: This study was conducted following the principles of the Declaration 
of Helsinki, and approved by the Florida Atlantic University Institutional Review Board (protocol #: 998413-
3; approval date: 01/04/2017). 

Informed Consent: Informed consent was obtained from all participants included in the study. 

Acknowledgements: The authors would like to thank Dr. Mike Brondino of the University of Wisconsin-
Milwaukee for his expert opinion and guidance on the statistical analyses in this project. 

 

References 
Akaike, H. (1974). A new look at the statistical model identification. IEEE Transactions on Automatic 

Control, 19(6), 716–723. https://doi.org/10.1109/TAC.1974.1100705 
Beckham, G. K., Olmeda, J. J., Flores, A. J., Echeverry, J. A., Campos, A. F., & Kim, S. B. (2018). Relationship 

between maximum pull-up repetitions and first repetition mean concentric velocity. Journal of Strength 
and Conditioning Research, 32(7), 1831–1837. https://doi.org/10.1519/JSC.0000000000002431 

Cooke, D. M., Haischer, M. H., Carzoli, J. P., Bazyler, C. D., Johnson, T. K., Varieur, R., Zoeller, R. F., 
Whitehurst, M., & Zourdos, M. C. (2019). Body mass and femur length are inversely related to 
repetitions performed in the back squat in well-trained lifters. Journal of Strength and Conditioning 
Research, 33(3), 890–895. https://doi.org/10.1519/JSC.0000000000003021 

Galiano, C., Pareja-Blanco, F., Hidalgo de Mora, J., & Sáez de Villarreal, E. (2022). Low-velocity loss induces 
similar strength gains to moderate-velocity loss during resistance training. Journal of Strength and 
Conditioning Research, 36(2), 340–345. https://doi.org/10.1519/JSC.0000000000003487 

García-Ramos, A., Torrejón, A., Feriche, B., Morales-Artacho, A. J., Pérez-Castilla, A., Padial, P., & Haff, G. G. 
(2018). Prediction of the maximum number of repetitions and repetitions in reserve from barbell 
velocity. International Journal of Sports Physiology and Performance, 13(3), 353–359. 
https://doi.org/10.1123/ijspp.2017-0302 

Hackett, D. A. (2022). Influence of movement velocity on accuracy of estimated repetitions to failure in 
resistance-trained men. Journal of Strength and Conditioning Research, 36(10), 2701–2708. 
https://doi.org/10.1519/JSC.0000000000003978 

Haff, G., Triplett, N. T., & National Strength & Conditioning Association (U.S.) (Eds.). (2016). Essentials of 
strength training and conditioning (Fourth edition). Human Kinetics, Champaign, IL. 

Haischer, M. H., Cooke, D. M., Carzoli, J. P., Johnson, T. K., Shipherd, A. M., Zoeller, R. F., Whitehurst, M., & 
Zourdos, M. C. (2021). Impact of cognitive measures and sleep on acute squat strength performance 
and perceptual responses among well-trained men and women. Journal of Strength and Conditioning 
Research, 35(1), S16–S22. https://doi.org/10.1519/JSC.0000000000003202 

Halperin, I., Aboodarda, S. J., Basset, F. A., Byrne, J. M., & Behm, D. G. (2014). Pacing strategies during repeated 
maximal voluntary contractions. European Journal of Applied Physiology, 114(7), 1413–1420. 
https://doi.org/10.1007/s00421-014-2872-3 

Helms, E. R., Cronin, J., Storey, A., & Zourdos, M. C. (2016). Application of the repetitions in reserve-based 
rating of perceived exertion scale for resistance training. Strength and Conditioning Journal, 38(4), 42–
49. https://doi.org/10.1519/SSC.0000000000000218 

Hoeger, W. W. K., Hopkins, D. R., Barette, S. L., & Hale, D. F. (1990). Relationship between repetitions and 
selected percentages of one repetition maximum: A comparison between untrained and trained males 
and females. Journal of Strength and Conditioning Research, 4(2), 47–54. https://doi.org/10.1519/00124278-
199005000-00004 



 by Michael H. Haischer et al. 177 

Articles published in the Journal of Human Kinetics are licensed under an open access Creative Commons CC BY 4.0 
license. 

 
Jackson, A. S., & Pollock, M. L. (1978). Generalized equations for predicting body density of men. British Journal 

of Nutrition, 40(3), 497–504. https://doi.org/10.1079/BJN19780152 
Jukic, I., Prnjak, K., McGuigan, M. R., & Helms, E. R. (2022). One velocity loss threshold does not fit all: 

Consideration of sex, training status, history, and personality traits when monitoring and controlling fatigue 
during resistance training [Preprint]. Under Review. https://doi.org/10.21203/rs.3.rs-2082449/v1 

Macarilla, C. T., Sautter, N. M., Robinson, Z. P., Juber, M. C., Hickmott, L. M., Cerminaro, R. M., Benitez, B., 
Carzoli, J. P., Bazyler, C. D., Zoeller, R. F., Whitehurst, M., & Zourdos, M. C. (2022). Accuracy of 
predicting one-repetition maximum from submaximal velocity in the barbell back squat and bench 
press. Journal of Human Kinetics, 82, 201–212. https://doi.org/10.2478/hukin-2022-0046 

Miras-Moreno, S., Pérez-Castilla, A., & García-Ramos, A. (2022). Lifting velocity as a predictor of the maximum 
number of repetitions that can be performed to failure during the prone bench pull 
exercise. International Journal of Sports Physiology and Performance, 17(8), 1213–1221. 
https://doi.org/10.1123/ijspp.2021-0534 

Morán-Navarro, R., Pérez, C. E., Mora-Rodríguez, R., de la Cruz-Sánchez, E., González-Badillo, J. J., Sánchez-
Medina, L., & Pallarés, J. G. (2017). Time course of recovery following resistance training leading or 
not to failure. European Journal of Applied Physiology, 117(12), 2387–2399. 
https://doi.org/10.1007/s00421-017-3725-7 

Pareja-Blanco, F., Rodríguez-Rosell, D., Aagaard, P., Sánchez-Medina, L., Ribas-Serna, J., Mora-Custodio, R., 
Otero-Esquina, C., Yáñez-García, J. M., & González-Badillo, J. J. (2020). Time course of recovery from 
resistance exercise with different set configurations. Journal of Strength and Conditioning 
Research, 34(10), 2867–2876. https://doi.org/10.1519/JSC.0000000000002756 

Pareja-Blanco, F., Rodríguez-Rosell, D., Sánchez-Medina, L., Sanchis-Moysi, J., Dorado, C., Mora-Custodio, R., 
Yáñez-García, J. M., Morales-Alamo, D., Pérez-Suárez, I., Calbet, J. A. L., & González-Badillo, J. J. 
(2017). Effects of velocity loss during resistance training on athletic performance, strength gains and 
muscle adaptations. Scandinavian Journal of Medicine & Science in Sports, 27(7), 724–735. 
https://doi.org/10.1111/sms.12678 

Pelland, J. C., Robinson, Z. P., Remmert, J. F., Cerminaro, R. M., Benitez, B., John, T. A., Helms, E. R., & 
Zourdos, M. C. (2022). Methods for controlling and reporting resistance training proximity to failure: 
Current issues and future directions. Sports Medicine (Auckland, N.Z.), 52(7), 1461–1472. 
https://doi.org/10.1007/s40279-022-01667-2 

Richens, B., & Cleather, D. (2014). The relationship between the number of repetitions performed at given 
intensities is different in endurance and strength trained athletes. Biology of Sport, 31(2), 157–161. 
https://doi.org/10.5604/20831862.1099047 

Rodiles-Guerrero, L., Pareja-Blanco, F., & León-Prados, J. A. (2020). Effect of velocity loss on strength 
performance in bench press using a weight stack machine. International Journal of Sports 
Medicine, 41(13), 921–928. https://doi.org/10.1055/a-1179-5849 

Sedliak, M., Finni, T., Peltonen, J., & Häkkinen, K. (2008). Effect of time-of-day-specific strength training on 
maximum strength and EMG activity of the leg extensors in men. Journal of Sports Sciences, 26(10), 
1005–1014. https://doi.org/10.1080/02640410801930150 

Shimano, T., Kraemer, W. J., Spiering, B. A., Volek, J. S., Hatfield, D. L., Silvestre, R., Vingren, J. L., Fragala, M. 
S., Maresh, C. M., Fleck, S. J., Newton, R. U., Spreuwenberg, L. P. B., & Häkkinen, K. (2006). 
Relationship between the number of repetitions and selected percentages of one repetition maximum 
in free weight exercises in trained and untrained men. Journal of Strength and Conditioning 
Research, 20(4), 819–823. https://doi.org/10.1519/R-18195.1 

USA Powerlifting. (2021). USAPL Technical Rules Version 2021.1. https://www.usapowerlifting.com/wp-
content/uploads/2021/04/USAPL-Rulebook-v2021.1.pdf (Accessed on 1 December, 2021) 

Vieira, J. G., Sardeli, A. V., Dias, M. R., Filho, J. E., Campos, Y., Sant’Ana, L., Leitão, L., Reis, V., Wilk, M., 
Novaes, J., & Vianna, J. (2022). Effects of resistance training to muscle failure on acute fatigue: A 
systematic review and meta-analysis. Sports Medicine (Auckland, N.Z.), 52(5), 1103–1125. 
https://doi.org/10.1007/s40279-021-01602-x 

Weakley, J., Ramirez-Lopez, C., McLaren, S., Dalton-Barron, N., Weaving, D., Jones, B., Till, K., & Banyard, H. 
(2020). The effects of 10%, 20%, and 30% velocity loss thresholds on kinetic, kinematic, and repetition  



178  Velocity Prediction of Repetitions Performed 

Journal of Human Kinetics, volume 87/2023 http://www.johk.pl 

 
characteristics during the barbell back squat. International Journal of Sports Physiology and 
Performance, 15(2), 180–188. https://doi.org/10.1123/ijspp.2018-1008 

Zourdos, M. C., Goldsmith, J. A., Helms, E. R., Trepeck, C., Halle, J. L., Mendez, K. M., Cooke, D. M., Haischer, 
M. H., Sousa, C. A., Klemp, A., & Byrnes, R. K. (2021). Proximity to failure and total repetitions 
performed in a set influences accuracy of intraset repetitions in reserve-based rating of perceived 
exertion. Journal of Strength and Conditioning Research, 35(Suppl 1), S158–S165. 
https://doi.org/10.1519/JSC.0000000000002995 

Zourdos, M. C., Klemp, A., Dolan, C., Quiles, J. M., Schau, K. A., Jo, E., Helms, E., Esgro, B., Duncan, S., Garcia 
Merino, S., & Blanco, R. (2016). Novel resistance training–specific rating of perceived exertion scale 
measuring repetitions in reserve. Journal of Strength and Conditioning Research, 30(1), 267–275. 
https://doi.org/10.1519/JSC.0000000000001049 

 
 
 

Received: 08 January 2023;  Accepted: 14 February 2023;  Published: 20 April 2023 



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.5
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /CreateJDFFile false
  /SyntheticBoldness 1.000000
  /Description <<
    /POL (Versita Adobe Distiller Settings for Adobe Acrobat v6)
    /ENU (Versita Adobe Distiller Settings for Adobe Acrobat v6)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [2834.646 2834.646]
>> setpagedevice


