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Validity of different velocity-based methods and repetitions-to-failure equations for 

predicting the one-repetition maximum during two upper-body pulling exercises 
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ABSTRACT 

This study aimed to compare the accuracy of different velocity-based methods and 

repetitions-to-failure equations for predicting the one-repetition maximum (i.e., maximum 

load that can be lifted once; 1RM) during two upper-body pulling exercises. Twenty-three 

men were tested in two sessions during the lat pulldown and seated cable row exercises. Each 

session consisted of an incremental loading test until reaching the 1RM followed by a set of 

repetitions-to-failure against the 80%1RM load. The 1RM was estimated from the individual 

load-velocity relationships modelled through four (~40, 55, 70, and 85%1RM; multiple-point 

method) or two loads (~40 and 85%1RM; two-point method). Mean velocity was recorded 

with a linear position transducer and a smartphone application. Therefore, four velocity-based 

methods were used as a result of combining the two devices and the two methods. Two 

repetitions-to-failure equations (Mayhew and Wathan) were also used to predict the 1RM 

from the load and number of repetitions completed. The absolute differences with respect to 

the actual 1RM were higher for the repetitions-to-failure equations than velocity-based 

methods during the seated cable row exercise (P=0.004), but not for the lat pulldown exercise 

(P=0.200). The repetitions-to-failure equations significantly underestimated the actual 1RM 

(P<0.05; range: -6.65 to -2.14 kg), while no systematic differences were observed for the 

velocity-based methods (range: -1.75 to 1.65 kg). All predicted 1RMs were highly correlated 

with the actual 1RM (r≥0.96). The velocity-based methods provide a more accurate estimate 

of the 1RM than the Mayhew and Wathan repetitions-to-failure equations during the lat 

pulldown and seated cable row exercises. 

Keywords: maximum dynamic strength; lat pulldown; seated cable row; linear position 

transducer; smartphone application. 
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INTRODUCTION 

The one-repetition maximum (1RM), defined as the maximum load that can be lifted once, is 

frequently used to evaluate an individual’s  maximal dynamic strength as well as to prescribe 

the loads during resistance training programs (5,7). However, the direct determination of the 

1RM has been frequently discouraged because it is a time consuming procedure, that is both 

physically and psychologically demanding (10,19). As a result, several indirect methods have 

been proposed to predict the 1RM (15,32). One such method consists of regression equations 

that estimate the 1RM from the maximal number of repetitions performed with a submaximal 

load (i.e., repetitions-to-failure equations) (23). Although several repetitions-to-failure 

equations are commonly used in practice (e.g., Brzycki, Mayhew, Wathan, etc.) (28), only 

few studies have examined their cross-validation to other populations and exercises 

(16,30,32). Whilst repetitions-to-failure equations have the advantage that no sophisticated 

equipment (e.g., a linear position transducer) is needed to estimate the 1RM (23), their 

accuracy may be influenced by several factors such as the amount of repetitions performed, 

the type of exercise, lifting tempo, subjects’ training history and sex (6,27,32). Moreover, 

since performing repetitions until muscular failure may induce an excessive fatigue that can 

create an interference with the training goals (22), a less prone to fatigue method based on 

movement velocity has recently gained popularity in the strength and conditioning field (15). 

However, to our knowledge, no study has compared the accuracy in the prediction of the 

1RM between the novel velocity-based method and the repetitions-to-failure equations. 

The linear relationship between the load and movement velocity has been used to 

predict the 1RM during many resistance training exercises (13,24). The modelling of the 

individual load-velocity relationship has typically consisted of the assessment of velocity 

outputs under multiple submaximal loads (usually between 4 and 9 loads) (3,21). 
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Consequently, the 1RM can be estimated by a linear regression as the load associated with 

the velocity of the 1RM (V1RM) (3,10,26). This approach has been referred to as the 

“multiple-point method” (12). Given the linearity of the load-velocity relationship, it has 

been recently proposed that this relationship could be accurately modelled from two loads 

(i.e., “two-point method”) (10,12). Notably, the two-point method is a quicker and less prone 

to fatigue procedure of predicting 1RM (12). However, the accuracy of the two-point method 

for predicting the 1RM has only been confirmed for the bench press performed in a Smith 

machine (10). Indeed, a wide variety of exercises (e.g., upper-body pulling exercises) are 

used in research and the applied setting (9,13). Therefore, in order to give researchers and 

applied practitioners confidence, the feasibility of the two-point method to predict the 1RM 

should be confirmed in other resistance training exercises. 

Numerous devices can be currently used to monitor movement velocity during 

resistance training exercises (1,4). The linear position transducer (LPT) has been the most 

used device in scientific research (1,2,13,20). However, the relatively high cost (~2,000 US 

dollars) and poor versatility (i.e., the requirement of a cable attachment and PC software) 

may limit its application outside laboratory or applied setting (1). This has encouraged the 

development of more practical devices such as accelerometers or smartphone applications 

(2,20). Recently, when compared to a LPT, a smartphone application named “Powerlift” has 

been deemed a valid tool to monitor barbell’s velocity during a variety of resistance training 

exercises such as the bench press, full-squat and hip-thrust (1,2). The validity of Powerlift to 

estimate the 1RM has only been examined during the bench press exercise (2). For the 

applied practitioners to use Powerlift during other basic resistance training exercises (e.g., 

upper-body pulling exercises) its validity must first be determined. 
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To address the gaps in the literature, we sought to determine if vertical and horizontal 

upper-body pulling 1RM could be predicted from four velocity-based methods (i.e., multiple-

point and two-point methods using the LPT and Powerlift) and two generic repetitions-to-

failure equations (i.e., Mayhew and Wathan). Consequently, the aim of the study was to 

compare the accuracy of different velocity-based methods and repetitions-to-failure equations 

when estimating the 1RM during the lat pulldown and seated cable row exercises. Due to the 

paucity of similar studies, no specific hypothesis regarding the possible differences in the 

accuracy of velocity-based methods and repetitions-to-failure equations for estimating the 

1RM was formulated. 

METHODS 

Experimental approach to the problem 

A randomized crossover design was used to compare the precision of different velocity-based 

methods and repetitions-to-failure equations for predicting the lat pulldown and seated cable 

row 1RM. Subjects were tested on two sessions separated by 48-72 hours. One exercise was 

evaluated in each testing session. At the beginning of each session subjects were familiarized 

with the lat pulldown or seated cable row exercises. Thereafter each session consisted of an 

incremental loading test until reaching the 1RM followed by a set of repetitions-to-failure 

against the 80%1RM load. Six different prediction methods were examined in the present 

study: four based on movement velocity and two based on repetitions-to-failure equations: 

- Velocity-based methods: The mean velocity of all the repetitions performed during

the incremental loading test was simultaneously recorded by a LPT and Powerlift. The data 

of four loads (~40, 55, 70 and 85% of 1RM; i.e., multiple-point method) or only two loads 

(~40 and 85% of 1RM; i.e., two-point method) were used for the modelling of the individual 
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load-velocity relationships by linear regression. Therefore, the four velocity-based prediction 

methods consisted of the combination of the two devices (LPT and Powerlift) and the two 

methods (multiple-point and two-point). The 1RM was estimated from the individual load-

velocity relationships as the load associated with the V1RM (3,13). The following V1RM 

values were used to estimate the 1RM: lat pulldown measured with the LPT and Powerlift = 

0.47  0.04 and  0.52  0.06 ms-1, respectively, and for the seated cable row measured with 

the LPT and Powerlift = 0.40  0.05 and 0.53  0.07 ms-1, respectively. 

- Repetitions-to-failure equations: The Mayhew et al. (17) (1RM = [submaximal load

/ 52.2 + 41.9e-0.055repetitions]/ 100) and Wathan (31) (1RM = [submaximal load / 48.8 + 53.8e-

0.075repetitions] / 100) equations were used to predict the 1RM from the load (kg) and the 

number of repetitions completed. 

Subjects 

Twenty-three collegiate sport sciences students, 12 men (age = 20.8  2.5 years, body mass = 

78.9  10.7 kg, body height 179.6  6.1 cm, lat pulldown 1RM = 78.1  14.0 kg, seated cable 

row 1RM = 74.4  14.2 kg) and 11 women (age = 20.2  1.1 years, body mass = 65.3  4.4 

kg, body height 172.2  4.9 cm, lat pulldown 1RM = 46.1  7.3 kg, seated cable row 1RM = 

44.1  6.2 kg), volunteered to participate in this study. All subjects were physically active 

and did not report any physical limitation that could compromise performance during the 

tested exercises. They were informed of the study procedures and signed a written informed 

consent form prior to initiating the study. The study protocol adhered to the tenets of the 

Declaration of Helsinki and was approved by the Institutional Review Board. 
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Procedures 

The testing sessions began with a standardised warm-up comprising of dynamic upper-body 

mobilization exercises followed by 1 set of 5 repetitions performed in a controlled manner 

against an external load of 10 kg in the tested exercise. The displacement of the concentric 

phase was measured with a LPT during the 5 warm-up repetitions and the average value of 

the 5 repetitions was used to determine the individual range of motion (0.60  0.05 m in the 

lat pulldown and 0.40  0.05 m in the seated cable row). After warming-up, subjects rested 

for 5 min and then they completed an incremental loading test followed by a set of repetitions 

to failure. The incremental loading test and the set of repetition-to-failure were separated by 

10 min. 

- Incremental loading test: The initial external load was set at 20 kg for men and 10

kg for women in both exercises. The load was progressively increased in 10 kg for men and 5 

kg for women until the mean velocity recorded by the LPT was lower than 0.60 ms-1. 

Afterwards, the load was increased in increments of 1 to 5 kg for men and 1 to 2.5 kg for 

women until the subjects failed one repetition. The 1RM was defined as the maximum load 

(kg) that was lifted through the whole range of motion individually measured during the 

warm-up set. Two trials were executed when the mean velocity was higher than 0.60 ms-1 

and only one for the heavier loads (≤ 0.60 ms-1). In our pilot testing we observed that the 

mean velocity of the 1RM trial in both exercises was about 0.50 ms-1, thus a mean velocity 

of 0.60 ms-1 was used. Only the trial with the highest mean velocity was selected for further 

analysis. Intra-set rest was 15 s and inter-set rest was fixed to 5 min. Subjects received 

velocity performance feedback immediately after each repetition to encourage them to 

perform all repetitions at the maximal intended velocity. The average number of loads tested 

was 6.3 ± 1.3 and 5.9 ± 1.5 for the lat pulldown and seated cable row exercises, respectively. 
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- Repetitions-to-failure test: Subjects performed one set of repetitions-to-failure using

approximately the 80% of their previously determined 1RM. They performed the concentric 

phase at the maximum intended velocity and the eccentric phase under control (32). The 

repetitions-to-failure assessment ended when the subjects were unable to perform a repetition 

with a proper technique or when the predefined range of motion was not reached. The 

average number of repetitions performed were 11.3  3.2 and 9.5  3.5 for the lat pulldown 

and seated cable row exercises, respectively. 

Description of the exercises 

- Lat pulldown: Subjects sat on the bench of a custom-made lat machine with feet flat

on the floor, the spine in a neutral position with slight backward lean (~100º of hips flexion), 

and the arms fully extended overhead with a pronated grip slightly wider than shoulder width 

apart. From this initial position, subjects were instructed to pull the bar downward as fast as 

possible in front of the body without any extension of the trunk. The range of motion was 

defined as the distance recorded by the LPT from the initial position until the bar reached the 

level of the chin. The bench of the lat machine was individually adjusted to ensure a 

comfortable position and the knees were secured with the kneepad (29). 

- Seated cable row: Subjects sat on the seat of a custom-made row machine with their

feet on the footplates and a self-selected knee flexion, the trunk in an upright position, and 

the arms fully extended with a neutral grip using a v-bar (8). From that position, subjects 

pulled the v-bar as fast as possible towards their sternum until their wrists touched the rib 

cage without any flexion or extension of the trunk. The range of motion was defined as the 

distance recorded by the LPT from the initial position until the wrists of touched the rib cage. 
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Velocity measurements 

The mean velocity used to determine the individual load-velocity relationships was recorded 

during the incremental loading test by two commercially available devices: 

-Linear position transducer (Real Power Pro Globus, Codogne, Italy): an isoinertial

dynamometer which consists of a cable-extension LPT interfaced with a personal computer 

and a custom software through an USB port (11,18). The displacement-time data were 

recorded at a sampling rate of 1,000 Hz. The mean velocity was determined by the 

differentiation of the displacement data with respect to time from the start of the concentric 

phase until the end of the range of motion was reached. The cord of the LPT was vertically 

attached to the first weight plate of the lat pulldown and seated cable row machines. 

-Smartphone application: Powerlift (version 6.0.1) was installed on an iPhone 8 Plus

running iOS 11 (iPhone, Apple Inc., California, USA) which has a recording frequency of 

240 frames per second at a quality of 720 pixels. The high accuracy of Powerlift to measure 

mean velocity during the bench press, full-squat and hip-thrust exercises has been reported in 

detail elsewhere (1). Powerlift was designed to assess mean velocity by the frame-by-frame 

manual inspection of a slow motion video recording by the smartphone high-speed camera 

(2). Specifically, the mean velocity was calculated as the displacement indicated in the 

application (i.e., the subject’s range of motion) divided by the lifting duration (i.e., the time 

between initial and final frames selected by the user). The iPhone 8 Plus was held by a 

researcher in portrait position and recorded the first weight plate of the machine at 1.5 m. The 

initial frame was identified as the first instant in which the first weight plate started its 

upward movement, while the final frame was the moment in which the first weight plate 

reached a black tape that was positioned at the end of the subject’s range of motion. 
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Statistical analysis 

Data are presented as means and standard deviations (SD). The normal distribution of the 

data was confirmed by the Shapiro-Wilk test (P > 0.05). A two-factor mixed ANOVA, with 

the “prediction method” as within-subjects factor and “sex” as between-subjects factor, was 

applied on the absolute differences between the actual and predicted 1RM separately for each 

exercise. The Greenhouse-Geisser correction was used when the Mauchly's sphericity test 

was violated and pairwise differences were identified using Bonferroni post-hoc corrections. 

The validity of the predicted 1RM methods with respect to the actual 1RM was also 

examined through paired samples t-tests, the Hedge’s g effect size (ES), the Pearson’s 

correlation coefficient (r), the standard error of the estimate (SEE), and Bland-Altman plots. 

The strength of the r coefficients was interpreted as follows: trivial (< 0.1), small (0.1-0.3), 

moderate (0.3-0.5), high (0.5-0.7), very high (0.7-0.9) or practically perfect (> 0.9) (14). The 

magnitude of the ES was interpreted as follows: trivial (< 0.2), small (0.2-0.6), moderate 

(0.6-1.2), large (1.2-2.0) and very large (> 2.0) (14). Statistical analyses were performed 

using the software package SPSS (version 22.0: SPSS, Ins., Chicago, IL, USA). Alpha was 

set at P < 0.05 level. 

RESULTS 

A significant main effect was observed for the prediction method in the seated cable row 

exercise (F = 7.60, P = 0.004) due to lower absolute differences respect to the actual 1RM for 

the velocity-based methods compared to the repetitions-to-failure equations, but not in the lat 

pulldown exercise (F = 1.61, P = 0.200) (Figure 1). The absolute differences respect to the 

actual 1RM was lower for women compared to men (lat pulldown: F = 9.28, P = 0.006; 

seated cable row: F = 8.61 P = 0.008). Neither of the interactions (prediction method × sex) 
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reached statistical significance (lat pulldown: F = 0.37, P = 0.750; seated cable row: F = 2.24 

P = 0.135). 

**Figure 1 near here** 

Both repetitions-to-failure equations significantly underestimated the actual 1RM 

during both exercises (P < 0.05; ES range: -0.10 to -0.32), while no significant differences 

were observed for the velocity-based methods (P > 0.05; ES range: -0.08 to 0.09). All 

predicted 1RMs were highly correlated with the actual 1RM (r ≥ 0.96) and presented 

moderate random errors (SEE ≤ 5.44 kg) in the lat pulldown (Figure 2) and seated cable row 

exercises (Figure 3). The Bland-Altman plots showed slightly higher systematic bias for the 

repetitions-to-failure equations compared to the velocity-based methods during both the lat 

pulldown (range: -4.51 to -2.14 kg vs. -1.75 to -0.65 kg; Figure 4) and seated cable row 

exercises (range: -6.75 to -5.20 kg vs. -0.02 to 1.65 kg; Figure 5). Finally, the random error 

was comparable for all the prediction methods (range: 2.98 to 6.89 kg). 

**Figure 2 near here** 

**Figure 3 near here** 

**Figure 4 near here** 

**Figure 5 near here** 

DISCUSSION 

The aim of the study was to compare the accuracy of different velocity-based methods and 

repetitions-to-failure equations when estimating the 1RM during the lat pulldown and seated 

cable row exercises. Although all the examined prediction methods were able to estimate the 
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1RM with an acceptable precision, the velocity-based methods provided a more accurate 

prediction of the 1RM compared to the repetitions-to-failure equations. Note that both 

repetitions-to-failure equations systematically underestimated the actual 1RM, while the 

absolute differences respect to the actual 1RM was significantly higher for the repetitions-to-

failure equations during the seated cable row exercise. The precision in the estimation of the 

1RM did not meaningfully differ between the four velocity-based methods. Therefore, the 

most practical velocity-based procedure (i.e., fatigue-free and cost-effective) to estimate the 

1RM would consist of the application of the two-point method and the assessment of 

movement velocity with Powerlift. 

Numerous studies have been conducted to establish the relationship between the 

relative loads (%1RM) and the number of repetitions to failure in an attempt to improve the 

prescription of loads during resistance training programs (16,23,30,32). Although the 

accuracy of the repetitions-to-failure equations could be compromised by several factors 

(6,27,32), they are commonly used in the strength and conditioning field (28,32). LeSeur et 

al. (16) examined the accuracy of seven repetitions-to-failure equations in untrained college 

students, suggesting that the Mayhew and Wathan equations were the most accurate for 

predicting the bench press 1RM, the Wathan equation the most accurate for predicting the 

squat 1RM, and none of the examined equations revealed an acceptable accuracy for 

predicting the deadlift 1RM. Similarly, Wood et al. (32) showed that Mayhew, Epley and 

Wathan equations were the most accurate to estimate the 1RM in sedentary older adults 

during 10 resistance training exercises performed on machine weight devices compared to 

other commonly used repetitions-to-failure equations. In contrast, Ware et al. (30) concluded 

that none of the four repetitions-to-failure equations examined in Division II college football 

players was accurate to predict the squat and bench press 1RM.  The results of the present 
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study generally support the use of the Mayhew and Wathan equations to estimate the 1RM 

during the lat pulldown and seated cable row exercises. However, it should be kept in mind 

that performing repetitions until muscular failure might impair long-term adaptations in 

explosive actions that are related to athletic performance (e.g., jump and sprint performance) 

(22) and could even compromise the training volume prescribed for a session (25).

A less fatiguing method of predicting the 1RM consists of the assessment of 

movement velocity against submaximal loads (13,15). This is the first study that has shown 

that the velocity-based methods can provide a slightly more accurate estimate of the 1RM 

than the repetitions-to-failure equations. Despite these findings, the evidence to support these 

velocity-based 1RM prediction methods is controversial in the scientific literature. For 

example, Banyard et al. (3) and Ruf et al. (26) found that the predicted 1RMs computed from 

3 to 5 submaximal loads (ranging from 20%1RM and 90%1RM) substantially overestimated 

the actual 1RM in the full depth free-weight back squat (absolute error range: 10.6 to 17.2 

kg) and deadlift (absolute error range: 9.1 to 13.7 kg) exercises, respectively. On the other 

hand, in line with the results of this study, Garcia-Ramos et al. (10) reported that the 1RM 

can be estimated with a high accuracy (systematic bias range: -2.3 to 0.5 kg) from the 

individual load-velocity relationship using the mean velocity recorded under only 2 loads 

(~50%1RM and 80%1RM) during the bench press exercise performed in a Smith machine. 

Although further studies are needed to explain the differences between the studies mentioned 

above, the differences in findings might be owing to the exercises used (i.e., machine-guided 

exercises vs. free-weight exercises), the V1RM values selected (i.e., standardised vs. the 

individual; note that the V1RM is not a reliable measure) (3,26), and extremity used (i.e., 

upper-body exercises vs. more complex lower-body exercises). 
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The present study examined, for the first time, the load-velocity relationship during 

the lat pulldown and seated cable row exercises. Our results highlight that an accurate load-

velocity relationship can be obtained in both exercises using either a LPT or the smartphone 

Powerlift application. It should be noted that Powerlift has already been validated to monitor 

barbell's velocity during the bench press, full-squat and hip-thrust exercises (1). In addition, 

Powerlift has also been considered a valid device to estimate the 1RM during the bench press 

exercise (2). In line with the findings of Balsalobre-Fernandez et al. (2), our results indicate 

that Powerlift can be confidently used to estimate the 1RM from the individual load-velocity 

relationship during the lat pulldown and seated cable row exercises. 

In conclusion, the velocity-based methods examined in the present study provided a 

more accurate estimate of the 1RM than the Mayhew and Wathan repetitions-to-failure 

equations during the lat pulldown and seated cable row exercises. Therefore, the 1RM 

prediction method based on the individual load-velocity relationship should be recommended 

over the repetitions-to-failure equations not only because it is safer and less fatiguing, but 

also because it provides a more accurate estimate of the 1RM. 

PRACTICAL APPLICATIONS 

The estimation of the 1RM through the individual load-velocity relationship only requires 

three steps (12): (i) setting of the exercise-specific V1RM, (ii) recording of the mean velocity 

against at least two different external loads, and (iii) modelling of the individual load-velocity 

relationship and determining the 1RM as the load associated with the V1RM. The results of 

this study suggest that applied practitioners can estimate the 1RM with acceptable precision 

through the individual load-velocity relationship modelled from the mean velocity recorded 
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against only two loads (~ 40%1RM and 85%1RM; two-point method) with a cost-effective 

smartphone application. 
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FIGURE LEGEND 

Figure 1. Comparison of the absolute differences between the actual one-repetition 

maximum (1RM) and the 1RM estimated from the different prediction methods in the lat 

pulldown (upper panel) and seated cable row (lower panel) exercises. Mean  standard 

deviation are indicated. *, significant differences to Wathan; †, significant differences to 

Mayhew (P < 0.05, ANOVA with Bonferroni correction). 

Figure 2. Relationship between the actual and predicted one-repetition maximum (1RM) 

obtained from the multiple-point method using a linear position transducer (LPT; upper-left 

panel) and Powerlift (upper-right panel), two-point method using a LPT (middle-left panel) 

and Powerlift (middle-right panel) and the repetitions-to-failure equations proposed by 

Mayhew (lower-left panel) and Watham (lower-right panel) in the lat pulldown exercise. The 

linear regression lines are shown with regression equations, correlation coefficients (r) and 

standard errors of estimate (SEE). 

Figure 3. Relationship between the actual and predicted one-repetition maximum (1RM) 

obtained from the multiple-point method using a linear position transducer (LPT; upper-left 

panel) and Powerlift (upper-right panel), two-point method using a LPT (middle-left panel) 

and Powerlift (middle-right panel) and the repetitions-to-failure equations proposed by 

Mayhew (lower-left panel) and Watham (lower-right panel) in the seated cable row exercise. 

The linear regression lines are shown with regression equations, correlation coefficients (r) 

and standard errors of estimate (SEE). 

 1 
 2 
 3 
 4 
 5 
 6 
 7 
 8 
 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 



Velocity vs. repetitions-to failure to predict 1RM 20 

Figure 4. Bland-Altman plots showing the differences between the actual and predicted one-

repetition maximum (1RM) obtained from the multiple-point method using a linear position 

transducer (LPT; upper-left panel) and smartphone application (Powerlift; upper-right panel), 

two-point method using a LPT (middle-left panel) and Powerlift (middle-right panel) and the 

repetitions-to-failure equations proposed by Mayhew (lower-left panel) and Watham (lower-

right panel) in the lat pulldown exercise. Each plot depicts the systematic bias and 95% limits 

of agreement ( 1.96 standard deviation; dashed lines), along with the regression line (solid 

line). The systematic bias  random error together with strength of the relationship (r2) and 

Hedge's g effect size (ES) are depicted in each plot. *, significant differences (P < 0.05; 

paired samples t-test). 

Figure 5. Bland-Altman plots showing the differences between the actual and predicted one-

repetition maximum (1RM) obtained from the multiple-point method using a linear position 

transducer (LPT; upper-left panel) and smartphone application (Powerlift; upper-right panel), 

two-point method using a LPT (middle-left panel) and Powerlift (middle-right panel) and the 

repetitions-to-failure equations proposed by Mayhew (lower-left panel) and Watham (lower-

right panel) in the seated cable row. Each plot depicts the systematic bias and 95% limits of 

agreement ( 1.96 standard deviation; dashed lines), along with the regression line (solid 

line). The systematic bias  random error together with strength of the relationship (r2) and 

Hedge's g effect size (ES) are depicted in each plot. *, significant differences (P < 0.05; 

paired samples t-test). 
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Figure 5




