
 1

A COMPARISON OF THREE LOAD-VELOCITY BASED METHODS TO 1 

ESTIMATE MAXIMUM OVERHEAD PRESS PERFORMANCE IN 2 

WEIGHTLIFTERS 3 

 4 

Running Title: Load-velocity methods to predict overhead press 1RM 5 

 6 

Authors: Marcos A Soriano1,2, Ester Jiménez-Ormeño1,2, G Gregory Haff3,4, Paul Comfort3,4, 7 

Verónica Giráldez-Costas1,2, Carlos Ruiz-Moreno1,2, Amador García-Ramos1,5,6. 8 

 9 

Institutional Affiliations: 10 

1Strength Training and Neuromuscular Performance (STreNgthP) Research Group, Camilo 11 

José Cela University, Madrid, Spain. 12 

2Exercise Physiology Laboratory, Camilo José Cela University, Madrid, Spain. 13 

3Centre for Exercise and Sports Science Research (CESSR), School of Medical and Health 14 

Sciences, Edith Cowan University, Joondalup 6027, Australia.  15 

4University of Salford, Frederick Road Campus, Manchester, United kingdom. 16 

5Department of Physical Education and Sport, Faculty of Sport Sciences, University of 17 

Granada, Granada, Spain. 18 

6Department of Sports Sciences and Physical Conditioning, Faculty of Education, Universidad 19 

Católica de la Santísima Concepción, Concepción, Chile. 20 

 21 

Corresponding Author: 22 

Marcos A Soriano. Strength Training and Neuromuscular Performance (STreNgthP) Research 23 

Group, Camilo José Cela University, Madrid, Spain. E-mail: masoriano1991@gmail.com, 24 

msoriano@ucjc.edu.  25 

 26 
 27 



 2

 28 
 29 
 30 
 31 
 32 
 33 
 34 
 35 
 36 
 37 
 38 
 39 
 40 
 41 
 42 
 43 
 44 
 45 
 46 
 47 
 48 
 49 

A COMPARISON OF THREE LOAD-VELOCITY BASED METHODS TO 50 

ESTIMATE MAXIMUM OVERHEAD PRESS PERFORMANCE IN 51 

WEIGHTLIFTERS 52 

 53 
 54 
 55 
 56 
 57 
 58 
 59 
 60 
 61 
 62 
 63 
 64 
 65 
 66 
 67 
 68 
 69 
 70 
 71 
 72 
 73 
 74 
 75 
 76 



 3

ABSTRACT 77 

This study aimed to evaluate whether lifting velocity can be used to estimate the overhead press 78 

one repetition maximum (1RM) and to explore the differences in the accuracy of the 1RM 79 

between three velocity-based methods. Twenty-seven weightlifters (16 men and 11 women) 80 

participated. The first session was used to test the overhead press 1RM. The second session 81 

consisted of an incremental loading test during the overhead press. The mean velocity was 82 

registered using a transducer attached to the barbell. A 1-way repeated-measures analysis of 83 

variance (ANOVA) with Bonferroni post hoc corrections was applied to the absolute 84 

differences between the actual and predicted 1RMs. Raw differences with 95% limits of 85 

agreement and ordinary least-products regressions were used to test the concurrent validity of 86 

the 1RM prediction methods with respect to the actual 1RM. The ANOVA did not reveal 87 

significant differences for the absolute differences respect to the actual 1RM between the three 88 

1RM prediction methods (F = 3.2, p = 0.073). The absolute errors were moderate for the 89 

Multiple-Point (6.1 ± 3.7%), Two-Point45-75 (8.6 ± 6.2%), and Two-Point45-90 methods (5.7 ± 90 

4.0%). The validity analysis showed that all the 1RM prediction methods underestimated the 91 

actual 1RM (1.0 – 2.2 kg), but ordinary least-products regressions failed to show fixed or 92 

proportional bias. These results suggest that the Multiple-Point and Two-Point45-90 velocity-93 

based methods might be viable tools to predict the overhead press 1RM in weightlifters, but 94 

practitioners are encouraged to use the direct 1RM for a more accurate prescription of the 95 

training loads.  96 

 97 
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INTRODUCTION 115 

Weightlifters are required to lift greater loads than their opponents during the snatch and the 116 

clean and jerk in order to determine the competition total (i.e. the sum of the two lifts) and the 117 

overall winner of the weightlifting competition 1. The performance capabilities of competitive 118 

weightlifters appear to depend primarily on lower body strength 2–4. For example, Stone et al. 119 
2 reported that the back squat one repetition maximum (1RM) was almost perfectly correlated 120 

with snatch (r = 0.94) and clean (r = 0.95) performance in well-trained male weightlifters. 121 

Similarly, Carlock et al. 3 reported nearly perfect correlations between the back squat 1RM and 122 

snatch (r = 0.94) and clean and jerk (r = 0.95) performance in weightlifters from the United 123 

States senior and junior national teams. Additionally, researchers have demonstrated that the 124 

overhead press 1RM is strongly related to the split jerk 1RM performance (r = 0.90) 5. 125 

Therefore, it seems that the maximum dynamic strength of the lower and upper body are both 126 

major contributors to weightlifting performance.  127 

 128 

Since the maximum dynamic strength of both the upper and lower body are related to 129 

weightlifting performance, it seems evident that practitioners should evaluate the 1RM of the 130 

back squat and overhead press to monitor changes in performance and guide the process of 131 

training (i.e., programming training loads). However, the direct assessment of the 1RM may 132 

not always be practical (e.g. a large group of athletes, novice athletes with no experience under 133 

maximal loads), therefore, the use of alternative 1RM prediction methods such as the modelling 134 

of the load-velocity relationship has been proposed 6,7. This modelling is based on a linear 135 

inverse relationship between force and velocity that has been tested in a variety of multi-joint 136 

tasks such as the back squat or seated press 8–11. However, researchers have demonstrated that 137 

the accuracy and reliability of the 1RM prediction based on the load-velocity relationship is 138 

exercise specific and can also be affected by other factors, such as the training status (i.e. 139 

execution technique proficiency), testing conditions (i.e. smith machine vs. free weights), 140 

measurement devices (e.g. accelerometers, linear position transducers [LPT]) used, and 141 

procedures followed to determine the load-velocity relationships 11–14. 142 

 143 

The load-velocity relationship has previously been used to predict the 1RM performance in 144 

various exercises with the back squat and bench press being two of the exercises that have 145 

received the most scientific attention 10,15,16. For example, Banyard et al. 10 compared the free 146 

weight back squat 1RM with a predicted 1RM using linear regression equations derived from 147 

the load-velocity relationship of 5 (20, 40, 60, 80, 90% 1RM), 4 (20, 40, 60, 80% 1RM) and 3 148 
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(20, 40, 60% 1RM) loads in resistance trained men. Banyard et al. 10 concluded that none of 149 

the regression models were able to predict the actual back squat 1RM (~140 ± 27 kg) with 150 

acceptable precision and the errors increased with the reduction in the number of loads tested 151 

(standard error of estimate [SEE] = 10.6, 12.9 and 17.9 kg, respectively). However, Caven et 152 

al. 15 determined in trained females that the bench press and back squat 1RM (38.6 ± 7.5 and 153 

86.5 ± 14.7 kg, respectively) can be accurately predicted from the load-velocity relationship 154 

obtained by modelling 8 loads (bench press: 40, 45, 55, 60, 70, 80, 85 and 90% 1RM, back 155 

squat = 20, 30, 45, 55, 65, 75, 85 and 90% 1RM) and only 2 loads (~40 and 90% 1RM for 156 

bench press and 20 and 90% 1RM for back squat) (absolute errors ~ 2.9 kg for bench press and 157 

5.6 kg for back squat). In addition, it is important to note that the study of Banyard et al. 10 158 

suggested that the number of loads tested is an important consideration when modelling the 159 

load-velocity relationship. In contrast,  the results of Caven et al. 15 indicate that testing more 160 

loads might not increase the accuracy of the 1RM prediction when the additional loads are not 161 

located closer to the 1RM. 162 

 163 

Reliability and accuracy are important attributes to take into account when analyzing 164 

neuromuscular tests in sports performance 17. There is evidence that the direct 1RM test is 165 

highly reliable regardless of resistance training experience, exercise selection, part of the body 166 

assessed (upper vs. lower body), sex and age of subjects 18. Furthermore, the 1RM test is 167 

considered the gold standard for assessing the maximum dynamic strength of the upper and 168 

lower limbs 10,16. Although the load-velocity modelling for predicting the 1RM has been 169 

proposed as a viable alternative to the 1RM direct test, it has been criticized in the scientific 170 

literature given that its reliability and accuracy has mainly been tested in a Smith Machine 16. 171 

The use of free weights could result in a reduced reliability and accuracy, however, researchers 172 

suggest that this is a more sport-oriented neuromuscular stimulus 16. In contrast, Loturco et al. 173 
19 compared the accuracy of the predicted bench press 1RM using the Smith machine and free 174 

weights and determined a high level of precision for both conditions with no significant 175 

statistical differences (p > 0.05).  176 

 177 

To the authors knowledge, researchers have not used the load-velocity relationship to estimate 178 

the 1RM during the free-weight overhead press. It is plausible that the 1RM could be obtained 179 

with an acceptable precision during the overhead press because the available literature suggests 180 

that the load-velocity relationship could be a viable option to predict the 1RM in upper-body 181 

exercises such as the bench press 16,20. The possibility of predicting the overhead press 1RM 182 
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can be of practical importance to weightlifters since the overhead press 1RM has been related 183 

to the split jerk performance 5. Furthermore, the 1RM prediction accuracy could be specific to 184 

the procedure used with traditional (i.e. 4 – 5 loads) and novel procedures such as the 2-point 185 

method (i.e. 2 loads) 21. Therefore, the aim of this study was to evaluate whether lifting velocity 186 

provides valuable information to estimate the overhead press 1RM. A further aim of this study 187 

was to explore if there are differences in the accuracy of the 1RM between three velocity-based 188 

methods based on different load combinations. It is hypothesized that the load-velocity 189 

relationship modelling could be a viable option to accurately predict the free-weight overhead 190 

press 1RM, and no differences are expected in the accuracy of the 1RM prediction between the 191 

three velocity-based methods differing in the number of loads tested when they do not differ 192 

in the magnitude of the heaviest load considered for the load-velocity relationship modelling.  193 

 194 

 195 

 196 

METHODS 197 

Participants 198 

Twenty-seven competitive weightlifters volunteered to participate in the present study (Table 199 

1). Subjects were amateur competitors in regional and national tournaments in weightlifting. 200 

Furthermore, they were required to have > 6 months of weightlifting experience and regularly 201 

(> 3 x week) performed weightlifting trainings. All subjects were experienced in performing 202 

the overhead press and their regular training included this exercise, along with other pressing 203 

exercises (e.g., push press, behind the neck snatch push press, seated press). All subjects 204 

provided written informed consent prior to participation, with ethical approval provided by the 205 

institutional review board. The study conformed to the principles of World Medical 206 

Association´s Declaration of Helsinki. 207 

 208 

[Table 1] 209 

 210 

Study design 211 

A cross-sectional study was designed to determine the accuracy of three velocity-based 212 

methods differing in the loads used for the load-velocity relationship modelling to estimate the 213 

overhead press 1RM in competitive weightlifters. Subjects were tested in their own 214 

weightlifting room. Researchers attended the weightlifting room on two occasions separated 215 

by 72 to 96 hours. The first session was used to test the free-weight overhead press 1RM. Note 216 
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that researchers have previously reported that test-retest reliability of the overhead press is high 217 

(ICC = 0.98) and variation is low (CV = 4.0%) 5. Therefore, the 1RM test was performed only 218 

once by all subjects. In addition, after the 1RM test, subjects were familiarized with the 219 

incremental loading procedure using multiple individual repetitions with maximum intent 220 

against various loads during the overhead press. The second session consisted of an incremental 221 

loading test of three repetitions against five different loads (30, 45, 60, 75 and 90% 1RM) 222 

during the free-weight overhead press, performed with maximum intent. The mean velocity of 223 

the barbell was measured and registered using a validated LPT (Chronojump; Boscosystem, 224 

Barcelona, Spain) 13. Three methods, which only differed in the loads used to determine the 225 

individualized load-velocity relationships, were employed to estimate the overhead press 1RM: 226 

(I) multiple-point – five loads (i.e., 30, 45, 60, 75, 90%), (II) two-point45-75 – two loads (45 and 227 

75% 1RM), and (III) two-point45-90 – two loads (45 and 90%1RM). The mean velocity value 228 

of 0.24 m·s-1 for the overhead press 9, was used for all subjects and prediction methods to 229 

simplify the testing procedure based on previous recommendations 20. Verbal encouragement 230 

was provided throughout all testing conditions and subjects were specifically instructed to 231 

perform all repetitions with maximum intent. Subjects were asked to replicate their fluid and 232 

food intake 24 hours before the day of testing, to avoid strenuous exercise for 48 hours before 233 

testing, and to maintain any existing supplementation regimen throughout the duration of the 234 

study. 235 

 236 

Testing Procedures 237 

1RM test. Subjects completed a warm-up protocol for the overhead press. Briefly, the general 238 

warm-up consisted of dynamic activation and exercise-specific drills. The dynamic activation 239 

included mobility exercises for the scapulohumeral complex that were performed using a PVC 240 

pipe. After that, subjects performed two sets of ten repetitions of exercises-specific drills (push-241 

ups, pike push-ups, barbell mass only overhead press). Subsequently, one set of five repetitions 242 

was performed with a load that corresponded to 50% of self-estimated 1RM. After three 243 

minutes of rest, another set of five repetitions was performed with a load that corresponded to 244 

60% of self-estimated 1RM. Thereafter, two sets of three repetitions were performed with loads 245 

that corresponded to 70% and 85%, respectively. Subjects had three to five minutes of rest 246 

between these sets. After the general and specific warm-up, subjects rested for five minutes 247 

before the start of the 1RM test. The 1RM test for the overhead press started from a near-248 

maximal load (95% of self-estimated 1RM) and each successful attempt was followed by an 249 

increment of the load of 2.5-5.0% until the 1RM was reached, allowing a maximum of five 250 
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1RM attempts, in accordance with the NSCA guidelines 22. Subjects rested from three to five 251 

minutes between attempts. In the overhead press, the lifter begins standing with the barbell 252 

resting in the front rack position using a prone grip of medium width with the elbows oriented 253 

approximately at 45 degrees to the floor. Then, the barbell was pressed upward throughout the 254 

full flexion of the shoulders and extension of the elbows to an overhead position while the 255 

trunk and the lower limbs provide stability. Subjects were placed between two jerk stands and 256 

were allowed to drop the barbell over them. All testing were performed using standardized 257 

Olympic barbells and plates (Powerkan Sports Equipment, Valladolid, Spain), lifting platforms 258 

and jerk stands. A 20 kg Olympic barbell was used for men, while a 15 kg Olympic barbell 259 

was used for women. However, when the light loads (30, 45 % 1RM) were lighter than these 260 

loads, a 15 kg barbell was adapted for men, while a 10 kg barbell was used for women. All the 261 

equipment and plates inventory allowed for a progression of loads as light as 1 kg. 262 

 263 

 264 

Load-velocity test. The technical requirements of the overhead press, previously described, 265 

were strictly followed during the incremental loading test. Subjects completed a general warm-266 

up which consisted of dynamic activation and exercise-specific drills. Then, subjects 267 

performed 1 set of 5 repetitions at 50% 1RM and 1 set of 3 repetitions at 75% 1RM separated 268 

by 3 minutes of rest. Subjects had 3 to 5 minutes of rest after the warm-up. Thereafter, subjects 269 

performed an incremental loading test of 3 repetitions for 5 loading conditions (30, 45, 60, 75 270 

and 90% 1RM). All repetitions were performed in a cluster set configuration (i.e. rest was 271 

added inter-repetitions) to minimize fatigue and maintain external mechanical outputs 23. Thirty, 272 

60 and 90 seconds of rest were allowed for 30, 45 and 60% 1RM, respectively, while 2 to 3 273 

minutes were allowed for 75 and 90% 1RM. A LPT was attached to the barbell’s right side and 274 

the position-time data was sampled at a frequency of 1000 Hz. There was a mark drawn in the 275 

floor for the lifter’s feet and another for the position of the LPT to assure barbell path 276 

consistency and vertical displacement. Participants received visual velocity performance 277 

feedback immediately after completing each repetition to encourage them to give maximal 278 

effort and increase the reliability of velocity recordings. Raw data were exported from the 279 

custom software v.2.0.2 (Chronojump; Boscosystem, Barcelona, Spain) and then analyzed in 280 

Microsoft Excel (Microsoft, Redmond, WA, USA). Only the repetition with the highest mean 281 

velocity recorded at each load was used for modelling of the load-velocity relationships. Note 282 

that mean velocity has been recommended over other velocity variables (e.g. mean propulsive 283 



 9

velocity or peak velocity) for predicting the 1RM through the individual load-velocity 284 

relationship 20. 285 

 286 

[Table 2] 287 

 288 

Statistical analyses 289 

Normality of data was determined using the Shapiro-Wilk’s test. The inter-repetition reliability 290 

of the two highest mean velocity values for each load were analyzed by means of intraclass 291 

correlation coefficient (ICC; model 3.1), %coefficient variation (CV) and their associated 95% 292 

confidence intervals (CI) using a customized Excel spreadsheet 24. Reliability was interpreted 293 

based on the lower bound of the ICC 95%CI following the guidelines provided by Koo et al. 294 
25: poor (<0.50), moderate (0.50–0.75), good (0.75–0.90), and excellent (>0.90). Additionally, 295 

a CV <15% was used as a criterion for the minimum acceptable reliability 26.  296 

 297 

The descriptive data are presented through means and SDs. A one-way repeated-measures 298 

analysis of variance (ANOVA) with Bonferroni post hoc corrections was applied to the 299 

absolute differences between the actual and predicted 1RMs. The scale used to categorize the 300 

magnitude of the absolute errors was low (<5.0%), moderate (5.0%–10%), and high (>10.0%) 301 
14. The validity of the 1RM prediction methods with respect to the actual 1RM was examined 302 

through paired samples t tests, Hedge’s g effect size (ES), raw differences with 95% limits of 303 

agreement, Pearson correlation coefficient (r), and the heteroscedasticity of the errors (i.e., 304 

relationship of the raw differences between the actual and predicted 1RMs with their average 305 

value). Furthermore, ordinary least-products regressions and Bland-Altman analysis were also 306 

used to explore the concurrent validity of the predicted 1RMs 27–29. The strength of the 307 

regressions was examined through the Pearson’s product-moment correlation coefficients (R), 308 

while the intercept and slope with their 95% CI were used to assess fixed and proportional bias, 309 

respectively. If the 95% CI for the intercept did not include 0, then fixed bias was present. If 310 

the 95% CI for the slope did not include 1.0, then proportional bias was present. If fixed or 311 

proportional bias was present this meant that the method was either not reliable or could not be 312 

used to accurately predict the actual overhead press 1RM 27–29. Qualitative interpretations of 313 

the r coefficients were defined as follows: trivial (0.00–0.09), small (0.10–0.29), moderate 314 

(0.30–0.49), large (0.50–0.69), very large (0.70–0.89), nearly perfect (0.90–0.99), and perfect 315 

(1.00) 30. Heteroscedasticity of the errors was defined as a r2 > 0.10 17.  The magnitude of the 316 

ES was interpreted as follows: trivial (<0.20), small (0.20–0.59), moderate (0.60–1.19), large 317 
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(1.20–2.00), and very large (> 2.00) 30. The ANOVA was performed using SPSS software 318 

(version 25.0; SPSS Inc, Chicago, IL) and the remaining analyses with Microsoft Excel 319 

(Microsoft Corporation, Redmond, WA, USA). Statistical significance was set at an alpha level 320 

of <0.05. 321 

 322 

RESULTS 323 

The characteristics of the different loads used for the load-velocity relationship modelling and 324 

the reliability of mean velocity outputs are presented in Table 2. There were no significant 325 

differences for the absolute differences respect to the actual 1RM between the three 1RM 326 

prediction methods (F = 3.2, p = 0.073) (Figure 1). The absolute errors were categorized as 327 

moderate for the Multiple-Point (3.5 ± 2.4 kg; 6.1 ± 3.7%), Two-Point45-75 (4.9 ± 4.5 kg; 8.6 ± 328 

6.2%), and Two-Point45-90 methods (3.1 ± 2.0 kg; 5.7 ± 4.0%). However, for most of the 329 

subjects the errors ranged from low to moderate when using both the Multiple-Point and Two-330 

Point45-90 methods, while a higher proportion of subjects showed high errors using the Two-331 

Point45-75 method (Table 3). The validity analysis showed that all the 1RM prediction methods 332 

underestimated the actual 1RM (1.0 – 2.2 kg), they presented nearly perfect correlations, and 333 

the errors were not heteroscedastic (Figure 2). There were no fixed and proportional bias by 334 

means of the ordinary least-products regression analysis. Bland-Altman analysis showed 335 

different ranges of differences in agreement for the Multiple-point method (-2.2 ± 3.6 kg), 336 

Two-Point45-75 (-1.4 ± 6.6 kg) and Two-Point45-90 (-1.0 ± 3.6 kg). 337 

 338 

 339 

[Table 2] 340 

 341 

[Table 3] 342 

 343 

[Figure 1] 344 

 345 

[Figure 2] 346 

 347 

 348 

DISCUSSION 349 

The aim of this study was to (I) examine the accuracy to predict 1RM performance from barbell 350 

velocity during the free-weight overhead press and (II) explore the differences in the accuracy 351 
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of the predicted 1RM between three velocity-based methods (i.e., Multiple-Point, Two-Point45-352 

75, Two-Point45-90). The main finding was that the velocity-based methods might be viable tools 353 

to predict the free-weight overhead press 1RM based on nearly perfect correlations and no 354 

fixed or proportional bias. A novel finding of this study was that a method that only uses two 355 

points of the load-velocity relationship (i.e. Two-Point45-90), could be even a better option 356 

compared with the Multiple-Point method to predict the free-weight overhead press 1RM in 357 

weightlifters based on lower absolute errors and a higher reliability. Nonetheless, these findings 358 

should be interpreted with caution since the predicted values based on the load-velocity 359 

methods do not accurately match with that of the overhead press 1RM; therefore, practitioners 360 

should be aware of the random errors that must be assumed when predicting the overhead press 361 

1RM. 362 

 363 

The advancement of affordable kinetic and kinematic technologies (e.g. LPT, accelerometers) 364 

have raised the load-velocity relationship modelling as an alternative to predict the 1RM 6,31,32. 365 

Researchers have reported nearly perfect load-velocity relationships in different upper-body 366 

pressing exercises such as the bench press (r = 0.97 33) and seated press (r > 0.92 [2,11,14]). 367 

More specifically, researchers have found nearly perfect correlations between the actual and 368 

predicted bench press 1RM (r = 0.98 [18], r = 0.99 [22]), irrespective of the velocity-based 369 

method used. In line with these results, we found nearly perfect correlations between the actual 370 

and predicted overhead press 1RM for the three methods employed (r = 0.98 for Multiple-Point 371 

and Two-Point45-90, and r = 0.94 for Two-Point45-75). However, measures of association are not 372 

indicative of agreement between prediction methods; more important is the absolute agreement 373 

and random errors between prediction methods 35. In this study, although there were no fixed 374 

and proportional bias by means of the ordinary least-products regression analysis, there were 375 

substantial absolute differences (Multiple-point = 3.5 ± 2.4 kg, 6.1 ± 3.7 %;  Two-Point45-75 = 376 

4.9 ± 4.5 kg, 8.6 ± 6.2%; and Two-Point45-90 = 3.1 ± 2.0 kg, 5.7 ± 4.0%) in the prediction of 377 

the 1RM. As an example, using the multiple point method, there might be an absolute error up 378 

to 9.8% in the estimation of the 1RM, which makes a large difference when selecting the loads 379 

for achieving the desired adaptations. In contrast, using the same rationale, the absolute error 380 

in the estimation of the 1RM could be as low as 2.4%. Similarly, the limits of agreement 381 

reported in the Bland-Altman analysis for the three velocity-based methods can be presumably 382 

high to  accurately predicting the 1RM during the overhead press. However, the differences 383 

associated can be as low as -2.2, -1.4 and -1.0 kg for the Multiple-point, Two-Point45-75 and 384 
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Two-Point45-90, respectively (Figure 2). Therefore, practitioners should decide if they are 385 

willing to assume the associated errors with the proposed velocity-based methods.  386 

 387 

Note that  although it was not statistically significant, the Multiple and Two-Point45-90 methods 388 

showed lower absolute errors in comparison to the Two-Point45-75. This is further supported by 389 

the individual results reported in Table 3 that showed low to moderate errors in most of the 390 

subjects when using both the Multiple-Point (81.5%) and Two-Point45-90 (85.2%) methods, 391 

while only 55.6% of the subjects showed low to moderate errors using the Two-Point45-75 392 

method. These results generally reinforce the importance of locating one load (i.e. point) close 393 

to the 1RM to have accurate predictions of the 1RM when using the load-velocity relationship, 394 

while testing multiple (i.e. more than one) loads below the closest load relative to the 1RM 395 

value does not seem necessary because it does not increase the precision in the estimation of 396 

the 1RM. However, if one load as close as 90%1RM is necessary to obtain a higher accuracy 397 

in the estimation of the free-weight overhead press 1RM, these velocity-based methods could 398 

be considered of less practical relevance than testing the direct 1RM for several reasons. First, 399 

based on our results and previous research the direct 1RM test is still the gold standard for 400 

evaluating maximal dynamic strength and is only 10% higher than the 90%1RM. Second, 401 

testing the direct 1RM does not require additional technology and analysis to capture the 402 

barbell velocity 16,36. Third, although the idea of using only two loads (i.e. points) for modelling 403 

the load-velocity relationship might seem a time-efficient and less fatiguing option, in practice, 404 

lifters need a wider range of loads thorough the load-velocity relationship to adequately achieve 405 

a maximum (i.e. 100%1RM) or near maximum (i.e. 90%1RM) effort, as previously stated in 406 

different warm-up protocols 5,36.  407 

 408 

There is an emerging body of research about the use of the load-velocity relationship for 409 

estimating maximal dynamic strength during resistance-training exercises 6,14,15,37. Most of 410 

these investigations have been developed in the bench press exercise under fixed conditions, 411 

using a Smith machine, in order to increase the reliability and consistency of the values 6,14,37 . 412 

However, it has been recommended that to increase the applicability of velocity-based methods, 413 

practitioners should determine the load-velocity relationship during free-weight exercises 414 

because they are more frequently used in training and collect their own population-specific 415 

data, although a reduction in reliability could be expected 16. To the authors knowledge, this is 416 

the first study which aimed to assess the load-velocity relationship during the free-weight 417 

overhead press in weightlifters. In this study, the inter-repetition reliability of mean velocity 418 
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was acceptable (CV <15%) across the loads and suitable for modelling the load-velocity 419 

relationship with the three methods employed (Table 2), which may be indicative of a 420 

consistent technique of the participants, assuming the technological consistency of the 421 

kinematic device, previously reported 13. The acceptable reliability of velocity data suggests 422 

that the errors of the 1RM prediction methods should not be caused by a low reliability of the 423 

mean velocity values used to construct the load-velocity relationships. Note that more variation 424 

and less consistency is found in the barbell velocity across the loads, compared with studies 425 

which have evaluated the reliability of the direct 1RM testing 5,36.  426 

 427 

Nonetheless, this study has several limitations that need to be addressed in future research. 428 

First, the incremental loading test employed to predict the 1RM and the 1RM test were 429 

developed on different days. However, the free-weight overhead press 1RM test has been very 430 

reproducible with practically negligible differences 5 and, from an ecological point of view, 431 

practitioners may be more interested in getting the estimated 1RM in different days within a 432 

micro-cycle. Second, it is important to note that the mean velocity attained at the 1RM during 433 

the free-weight overhead press was not measured in this study; rather, this value was obtained 434 

based on previous research (0.24 m·s-1) 9. In addition, researchers have demonstrated that the 435 

velocity of each one of the participant’s 1RM may be recommended to accurately model the 436 

load-velocity relationship 16. However, from an ecological point of view, practitioners may be 437 

more interested in getting the mean velocity value at which the 1RM is performed from the 438 

scientific literature and to put it into practice, as performed in this study. Nonetheless, based 439 

on previous findings that the velocity of the 1RM is exercise- and population-specific with 440 

strength-trained subjects performing the 1RM at lower velocities 38, future research is needed 441 

to determine the specific velocity at which the 1RM is developed in weightlifters and explore 442 

the differences in the accuracy of the prediction. 443 

 444 

In conclusion, the Multiple-Point and Two-Point45-90 velocity-based methods might be viable 445 

tools to predict the free-weight overhead press 1RM in weightlifters based on nearly perfect 446 

correlations, no fixed and proportional bias and good reliability. However, practitioners must 447 

be aware of that the Multiple-point and Two-Point methods still have substantial errors 448 

associated with their accuracy to predict the 1RM (Figure 1 and Table 3). Therefore, based on 449 

these findings, practitioners are encouraged to use the direct 1RM test, specifically when it is 450 

performed with free-weights, to adequately determine the overhead press 1RM, and prescribe 451 

loads in training. Nonetheless, practitioners can use the Multiple-Point and Two-Point45-90 452 
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velocity-based methods to predict the free-weight overhead press 1RM in weightlifters if they 453 

are willing to assume the associated errors when applying to their training populations. This is 454 

of practical importance for strength and conditioning coaches since the free-weight overhead 455 

press is a foundational exercise in weightlifting programmes 5. 456 

 457 
Table 1. Descriptive characteristics of the subjects 

 
Sample size 

 
Age (yrs) 

 
Height (cm) 

 
BM (kg) 

 
WL training 

experience (years) 

 
Overhead  

press 1RM (kg) 
 

 
Males = 16 
(95% CI) 
[range] 

 

 
31.4 ± 6.7 

(27.8 – 34.9) 
[23 to 42] 

 
178.9 ± 6.2 

(175.7 – 182.2) 
[169 to 190] 

 
82.8 ± 12.5 

(76.1 – 89.4) 
[59 to 102] 

 
4.4 ± 5.6 

(0.6 – 8.1) 
[0.5 to 22] 

 
70.5 ± 11.7 

(62.6 – 78.4) 
[53.5 to 95] 

 
Females = 11 

(95% CI) 
[range] 

29.0 ± 6.3 
(24.7 – 33.3) 

[20 to 43] 
 

165.3 ± 4.6 
(162.2 – 168.4) 

[161 to 175] 

60.7 ± 4.8 
(57.5 – 63.9) 

[56 to 71] 

2.9 ± 2.5 
(1.2 – 4.6) 

[1 to 8] 

37.5 ± 4.9 
(34.2 – 40.7) 

[31 to 47] 

All = 27 
(95% CI) 
[range] 

30.4 ± 6.5 
(27.8 – 33.0) 

[20 to 43] 

173.4 ± 8.8 
(169.9 – 176.8) 

[161 to 190] 
 

73.8 ± 14.9 
(67.9 – 79.7) 
[55.5 to 102] 

3.8 ± 4.6 
(0.7 – 6.8) 
[0.5 to 22] 

57.0 ± 19.0 
(44.2 – 69.8) 

[31 to 95] 

BM = body mass, WL weightlifting, 1RM = one repetition maximum, CI confidence interval. Data are 
presented as mean and SD. 
 

 458 
 459 
Table 2. Characteristics of the loads used for the modelling of the individualized load-velocity relationships 460 
during the overhead press exercise.  461 
 462 

 Load 1 Load 2 Load 3 Load 4 Load 5 
Relative load 
(%1RM) 

30 45 60 75 90 

 
Absolute load (kg) 
(95%CI) 
[Range] 

 
17.0 ± 5.6 

(14.8 – 19.2) 
[10 to 28] 

 
25.6 ± 8.6 

(22.2 – 29.0) 
[14 to 43] 

 

 
34.2 ± 11.5 

(29.7 – 38.8) 
[18 to 57]  

 
42.5 ± 13.9 

(37.0 – 48.0) 
[23 to 66] 

 

 
51.1 ± 17.1 

(44.4 – 57.9) 
[28 to 85] 

Mean velocity (m·s-1) 
(95%CI) 
[Range] 
 

1.3 ± 0.2 
(1.3 – 1.4) 
[1.1 to 1.8] 

1.1 ± 0.1 
(1.0 – 1.1) 
[0.8 to 1.3] 

0.8 ± 0.1 
(0.8 – 0.9) 
[0.6 to 1.1] 

0.6 ± 0.1 
(0.5 – 0.6) 
[0.4 to 0.8] 

0.4 ± 0.1 
(0.3 – 0.4) 
[0.2 to 0.6] 

ICC 
(95%CI) 
[Interpretation] 
 

0.88 
(0.76 – 0.94) 

[Good] 

0.86 
(0.75 – 0.93) 

[Good] 

0.81 
(0.62 – 0.91) 
[Moderate] 

0.93 
(0.85 – 0.97) 

[Good] 

0.9 
(0.78 – 0.95) 

[Good] 

CV (%)  
(95%CI) 
[Interpretation] 

4.5 
(3.6 – 6.2) 
Acceptable 

4.8 
(3.8 – 6.5) 
Acceptable 

5.9 
(4.6 – 8.1) 
Acceptable 

4.1 
(3.2 – 5.6) 
Acceptable 

9.0 
(7.1 – 12.3) 
Acceptable 

1RM, 1-repetition maximum, CI, confidence interval, ICC, intraclass correlation coefficient. CV, coefficient of 463 
variation. Data are presented as mean and SD. 464 
 465 
Table 3. Count of subjects that showed low (<5.0%), moderate (5.0%–10%), and high (>10.0%) errors for the 466 
different 1RM prediction methods. 467 
 468 
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Categorization of errors Multiple-Point Two-Point45-75 Two-Point45-90 
Low  12 7 14 

Moderate  10 8 9 
High  5 12 4 

 469 
 470 
 471 

 472 

 473 
Figure 1. Absolute errors expressed in raw values (kg) and relative to the 1RM (%) observed for the different 1-474 
repetition maximum (1RM) prediction methods with respect to the directly measured 1RM during the overhead 475 
press exercise. Numbers denote the means and standard deviations, the black rectangle the median value, and the 476 
circles the individual data points.  477 
 478 
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 481 
Figure 2. Agreement between the directly measured 1-repetition maximum (1RM) and the 1RM estimated by the 482 
Multiple-Point method (30-45-60-75-90% of 1RM; upper panels), Two-Point45-75 method (45-75% of 1RM; 483 
middle panels), and Two-Point45-90 method (45-90% of 1RM; lower panels) during the overhead press exercise. 484 
Left hand graphs present the Bland-Altman plots depicting the systematic bias ± random differences, and 485 
heteroscedasticity of errors (r2). Right hand graphs show the ordinary least-products regressions to explore the 486 
concurrent validity of the predicted 1RMs through the Pearson’s product-moment correlation coefficients (r), 487 
while the intercept and slope with their 95% confidence intervals were used to assess fixed and proportional bias. 488 
In addition, the relationship between the actual 1RM and predicted 1RM depicting the identity line (straight red 489 
line), effect sizes (ES; [Predicted 1RM – Actual 1RM] / SD both), and p-values obtained from a paired samples 490 
t-test. 491 
 492 
 493 
 494 
 495 
 496 
 497 
 498 
 499 

-20

-10

0

10

20

20 40 60 80 100

20

40

60

80

100

20 40 60 80 100

-20

-10

0

10

20

20 40 60 80 100

20

40

60

80

100

20 40 60 80 100

-20

-10

0

10

20

20 40 60 80 100
20

40

60

80

100

20 40 60 80 100

MULTIPLE-POINT

TWO-POINT45-75

TWO-POINT45-90

-2.2 ± 3.6 kg
r2 = 0.095

p = 0.004
ES = -0.12
r = 0.982
Intercept = -0.21 (-4.91, 4.49)
Slope = 1.04 (0.96, 1.13)

-1.4 ± 6.6 kg
r2 = 0.002

p = 0.296
ES = -0.07
r = 0.941
Intercept = 5.39 (-2.71, 13.48)
Slope = 0.93 (0.79, 1.07)

-1.0 ± 3.6 kg
r2 = 0.002

p = 0.164
ES = -0.05
r = 0.982
Intercept = 2.41 (-2.11, 6.92)
Slope = 0.97 (0.90, 1.05)

A
ct

ua
l 1

R
M

 (
kg

)
A

ct
ua

l 1
R

M
 (

kg
)

A
ct

ua
l 1

R
M

 (
kg

)

Predicted 1RM (kg)

Predicted 1RM (kg)

Predicted 1RM (kg)

D
if

fe
re

nc
es

 (
kg

)
(P

re
di

ct
ed

 1
R

M
 –

A
ct

ua
l 1

R
M

)
D

if
fe

re
nc

es
 (

kg
)

(P
re

di
ct

ed
 1

R
M

 –
A

ct
ua

l 1
R

M
)

D
if

fe
re

nc
es

 (
kg

)
(P

re
di

ct
ed

 1
R

M
 –

A
ct

ua
l 1

R
M

)

Mean of Predicted and Actual 1RM (kg)

Mean of Predicted and Actual 1RM (kg)

Mean of Predicted and Actual 1RM (kg)



 17 

ACKNOWLEDGMENTS 500 

This study was part of the F-V_FATIGUE project supported by a grant-in-aid from the Vice-501 
Rectorate of Research and Science, at the Camilo José Cela University. The authors thank the 502 
weightlifters who participated in this investigation. The authors declare no conflict of interest.  503 
 504 
REFERENCES 505 
 506 
1.  Stone, MH, Pierce, KC, Sands, WA, and Stone, ME. Weightlifting: a brief overview. 507 

Strength Cond J 2006; 28: 50-66. 508 
2.  Stone, MH, Sands, WA, Pierce, KC, Carlock, J, Cardinale, M, and Newton, RU. 509 

Relationship of maximum strength to weightlifting performance. Med Sci Sports Exerc 510 
2005; 37: 1037-1043. 511 

3.  Carlock, JM, Smith, SL, Hartman, MJ, Morris, RT, Ciroslan, DA, Pierce, KC, et al. The 512 
relationship between vertical jump power estimates and weightlifting ability: A field-513 
test approach. J Strength Cond Res 2004; 18: 534-539. 514 

4.  Lucero, RAJ, Fry, AC, LeRoux, CD, and Hermes, MJ. Relationships between barbell 515 
squat strength and weightlifting performance. Int J Sport Sci Coach 2019; 14: 562-568.  516 

5.  Soriano, MA, Haff, GG, Comfort, P, Amaro-Gahete, FJ, Torres-González, A, García-517 
Cifo, A, et al. Is there a relationship between the overhead press and split jerk maximum 518 
performance? Influence of sex. Int J Sports Sci Coach 2021; 17: 143-150. 519 

6.  Jidovtseff, B, Harris, NK, Crielaard, JM, and Cronin JB. Using the load-velocity 520 
relationship for 1RM prediction. J Strength Cond Res 2011; 25: 267-270. 521 

7.  Bazuelo-Ruiz, B, Padial, P, García-Ramos, A, Morales-Artacho, AJ, Miranda, MT, and 522 
Feriche, B. Predicting maximal dynamic strength from the load-velocity relationship in 523 
squat wxercise. J Strength Cond Res 2015; 29: 1999-2005. 524 

8.  Jaric, S. Force-velocity relationship of muscles performing multi-joint maximum 525 
performance tasks. Int J Sports Med 2015; 36: 699-704. 526 

9.  Fahs, CA, Blumkaitis, JC, and Rossow, LM. Factors related to average concentric 527 
velocity of four barbell exercises at various loads. J Strength Cond Res 2019; 33: 597-528 
605. 529 

10.  Banyard, HG, Nosaka, K, and Haff, GG. Reliability and validity of the load-velocity 530 
relationship to predict the 1RM back squat. J Strength Cond Res 2017; 31: 1897-1904. 531 

11.  Balsalobre-Fernández, C, García-Ramos, A, and Jiménez-Reyes, P. Load–velocity 532 
profiling in the military press exercise: effects of gender and training. Int J Sport Sci 533 
Coach 2018; 13: 743-750. 534 

12.  Hughes, LJ, Banyard, HG, Dempsey, AR, and Scott, BR. Using a load-velocity 535 
relationship to predict one repetition maximum in free-weight exercise: a comparison of 536 
the different methods. J Strength Cond Res 2019; 33: 2409-2419. 537 

13.  Pérez-Castilla, A, Piepoli, A, Delgado-García G, Garrido-Blanca, G, and García-Ramos, 538 
A. Reliability and concurrent validity of seven commercially available devices for the 539 
assessment of movement velocity at different intensities during the bench press. J 540 
Strength Cond Res 2019; 33: 1258-1265. 541 

14.  Janicijevic, D, Jukic, I, Weakley, J, and García-Ramos, A. Bench press 1-repetition 542 
maximum estimation through the individualized load-velocity relationship: comparison 543 
of different regression models and minimal velocity thresholds. Int J Sports Physiol 544 
Perform 2021; 25: 1074-1081. 545 

15.  Caven, EJG, Bryan, TJE, Dingley, AF, Drury, B, García-Ramos, A, Pérez-Castilla, A, 546 
et al. Group versus individualised minimum velocity thresholds in the prediction of 547 
maximal strength in trained female athletes. Int J Environ Res Public Health 2020; 17: 548 



 18 

7811. 549 
16.  McBurnie, AJ, Allen, KP, Garry, M, McDwyer, M, Dos'Santos, T, Jones, P, et al. The 550 

benefits and limitations of predicting one repetition maximum using the load-velocity 551 
relationship. Strength Cond J 2019; 41: 28-40. 552 

17.  Atkinson, G, and Nevill, AM. Statistical methods for assessing measurement error 553 
(reliability) in variables relevant to sports medicine. Sport Med 1998; 26: 217–238. 554 

18.  Grgic, J, Lazinica, B, Schoenfeld, BJ, and Pedisic, Z. Test–retest reliability of the one-555 
repetition maximum (1RM) strength assessment: a systematic review. Sports Med - 556 
Open 2020; 6: 31-47. 557 

19.  Loturco, I, Kobal, R, Moraes, JE, Kitamura, K, Abad, CCC, Pereira, LA, et al. Predicting 558 
the maximum dynamic strength in bench press: the high precision of the bar velocity 559 
approach. J Strength Cond Res 2017; 31: 1127-1131. 560 

20.  Weakley, J, Mann, B, Banyard, H, McLaren, S, Scott, T, and García-Ramos, A. 561 
Velocity-based training: from theory to application. Strength Cond J 2021; 43: 31-49. 562 

21.  Garcia-Ramos, A, and Jaric, S. Two-point method: a quick and fatigue-free procedure 563 
for assessment of muscle mechanical capacities and the 1 repetition maximum. Strength 564 
Cond J 2018; 40: 54-66. 565 

22.  Haff, GG. Strength - isometric and dynamic testing. In: Comfort, P, Jones, PA, J. 566 
McMahon, J (eds) Performance assessment in strength and conditioning. Routledge, 567 
2019.  568 

23.  Haff, GG, Burgess, SJ, and Stone, MH. Cluster training: theoretical and practical 569 
applications for the strength and conditioning professional. UK Strength Cond Assoc 570 
2008; 12: 12-17. 571 

24.  Hopkins, WG. Estimating sample size for magnitude-based inferences. Sportscience 572 
2017; 21. 573 

25.  Koo, TK and Li, MY. A guideline of selecting and reporting intraclass correlation 574 
coefficients for reliability research. J Chiropr Med 2016; 15: 155-163.  575 

26.  Baumgartner, TA and Chung, H. Confidence limits for intraclass reliability coefficients. 576 
Meas Phys Educ Exerc Sci 2001; 5: 179-188. 577 

27.  Lake J, Augustus, S, Austin, K, Comfort, P, McMahon, J, Mundy, P, et al. The reliability 578 
and validity of the bar-mounted PUSH BandTM 2.0 during bench press with moderate 579 
and heavy loads. J Sports Sci 2019; 37: 2685-2690. 580 

28.  Ludbrook, J. A primer for biomedical scientists on how to execute model II linear 581 
regression analysis. Clin Exp Pharmacol Physiol 2012; 39: 329-335.  582 

29.  Thompson, SW, Rogerson, D, Dorrell, HF, Ruddock, A, and Barnes, A. The reliability 583 
and validity of current technologies for measuring barbell velocity in the free-weight 584 
back squat and power clean. Sports 2020; 8: 94-111. 585 

30.  Hopkins, WG, Marshall, SW, Batterham, AM, and Hanin, J. Progressive statistics for 586 
studies in sports medicine and exercise science. Med Sci Sports Exerc 2009; 41: 3–13. 587 

31.  García-Ramos, A, Barboza-González, P, Ulloa-Díaz, D, Rodríguez-Perea, A, Martínez-588 
García, D, Guede-Rojas, F, et al. Reliability and validity of different methods of 589 
estimating the one-repetition maximum during the free-weight prone bench pull exercise. 590 
J Sports Sci 2019; 37: 2205-2212. 591 

32.  Conceição, F, Fernandes, J, Lewis, M, González-Badillo, JJ, and Jiménez-Reyes, P. 592 
Movement velocity as a measure of exercise intensity in three lower limb exercises. J 593 
Sports Sci 2016; 34: 1099-1106. 594 

33.  García-Ramos, A, Suzovic, D, and Pérez-Castilla, A. The load-velocity profiles of three 595 
upper-body pushing exercises in men and women. Sport Biomech 2021; 20: 693-705. 596 

34.  Hernández-Belmonte, A, Martínez-Cava, A, Morán-Navarro, R, Courel-Ibáñez, J, and 597 
Pallarés, JG. A comprehensive analysis of the velocity-based method in the shoulder 598 



 19 

press exercise: stability of the load-velocity relationship and sticking region parameters. 599 
Biol Sport 2021; 38: 235-243. 600 

35.  Bland, JM, Altman, DG. Statistical methods for assessing agreement between two 601 
methods of clinical measurement. Lancet 1986; 327: 307-310.  602 

36.  Soriano, MA, García-Ramos, A, Torres-González, A, Castillo-Palencia, Ayuso, V, 603 
Marín, P, et al. Validity and reliability of a standardized protocol for assessing the one 604 
repetition maximum performance during overhead pressing exercises. J Strength Cond 605 
Res 2021; 35: 2988-2992. 606 

37.  García-Ramos, A, Haff, GG, Pestaña-Melero, FL, Pérez-Castilla, A, Rojas, FJ, 607 
Balsalobre-Fernández, C, et al. Feasibility of the 2-point method for determining the 1-608 
repetition maximum in the bench press exercise. Int J Sports Physiol Perform 2018; 13: 609 
474-481. 610 

38.  Helms, ER, Storey, A, Cross, MR, Brown, SR, Lenetsky, S, Ramsay, H, et al. RPE and 611 
velocity relationships for the back squat, bench press, and deadlift in powerlifters. J 612 
Strength Cond Res 2017; 31: 292-297. 613 

 614 


