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Abstract 26 

Purpose: The optimal power load is defined as the load that maximizes power output in 27 

a given exercise. This load can be determined through the use of various instruments, 28 

under different testing protocols. Specifically, the “optimum power load” (OPL) is 29 

derived from the load-velocity relationship, using only bar-force and bar-velocity in the 30 

power computation. The OPL is easily assessed using a simple incremental testing 31 

protocol, based on relative percentages of body-mass. To date, several studies have 32 

examined the associations between the OPL and different sport-specific measures, as well 33 

as its acute and chronic effects on athletic performance. The aim of this brief review is to 34 

present and summarize the current evidence regarding the OPL, highlighting the main 35 

lines of research on this topic and discussing the potential applications of this novel 36 

approach for testing and training. Conclusions: The validity and simplicity of OPL-based 37 

schemes provide strong support for their use as an alternative to more traditional strength-38 

power training strategies. The OPL method can be effectively used by coaches and sport 39 

scientists in different sports and populations, with different purposes and configurations. 40 

 41 

Key words: muscle strength; resistance training; muscle power; track and field; team-42 

sports; combat athletes. 43 
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Introduction 51 

 “Optimal power load” may be defined as the load that maximizes power output in 52 

a given exercise.1 This load is determined from the load-power relationship through the 53 

use of various devices, such as linear position transducers, linear velocity transducers, 54 

accelerometers, force plates, and mobile apps.2-4 These instruments usually record and 55 

provide valid and reliable measures of muscle power production, considering either the 56 

“system power” (i.e., using both bar-load and body-mass [BM] in the power computation) 57 

or solely the “bar-power” (i.e., calculated as the product of bar-force and bar-velocity).5-58 

7 Although distinct in their methodological basis, both measurements are widely used in 59 

practical and research settings, under different conditions and with different objectives.5-60 

7 61 

 For example, for physical testing purposes, sprint coaches may be more interested 62 

in system power assessments and related outputs, as sprinters have to produce high levels 63 

of power against their own BM in order to achieve higher velocities.5,7,8 In contrast, in 64 

sports that involve the application of power to external implements (e.g., weightlifting, 65 

tennis, and shot-put) or to opponents (e.g., contact situations in rugby and combat sports), 66 

coaches and practitioners may be more concerned with bar-power tests.7,8 Therefore, the 67 

bar-power approach was not conceived to quantify the total power of the system, but 68 

rather, to calculate the external amount of power generated by the athlete when he/she is 69 

lifting a given load as fast as possible.6,8,9 Different from system power - where power 70 

production in lower-body exercises is generally optimized under unloaded conditions 71 

(i.e., 0% BM) - bar-power output is usually maximized at moderate loads (i.e., 30-60% 72 

of the one-repetition maximum [1RM]), which appears to be independent of the exercise 73 

type (e.g., bench-press or half-squat) and mode of execution (i.e., ballistic or non-74 

ballistic).6-8,10 75 



4 
 

 Recently, a  comprehensive study on 109 elite athletes from 6 sport disciplines 76 

was conducted, verifying that bar-power output was constantly maximized at a narrow 77 

range of bar-velocities, regardless of individual strength-power level and training 78 

background.11 To quickly determine this optimized loading range, the authors created and 79 

proposed a simple and straightforward incremental method, based on distinct fixed 80 

percentages of BM. This loading zone was thus described as the “optimum power zone” 81 

and its associated load as the “optimum power load” (OPL).11 In this brief review, we 82 

present the current evidence on the OPL method, synthetizing and discussing the main 83 

findings and implications related to this novel testing and training approach, while 84 

clarifying some questions regarding its determination and use.  85 

 86 

Determining the OPL for testing and training purposes  87 

 The OPL can be easily and precisely determined using any device capable of 88 

measuring bar-velocity and, automatically, calculating bar-power.2,4,11,12 The standard 89 

procedure for determining the OPL consists of two basic steps: 1) starting the power 90 

assessment with athletes performing 2-3 repetitions at maximal velocity at 30% BM 91 

(upper-body exercises) or 40% BM (lower-body exercises);11,13 and 2) providing 92 

progressive increments of 5% BM (upper-body exercises) or 10% BM (lower-body 93 

exercises) in each set, until a clear decrease (at least 5%) in power production is 94 

consistently observed.9,11,13 The rest interval allowed between exercise sets should be 95 

fixed at 3-5 minutes. The load corresponding to the maximum power output (obtained 96 

immediately before the power decrease, within the optimum power zone) should be 97 

considered as the OPL (Figure 114).9,11 Since its first appearance in the scientific literature 98 

in 2014,11 this methodological approach has been widely used by many researchers and 99 

practitioners in different sports and populations, with different training (i.e., acute or 100 
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chronic responses to the OPL) and testing (i.e., correlational or descriptive studies) 101 

purposes.15-23 The majority of these studies reported strong correlations between the bar-102 

power output at the OPL and common sport-related measures, as well as confirming its 103 

positive acute and chronic effects on athletic performance.16,18,21,24-26 Other investigations 104 

revealed that the bar-power production at the OPL is able to discriminate between athletes 105 

from different performance levels, sport disciplines, age categories, and sexes.19,27,28 106 

Some of these studies are presented and discussed in the subsequent sections.  107 

 108 

***INSERT FIGURE 1 HERE*** 109 

 110 

Relationship between the OPL and sport performance 111 

 Several studies have been conducted to examine the correlations between bar-112 

power production at the OPL and different measures of athletic performance.9,29-32 Elite 113 

sprinters and jumpers generating higher levels of bar-power at the OPL were equally able 114 

to sprint faster than their slower peers (r = 0.64 to 0.83 for the association between 50-m 115 

and 60-m sprint velocity and bar-power output at the OPL in both jump-squat and half-116 

squat exercises).30,31 Similar results were obtained for top-level combat athletes (i.e., 117 

national karatekas and Olympic boxers), who presented correlations of 0.70-0.80 and 118 

0.70-0.85 between punching acceleration and impact and bar-power output at the OPL in 119 

the jump-squat and bench-press exercises, respectively.33,34 Professional players from 120 

various sports (i.e., male and female soccer and handball players, male rugby players, and 121 

male futsal players) with higher levels of bar-power at the OPL were more likely to sprint 122 

faster and jump higher compared to their less powerful peers.19 Moderate to very large (r 123 

= 0.43-0.86) correlations between bar-power at the optimum power zone (in both jump-124 

squat and Olympic push press exercises) and sprint speed and vertical jump height were 125 
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also observed in young soccer players from a 1st division soccer club.32 A unique study 126 

on the relationships between bar-power output and performance in aquatic environments, 127 

revealed that leg power (assessed in the jump-squat exercise) at the OPL was largely to 128 

very largely associated (r = 0.65-0.72) with many tethered swimming force parameters 129 

(i.e., peak force, average force, impulse, and rate of force development) and actual 130 

swimming velocity in well-trained male swimmers.35 131 

 From a general perspective, the close associations observed between bar-power at 132 

the OPL and performance in numerous sports may be explained by theoretical and 133 

mechanical factors. The opportunity to use a range of loads that simultaneously optimize 134 

the force and velocity applied to the barbell may better reflect the physical abilities and 135 

technical skills required in various sport tasks, where athletes are usually required to move 136 

submaximal loads at maximum speeds.9 Although these strong correlations do not 137 

necessarily imply causality, they serve as a basis for the development of more detailed 138 

studies on the applications and effects of the OPL.  139 

 140 

Bar-power at the OPL as a discriminating factor among elite athletes 141 

 The ability to generate high levels of bar-power outputs at the OPL has been 142 

shown to be a sensitive discriminator between sport disciplines and athletic performance 143 

levels.11,27,28 In a multicenter study involving athletes from different countries, 144 

Valenzuela et. al.28 reported mean values of ~32 and 19 W∙kg-¹ (peak power) and ~14 and 145 

8 W∙kg-¹ (mean propulsive power) for male sprinters and endurance athletes in the jump-146 

squat at the OPL, respectively. Similar differences were also observed between female 147 

sprinters and endurance athletes, who produced, in the same exercise, mean values of ~ 148 

27 and 16 W∙kg-¹ (peak power values) and ~12 and 6.5 W∙kg-¹ (mean propulsive power 149 

values) at the OPL, respectively. In that study, athletes from 16 sports were tested and 150 
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split into 8 male and female sub-groups (combat sports, endurance, power track & field, 151 

and team-sport players). It was observed that, in general, male athletes produced greater 152 

amounts of bar-power at the OPL than female athletes (i.e., ~ 23 and 18 W∙kg-¹ and ~ 10 153 

and 8 W∙kg-¹, for peak and mean propulsive power values, respectively).28 Another 154 

investigation comparing athletes from 4 team-sports (soccer, futsal, handball, and rugby) 155 

demonstrated that rugby players had superior bar-power output at the OPL compared with 156 

the other 3 groups,19 which is reasonably expected due to the characteristics of this contact 157 

sport that requires substantial levels of strength and power to overcome resistant forces 158 

applied by opposition players.36 More importantly, it was also noted that even within each 159 

specific team-sport, athletes with higher levels of bar-power in the jump-squat exercise 160 

were able to sprint faster and jump higher than their less powerful peers.19 A similar trend 161 

was described in a recent study comparing jump-squat performance between sprinters and 162 

team-sport athletes, where sprinters achieved their OPL at greater relative loads (i.e., % 163 

of BM) than rugby and soccer players (mean difference = + 23.5%).27 In summary, faster 164 

and more explosive athletes regularly exhibit higher levels of bar-power at the OPL, 165 

which is consistent with the close correlations frequently reported between these 166 

mechanical measures and both speed- and jump-related abilities.11,28,30,31  167 

 Besides its discriminative ability to differentiate between sport types and sexes, 168 

the bar-power output at the OPL seems to be a good indicator of performance level. 169 

Previous research comparing the physical performance of Olympic and Paralympic 170 

judokas, showed that these athletes presented similar levels of maximal isometric 171 

strength, but bar-power at the OPL was superior in Olympic athletes in both ballistic and 172 

non-ballistic exercises (i.e., jump-squat, bench-press, and standing barbell row).37 173 

Notably, two studies conducted with world-class combat athletes revealed that 174 

“outstanding athletes” (i.e., a double world karate champion and an Olympic boxing 175 



8 
 

champion) could produce, on average, 45% and 10% more bar-power at the OPL than 176 

their national team peers in the jump-squat and bench-press exercises, respectively.38,39 177 

Olympic female handball players also displayed higher bar-power values than their less 178 

specialized peers (i.e., national college team players) in both jump-squat and bench-press 179 

executed at the optimum power zone (i.e., + 15%, on average).40 Nonetheless, greater 180 

levels of bar-power at the OPL do not always imply higher levels of specialization, 181 

especially when other physical and physiological factors may be directly or indirectly 182 

related to sport-specific performance.  183 

 Accordingly, studies on elite team-sport players have shown that, across age 184 

categories, significant increases in bar-power production are not consistently seen. For 185 

example, senior futsal players presented lower values (-13%, on average) of bar-power 186 

assessed in the jump-squat than their under-20 counterparts .41 Elite young soccer players 187 

also performed better than senior soccer players in the jump-squat testing by exhibiting 188 

higher values of relative bar-power (i.e., 9.5 vs 9.0 W∙kg-¹) at the OPL.42 According to 189 

the authors, the progressive decrements in bar-power output observed across age 190 

categories might be partly associated with the negative impact of aging and the concurrent 191 

training phenomena on speed-power-related adaptations, as team-sport players are 192 

increasingly exposed to extensive aerobic-based training methods (e.g., technical-tactical 193 

training sessions, small-sided games) throughout their prospective development. 194 

Together, these findings highlight and limit the discriminative ability of bar-power output 195 

at the OPL (and other power-related measures) on sport performance, especially at the 196 

top-level.  197 

 198 

Implementing the OPL in Postactivation Potentiation Enhancement protocols 199 
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 Postactivation performance enhancement (PAPE) refers to a short-term 200 

improvement in athletic tasks, such as jumping, sprinting, and throwing, induced by a 201 

previous conditioning activity (CA).43,44 The time-course and magnitude of PAPE effects 202 

are influenced by the interaction of many variables such as the type, volume, and intensity 203 

of the CA,45 the rest interval between the CA and the subsequent athletic task46, as well 204 

as the individual characteristics of the athlete, including sex, strength levels, and training 205 

background.47,48 While PAPE mean effects are commonly observed at a group level 206 

following standardized protocols,45,48 inconsistent findings and large variability for the 207 

time-course and magnitude of the PAPE effects are reported both within and between 208 

individuals, even when performing the same CAs.49,50 Therefore, an individualized 209 

approach is reasonably required to optimize potentiation effects, by tailoring the PAPE 210 

factors and potential moderators on an individual basis.51,52 In line with this conceptual 211 

rationale, the results of a few investigations have confirmed that the OPL approach is a 212 

valid and effective alternative when prescribing the intensity of conditioning activities in 213 

PAPE protocols aimed to enhance motor performances.16,24,53 In fact, it is assumed that 214 

the OPL approach can affect the fatigue-potentiation relationship underpinning the PAPE 215 

time course by mitigating the accumulation of fatigue immediately upon completion of 216 

the PAPE protocol and optimizing the potentiation effects thereafter.54 The available 217 

literature supports this hypothesis and highlights two main findings which can inform 218 

practical recommendations for the optimal implementation of OPL-based PAPE 219 

protocols among athletes. Firstly, protocols implementing OPL likely induce superior 220 

potentiation effects compared with conditions in which the intensity of the conditioning 221 

activity is fixed and equivalent to heavy loads (i.e., >85% of 1RM).16,53,55 In the study by 222 

Dello Iacono and Seitz16, elite soccer players accelerated (i.e., 5-m distance) and sprinted 223 

(i.e., 10-m and 20-m distances) faster across all post-PAPE time points following a hip 224 
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thrust PAPE protocol using OPL loads (i.e., ∼60% 1RM), compared with 85% of 1RM 225 

loads. This finding is not surprising as the OPL is accurately determined from individual 226 

load-power relationships and mechanical profiles. Importantly, the absolute loads 227 

equivalent to the corresponding OPLs across many resistance training exercises used in 228 

PAPE protocols are consistently lower (≥30% to ≤70% of 1RM)56 than 85% of 1RM. In 229 

PAPE protocols 85% of 1RM loading, the heavy loads (associated with slower 230 

contraction velocities)24 cause greater mechanical strain on the musculoskeletal system 231 

due to the considerable increase in the overall training volume (i.e., absolute load × 232 

repetitions) and the time under tension.57,58 Similarly, greater muscle damage and 233 

metabolic by-products (i.e., lactate),57,59 as well as higher acute perceptual responses of 234 

effort,60 fatigue,15 pain, and discomfort, are commonly observed during resistance 235 

training schemes with heavy loads (≥ 85 of 1RM) compared to OPL-based protocols. 236 

Altogether, the cumulative neuromuscular, mechanical, metabolic, and perceptual 237 

responses related to heavy loading conditions likely induce greater peripheral58 and 238 

central61 fatigue, whereby optimal PAPE effects are hindered. Indeed, using relatively 239 

lighter loads may avoid inducing excessive fatigue for some and under potentiate for 240 

others, with a greater likelihood of optimal individualized PAPE effects.  241 

 Secondly, the effectiveness of the OPL approach as a successful strategy to 242 

individualize the intensity variable of PAPE protocols can be supplemented with two 243 

other concurrent approaches, individualizing the volume and rest interval variables, 244 

respectively. Specifically, Dello Iacono et al.24 observed that elite basketball players 245 

jumped higher after self-selecting the number of repetitions to complete in a PAPE 246 

protocol compared to a fixed number of repetitions, with both conditions implementing 247 

the same conditioning activity consisting of jump-squats loaded with OPL. The same 248 

authors also found that an OPL-based PAPE protocol designed as a cluster-set 249 
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configuration (3 sets of 6 repetitions with 20-s rest every 2 repetitions) led the same cohort 250 

of elite athletes to jump consistently higher compared with a traditional-set configuration 251 

(3 sets of 6 repetitions without rest between repetitions) across all post-PAPE time points. 252 

Despite the limited number of studies,15,16,24,53,62 their findings align with the same 253 

evidence showing that fatigue can be minimized, power outputs maintained, and 254 

potentiation optimized, by using OPL training configurations, with mediating benefits for 255 

acute PAPE effects that seem clear and meaningful. 256 

 257 

Effects of training at the OPL on strength, speed, and power performance 258 

 The prescription of resistance training is usually based on different percentages of 259 

maximum dynamic strength assessments such as the 1RM test.9 However, the regular use 260 

of this measurement has been questioned by coaches and sport scientists because of its 261 

inherent risks, complexity, and time-demanding characteristics.26,63,64 This is especially 262 

important at the elite level, where time constraints and large cohorts of athletes frequently 263 

preclude and limit the implementation of extensive testing and training procedures. In this 264 

regard, more recently, the practical and time-efficient velocity-based training (VBT) 265 

method has been proposed as an alternative strategy to prescribe and monitor resistance 266 

training intensity.65,66 Interestingly, this approach builds upon the relationship between 267 

the velocities in distinct movements and the associated relative values of 1RM (i.e., % 268 

1RM), which highlights the inherent interconnection between the two methods.9 In 269 

addition, some studies have raised concerns about the theoretical concepts behind the 270 

1RM measure which, essentially, represents only the highest “mass” that an athlete can 271 

move during a maximum-effort lift.8,9 The fact that this scalar variable does not reflect 272 

the force and velocity applied onto the barbell at the same time could hamper its 273 

utilization in high-performance sport settings, where time and velocity play a key role in 274 
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determining the effectiveness of force application.8,9 In turn, when training at the OPL, 275 

athletes can maximize the power applied against the external resistance, which seems to 276 

be much more connected to their sport-specific tasks.8,9,29  277 

 Indeed, previous research with 61 elite athletes (15 Olympians) from 4 different 278 

sports (i.e., track & field, rugby sevens, bobsled, and soccer) confirmed that the bar-power 279 

outputs at the OPL (assessed in both half-squat and jump-squat exercises) were more 280 

strongly associated with sprint speed and vertical jump performance than 1RM.9 Based 281 

on these mechanical principles and premises, several studies have been conducted to 282 

analyze the effects of training at the optimum power zone. Loturco et al.26 compared the 283 

effects of two different 6-week training interventions (traditional strength-power 284 

periodization versus training at the OPL) in elite soccer players and observed that, despite 285 

achieving similar improvements in maximum strength and jumping abilities, the “OPL 286 

group” exhibited greater increases than the “traditional periodization group” in both sprint 287 

speed and jump-squat power. Subsequently, Ribeiro et al.21 found that, compared to 288 

unloaded plyometrics, 7 weeks of combined squats and hip-thrusts at the OPL led to 289 

greater gains in change-of-direction (COD) speed and linear sprint velocity. Accordingly, 290 

short- (1-week) and medium-term (7-week) investigations with Olympic boxers 291 

demonstrated the efficiency of training schemes based on the OPL, not only to enhance 292 

power-related capacities (e.g., jump-squat and bench-press power), but also to increase 293 

punching impact.38,67 More recently, Montalvo-Pérez et. al.68 evaluated the effects of a 6-294 

week training intervention at the OPL versus traditional resistance training in female 295 

competitive cyclists and reported similar gains in squat and split squat strength and power; 296 

however, superior increases in these mechanical variables were noted for the hip-thrust 297 

exercise in the OPL intervention. Moreover, OPL training resulted in an overall lower 298 

training intensity than the traditional resistance training program (~65% vs ~85% RM, 299 
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respectively). Another recent study involved the ballistic bench-press to compare the 300 

effects of an 11-week individualized OPL training with a “traditional strength training 301 

program” where subjects were allowed to perform 50% of the maximal number of 302 

possible repetitions against different submaximal loads.69 Although both methods were 303 

effective in improving power output, the OPL-based scheme minimized intrasession 304 

power decrements and generated less neuromuscular fatigue and less perceived exertion, 305 

which can be a great advantage for athletic and non-athletic populations.69 306 

 Other studies have reported comparable performance improvements between 307 

training regimes based on the OPL and different strength-power training methods. Rauch 308 

et. al.20 investigated the effects of two different VBT approaches (i.e., “progressive VBT” 309 

vs OPL) in female volleyball players using three different exercises: back squat, bench-310 

press, and deadlift. Across 7 weeks, the progressive VBT group trained at velocity ranges 311 

of 0.55-1.0 m·s-¹ whereas the OPL group always trained at the optimum power zone (at 312 

~0.9 m·s-¹). Overall, both training programs were equally effective for improving strength 313 

and power parameters, although a greater increase in deadlift 1RM strength was noticed 314 

in the OPL group.20 Freitas et. al.70 also found similar results when comparing the effects 315 

of a 6-week OPL training scheme with a modified complex training program (i.e., 316 

combining loads of 80% 1RM and the OPL) on the physical performance of semi-317 

professional basketball players during the competitive phase. The authors observed that 318 

the two training schemes induced moderate-to-large strength gains in both half-squat and 319 

hip-thrust exercises, with distinct but non-meaningful improvements in COD, linear 320 

speed, and jump performances. Lastly, an 8-week randomized controlled trial assessed 321 

the effects of OPL versus traditional resistance training (i.e., 1RM-based loads) on the 322 

neuromuscular parameters of elite cyclists, and reported similar gains in squat, hip-thrust, 323 
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and lunge 1RM strength and power, although training intensity and “total weight lifted” 324 

were lower in the OPL group compared to traditional training for all exercises.18 325 

 Different exercises performed at the optimum power zone can potentially lead to 326 

different training adaptations. For instance, after testing the effects of training using the 327 

jump-squat or Olympic push-press exercises at the OPL over 6 weeks, Loturco et. al.71 328 

concluded that the jump-squat was superior for improving speed- and power-related 329 

abilities (i.e., 5-, 10-, and 20-m speed, COD speed, loaded and unloaded jumps) in elite 330 

young soccer players. Likewise, half-squat or jump-squat training under optimum loading 331 

conditions were able to partly counteract the speed and power decreases that commonly 332 

occur during short and congested preseasons in professional soccer players.72 333 

Nevertheless, these squat-based variations had different effects on players’ performance: 334 

while the “traditional non-ballistic half-squat” was more effective at improving jumping 335 

capacity, its “ballistic version” (i.e., jump-squat) seemed to be more effective in 336 

attenuating the potential decrements in short-sprint ability throughout the preseason 337 

phase.  338 

 Combinations of strength-power exercises executed at the OPL with other training 339 

strategies might also be used to induce more generalized performance adaptations. For 340 

example, mixed training approaches comprising jump-squat and half-squat exercises at 341 

the OPL and unloaded plyometrics or resisted sprints produced meaningful increases over 342 

different phases of sprint running (i.e., acceleration and top-speed phases) in professional 343 

soccer players.73 Finally, more recently, the OPL has been proposed as a reference value 344 

for determining a more comprehensive and effective range of “power loads”, which can 345 

be selectively applied to elicit very specific adaptations to training.74 For this purpose, 346 

coaches and sport scientists should define the specific “inferior and superior power-347 

training zones”, by increasing or decreasing the OPL magnitude at pre-established 348 
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conditions (i.e., using loads 20% higher or lower than the OPL). This simple loading 349 

adjustment may result in different training responses, with “heavier loads” (i.e., OPL 350 

+20%) being possibly more effective for improving COD and jump performance and 351 

“lower loads” (i.e., OPL -20%) for increasing short sprint ability. Furthermore, the 352 

variation within these specific loading zones may be important to elicit progressive 353 

adaptation, as constant use of the same loading strategy could adversely affect 354 

performance gains across the competitive season.75,76 Practitioners can easily implement 355 

these OPL-based training schemes either separately or combined, according to individual 356 

requirements and specific demands of the athletes and sports. It should be emphasized, 357 

however, that the load that maximizes power output changes over time and, thus, coaches 358 

are encouraged to frequently assess and adjust the OPL whenever possible and necessary 359 

(e.g., on a weekly basis).   360 

 In summary, the available evidence indicates that the OPL approach may be used 361 

as an alternative and efficient training method, either in isolation or in combination with 362 

other training strategies (e.g., as a “power training block” after a maximum strength phase 363 

in long-term training interventions)77 in athletes from different sports, with distinct 364 

training backgrounds. In general, the OPL approach leads to similar or slightly greater 365 

strength, speed, and power adaptations compared to more complex traditional resistance 366 

training methods, but with lower amounts of total weight lifted and lower levels of 367 

neuromuscular fatigue.  368 

 369 

Effects of training at the OPL on body composition parameters  370 

Apart from inducing strength, speed, and power adaptations, another common 371 

goal of resistance training programs is to enhance body composition (i.e., promoting 372 

muscle mass gains or fat mass loss). In this regard, recent evidence has investigated the 373 
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effects of OPL training on body composition. Rauch et al.20 reported that a 7-week (3 374 

sessions per week) OPL training program that mainly included the back squat, bench-375 

press, and deadlift exercises was effective for increasing and reducing lean BM (+5.4%) 376 

and fat-mass (-8.5%), respectively, in female volleyball players, with these changes being 377 

similar to those induced by a progressive VBT program. More recently, different studies 378 

by the same research group assessed the effects of OPL training (2 sessions per week and 379 

including the hip thrust, squat, and lunge exercises) on cyclists. Gil-Cabrera et al.18 380 

observed that training at the OPL for 8 weeks induced similar improvements in muscle 381 

mass (~ +1.5-2 kg) and decreased fat-mass (~ -0.5 kg) in professional male cyclists 382 

compared to those induced by a “traditional resistance training program” (i.e., based on 383 

% 1RM). Valenzuela et al.78 reported that 7 weeks of OPL training (2 sessions per week) 384 

resulted in reduced fat-mass (-0.5 kg) and increased bone mineral content (+0.04 g) in 385 

professional male cyclists, which was not observed when cyclists performed on-bike 386 

power training (i.e., all-out 6-second sprints). Thus, although evidence is still scarce and 387 

mainly derived from studies in cyclists, OPL training appears as an effective intervention 388 

for improving body composition, being at least as effective as other traditional training 389 

regimes. It must be noted, however, that another study by the same research group68 failed 390 

to find significant changes in any body composition-related parameters with either OPL 391 

or a traditional (i.e., % 1RM) resistance training approach. Nonetheless, in this case the 392 

study was shorter (6 weeks), which might limit the comparison between the reported 393 

results. 394 

 395 

Effects of training at the OPL on endurance-related outcomes 396 

Given the potentially detrimental effects of increases in muscle mass and overall 397 

BM on endurance performance – particularly during uphill running or cycling – some 398 
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concerns exist among endurance athletes about including resistance training.79 However, 399 

resistance training programs have proven effective in improving not only strength, power, 400 

and body composition, but also endurance performance.80-82 In this regard, although 401 

evidence is still scarce, recent studies conducted in cyclists also allow some preliminary 402 

conclusions to be drawn on the effects of OPL training on endurance-related outcomes. 403 

To date, all studies applying OPL training in endurance athletes have found beneficial 404 

effects on different performance indicators such as the power output (both in absolute and 405 

relative terms, that is, expressed relative to BM) attained during an 8-minute time trial or 406 

the power output associated with the respiratory compensation point,18,68,78 with these 407 

benefits being similar to those induced by other training approaches such as “on-bike 408 

power training” or a “traditional resistance training program”. Thus, OPL-based training 409 

appears as a useful strategy for endurance athletes, which is further supported by the 410 

positive influence of muscle power factors – which are improved with OPL training – on 411 

endurance performance.12,62,83 It is important to note that the studies to date did not 412 

include a control group who maintained their usual endurance training regime without 413 

including resistance training. Therefore, the current results do not allow us to discern 414 

whether OPL training can provide additional benefits in endurance-related outcomes to 415 

those induced by endurance training alone. Moreover, further research is needed to 416 

determine whether OPL training could result in lower residual fatigue (e.g., lower muscle 417 

soreness, neural fatigue, glycogen depletion) compared with other traditional resistance 418 

training programs, which would be of relevance so as to not to interfere with the athletes’ 419 

endurance training.  420 

 421 

Practical Applications  422 
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 Overall, bar-power output at the OPL is strongly associated with athletic 423 

performance and is able to discriminate between athletes from different sport disciplines 424 

and performance levels. Coaches may implement OPL configurations to induce 425 

meaningful PAPE effects via distinct exercises (e.g., hip-thrust or loaded jump-squats) 426 

and protocols (e.g., cluster-set or traditional-set conditions). Moreover, OPL training 427 

strategies can be used to increase strength, speed, and power performance in different 428 

athletic populations, with the possible advantage of generating lower levels of 429 

neuromuscular fatigue and perceived exertion (when compared with more traditional 430 

resistance training programs). Lastly, practitioners from different sports may potentially 431 

employ OPL-based methods to improve endurance-related outcomes (e.g., power output 432 

attained during a time-trial test) and body-composition parameters. It should be 433 

acknowledged that there is a lack of long-term interventions based on the OPL, which is, 434 

in fact, a common limitation in studies that evaluate the effects of different resistance 435 

training strategies in top-level athletes. We also recognize that the occurrence of an acute 436 

mechanical phenomenon (i.e., maximum power output at a given exercise) does not 437 

necessarily result in increased training responses - which is not the case here, since we 438 

are only synthetizing the evidence concerning OPL studies, while discussing their results 439 

and possible implications. Further studies are needed to investigate the long-term effects 440 

of training at the optimum power zone as well as to compare the physiological and 441 

metabolic adaptations of OPL-based programs versus other strength training regimes.  442 

 443 

***INSERT FIGURE 2 HERE*** 444 

 445 

Conclusions 446 
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 OPL-based schemes can be very useful for coaches and sport scientists interested 447 

in implementing simple and effective testing and training approaches. The OPL method 448 

can be effectively used in different sports and populations, with different purposes and 449 

configurations (Figure 2). 450 

 451 

References 452 

1. Cormie P, McGuigan MR, Newton RU. Developing maximal neuromuscular 453 

power: part 2 - training considerations for improving maximal power production. 454 

Sports Med. 2011;41:125-46. 455 

2. Banyard HG, Nosaka K, Sato K, Haff GG. Validity of Various Methods for 456 

Determining Velocity, Force, and Power in the Back Squat. Int J Sports Physiol 457 

Perform. 2017;12:1170-6. 458 

3. Pérez-Castilla A, Piepoli A, Delgado-García G, Garrido-Blanca G, García-Ramos 459 

A. Reliability and Concurrent Validity of Seven Commercially Available Devices 460 

for the Assessment of Movement Velocity at Different Intensities During the 461 

Bench Press. J Strength Cond Res. 2019;33:1258-65. 462 

4. Pérez-Castilla A, Boullosa D, García-Ramos A. Sensitivity of the iLOAD® 463 

Application for Monitoring Changes in Barbell Velocity Following Power- and 464 

Strength-Oriented Resistance Training Programs. Int J Sports Physiol Perform. 465 

2021:1-5. 466 

5. Blatnik JA, Goodman CL, Capps CR, Awelewa OO, Triplett TN, Erickson TM, 467 

McBride JM. Effect of Load on Peak Power of the Bar, Body and System during 468 

the Deadlift. J Sports Sci Med. 2014;13:511-5. 469 



20 
 

6. Loturco I, Pereira LA, Zanetti V, Kitamura K, Abad CC, Kobal R, Nakamura FY. 470 

Mechanical Differences between Barbell and Body Optimum Power Loads in the 471 

Jump Squat Exercise. J Hum Kinet. 2016;54:153-62. 472 

7. McBride JM, Haines TL, Kirby TJ. Effect of loading on peak power of the bar, 473 

body, and system during power cleans, squats, and jump squats. J Sports Sci. 474 

2011;29:1215-21. 475 

8. Loturco I. Authors' response to letter to the editor: "Bar velocities capable of 476 

optimising the muscle power in strength-power exercises" by Loturco, Pereira, 477 

Abad, Tabares, Moraes, Kobal, Kitamura & Nakamura (2017). J Sports Sci. 478 

2018;36:1602-6. 479 

9. Loturco I, Suchomel T, Bishop C, Kobal R, Pereira LA, McGuigan M. One-480 

repetition-maximum measures or maximum bar-power output: Which is more 481 

related to sport performance? Int J Sports Physiol Perform. 2019;14:33-7. 482 

10. Cormie P, McBride JM, McCaulley GO. The influence of body mass on 483 

calculation of power during lower-body resistance exercises. J Strength Cond Res. 484 

2007;21:1042-9. 485 

11. Loturco I, Nakamura FY, Tricoli V, Kobal R, Cal Abad CC, Kitamura K, 486 

Ugrinowitsch C, Gil S, Pereira LA, González-Badillo JJ. Determining the 487 

Optimum Power Load in Jump Squat Using the Mean Propulsive Velocity. PLoS 488 

One. 2015;10:e0140102. 489 

12. Ramirez-Campillo R, Andrade DC, García-Pinillos F, Negra Y, Boullosa D, 490 

Moran J. Effects of jump training on physical fitness and athletic performance in 491 

endurance runners: A meta-analysis. J Sports Sci. 2021:1-21. 492 



21 
 

13. Loturco I, Pereira LA, Abad CC, Tabares F, Moraes JE, Kobal R, Kitamura K, 493 

Nakamura FY. Bar velocities capable of optimising the muscle power in strength-494 

power exercises. J Sports Sci. 2017;35:734-41. 495 

14. Loturco I, Suchomel T, Bishop C, Kobal R, Pereira LA, McGuigan MR. 496 

Determining the Optimum Bar Velocity in the Barbell Hip Thrust Exercise. Int J 497 

Sports Physiol Perform. 2019:1-5. 498 

15. Dello Iacono A, Martone D, Hayes L. Acute mechanical, physiological and 499 

perceptual responses in older men to traditional-set or different cluster-set 500 

configuration resistance training protocols. Eur J Appl Physiol. 2020;120:2311-501 

23. 502 

16. Dello Iacono A, Seitz LB. Hip thrust-based PAP effects on sprint performance of 503 

soccer players: heavy-loaded versus optimum-power development protocols. J 504 

Sports Sci. 2018;36:2375-82. 505 

17. Gil S, Barroso R, Crivoi do Carmo E, Loturco I, Kobal R, Tricoli V, Ugrinowitsch 506 

C, Roschel H. Effects of resisted sprint training on sprinting ability and change of 507 

direction speed in professional soccer players. J Sports Sci. 2018;36:1923-9. 508 

18. Gil-Cabrera J, Valenzuela PL, Alejo LB, Talavera E, Montalvo-Pérez A, Lucia A, 509 

Barranco-Gil D. Traditional Versus Optimum Power Load Training in 510 

Professional Cyclists: A Randomized Controlled Trial. Int J Sports Physiol 511 

Perform. 2021;16:496-503. 512 

19. Loturco I, Suchomel T, James LP, Bishop C, Abad CCC, Pereira LA, McGuigan 513 

MR. Selective Influences of Maximum Dynamic Strength and Bar-Power Output 514 

on Team Sports Performance: A Comprehensive Study of Four Different 515 

Disciplines. Front Physiol. 2018;9:1820. 516 



22 
 

20. Rauch JT, Loturco I, Cheesman N, Thiel J, Alvarez M, Miller N, Carpenter N, 517 

Barakat C, Velasquez G, Stanjones A, Aube D, Andersen JC, De Souza EO. 518 

Similar Strength and Power Adaptations between Two Different Velocity-Based 519 

Training Regimens in Collegiate Female Volleyball Players. Sports (Basel). 520 

2018;6 521 

21. Ribeiro J, Teixeira L, Lemos R, Teixeira AS, Moreira V, Silva P, Nakamura FY. 522 

Effects of Plyometric Versus Optimum Power Load Training on Components of 523 

Physical Fitness in Young Male Soccer Players. Int J Sports Physiol Perform. 524 

2020;15:222-30. 525 

22. Watson K, Halperin I, Aguilera-Castells J, Dello Iacono A. A comparison 526 

between predetermined and self-selected approaches in resistance training: effects 527 

on power performance and psychological outcomes among elite youth athletes. 528 

PeerJ. 2020;8:e10361. 529 

23. Lazarus A, Halperin I, Vaknin GJ, Dello Iacono A. Perception of changes in bar 530 

velocity as a resistance training monitoring tool for athletes. Physiol Behav. 531 

2021;231:113316. 532 

24. Dello Iacono A, Beato M, Halperin I. Self-Selecting the Number of Repetitions 533 

in Potentiation Protocols: Enhancement Effects on Jumping Performance. Int J 534 

Sports Physiol Perform. 2020;16:353-9. 535 

25. Loturco I, McGuigan MR, Reis VP, Santos S, Yanci J, Pereira LA, Winckler C. 536 

Relationship Between Power Output and Speed-Related Performance in Brazilian 537 

Wheelchair Basketball Players. Adapt Phys Activ Q. 2020;37:508-17. 538 

26. Loturco I, Nakamura FY, Kobal R, Gil S, Pivetti B, Pereira LA, Roschel H. 539 

Traditional Periodization versus Optimum Training Load Applied to Soccer 540 

Players: Effects on Neuromuscular Abilities. Int J Sports Med. 2016;37:1051-9. 541 



23 
 

27. Loturco I, McGuigan M, Freitas TT, Valenzuela PL, Pereira LA, Pareja-Blanco 542 

F. Performance and reference data in the jump squat at different relative loads in 543 

elite sprinters, rugby players, and soccer players. Biol Sport. 2021;38:219-27. 544 

28. Valenzuela PL, McGuigan M, Sánchez-Martínez G, Torrontegi E, Vázquez-545 

Carrión J, Montalvo Z, Abad CCC, Pereira LA, Loturco I. Reference power values 546 

for the jump squat exercise in elite athletes: A multicenter study. J Sports Sci. 547 

2020;38:2273-8. 548 

29. Dello Iacono A, Padulo J, Bešlija T, Halperin I. Barbell Hip-Thrust Exercise: 549 

Test-Retest Reliability and Correlation With Isokinetic Performance. J Strength 550 

Cond Res. 2021;35:659-67. 551 

30. Loturco I, DʼAngelo RA, Fernandes V, Gil S, Kobal R, Cal Abad CC, Kitamura 552 

K, Nakamura FY. Relationship between sprint ability and loaded/unloaded jump 553 

tests in elite sprinters. J Strength Cond Res. 2015;29:758-64. 554 

31. Loturco I, Kobal R, Kitamura K, Fernandes V, Moura N, Siqueira F, Cal Abad 555 

CC, Pereira LA. Predictive Factors of Elite Sprint Performance: Influences of 556 

Muscle Mechanical Properties and Functional Parameters. J Strength Cond Res. 557 

2019;33:974-86. 558 

32. Loturco I, Kobal R, Maldonado T, Piazzi AF, Bottino A, Kitamura K, Abad CCC, 559 

Pereira LA, Nakamura FY. Jump Squat is More Related to Sprinting and Jumping 560 

Abilities than Olympic Push Press. Int J Sports Med. 2017;38:604-12. 561 

33. Loturco I, Artioli GG, Kobal R, Gil S, Franchini E. Predicting punching 562 

acceleration from selected strength and power variables in elite karate athletes: a 563 

multiple regression analysis. J Strength Cond Res. 2014;28:1826-32. 564 

34. Loturco I, Nakamura FY, Artioli GG, Kobal R, Kitamura K, Cal Abad CC, Cruz 565 

IF, Romano F, Pereira LA, Franchini E. Strength and Power Qualities Are Highly 566 



24 
 

Associated With Punching Impact in Elite Amateur Boxers. J Strength Cond Res. 567 

2016;30:109-16. 568 

35. Loturco I, Barbosa AC, Nocentini RK, Pereira LA, Kobal R, Kitamura K, Abad 569 

CC, Figueiredo P, Nakamura FY. A Correlational Analysis of Tethered 570 

Swimming, Swim Sprint Performance and Dry-land Power Assessments. Int J 571 

Sports Med. 2016;37:211-8. 572 

36. Stokes KA, Jones B, Bennett M, Close GL, Gill N, Hull JH, Kasper AM, Kemp 573 

SPT, Mellalieu SD, Peirce N, Stewart B, Wall BT, West SW, Cross M. Returning 574 

to Play after Prolonged Training Restrictions in Professional Collision Sports. Int 575 

J Sports Med. 2020;41:895-911. 576 

37. Loturco I, Nakamura FY, Winckler C, Bragança JR, da Fonseca RA, Moraes-577 

Filho J, Zaccani WA, Kobal R, Cal Abad CC, Kitamura K, Pereira LA, Franchini 578 

E. Strength-Power Performance of Visually Impaired Paralympic and Olympic 579 

Judo Athletes From the Brazilian National Team: A Comparative Study. J 580 

Strength Cond Res. 2017;31:743-9. 581 

38. Loturco I, Bishop C, Ramirez-Campillo R, Romano F, Alves M, Pereira LA, 582 

McGuigan M. Optimum Power Loads for Elite Boxers: Case Study with the 583 

Brazilian National Olympic Team. Sports (Basel). 2018;6 584 

39. Loturco I, Nakamura FY, Lopes-Silva JP, Silva-Santos JF, Pereira LA, Franchini 585 

E. Physical and physiological traits of a double world karate champion and 586 

responses to a simulated kumite bout: A case study. Int J Sports Sci Coaching. 587 

2017;12:138-47. 588 

40. Pereira LA, Cal Abad CC, Kobal R, Kitamura K, Orsi RC, Ramirez-Campillo R, 589 

Loturco I. Differences in Speed and Power Capacities Between Female National 590 



25 
 

College Team and National Olympic Team Handball Athletes. J Hum Kinet. 591 

2018;63:85-94. 592 

41. Nakamura FY, Pereira LA, Cal Abad CC, Kobal R, Kitamura K, Roschel H, 593 

Rabelo F, Souza WA, Jr., Loturco I. Differences in physical performance between 594 

U-20 and senior top-level Brazilian futsal players. J Sports Med Phys Fitness. 595 

2016;56:1289-97. 596 

42. Loturco I, Kobal R, Gil S, Pivetti B, Kitamura K, Pereira LA, Abad CC, Nakamura 597 

FY. Differences in loaded and unloaded vertical jumping ability and sprinting 598 

performance between Brazilian elite under-20 and senior soccer players. Am J 599 

Sports Sci. 2014;2:8-13. 600 

43. Blazevich AJ, Babault N. Post-activation Potentiation Versus Post-activation 601 

Performance Enhancement in Humans: Historical Perspective, Underlying 602 

Mechanisms, and Current Issues. Front Physiol. 2019;10:1359. 603 

44. Boullosa D, Beato M, Dello Iacono A, Cuenca-Fernández F, Doma K, Schumann 604 

M, Zagatto AM, Loturco I, Behm DG. A New Taxonomy for Postactivation 605 

Potentiation in Sport. Int J Sports Physiol Perform. 2020:1-4. 606 

45. Wilson JM, Duncan NM, Marin PJ, Brown LE, Loenneke JP, Wilson SM, Jo E, 607 

Lowery RP, Ugrinowitsch C. Meta-analysis of postactivation potentiation and 608 

power: effects of conditioning activity, volume, gender, rest periods, and training 609 

status. J Strength Cond Res. 2013;27:854-9. 610 

46. Dello Iacono A, Martone D, Milic M, Padulo J. Vertical- vs. Horizontal-Oriented 611 

Drop Jump Training: Chronic Effects on Explosive Performances of Elite 612 

Handball Players. J Strength Cond Res. 2017;31:921-31. 613 



26 
 

47. McBride JM, Nimphius S, Erickson TM. The acute effects of heavy-load squats 614 

and loaded countermovement jumps on sprint performance. J Strength Cond Res. 615 

2005;19:893-7. 616 

48. Seitz LB, Haff GG. Factors Modulating Post-Activation Potentiation of Jump, 617 

Sprint, Throw, and Upper-Body Ballistic Performances: A Systematic Review 618 

with Meta-Analysis. Sports Med. 2016;46:231-40. 619 

49. Boullosa D, Abad CCC, Reis VP, Fernandes V, Castilho C, Candido L, Zagatto 620 

AM, Pereira LA, Loturco I. Effects of Drop Jumps on 1000-m Performance Time 621 

and Pacing in Elite Male and Female Endurance Runners. Int J Sports Physiol 622 

Perform. 2020:1-4. 623 

50. Kobal R, Pereira LA, Kitamura K, Paulo AC, Ramos HA, Carmo EC, Roschel H, 624 

Tricoli V, Bishop C, Loturco I. Post-Activation Potentiation: Is there an Optimal 625 

Training Volume and Intensity to Induce Improvements in Vertical Jump Ability 626 

in Highly-Trained Subjects? J Hum Kinet. 2019;69:239-47. 627 

51. Halperin I, Wulf G, Vigotsky AD, Schoenfeld BJ, Behm DG. Autonomy: a 628 

missing ingredient of a successful program? Strength Cond J. 2018;40:18-25. 629 

52. Boullosa D. Post-activation performance enhancement stragies in sport: a brief 630 

review for practitioners. Hum Mov. 22:101-9. 631 

53. Dello Iacono A, Beato M, Halperin I. The Effects of Cluster-Set and Traditional-632 

Set Postactivation Potentiation Protocols on Vertical Jump Performance. Int J 633 

Sports Physiol Perform. 2019:1-6. 634 

54. Tillin NA, Bishop D. Factors modulating post-activation potentiation and its 635 

effect on performance of subsequent explosive activities. Sports Med. 636 

2009;39:147-66. 637 



27 
 

55. Dello Iacono A, Padulo J, Seitz LD. Loaded hip thrust-based PAP protocol effects 638 

on acceleration and sprint performance of handball players. J Sports Sci. 639 

2018;36:1269-76. 640 

56. Soriano MA, Jiménez-Reyes P, Rhea MR, Marín PJ. The Optimal Load for 641 

Maximal Power Production During Lower-Body Resistance Exercises: A Meta-642 

Analysis. Sports Med. 2015;45:1191-205. 643 

57. Gentil P, Oliveira E, Bottaro M. Time under tension and blood lactate response 644 

during four different resistance training methods. J Physiol Anthropol. 645 

2006;25:339-44. 646 

58. Tran QT, Docherty D, Behm D. The effects of varying time under tension and 647 

volume load on acute neuromuscular responses. Eur J Appl Physiol. 2006;98:402-648 

10. 649 

59. Vargas-Molina S, Martín-Rivera F, Bonilla DA, Petro JL, Carbone L, Romance 650 

R, deDiego M, Schoenfeld BJ, Benítez-Porres J. Comparison of blood lactate and 651 

perceived exertion responses in two matched time-under-tension protocols. PLoS 652 

One. 2020;15:e0227640. 653 

60. Iacono AD, Ashcroft K, Zubac D. Ain't Just Imagination! Effects of Motor 654 

Imagery Training on Strength and Power Performance of Athletes during 655 

Detraining. Med Sci Sports Exerc. 2021; 656 

61. de Morree HM, Marcora SM. Psychobiology of perceived effort during physical 657 

tasks, in: Handbook of biobehavioral approaches to self-regulation. New York, 658 

NY: Springer, 2015, pp 255-70. 659 

62. Del Rosso S, Pinho Souza D, Muñoz F, Behm DG, Foster C, Boullosa D. 10 km 660 

performance prediction by metabolic and mechanical variables: influence of 661 



28 
 

performance level and post-submaximal running jump potentiation. J Sports Sci. 662 

2021;39:1114-26. 663 

63. Brown LE, Weir JP. ASEP procedures recommendation I: accurate assessment of 664 

muscular strength and power. J Exerc Physiol Online. 2001;4 665 

64. Chapman PP, Whitehead JR, Binkert RH. The 225–1b reps-to-fatigue test as a 666 

submaximal estimate of 1-RM bench press performance in college football 667 

players. J Strength Cond Res. 1998;12:258-61. 668 

65. González-Badillo JJ, Pareja-Blanco F, Rodríguez-Rosell D, Abad-Herencia JL, 669 

Del Ojo-López JJ, Sánchez-Medina L. Effects of velocity-based resistance 670 

training on young soccer players of different ages. J Strength Cond Res. 671 

2015;29:1329-38. 672 

66. Pareja-Blanco F, Sánchez-Medina L, Suárez-Arrones L, González-Badillo JJ. 673 

Effects of Velocity Loss During Resistance Training on Performance in 674 

Professional Soccer Players. Int J Sports Physiol Perform. 2017;12:512-9. 675 

67. Loturco I, Pereira LA, Kobal R, Fernandes V, Reis VP, Romano F, Alves M, 676 

Freitas TT, McGuigan M. Transference Effect of Short-Term Optimum Power 677 

Load Training on the Punching Impact of Elite Boxers. J Strength Cond Res. 678 

2019; 679 

68. Montalvo-Pérez A, Alejo LB, Valenzuela PL, Gil-Cabrera J, Talavera E, Luia A, 680 

Barranco-Gil D. Traditional Versus Velocity-Based Resistance Training in 681 

Competitive Female Cyclists: A Randomized Controlled Trial. Front Physiol. 682 

2021;12:586113. 683 

69. Sarabia JM, Moya-Ramón M, Hernández-Davó JL, Fernandez-Fernandez J, 684 

Sabido R. The effects of training with loads that maximise power output and 685 



29 
 

individualised repetitions vs. traditional power training. PLoS One. 686 

2017;12:e0186601. 687 

70. Freitas TT, Calleja-González J, Carlos-Vivas J, Marín-Cascales E, Alcaraz PE. 688 

Short-term optimal load training vs a modified complex training in semi-689 

professional basketball players. J Sports Sci. 2019;37:434-42. 690 

71. Loturco I, Pereira LA, Kobal R, Maldonado T, Piazzi AF, Bottino A, Kitamura 691 

K, Cal Abad CC, de Arruda M, Nakamura FY. Improving Sprint Performance in 692 

Soccer: Effectiveness of Jump Squat and Olympic Push Press Exercises. PLoS 693 

One. 2016;11:e0153958. 694 

72. Loturco I, Pereira LA, Kobal R, Zanetti V, Gil S, Kitamura K, Abad CC, 695 

Nakamura FY. Half-squat or jump squat training under optimum power load 696 

conditions to counteract power and speed decrements in Brazilian elite soccer 697 

players during the preseason. J Sports Sci. 2015;33:1283-92. 698 

73. Loturco I, Kobal R, Kitamura K, Cal Abad CC, Faust B, Almeida L, Pereira LA. 699 

Mixed Training Methods: Effects of Combining Resisted Sprints or Plyometrics 700 

with Optimum Power Loads on Sprint and Agility Performance in Professional 701 

Soccer Players. Front Physiol. 2017;8:1034. 702 

74. Loturco I, Pereira LA, Reis VP, Bishop C, Zanetti V, Alcaraz PE, Freitas TT, 703 

McGuigan MR. Power training in elite young soccer players: Effects of using 704 

loads above or below the optimum power zone. J Sports Sci. 2020;38:1416-22. 705 

75. Kraemer WJ, Duncan ND, Volek JS. Resistance training and elite athletes: 706 

adaptations and program considerations. J Orthop Sports Phys Ther. 707 

1998;28:110-9. 708 



30 
 

76. Kramer JB, Stone MH, O'Bryant HS, Conley MS, Johnson RL, Nieman DC, 709 

Honeycutt DR, Hoke TP. Effects of single vs. multiple sets of weight training: 710 

impact of volume, intensity, and variation. J Strength Cond Res. 1997;11:143-7. 711 

77. Issurin VB. Benefits and Limitations of Block Periodized Training Approaches to 712 

Athletes' Preparation: A Review. Sports Med. 2016;46:329-38. 713 

78. Valenzuela PL, Gil-Cabrera J, Talavera E, Alejo LB, Montalvo-Pérez A, Rincón-714 

Castanedo C, Rodríguez-Hernández I, Lucia A, Barranco-Gil D. On- Versus Off-715 

Bike Power Training in Professional Cyclists: A Randomized Controlled Trial. 716 

Int J Sports Physiol Perform. 2021;16:674-81. 717 

79. Mujika I, Rønnestad BR, Martin DT. Effects of Increased Muscle Strength and 718 

Muscle Mass on Endurance-Cycling Performance. Int J Sports Physiol Perform. 719 

2016;11:283-9. 720 

80. Beattie K, Kenny IC, Lyons M, Carson BP. The effect of strength training on 721 

performance in endurance athletes. Sports Med. 2014;44:845-65. 722 

81. Berryman N, Mujika I, Arvisais D, Roubeix M, Binet C, Bosquet L. Strength 723 

Training for Middle- and Long-Distance Performance: A Meta-Analysis. Int J 724 

Sports Physiol Perform. 2018;13:57-63. 725 

82. Blagrove RC, Howatson G, Hayes PR. Effects of Strength Training on the 726 

Physiological Determinants of Middle- and Long-Distance Running Performance: 727 

A Systematic Review. Sports Med. 2018;48:1117-49. 728 

83. Denadai BS, de Aguiar RA, de Lima LC, Greco CC, Caputo F. Explosive Training 729 

and Heavy Weight Training are Effective for Improving Running Economy in 730 

Endurance Athletes: A Systematic Review and Meta-Analysis. Sports Med. 731 

2017;47:545-54. 732 

 733 



31 
 

Figure Legends 734 

 735 

Figure 1. The “optimum power load” (OPL): load corresponding to the maximum power 736 

output obtained immediately before the bar-power decrease during an incremental 737 

loading test, based on relative percentages of body-mass. Polynomial lines represent the 738 

bar-power and rectilinear lines represent the bar-velocity outputs (mean power and mean 739 

velocity values, collected during actual testing attempts, in the hip-thrust exercise).White 740 

symbols represent an elite track & field athlete; black symbols represent a rugby union 741 

player. For both athletes, triangles represent the OPL. Irrespective of the bar-power 742 

values, they achieved the OPL at similar bar-velocities. 743 

 744 

Figure 2. Brief summary of the results and applications of the “optimum power load” 745 

(OPL) approach.  746 


