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 1 

ABSTRACT 2 

The aim of this study was to test the effects of two different velocity-oriented power-3 

training regimens by either increasing or decreasing the jump-squat velocity during jump 4 

training sessions applied three times a week for 6 weeks in soccer players. Twenty-four 5 

elite under-20 soccer players were randomly assigned to an increased bar-velocity group 6 

(IVG) or a reduced bar-velocity group (RVG). Athletes had their countermovement jump 7 

heights, mean propulsive velocities (MPV) in jump squat, leg-press maximum dynamic 8 

strength (1RM), 20 m sprint times and zig-zag change of direction (COD) abilities assessed 9 

before and after the intervention. Performance in all tests improved after training in both 10 

groups. However, greater gains in 1RM and MPV using 50-90% of body mass (BM) were 11 

noted for the RVG. The IVG demonstrated greater improvements in speed at 5, 10, and 12 

20m and MPV with no additional external load and with 40% BM. Both groups improved 13 

similarly in countermovement jumps and COD. To conclude, both velocity-oriented power-14 

training regimens were effective in eliciting neuromechanical adaptations leading to better 15 

strength/power/speed performances and the choice as to the most suitable method should be 16 

tailored according to players’ needs/deficiencies.   17 
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 20 

INTRODUCTION 21 

 Muscle power ability is widely recognized as a crucial element of successful 22 

performance in a broad range of different team and individual sports (5, 20, 28, 45). In this 23 

regard, different methods of strength/power training (e.g., loaded jump squats) have proved 24 

successful at increasing muscle power performance in sport-related motor tasks in both 25 

trained (e.g., high-level athletes) and non-trained (e.g., physically active) individuals (12, 26 

30, 35). 27 

 Nonetheless, an issue often revisited in the literature concerns the effects of 28 

manipulating training intensity and velocity throughout a given training period on 29 

strength/power performance. Despite the well-established paradigm that increased muscle 30 

power is best induced by training explosively with the optimum power load (i.e., the load 31 

that elicits maximal power output) (3, 36, 43, 46), one may argue that it challenges the 32 

concept of specificity in power-training adaptations, as most sport-specific motor tasks are 33 

performed under unloaded conditions (i.e., using athlete’s body mass). In this regard, 34 

despite previous positive results (12, 30, 46), traditional training practice that advocates 35 

increased training intensities using external resistances, such as those frequently necessary 36 

to achieve optimum power-training load (30-60% 1RM) (16, 18, 34), may not promote an 37 

optimal stimulus for developing speed-power qualities. 38 

 In support of this notion, it has been proposed that overloading the velocity 39 

component of power by employing negative loads (i.e., “reducing” the subject’s body 40 

weight by mechanical assistance) in jump training could be beneficial in power 41 

development (31,42). In fact, Sheppard et al. (42) demonstrated that assisted jump training 42 

(10kg of unloading assistance) was superior to conventional unassisted jump training in 43 
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improving countermovement jump and spike jump performance in elite volleyball players. 44 

In accordance, Markovic et al. (31) showed that negative (- 30% BM) rather than positive 45 

loading (+ 30% BM) could be more effective in improving jumping performance, as 46 

demonstrated by increased countermovement jump height and concentric phase peak 47 

velocity. However, notwithstanding the interesting results from both studies, it is important 48 

to notice that neither investigation actually controlled the movement velocity. Instead, 49 

investigators increased or decreased exercise external load, which is clearly expected to 50 

induce changes in movement velocity, although to an unknown extent. Furthermore, 51 

movement velocity may have been differently affected between subjects, thus limiting the 52 

conclusions due to the likely lack of uniformity in this important mechanical parameter of 53 

training. Argus et al. (2), on the other hand, reported comparable increases in jump height 54 

performance after either assisted or resisted jump training. The authors reported that by 55 

unloading the subjects’ BM by 20% less with the aid of elastic bands, peak velocity was 56 

increased by only a small amount (~3.7% on average) when compared with free jumping, 57 

which may, at least partially, explain the results. Further investigation into the effects of 58 

unloaded jump training, with not only greater magnitude of velocity manipulation but also 59 

more robust control of exercise velocity is warranted. 60 

 Therefore, the purpose of the present study was to compare the effects of two 61 

power-oriented training regimens, using either standardized increased (unloaded condition) 62 

or decreased (loaded condition) bar velocity, on jumping and sprinting performance as well 63 

as on lower-limb power and strength in highly-trained athletes. 64 

 65 

METHODS 66 

Experimental Approach to the Problem 67 
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In order to test the efficacy of two different velocity-oriented power-training 68 

regimens, this research compared the effects of either increasing (unloaded condition) or 69 

reducing (loaded condition) the jump squat velocity during jump training on strength, 70 

power, and speed in young elite soccer players. Athletes were tested at the beginning (PRE) 71 

and at the end (POST) of a 6-week preseason training period for their countermovement 72 

jump height, mean propulsive velocity in the jump squat exercise, leg-press maximum 73 

dynamic strength (1RM), 20-m sprint test, and zig-zag change of direction (COD) speed. 74 

The increase or decrease in movement velocity during training was based on an individual 75 

reference value. Initially the mean propulsive bar velocity was assessed during jump squat 76 

without any additional external load to the Smith-machine. This was determined as the 77 

“velocity of reference” for the determination of the training protocols. Thereafter, 20% 78 

increments or decrements in velocity were provided to each experimental group during 79 

training by loading or unloading the bar. 80 

 81 

Subjects 82 

Twenty-four young (under-20) male soccer players who had been engaged in a 83 

regular soccer-training program for at least six years volunteered for this research. All the 84 

participants had previous experience in resistance training and could perform jump squats 85 

proficiently. In addition to the intervention, all the players were engaged in standardized 86 

physical and technical-tactical training composed of two weekly sessions of ball-specific 87 

drills (amounting to 120 minutes), two weekly sessions of small-sided games (amounting to 88 

90 minutes) and one weekly simulated match (amounting to 80 minutes). The study 89 

protocol took place prior to the Brazilian Sub-20 (under 20 years) Soccer Elite 90 

Championship, during the preseason-training period. Before the study, athletes were 91 
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required to sign an informed consent form, which was approved by the Institutional Review 92 

Board for the use of human subjects.  93 

 94 

Training protocols 95 

After the pre-tests, athletes were randomly assigned to one of the two groups: a) 96 

increased-bar-velocity group (IVG) (n= 12; age: 18.7 ± 0.5 years; height: 177 ± 5.2 cm; 97 

body mass: 70.8 ± 6.1 kg), or b) reduced-bar-velocity group (RVG) (n= 12; age: 18.4 ± 0.6 98 

years; height: 175 ± 7.3 cm; body mass: 69.4 ± 5.9 kg). The experimental training protocols 99 

consisted of six sets of six repetitions of the jump squat exercise, with a 3-min rest interval 100 

between sets, performed under two conditions: 1) 20% increase in bar velocity as compared 101 

to the velocity of reference (IVG training), and 2) 20% reduction in bar velocity as 102 

compared to the velocity of reference (RVG training). An elastic band system capable of 103 

pulling the Smith-machine bar was used to increase bar velocity (Figure 1). The system was 104 

composed of one to eight elastic bands connected to the Smith-machine bar, which allowed 105 

the subjects to reach higher bar velocities. For IVG, the number of bands was progressively 106 

increased until the subject reached a mean propulsive bar velocity 20% higher than the 107 

velocity of reference (average IVG velocity was 1.63 ± 0.11 m.s-1). For RVG, the reduction 108 

(20%) in mean propulsive bar-velocity was obtained by adding external loads to the Smith-109 

machine. An average of 41.4 ± 9.5 kg was used to load the bar in the RVG group and the 110 

average velocity for RVG was 1.08 ± 0.07 m.s-¹). A linear encoder (T- Force®, Dynamic 111 

Measurement System, Ergotech Consulting S.L., Murcia, Spain) was used to determine 112 

bar-velocity in all the experimental conditions and to monitor velocity throughout all 113 

training sessions. In order to maintain a constant difference of ± 20% between the "velocity 114 
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of reference" and the actual training velocity throughout the entire experimental period, re-115 

assessments of the "velocity of reference" were performed every two weeks. 116 

 117 

***INSERT FIGURE 1 ABOUT HERE*** 118 

 119 

Countermovement jump test  120 

Before performing the countermovement jump tests, subjects completed a 15-min 121 

warm up including general (i.e., running at a moderate pace for five minutes followed by 122 

five minutes of lower-limb active stretching) and specific exercises (i.e., sub-maximum 123 

attempts at countermovement jumps). The athletes were required to maintain their hands on 124 

the hips during jumps and freely determine the amplitude of the countermovement in order 125 

to avoid changes in jumping coordination pattern (28). A total of six attempts (with 15 126 

seconds between attempts) were performed on a contact platform (Smart Jump, Fusion, 127 

Brisbane, Australia) and jump height was calculated using Bosco’s et al. formula (4). The 128 

highest attempt was considered for data analysis purpose. 129 

 130 

Mean propulsive velocity  131 

Mean propulsive velocity (MPV) was assessed during jump squats on a Smith-132 

machine (Technogym Equipment, Cesena, Italy). Participants were instructed to perform 133 

three repetitions (30 seconds apart) at maximal velocity in each condition. Firstly, 134 

participants performed jump squats without any additional external load to the equipment. 135 

This condition was considered for the determination of the “velocity of reference” and it 136 

was denominated 0% BM as no load had been added to the machine. Following this, the 137 

athletes executed the same exercise in loaded conditions (i.e.; 40, 50, 60, 70, 80 and 90% 138 
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BM).  Jump squats were performed with knee flexion allowing the thigh to be parallel to 139 

the ground and, upon a command, subjects were requested to jump as fast and as high as 140 

possible without their shoulders losing contact with the bar. A 5-min interval was allowed 141 

between loads. To determine MPV for each load relative to BM, a linear encoder (T- 142 

Force®, Dynamic Measurement System, Ergotech Consulting S.L., Murcia, Spain) was 143 

connected to the Smith-machine bar. The bar position data was sampled at 1000Hz using a 144 

computer. Finite differentiation technique was used to calculate bar-velocity and 145 

acceleration. For further analysis, we considered the MPV obtained during the jump squat 146 

repetition executed at the highest velocity (at each relative load). 147 

 148 

Maximum dynamic strength test (1RM) 149 

 Maximum dynamic strength was assessed using the 1RM leg press test. Prior to the 150 

actual test, two familiarization sessions were conducted. During testing, a 5-min warm-up 151 

was performed on a treadmill at 9 km.h-1 followed by five minutes of lower-limb active 152 

stretching exercises. Then, subjects executed two warm-up sets, as follows: 1) athletes 153 

performed five repetitions at 50% of the estimated 1RM followed by; 2) three repetitions at 154 

70% of the estimated 1RM. A 3-min rest interval was provided between all sets. After 3 155 

minutes, athletes started the test and were allowed up to five attempts to achieve their 1RM 156 

(i.e., maximum weight that could be lifted once using the proper technique) (6). The 157 

measurements were performed on a Plyo Press machine (PlyoPress®, Athletic Republic, 158 

ParkCity, Utah, USA), and the participants started the concentric movement from 90° knee 159 

flexion. Strong verbal encouragement was provided during the attempts. 160 

 161 

20-m sprint speed test 162 
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Subjects started from a standing position 0.3 m behind the starting line. Four pairs 163 

of photocells (Smart Speed, Fusion Equipment, Brisbane, AUS) were positioned at 0, 5, 10 164 

and 20m along the course. They sprinted twice, with a 5-min rest interval between attempts. 165 

The fastest sprint was used for further analysis.  166 

 167 

Zig-zag COD speed test 168 

The COD speed test course consisted of four 5 m sections marked with cones set at 169 

100° angles. Starting from a standing position with the front foot 0.3 m behind the first pair 170 

of photocells, the athletes were required to run, changing direction as fast as possible, until 171 

crossing the second pair of photocells (27, 41). Two maximal attempts, with a 5-min rest 172 

interval between them were allowed. The best time was retained for further analysis.  173 

 174 

Statistical analysis 175 

Data normality was assessed through visual inspection and the Shapiro-Wilk test. A 176 

mixed-model for repeated measures was conducted for countermovement jumps, MPV, 20-177 

m sprint, and COD speed assuming group (IVG and RVG) and time (pre and post) as fixed 178 

factors and subjects as a random factor. In case of significant F-values, a Tukey adjustment 179 

was used for multiple comparison purposes. Significance level was set at p<0.05. Unpaired 180 

T-tests were used to assess possible between-group differences in pre- to post-test changes 181 

in scores (delta change analysis). Effect sizes (ES) for all the dependent variables were 182 

calculated according to the previously described method (10). Intraclass correlation 183 

coefficients (ICCs) were used to indicate the relationship within vertical jumping in loaded 184 

(jump squats) and unloaded conditions (countermovement jumps), for MPV and jump 185 

heights. The ICC was 0.94 for the MPV and 0.96 for the jump height. 186 
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 187 

RESULTS 188 

Maximum dynamic strength (1RM) 189 

 Leg-press 1RM was similar between the two groups at PRE (p = 0.90). ). No group 190 

x time interaction was observed (p = 0.99). Both IVG (5.4%, ES = 0.52, p < 0.0001, within-191 

group comparison) and RVG (8.3%, ES = 0.55, p < 0.0001, within-group comparison) 192 

improved their 1RM from pre- to post-test. Delta change analysis indicated that RVG 193 

induced greater 1RM gains than IVG (p = 0.005) (Figure 2A). 194 

 195 

Countermovement jump height 196 

 IVG and RVG baseline values for countermovement jump height were comparable (p 197 

= 0.68). No between-group differences were observed at POST (p = 0.63), indicating that both 198 

training methods were equally effective in increasing jumping ability. Significant within-199 

group differences were detected in both groups (IVG: 5.4%, ES = 0.52, p < 0.0001; RVG: 200 

8.3%, ES = 0.55, p < 0.0001). Delta change analysis showed no between-group differences for 201 

countermovement jump height (p = 0.80) (Figure 2B). 202 

  203 

***INSERT FIGURE 2 ABOUT HERE*** 204 

 205 

Mean propulsive velocity (MPV)  206 

 MPV was assessed with different external loads (Figure 3A and B). The analysis of 207 

the data regarding MPV with no additional external load (condition used for the 208 

determination of the velocity of reference) revealed that both groups were similar at PRE (p 209 

= 0.97) with no significant difference between them at POST (p = 0.13). Both training 210 
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methods induced significant within-group changes (pre to post) in MPV (IVG: 12.6%, ES = 211 

1.96, p < 0.0001; RVG: 7.5%, ES = 1.06, p = 0.0003). Importantly, delta change analysis 212 

showed that IVG had a greater improvement in MPV than RVG at 0% BM (p = 0.03) 213 

(Figure 3C). A similar result was found for MPV at 40% BM (Figure 3C). Groups were 214 

similar at PRE (p = 0.47) and both training methods significantly improved this parameter 215 

(IVG: 12.1%, ES = 1.96, p < 0.0001; RVG: 6.7%, ES = 0.90, p = 0.001). Additionally, delta 216 

change analysis revealed a greater improvement for IVG, when compared with RVG (p = 217 

0.012). 218 

 Results for MPV at 50, 60, 70, 80, and 90% BM showed a similar pattern between 219 

them. Groups were comparable at PRE and no group x time interaction effect was observed 220 

at any intensity (all p > 0.05). However, the loaded training mode (RVG) was able to 221 

induce positive changes in MPV from PRE to POST at all the above mentioned intensities 222 

(all p < 0.05, within-group comparisons) whereas the IVG group showed no significant 223 

change in the same parameters (all p > 0.05, within-group comparisons) (Figure 3, A and 224 

B). Delta change analysis revealed that RVG had significantly greater improvements than 225 

IVG at all of the intensities assessed (all p < 0.05) (Figure 3C). 226 

   227 

***INSERT FIGURE 3 ABOUT HERE*** 228 

 229 

Zig-zag COD speed  230 

 Groups were similar at baseline (p = 0.11) and no group x time interaction was 231 

detected (p = 0.99). Both training regimens improved COD speed (IVG: 6.3%, ES = 1.87, p < 232 

0.0001; RVG: 2.9%, ES = 0.85, p = 0.03; within-groups comparisons). Delta change analysis 233 
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indicated an important trend towards significance for greater improvements in COD speed for 234 

IVG when compared with RVG (p = 0.07) (Figure 4A). 235 

 236 

20m sprint speed 237 

 Sprint speed was assessed at 5, 10, and 20m. Groups were similar at baseline at all 238 

distances evaluated (all p > 0.05) and no group x time interactions were observed (all p > 239 

0.05). The IVG group showed significant pre- to post-test improvement at all distances 240 

(5m: 8.2%, ES = 1.76, p = 0.0005; 10m: 6.1%, ES = 1.57, p < 0.0001; 20m: 6.0%, ES = 241 

1.77 p < 0.0001, within-group comparisons), whereas RVG had significant improvement 242 

only at 20m (5m: 2.5%, ES = 0.39, p = 0.45; 10m: 1.9%, ES = 0.43, p = 0.21; 20m: 2.2%, 243 

ES = 0.69; p = 0.005, within-group comparisons). Delta change analysis showed that IVG 244 

had greater improvements in sprint speed at all distances evaluated when compared with 245 

RVG (all p < 0.05) (Figure 4B). 246 

 247 

***INSERT FIGURE 4 ABOUT HERE*** 248 

 249 

DISCUSSION 250 

This is the first study that has investigated the effects of two different velocity-251 

oriented power-training regimens (i.e., increased bar velocity [IVG] vs. reduced bar 252 

velocity [RVG]) on the strength, power and speed abilities of elite young soccer players 253 

during a preseason-conditioning program composed of 6 weeks. The main finding of the 254 

present study was that increasing (IVG), rather than decreasing (RVG) movement velocity 255 

during jump squat training, was more effective in inducing speed performance-related 256 

changes in a group of junior elite soccer players over a 6-week preseason-training period. 257 
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On the other hand, strength and power adaptations followed a load-specific pattern, with 258 

RVG demonstrating greater increases in 1RM and MPV at loaded conditions (from 50 to 259 

90% BM). 260 

 Despite the similar pre- to post-test improvement in 1RM observed between the two 261 

groups, RVG showed a greater net change in lower-limb maximum strength. While 262 

previous studies have shown that training with either light or heavy loads is capable of 263 

significantly – and similarly – improving 1RM (19, 34) - which may be, at least partially, 264 

explained by the fact that subjects, including those in the present study, had the intention to 265 

move the bar as rapidly as possible - our results showed a load-specific response. In fact, 266 

RVG produced specific gains at the initial phase of the force-velocity curve (high-267 

force/low-velocity zone) (17, 24, 33), substantially increasing the ability to apply a great 268 

amount of force at lower velocities. In this regard, it has been previously demonstrated that 269 

higher external loads are more effective in inducing neuromuscular adaptations favoring 270 

maximum strength ability (17, 24, 33). Nonetheless, it is important to note that, overall, our 271 

data supports the concept that training even at very low loads (i.e., IVG) is feasible when 272 

aiming to increase 1RM. 273 

 Both the IVG and RVG groups were equally effective in inducing increases in 274 

vertical jumping height. The absence of between-group differences may be associated with 275 

two factors: a) the significant improvements in MPV demonstrated by IVG and RVG when 276 

using very light and/or light loads (i.e., 0 and 40% BM); and b) the significant increases in 277 

maximum strength reported by both training regimens at post. While IVG showed greater 278 

increases in MPV than RVG at unloaded conditions and at loads close to BM (0 and 40% 279 

BM; Figure 3C), RVG presented greater changes in maximum strength ability (Figure 2A). 280 

It has been widely reported that improvements in either of these two force-velocity zones 281 
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(represented by different ranges of external loads) are directly related to enhancements in 282 

vertical jumping ability (18, 29, 47). It seems reasonable to assume that the advantage of 283 

each training regimen on producing these distinct and particular/specific adaptations 284 

balanced the gains in countermovement jump performance attained by the subjects.  285 

 The average speed over longer distances (20m) was significantly increased in both 286 

groups; however, IVG had greater net improvements in this variable. Moreover, only IVG 287 

had significant increases in speed at 5 and 10m. Although increases in maximum strength 288 

have been related to improvements in acceleration rates achieved over very short distances, 289 

RVG did not show significant improvements at 5- and 10-m speed, despite the significant 290 

increase in 1RM in this group. In this regard, it is plausible to suggest that other 291 

neuromechanical factors could affect speed over multiple distances. Namely, as force is the 292 

product of mass and acceleration (38), it is likely that the manipulation of the traditional 293 

strength-training paradigm (i.e., increasing acceleration/decreasing mass instead of 294 

increasing mass/decreasing acceleration) induces more specific adaptations in acceleration 295 

ability over a wide range of distances. Possibly, jump squat performed at higher velocities 296 

may elicit more specific neural adaptations (e.g., motoneurons excitability and nerve 297 

conduction velocity) (40) with greater transference to acceleration performance in short 298 

sprints than exercises performed at lower velocities. Therefore, performing the exercise at 299 

velocities that resemble muscular activity while sprinting seems to be a key factor in this 300 

case. 301 

The performance in the zig-zag COD speed test depends directly upon the 302 

maximum acceleration rate achieved by the athletes over a very-short distance (23, 37). 303 

Accordingly, IVG presented not only a significant pre- to post-test increase in COD 304 

performance but also a greater net improvement than RVG. Curiously, in spite of the 305 
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absence of improvements in 5- and 10-m sprint speed, RVG also performed better in COD 306 

test at post. This is in line with the relationship between COD speed and athletes’ 307 

acceleration capacity (23, 37). However, such association still needs clarification, as RVG 308 

improved COD performance without increasing maximum acceleration rate over very short 309 

distances. Performance in COD speed tests probably involves more physical/neuromuscular 310 

components than acceleration ability alone (7, 9, 49). As exemplified by the 311 

countermovement jump, the improvement in this given test can be attained by a 312 

combination of different changes in functional and physiological determining factors. 313 

 MPV is a valid indicator of athletic performance as its calculation is independent of 314 

the magnitude of the athletes’ body mass. As a linear encoder determines power production 315 

from a velocity/time curve generated by a “loaded bar” (11), during the jump squats, a 316 

substantial portion of the actual load is overlooked (i.e., subject’s body weight), and the 317 

resulting power is often underestimated (14). Furthermore, the possibility of assessing bar 318 

velocity using fixed percentages of the individuals’ body mass as a reference avoids 319 

misinterpretation of the power-related measurements, which may be accentuated by 320 

seasonal variations in the athletes' weight (21). Essentially, changes in MPV using the same 321 

percentage of body mass imply higher relative power outputs, regardless of the absolute 322 

amount of muscle power produced. Under this mechanical principle, MPV is considered as 323 

an important indicator of the actual capacity of applying force to a given mass by 324 

accelerating it as fast as possible. Our data demonstrate that both IVG and RVG were able 325 

to increase MPV at unloaded and very light-loaded conditions (0 and 40% BM). However, 326 

IVG had significantly greater net gains at both conditions when compared with RVG. 327 

Importantly, when increasing the magnitude of the lifted load (i.e., 50, 60, 70, 80, and 90% 328 

BM), only RVG showed significant gains in MPV, suggesting that the parametric 329 
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relationship between force and velocity (i.e., the higher the load, the lower the velocity) 330 

plays a central role in modulating the strength-power training adaptations. Indeed, several 331 

studies have argued that heavy-load training methods generally result in greater 332 

improvements in the high-force/low-velocity portion of the force-velocity curve, whereas 333 

light-load training regimens induce higher adaptations towards the high-velocity/low-force 334 

end of the curve (1, 13, 22, 25, 26, 44, 48). Considering these findings, it appears that, 335 

besides loading intensity, the mechanical manipulation of the vectorial variable of the force 336 

equation (i.e., acceleration) is able to cause specific athletic adaptations, especially at loads 337 

close to body weight. 338 

 It is important to note that, unlike previous studies (19, 32, 34), we manipulated 339 

movement velocity by artificially increasing maximum acceleration rate (for the IVG 340 

condition) rather than decreasing external load (in comparison with heavier-loaded groups). 341 

Therefore, even the “decelerated group” (RVG) trained at a substantially high velocity, 342 

which partially explains their positive results in power/speed specific motor tasks (e.g., zig-343 

zag COD speed, 20-m sprint, and countermovement jump height). Other authors have 344 

already examined the effects of jump training with negative (- 30% BM) versus positive 345 

loading (+ 30% BM) on vertical jumping ability (31). Contrary to our results, the “negative 346 

method” was found to be more effective than “positive jump training” in improving 347 

countermovement jump performance. Despite the similarities between the two studies, we 348 

opted to control bar velocity rather than manipulating external load (based on a % BM) in 349 

order to reduce the discrepancies among the maximum movement velocities attained by the 350 

subjects with different body weights. An important limitation of the methods based on 351 

external load manipulation is that, even with an equal percentage of “body weight 352 

reduction”, heavier subjects might achieve lower velocities than lighter subjects when 353 
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moving a given load, hindering the interpretation of the velocity-specific adaptations. 354 

Conversely, by controlling training intensities in a velocity-based approach, all the subjects 355 

may actually execute the exercises at a similar accelerated/decelerated percentage (e.g., 356 

20% faster or 20% slower). This approach is particularly interesting as it allows subjects to 357 

reach movement velocities that would otherwise be unattainable without “mechanical 358 

assistance” (for the accelerated groups). As a final point, it is likely that this “artificial 359 

acceleration” may provide a number of changes/adaptations in the neuromuscular system, 360 

thus modifying kinematic/dynamic patterns of some motor-tasks, especially those 361 

performed at high velocities. Other studies should investigate the neuromuscular 362 

adaptations related to exercise velocity manipulation and their effects on sport-related 363 

motor tasks.  364 

 This study is limited by the absence of a control group (athletes maintaining their 365 

normal training routine without adding explosive exercises). Even in the absence of a 366 

control group, this is the first study to report significant improvements in loaded and 367 

unloaded jumping, agility, maximal strength and sprinting ability over multiple distances in 368 

response to two different velocity-manipulated jump squat training regimens. The 369 

significant changes in neuromuscular performance are not a common finding in studies 370 

with similar cohorts of elite soccer players. Most studies report maintenance or only slight 371 

improvements in performance in power/speed tests during the preseason/season (8, 15, 39). 372 

For this reason, it is plausible to suggest that the improvements observed in the present 373 

study could be related to the addition of both velocity-oriented power-training regimens to 374 

the “traditional” soccer training. In this regard, future studies controlling for the effects of 375 

normal training regimens on strength/power/speed are required in order to ascertain the net 376 

effects of additional power training exercises.  377 
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 378 

PRACTICAL APPLICATIONS 379 

 Technical and strength-and-conditioning coaches are constantly seeking effective 380 

training regimens in team sports in order to elicit neuromechanical adaptations that are 381 

relevant to competitive performance. However, the congested fixture and technical and 382 

tactical training schedules - commonly observed among field and court sports - preclude the 383 

desired exposure to physical training aiming to induce improvements in neuromuscular 384 

abilities (exemplified by maximal and explosive strength and sprinting). In this regard, the 385 

outcomes of this study suggest that increasing bar velocity during jump squat exercises 386 

(with the aid of a system composed of elastic bands attached to a Smith-machine) favors 387 

adaptations in the high-velocity/low-force end of the force-velocity curve. In practical 388 

terms, this training mode benefits performance in: a) jump squats undertaken with a load 389 

close to body mass; and b) short-sprinting ability when compared with training with 390 

reduced bar velocity. On the other hand, decreasing bar velocity (by adding weights to the 391 

bar during the jump squat exercise) favors adaptations in the low-velocity/high-force end of 392 

the curve, as demonstrated by greater improvements in MPV between 50-90% BM in jump 393 

squat, and in 1RM performance, when compared with the increased bar-velocity training 394 

method. Finally, both training strategies were demonstrated to be equally effective in 395 

improving countermovement jump and COD ability, suggesting that either one may be 396 

employed to these ends. However, in athletes with deficiencies in sprinting ability, the 397 

increased bar-velocity strategy may be preferable. Conversely, the decreased bar-velocity 398 

method is preferred if the target is optimizing maximal strength and performance in loaded 399 

explosive movements (e.g., jumping or sprinting against external sources of resistance - 400 

tackling). In athletes with a well-balanced strength/power/speed relationship, a combination 401 
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of positive and negative training methods may be applied to induce further adaptations at 402 

both ends of the force-velocity curve. 403 
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 542 

FIGURE LEGENDS 543 

 544 

Figure 1. Ilustration of the elastic band system attached to the Smith-machine bar used to 545 

increase bar velocity. 546 

 547 

Figure 2. Panel A: Absolute and delta change scores for maximum dynamic strength (1RM) 548 

in leg-press in both groups; (B) Absolute and delta change scores for countermovement jump 549 

height in both groups.IVG: increased-velocity group; RVG: reduced-velocity group; PRE: 550 

before the training period; POST: after the training period; * indicates P< 0.05 when 551 

compared with PRE values (within-group comparisons); # indicates P < 0.05 for between-552 

group comparison. 553 

 554 

Figure 3. Mean propulsive velocity in the unloaded (0%) and loaded (40-90% BM) jump 555 

squat before (PRE) and after (POST) the training period in the increased-velocity group 556 

(IVG) (Panel A) and in the reduced-velocity group (RVG) (Panel B). * indicates P < 0.05 557 

when compared with PRE values (within-groups comparisons). Panel C: Delta change 558 

scores in mean propulsive velocity for the IVG and RVG groups in the unloaded (0%) and 559 

loaded (40-90% BM) jump squat. # indicates P< 0.05 for between-group comparisons. 560 

 561 
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Figure 4. Panel A: Absolute and delta change scores for maximum zig-zag COD speed 562 

performance in both groups. IVG: increased-velocity group; RVG: reduced-velocity group; 563 

PRE: before the training period; POST: after the training period; * indicates P< 0.05 for 564 

within-group comparisons (PRE vs. POST); # indicates P = 0.07 for between-group 565 

comparisons. Panel B: Absolute and delta change scores for 20-m sprint speed performance in 566 

both groups. IVG: increased-velocity group; RVG: reduced-velocity group; PRE: before the 567 

training period; POST: after the training period; * indicates P< 0.05 when compared with PRE 568 

values (within-group comparisons). # indicates P< 0.05 for between-group comparisons. 569 
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